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ABSTRACT 

The fol l owi n g  exper iments were carri ed out to study the vol untary 
feed i nt ak e  and rumen d i gest i on of Red Deer and Angora-NZ feral goats , 
compared to Border-Le i cester/Romney cross s heep , name ly :  ( 1 ) I ntake 
and u t i l i s at i on of a l ow qu al i ty threshed prai r i e  gras s straw ( 1 3 . 7  g 
N/Kg OM ) by goats and sheep ; ( 2 )  chewi ng behav i our per 24  h dur i ng 
eati ng a nd rumi n at i ng by goats and sheep fed on l ucerne h ay, and the 
effi c i en c i es  of chewi ng dur i ng eat i ng and rumi nat i ng upon the break ­
down of feed part i c l e s ;  ( 3 )  seasonali ty i n  nutr i ent supp l y  by deer , 
goats and s heep fed on a med i um qu a l i ty l ucerne hay d i et ( 28 . 3 g N/Kg 
OM ) i n  s ummer and in wi nter , and ( 4 )  the  rol e of me l aton i n  ( Me )  i n  the 
contro l of seasona l  VF I i n  Red Deer . 

1 .  Goats showed a superi or u t i l i sat i on of the l ow q u a l i ty forage 
d i et ,  w i th a greater vo l u ntary i ntake ( g/Kg w0 · 75; d )  of OM ( 55 . 6  g vs 
33 . 8  g )  and DDMI  ( 1 7 . 4  g vs 8 . 2  g ) , apparent d i gest i b i l i t i es of OM 

( 31 . 2% vs 24 . 3% ) and tota l  fi bre ( 36 . 8% vs 32 . 6% ) , espec i a l l y  that of 
l i gn i n  ( 1 1 . 3% vs  5 . 3% ) , when compared to sheep . The greater VFI ( g/Kg 
w0 · 75; d )  by goats was assoc i ated wi th a l arger rumen poo l s i z e  ( g/Kg 
w0 · 75  of ( OM + l i qu i d )  by goats than  sheep ( 334 . 7  g v s  2 1 3 . 5 g ) . The 
s uper i or  fi bre d i gest i b i l i ty by goats was as soc i ated w i th a greater 
rumen N H3 -N concentrati on ( mg N/L : 1 1 5  mg vs  80 mg ) ,  greater produc­
t i on r ates of NH3-N i n  the rumen ( IRL : g N/Kg w0 · 75;d  of 0 . 84 for 
goats and 0 . 49 for sheep ) . A mechan i sm for i ncreas i ng rumen NH3 -N  
concentrat i on i n  goats was apparent through s l ower rates of  i nf l ow and 
outf l ow of water from the rumen ( g/g  DMI /d ) .  Goats al so  showed 
greater rumen mol ar proport i on s  of val erate and butyrate , and a ten­
dency for a l onger rumen MRT ( h ) of p art i cu l ate  OM ( l i gn i n  and Ru­
P hen ) , compared to sheep . Goats h ad smal l er proport i on s  ( 5 . 1 % vs  
9 . 6% )  of l arge part i c l es ( >4 . 0  mm) , and greater proporti ons ( 1 9 . 4% vs 
1 6 . 1 % ) of smal l parti c l es ( < 1 . 0  mm) i n  the rumen contents  than sheep . 

The factors l i sted above wou l d a l l favour the potent i a l growth and 
attachment to feed part i c l es of fi bre-d i gest i ng bacter i a  i n  the  r umen 
of goat s ,  compared to s heep . 
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2 .  Goats spent more t i me chewi ng dur i ng eat i ng  ( +3 . 1  h/24 h )  and 
l es s  t i me chewi ng dur i ng rumi nat i ng ( -2 . 2  h/24 h) than  sheep when fed 
on l uc erne hay .  Goats had a greater number of chews/mi n spent eat i ng 
( 1 54 vs  1 28 )  t h an sheep , and a smal l er n umber of chews dur i ng rumi n a­
t i ng ( 79 vs 1 00 )  than sheep .  The effi c i ency of chewi ng  dur i n g  eat i ng 
i n  break i ng down feed part i c l e s to < 1 . 0  mm ( < C . EAT> ) was greater by 
goats th an  by s heep ( 85% vs  48% ) and <C . RUM> was sma l l er by goats th an 
sheep ( 48% vs 59% ) . When corrected for the number of chews spent 
chewi n g  dur i ng eat i ng and rumi n at i ng ,  the d i fferences i n  < C . EAT> and 
<C . RUM> between goats and sheep d i s appeared ( for <C . EAT> , 2 . 1 % vs 
2 . 4% ;  for <C . RUM> , 0 . 6% vs 0 . 6% ) . 

3 .  Sheep showed no  evi dence of seasonal  cyc l es of VFI  when fed 
on l uc erne h ay .  I n  contrast to s heep , deer showed marked seasonal  
cyc l es of an i ncrease i n  summer of vo l untary DMI ( +33 . 8% ) , DDMI 
( +29 . 9% ) ,  ME I ( +25% ) , apparent fi bre d i gest i b i l i ty ( +1 1 . 2% ) , MRT of 
l i gn i n  ( +26% ) , rumen pool of DM + l i q u i d  ( 5 1 . 3% ) , i nterna l  recyc l i ng 
of water to the rumen ( +74 . 1 % ) , rumen NH3-N  concentrat i on ( +56 . 4% )  and 
Ac/Pr rat i o  ( +1 6% ) . A l l the  cyc l es showed a trough i n  w i nter and a 
marked i ncrease i n  s ummer . The expan s i on i n  the rumen poo l s i ze ,  a 
l onger rumen MRT of d i gesta and a greater recyc l i ng of water i nto the 
rumen , al l owed for an i ncrease i n  VF I  ( wi thout depres s i ng apparent 
DMD ) , and for an i ncrease i n  apparent fi bre d i gesti b i l i ty i n  s ummer . 

Goats a l so  showed an i ncrease i n  vo l untary DMI i n  summer 
( +1 9 . 7%) , as soc i ated wi th i ncreases i n  a number of rumen d i gest i ve 
funct i on s ,  wh i ch were a l l not as marked as for deer . Un l i ke deer , the 
i ncreased VFI  in  summer occurred at the expen se  of a red uced apparent 
DMD ( -9 . 8% )  and fi bre d i gest i b i l i ty ( -5 . 8% ) . 

Deer showed a faster rumen FOR of l i qu i d  ( 1 5 . 6%/h )  t han 
( 1 0 . 0%/h )  and sheep ( 1 0 . 4%/h )  both i n  summer and i n  wi nter . 

goats 
Goats 

d i ge sted l i gn i n ,  the l east d i gest i b l e  component of fi bre , more effi ­
c i ent ly  t h an sheep , both i n  s ummer ( 1 8 . 9% vs  1 4 . 6% )  and i n  wi nter 
( 2 1 . 9% vs 9 . 4% ) . The greater f i bre  d i gest i b i l i ty by goats than sheep 
i n  wi nter was assoc i ated w i th a greater rate of NH3-N product i on i n  

the  rumen ( I RL of 1 . 1 3  g v s  0 . 98 g ( g  N/Kg w0 · 75; d ) ) .  The threshol d  
to  pass age of parti c l es through the ret i c u l o-omas a l  or i f i ce was 1 . 0 mm 
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for deer , goats and sheep,  wi th more than 98% of the part i c l es i n  the 
faeces be i ng < 1 . 0  mm . 

4 .  Exogenous s ubcutaneou s imp l ants of mel aton i n  ( Me )  i n  s pr i ng 
i n  c astrated mal e Red Deer caused reduct i on s  i n  VF I , water-f i l l ed 
rumen c apac i ty ,  rumen d i gesta l o ad , and heart rate ( beats/mi n ) , to  
occur i n  both ear ly  and i n  l ate summer. Me l aton i n  poss i b l y  entra i n s  
t he  seasonal  cyc l es of VFI  i n  Red  Deer to photoper i od ,  and control s 
the seasona l i ty of VF I .  Method s are suggested for reduc i ng the mag­
n i tude of the wi nter depres s i on i n  VF I i n  Red Deer stag s ,  u s i ng 
i mmun i s at i on aga i nst Me . 
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INTRODUCTION 

Dur i ng t he  l ast  1 40 years , New Zeal and ( NZ )  h as deve l oped an  
effi c i ent pastoral  graz i ng system for the  farmi ng of  sheep and  catt l e .  
At present , the tota l  popu l at i on of s heep i n  New Zeal and i s  
6 2 , 244 , 000 , and the  total popu l at i on of da i ry c attl e and beef catt l e 
e st imated at 3 , 1 95 , 000 and 4 , 804 , 000 respect i ve l y  ( NZ Meat and Woo l 
Board's Economi c Serv i ce , 1 988 ) . 

I n  very recent t imes , there h ave been major deve l o pments i n  the 
deer and goat i ndustri es i n  New Zeal and , and these are now seen as 
a l ternati ve farmed spec i es i n  a d i vers i fi ed pastoral  i ndu stry. The New 
Zea l and Game I nd u stry Board ( G I B )  has  made stat i st i ca l  project i on s  of 
a deer popu l a t i on of 883 , 2 62 i n  1 989 , and i ncreas i ng to a pred i cted 
popu l a t i on of 2 , 5 50 , 752 head s  by 1 995 ( or a 3-fol d i ncrease i n  the 
next  6 years ) .  A l though deer farmi ng ori g i n ated i n  New Zea l and , i t  i s  
n ow be i ng pract i sed on a wor l dwi de bas i s .  

New Zea l and has a popul at i on of 1 , 054, 000 goats at present 
( i nc l ud i ng the feral , the Angora and Cashmere breeds ) ( Drew and 
B i g h am ,  1 987 ) .  The Cashmere P roducers of New Zeal and ( CAPRONZ ) h ave 
pred i cted that by 1 990 , 660, 000 Cashmere go ats wi l l  be farmed i n  New 
Zea l and , reac h i ng 4 mi l l i on i n  1 995 ( or a 6-fol d i ncrease i n  the next 
5 years ) .  Goat product i on i s  i mportant wor l dwi de and a recent survey 
by t h e  F . A . O ( 1 987 ) est imated the wor l d  popu l at i on of goats at 492 
m i l l i on ,  wi th  94% of the wor l d goat popu l at i on bei ng reared i n  the 
deve l o p i ng countr i es .  

Research i n  the nutr i t i on of deer and goats i s  l i mi ted , desp i te 
the  i ncreas i ng trend s i n  prod uct i on i n  New Zeal and and wor l dwi de .  
There are l i ke l y  t o  be l i mi tat i ons i n  the use of the s heep a s  a mode l  
for n u tr i t i ona l  stud i es wi th go ats or deer ( Van Soes t ,  1 982 ) . 

The  obj ect i ves  of the  present s tudy were to defi ne the  processes  
of vo l un tary feed i ntake ( VF I ) ,  nutri ent  d i gest i on and  nutr i ent ut i l i ­
s at i o n  i n  goats and deer , part i cu l ar l y how these mi ght d i ffer from 
s heep ,  and t o  i dent i fy any p art i c u l ar advantages or d i s advantages  

these  s pec i es m i g ht have over s heep . P art i cu l ar attent i on was p a i d to 
the fol l owi ng : 
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1 .  Season al i ty i n  VFI, nutr i ent  d i gest i on and format i on of the  end­
products  of rumen d i gest i on i n  deer and goats , compared to s heep . 

2 .  Compar i sons of d i gest i ve effi c i ency between shee p ,  deer and goats 
i n  both summer and i n  wi nter , and an exami nat i on of the reasons 
for any d i fferences found , when fed on a med i um qua l i ty d i et .  

3 .  Compar i sons of d i gest i ve effi c i ency between goats and sheep when 
fed on a l ow qu a l i ty d i et .  

4 .  Exami n at i on o f  reasons for the seasona l i ty of nutri ent ut i l i sat i on 
i n  deer, and suggest methods for the control  of feed i ntake . 

S. Aspects of methodol ogy h ave been eva l u ated , and improvements made 
d u r i ng the course of the study. 

The 
s t udy has 
( W0 . 75 ) ,  

un i t  of compar i son i n  the present 
been the body-we i ght  rai sed to 

i . e the metabol i c  we i ght .  A l l 

i nterspec i es compar i son 
the th ree-quarter power 
the meas ured product i ve 

funct i on s  of s heep,  deer and goats , 
K g  w0 · 75  ( u n l e s s  otherwi se stated ) , 

h ave been common l y  expressed per 
and compared on that bas i s .  Th i s  

was  based o n  the as sumpti on th at the metabol i c  req u i rements of a l l 
an ima l s are re l ated to the i r  metabol i c  wei ght , and that i s  constant 
( w0 · 75 ) for a l l an ima l  s pec i es ( Brody, 1 945 ; K l e i ber, 1 961 ; B l axter , 
1 962 ) . 
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I n  th i s  c hapter the nutr i t i on a l  work wh i ch h as been pub l i s hed on 
goats and deer wi l l  be  revi ewed , and rel ated to comparab l e  stud i es 
w i th sheep , where extens i ve data have  accumu l ated over the past th i rty 
years . The  sheep can  be regarded here as the  control an imal , wh i ch 
has  been domest i cated , fed and genet i c a l l y  se l ected by man for 
approx i mate l y  6000 years . I n  compar i son , deer have been recentl y 
farmed and fed ( l ast decades ) , wi th  goats occupyi ng an i ntermed i ate 
pos i t i on .  Reference wi l l  al s o  be made to t .h e  catt l e  and to  l es ser 
k nown rumi n ants l i ke  the bedou i n  goat , rei ndeer and chamo i s .  

A rev i ew of the  l i terature o n  the  goat v s  sheep,  and t o  a l esser 
extent on deer vs  sheep compari son s tud i es ,  ca l l s  for some reser­
vati ons i n  the i nterpretat i on of the data .  The tri a l  procedures have  
to be  exam i ned , espec i a l l y  in  compar i son stud i es wi th goats  and  s heep 
fed on l ow qua l i ty forages .  The control of i ntake and feed i ng manage­
ment adopted , magn i tude of the refu sa l s and chemi ca l  compos i t i on of 
the refu s a l s h ave not a l ways been reported . If  the compos i t i on of the 
refusa l s i s  unknown , i t  i s  d i ffi cu l t  to assess  the compos i t i on of the 
true i nt ak e .  Th i s  may resu l t  i n  a n  overest i mat i on of the apparent 
d i gest i b i l i ty of dry matter and fi bre ,  and of n i trogen ( N ) ba l ance 

( Van Soes t ,  1 982 ) .  

The t i me of the  year at wh i ch go at vs  s heep compari sons have been 
carri ed out  i s  not a lways st ated . At th i s  t i me ,  it i s  not k nown 
whether goats  show any seasona l  trends  i n  vo l u ntary feed i nt ake . On 
the other hand , data  on the deer vs sheep stud i es al ways make ref­
erence to the season , ( e . g .  M i l ne ,  MacRae , Spence and Wi l son , 1 978 ) , 
or to the exact i mposed photoper i od cond i t i on s ,  mimi ck i ng seasonal  
vari at i on s  ( e . g .  Sutt i e  and S i mpson , 1 985 ) .  

Several  goat v s  s heep and deer vs  s heep compar i sons reported i n  
the l i terature have been made u s i ng three an ima l s per group ; t o  obta i n 
va l i d  conc l u s i ons  i t  i s  essent i a l  t h at l arger n umbers of an i ma l s per 
group be u sed . 
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Other aspect s of importance are the age ,  breed and product i on 
c l ass of the  exper i menta l  an ima l s .  I f  an ima l s of d i fferent age groups  

and i n  d i fferent phys i o l og i ca l  states are compared , th i s  may b i as the  
resul ts  of i nter- spec i es compar i son s .  

1 . 2 VOLUNTARY FEED I NTAKE AND D I GEST I B I L ITY I N  DEER, GOATS AND  SHEEP 

1 . 2 . 1  Goats vs  Sheep 
1 . 2 . 1 . 1 Vo l u n tary Feed I ntake 

Tab l e  1 . 1 s hows that a wi de var i ety of feeds have been u sed i n  
go at/sheep comp ar i son  stud i es ,  name l y :  

1 .  H i gh/med i um q u a l i ty forages  { 3 7 . 0-1 5 . 0  g N/Kg OM ) ,  
2 .  L ow q u a l i ty forages ( 1 5 . 0-5 . 1  g N/Kg OM ) ,  and 
3 .  Browse ( 29 . 0- 1 5 . 0  g N/Kg OM ) .  

Data  i n  Tab l e  1 . 1 show th at , when fed on h i gh/med i um q u a l i ty 
forages ,  b oth go ats and sheep have a s imi l ar i ntake ( g/Kg w0 · 75; d ) . 
When fed o n  l ow qua l i ty forages ,  goats general l y  ach i eve a s i gn i f i ­
cantl y h i g her i ntake ( g/Kg w0 · 75;d ) ,  th an s heep . 

Compared to  sheep , goats cons ume more ( g/Kg w0 · 75; d )  of  a browse 
d i et .  A 50% d i fference in  i ntake has  been reported ( Howe , B arry and 
Popay, 1 988 ; McCabe and B arry, 1 988 ) . 

Tab l e  1 . 2 s hows the vol u ntary i ntake of forage d i ets  by two 
breed s of goats . The desert breed i s  s uper i or on a l ow qua l i ty 
forage , and the temperate breed i s  s u per i or on  a h i gh qua l i ty forage . 
These res u l t s  show d i fferences i n  i n t ake between breed s wi th i n  the 
s ame spec i es ( Choshn i ak ,  Arnon and Shko l n i k ,  1 984 ; Si l an i kove ,  1 986 ) . 

I t  c an be conc l uded th at goat s ,  un l i ke sheep, do not s how a 
depress i on i n  VF I ,  when  fed on l ow q u a l i ty forages and browse d i et s .  

1 . 2 . 1 . 2  Se l ect i on o f  Feed by Goats and Sheep 

Goats are cons i dered to  be more s e l ect i ve feeders than s heep when 
graz i ng and brows i ng ( Devendra and Burns ,  1 970 ;  French ,  1 970 ) . The 
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Tabl e 1 . 1 .  Vol u ntary feed i n take ( organ i c  matter i n take ( OM I ) or  dry 
matter i nt ake ( DMI ) )  of forage and brows e d i ets  by goats  
and sheep ( g/Kg w0· 75; d ) . 

Dietary N I ntake 
Feed o ffered ( g/Kg DM) parameter 

1 • High/medium cuality foraqes 

Lucerne hay 37 . 0  
Clover hay 28. 0 
Lucerne hay/ 

oaten chaff 21 . 0  
Pangola grass 1 9 . 5  
Clover hay 30 . 8  
Lucerne hay 37 . 3  
Lucerne hay 28. 0 
Lucerne hay 31 . 2  

MEAN 

I 

-
29. 1 

2 .  L ow quality f oraqes 

Hyparrhenia 
grass hay 

Zambian natural 
grass 

R ice straw 
Pangola grass 
Dry Hummra grass 
h rigidum hay h rigidum hay 

+ clover hay 
Barley straw 
NaOH-treated stra 
NaOH-treated stra 

1 0 . 5  

1 0 . 6  
5 . 4  
8 . 2  
5 . 1  
7 . 7  

1 1 . 4 
8 . 2  

w 5 . 9  
w 5 . 6  

OM! 
OM! 

DMI 
OM! 
OM! 
DMI 
DMI 
DMI 

DMI 

DMI 
DMI 
OM! 
DMI 
OM! 

OM! 
DMI 
DMI 
DMI 

Goats Sheep 

47 . 4  47 . 4  
67. 6 60 . 7  

37 . 8  38. 4  
49. 5 47. 8 
67 . 6  60 . 7  
67 . 8  67 . 0  
82 . 7  7 6 . 4  
73. 0  69. 4 

61 . 7  58 . 5 

40 . 5  35. 0 

40. 5  35 . 0  
50. 0 46. 9  
32 . 6  31 . 9  
42 . 1  53. 5  
45 . 5  48. 0  

34 . 6  34 . 1  
24. 9  21 . 7  
53 .7  35 . 0  
30. 0  22 . 9  

S ig Author 

NS Wilson ( 1 977 ) 
NS Doyle & E gan ( 1 980)  

NS Gamble & Mackintosh ( 1 982 ) 
NS Watson & Norton ( 1 982 ) 
NS Doyle et al . ( 1 984) 
NS Antoniou et al. ( 1 985) 
* Wahed & Owen---c-1 986)  
NS McCabe et al. ( 1 988)  

* 

* 
* 

NS 
* 

NS 

NS 
* 
* 
* 

Gihad ( 1 976) 

Gihad et al. ( 1 980)  
Gihad et al. ( 1 980)  
Watson-x Norton ( 1 982 ) 
Mouse et al. ( 1 983) 
Doyle et al. ( 1 984) . 

Doyle et al. ( 1 984) 
Antoniou et al . ( 1 985)  
Alrahmounlet-al. ( 1 986) 
Masson et al. ---c-1 986)  

_______ 

M

_

E

_

AN

---

1

-- --

7

-

. 9

----I -------- I --

3

-

9

_

. 4  __ 1 __ 3

_

6

_

.

_

4

_, 
_____ , ____________________ __ 

3 .  Browse diets 
-------, 

C .  cristata leaves 
Willow (� v iminalis)  I Gorse 

1 5 . 0  

24 . 3  
29. 0 

OM! 

I DMI 
DMI 

48. 4 

88. 6 
61 . 2  

5 0 . 8  

46 . 6  
34 . 7  

NS 

*** 
* 

Wilson ( 1 977)  

McCabe et al.  ( 1 988) 
Howe et al:-( 1 988) 

---------------------------- --------------------------------------------------------------

MEAN 22 . 8  I ------------ -------- ------
DMI = Dry matter i ntake  
OMI = Organ i c  matter i ntake 

66. 1 I 44 . 0  l_l 
_

_____ __ 

*** P<0. 001 ; * P<0. 05 ;  NS Non-s i gn i fi cant .  
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Table 1 . 2 .  Vol u ntary dry matter i nt ake  { DMI , g/Kg w0· 75; d )  of forage 
d i ets by the  Desert and Temperate breed s of goat . 

Feed offered N ( g/Kg OM ) Breed 
Vo l u ntary DMI 
( g/Kg w0 . 75/d ) S i g  

A lfa l fa  h ay 2 6 . 0  D 6 3 . 9  * 

T 95 . 0  

Rhodes  grass  + 1 7 . 9  D 7 2 . 7  NS  
a lfa lfa  hay T 7 2 . 5  

Wheat s traw 5 . 8 D 3 1 . 6  NS 
T 2 9 . 6 

( from S i l an i kove , 1 986 . ) 

D = Desert breed ; T = Temperate breed . 
* P<0. 05 ;  NS Non- s i gn i fi cant .  
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graz i ng behav i our of catt l e , goats and sheep has  been compared on a 
ryegras s/wh i te c l over pasture ( Col l i n s  and N i co l , 1 986 , 1 987 ) .  Catt l e 
s e l ected for a h i gher proport i on of green l eaf , goats consumed more 
stem and s heep se l ected preferent i a l l y  for c l over . S imi l ar l y, i t  was 

found that goats rejected c l over i n  a mi xed sward and cons umed more 
gorse { C l ark , L ambert , Ro l ston and Dymock , 1 982 ) . 

V an Soest ( 1 982 ) ,  i mp l i ed th at the resu l ts obta i ned from graz i ng 
tend to  suggest th at under st a l l -feed i ng cond i t i ons , s e l ect i ve i nt ake  
by  goats and/or sheep mi ght resu l t  i n  overest imat i ng the i ntake  and 
d i ge s t i b i l i ty of one spec i es over another . L i mi ted dat a ,  reported i n  
Tab l e  1 . 3 ,  s ug gest  th at goats are l es s  sel ect i ve than s heep when fed 
11 ad - l i b 11 u nder  sta l l -feed i ng cond i t i on s .  Goat s ,  i n  contrast to sheep , 
appear to se l ect for fi bre ( Brown and John son , 1 985 ; Wahed and Owen , 
1 986 ) . 

1 . 2 . 1 . 3 D i ge s t i b l e  Organ i c  Matter I n take 

The data  i n  Tabl e 1 . 4 ,  s how that when fed on h i gh/med i um qua l i ty 
forages , the  d i gesti b l e  organ i c  matter i ntake ( DOMI ) of goats i s  
s im i l ar to s heep ( g/Kg w0· 75; d ) . However, when fed on  l ow qua l i ty 
forages  and on  browse d i et s ,  go ats are s l i ght l y  super i or to s heep .  I t  
appears th at o n  both d i et s ,  goats ach i eve a h i gher DOM I  by , ( i )  a 
h i g her organ i c  matter i nt ake ( OMI ) ,  and ( i i )  a h i gher apparent organ i c  
matter d i ge st i b i l i ty ( OMD ) .  

A l am, Papp i  and Sykes  ( 1 985 ) , ca l cu l ated the rel at i ons h i p  
( Equ at i on 1 )  between DOMI ( g/Kg w0· 75;d )  of goats and s heep fed o n  8 
forage d i et s  ( 26 . 8-6 . 6  gN/Kg OM ) .  The equat i on ( 1 ) deri ved was : 

DOMI  ( goats ) = 0. 74 DOMI ( sheep ) + 1 0. 6  ( 1 ) 
( r  = 0. 94 )  

A l am et � ( 1 985 ) , conc l uded from the rat i o  of DOMI goats/s heep 
th at , a s  the OMD of the forage offered fel l be l ow 0. 60, goats showed a 
s uper i or DOMI th an sheep . These  fi nd i ngs are s upported by Howe et a l . 
( 1 988 ) , who c a l c u l ated th at  go ats h ad a s uper i or d i gesti b l e dry matter 
i nt ake  ( DDMI ) t h an s heep as the apparent dry matter d i gesti b i l i ty 
( DMD ) of  forages  dec l i ned be l ow 0. 65 . 
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T able 1 . 3 .  Chemi ca l  compos i t i on of feed offered and refus a l s ( g/Kg 
OM ) by goats and s heep , when fed at 11 ad- l i b 11 i nt ak e ,  u nder 

sta l l -feed i ng cond i t i on s .  

Chem i c a l  compos i t i on (g/Kg OM ) 
Feed Feed offered 

L ucerne h ay :  2 8  
N i trogen 
AOF 39 1  

Ammon i a-treated 
b ar l ey s traw :  

N i trogen 1 7  
AOF 567  

Wheat straw: 
N i trogen 2 0  
NOF 4 1 0 

Wheat s tr aw :  
N i trogen 1 9 . 5  
NOF 5 20  

Wheat straw:  
N i trogen 1 8 . 4  
NOF 620  

AOF = ac i d  detergent fi bre 
NOF = neutral  detergent fi bre . 

Feed refu s a l s 
Goats Sheep 

23  1 6  

449 466 

1 2 . 2  1 1  . 6 
600 6 1 2  

1 0. 6  6 . 9  
6 1 0 7 2 0  

7 . 0  6 . 6  
720 7 60  

5 . 9  6 . 4  
780 790  

Author 

Wahed & Owen 
( 1 986 ) 

Wahed & Owen 
( 1 986 ) 

Brown & John son 
( 1 985 ) 

Brown & John son 
( 1 985 ) 

Brown & Johnson  
( 1 985 ) 
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Tab l e  1 . 4 . Apparent d i gest i b i l i ty ( % )  of organ i c  matter ( OMD ) and dry 
matter ( DMD ) , d i gest i b l e  orga n i c  matter i ntake ( DOMI ) and 

d i gest i b l e  dry matter i nt ake  ( DDMI ) by goats and s heep fed 
on forage and browse d i et s  ( g/Kg w0· 75;d ) .  

Tab l e  1 . 4 . 1.  OMD and DMD ( % )  by goats and sheep . 

Feed offered ( g/Kg DM) 
l Diot"y N 

1 .  High/medium gua ity forages 

L ucerne hay 37 . 0  
L ucerne hay/ 21 . 0  

oaten chaff 
P angola grass 1 9 . 5 
L ucerne hay 23. 8  
Clover hay 30 . 8  
L ucerne hay 37 . 0  
- - - -------------- - - - - - - - - - - - - -

MEAN 28. 2 

2 .  Low guality for ges 

H yparrhenia 
grass hay 

Pangola grass 
Meadow hay 
Dry hummra grass 
.!:...:._ rigidum hay 
Clover hay + 

L.  rigidum 
R yegrass straw 
B arley straw 
B arley straw 
N aOH-treated straw 
R yegrass hay 
B arley straw 
----- - - - - - - - - - - - - - -

MEAN 

3 .  Browse diets --- ---

c .  cristata leaves 
A. pendula leaves 
H. oleifolium 
-leaves 
Willow 

( 5 .  viminalis) 
Gorse 
- - - - - - - - - - - - - - - - - - -

MEAN 

1 0 . 5  

8 . 2  
7 . 1 
5 . 1  
7 . 7 

1 1  . 4  

8 . 4  
6 . 6  
8 . 2  
5 . 6  

13 .3  
6 . 8  

-----------

8 . 2  

1 5 . 0  
27 . 0  
20 . 0  

24 .3 

29. 0  
- ----------

23. 1  

Dige stibility Goats Sheep 

OMD 63. 2  63. 1 
DMD 64. 6  63. 5 

OMD 63. 0  61 . 4  
DMD 59. 0 60. 0  
OMD 72 . 1  71 . 3  
DMD 6 6 . 2  67. 4  

- - - - - --- - - - - - -- ------- -------

64 . 7  64. 5 

DMD 53. 9  53. 6 

OMD 58 .3  53.3  
DMD 62 . 0  61 . 0  
DMD 54. 4  51 . 7  
OMD 64 . 9  57 . 3  
OMD 49. 5 45 . 6  

OMD 53. 0  54 . 0  
OMD 5 0 . 0  51 . 0  
DMD 48. 0 44 . 1  
DMD 63. 6  41 . 8  
DMD 64 .3  63 . 2  
OMD 36 . 0  37 . 5  

-- - - - - - - - - - - - - - - - - - - - - -------

54 . 8  51 . 2  

OMD 35 . 0  29. 3 
OMD 46. 7  43. 4  
(]-10 43. 1  40.2  

DMD 6 2 . 0  60 . 0  

DMD 65 .3 64. 6  
- - - - - ------- --- - ------ -------

5 0 . 4  47 . 5  

Author 

Wilson ( 1 977) 
Gamble & Mackintosh 

( 1 982) 
Watson & Norton ( 1 9  
Alam et al.  ( 1 983) 
Doyle et al. ( 1 984) 
Antoniou et al. ( 1 9  

--- - ------- --- - - - - - -

Gihad ( 1 976) 

Watson & Norton ( 1 9  
Alam et al.  ( 1 983) 
Mousaetal . ( 1 983) 
Doyle et al. ( 1 984) 
Doyle et al. ( 1 984) 

Alam et al . ( 1 985)  
A lam et  al.  ( 1 985)  
Antoniouet al . ( 1 9  
Masson etal:-( 1 986 
Masson et al . ( 1 986 
Tan et al . -r1 987 ) 

- - - - - - - - - - - - - - - --- -

Wilson ( 1 977)  
Wilson ( 1 977 ) 
Wilson ( 1 977) 

McCabe et al.  ( 1 988 

Howe et al . ( 1 988) 
------------- - - - - - -

82 ) 

85) 

82 ) 

85) 
) 
) 



Tab l e  1 . 4 . 2 .  DDMI and DOMI by goats and s heep ( g/Kg w0· 75; d ) . 

Dietary N 

Feed offe red ( g/Kg DM ) 

1 • High7medium gualit� forages 

Lucerne hay 37 . 0  

Lucerne hay 29. 4 

Lucerne hay/ 21 . 0  

oaten chaff 

Pangola grass 1 9 . 5 
Lucerne hay 23 . 8  
Clover hay 30 . 8  

Lucerne hay 37 . 0  

- - - --------------- - - - - - - - - - - - -

MEAN 28. 4 

2 .  Low gualit� forages 

Hyparrhenia 1 0 . 5  

grass hay 

Barley straw 6 . 3 

P angola grass 8 . 2 

Meadow hay 7 . 1 

Dry hummra grass 5 . 1  

!:...:._ rigidum hay 7 . 7  

R yegrass straw 8 . 4  

Barley straw 6 . 6  

Barley straw 8 . 2 

NaOH-treated straw 5 . 6  

R yegrass hay 1 3 . 3  

Barley straw 6 . 8  

- ------------------ - - - - - - - - - - -

MEAN 1 0 . 5  

3 .  Browse diets --- ---

c .  cristata leaves 1 5 . 0  -

Willow 24. 3 

G orse 29. 0 

- --- - - - - - - --------- - ---- - - - - - -

MEAN 22 . 8  

-

Intake 

Parameter 

DOMI 

DDMI 

DDMI 

DOMI 
DDMI 

DOMI 

DDMI 

-----------

DDMI 

DDMI 

DOMI 

DDMI 

DDMI 

DOMI 

DOMI 

DOMI 

DDMI 

DDMI 

DDMI 

DOMI 

-----------

DOMI 

DDMI 

DDMI 

-----------

Goats Sheep Author 

30 . 2  29 . 9  Wilson ( 1 977 ) 

5 5 . 8  5 5 . 2  Boer et al. ( 1 982) 

24 . 4  24. 4 Gamble & Mackintosh 

( 1 982) 

31 . 2  29 . 3 Wa tson & Nor:- ton ( 1 982 ) 
43 . 1  5 0 . 4  Alam et al. ( 1 983) 

48 . 7  43 . 3  Doyle et al. ( 1 984) 

44 . 9  4 5 . 2  Antoniou et al. ( 1 985)  

- - - - - - - - - - - - - - - --------- - --- - - - - - - - - - -

39.7 39. 7 

21 . 8  1 8 . 8  Gihad ( 1 976) 

26 .7  22 . 1  Boer et al. ( 1 982 ) 

1 9 . 0 1 7 . 0  Watson & Norton ( 1 982)  

31 . 0  30 . 6  Alam et al . ( 1 983) 

22 . 9  27 . 7  Mousa et al. ( 1 983) 

29. 5 27 . 5 Doyle et al. ( 1 984) 

23 . 6  20 . 7  Alam et al. ( 1 985)  

1 9 . 8  1 6 . 5  Alam et al. ( 1 985)  

1 2 . 0  9 . 6 Antoniou et al. ( 1 985 ) 

1 4 . 6  1 2 . 5  Masson et al . ( 1 986)  

39. 1 35 . 9  Masson et al . ( 1 986) 

7 . 5  5 . 9  Tan et al . ( 1 987 )  

-------- - - - - - - - -------- - - - - - - - - - - - - - - -

22 . 3  20 . 4  

1 7  . o  1 4 . 9  Wilson ( 1 977) 

5 3 . 8  27 . 1  McCabe et al. ( 1 988)  

40 . 0  2 2 . 4 Howe et al . ( 1 988) 

- - - - ---- - - - - - - - -------- - - - - - - - - - - - - - - -

36. 9  2 1 . 5  

1 0  
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When fed on  browse d i ets , i t  appears that goats show an 
i nc reas i ng s uper i or i ty i n  DDMI over s heep , as the  l i gn i n  content of 
the forage ( g/Kg OM) i ncreases above 1 20 g/Kg OM ( Howe et �' 1 988 ) . 
A regres s i on rel at i on s h i p  ( Equat i on 2 )  was der i ved by Howe � � 
( 1 988 ) ,  and was based on  6 browse d i ets  fed to  goats/sheep i n  compar i ­
son  stud i es reported i n  the  l i terature . 

D DMI ( go ats/sheep ) = - 0 . 67 + 0 . 01 4  l i gn i n  
( r  = 0 . 98 ;  P<0 . 01 ) 

( 2 )  

Four factors mi ght contri bute to the h i g her DOMI and OMD by goats 
when  fed on  l ow qua l i ty forages and on browse d i et s ,  name l y :  

1 .  A h i gher d i ge st i on rate i n  the ret i cu l e-rumen ( hereafter 
referred to as  the rumen ) of goats , pos s i b ly  i nf l u enced by a 
more effi c i ent  c hewi ng of the feed d ur i ng eat i ng by goats , 
compared to s heep . 

2. A l onger mean retent i on t i me of d i gesta  ( MRT , h )  i n  the rumen 

of goats , and therefore a l onger exposure of the d i gesta  to  
m i crob i a l  attack .  

3 .  A l arger rumen vol ume i n  goats ( g/Kg w0 · 75 ) ,  to conc i l i ate  
the  observat i on s  of  a h i g her vol untary OMI  w i th h i g her OMD i n  

goat s .  

L i mi ted d ata i n  Tab l e  1 . 5 s how th at the MRT of part i cu l ate matter 
( l abel ed wi th  1 03Ru-Phen ) i s  l onger  i n  the rumen of goat s ,  both on l ow 
and h i g h  q ua l i ty forages , wi th th e d i fference reac h i ng s i gn i fi cance on  
the  l ow q u a l i ty forages . Data i n  Tab l e  1 . 5 a l so  i nd i cate t h at goats 
h ave a l onger rumen MRT of water { l abe l ed wi th Cr-EDTA ) , and hence a 
l ower d i l ut i on rate of water i n  the  rumen , compared to s heep . These 
fi nd i ng s  are cons i stent both on l ow and h i gh q ua l i ty forages .  

Data  i n  Tab l e  1 . 6 i nd i cate that goats have  a seemi ng l y  l arger 
r umen vol ume than s heep ( as a proport i on of w0 · 7 5 ) ,  when fed on both 
h i gh and l ow qua l i ty forages . 
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Tab l e  1 . 5 .  Mean retent i on t i me of p art i cu l ate phase ( R u-Phen ) and 
l i qu i d  phase  ( Cr-EDTA ) of d i gesta i n  the rumen of goats  
a nd sheep fed  on forages { MRT,  h ) . 

Tab l e  1 . 5 . 1 .  MRT { h )  of  R u -Phen i n  the  rumen . 

D i et ary N 
Feed Offered ( g/Kg OM ) Goats Sheep S i g  Author 

S ubterranean 28 . 0 1 7  1 4  * Doyl e et 2l· ( 1 980) 
c l over h ay 

W i mmera ryegrass  7 . 0  2 9  2 1  * Doyl e et 2l· ( 1 980) 
h ay 

Grass-c l over h ay 1 1 . 0  26  2 0  * Doyl e � 2l· ( 1 980) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MEAN 1 5 . 3  24 . 0 1 8 . 3  

Tab l e  1 . 5 . 2 . MRT ( h )  o f  Cr-EDTA i n  the  rumen . 

D i etary N 
F eed Offered ( g/Kg OM ) Goats Sheep S i g  Author 

P ango l a grass  1 9 . 5 1 2 .  1 9 . 4  * W atson & Norton 
( 1 982 ) 

L ucerne h ay/ 2 1 . 0  1 2 . 2  9 . 5 * G amb l e  et a l . 
- -

o aten c h aff ( 1 982 ) 
P ango l a grass  8 . 2  1 3 .  1 1 0. 7  * Watson & Norton 

( 1 982 ) 

MEAN 1 6 . 2  1 2 . 5  9 . 9  

* P<0. 05 
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Table 1 . 6 .  Vol ume of rumen contents ( l i tres ,  L )  of goats and s heep 
fed on  forage d i ets ( as a proport i on of w0· 75 ) .  

D i et ary N 
Feed Offered ( g/Kg DM)  Goats Sheep S i g  Author 

Lucerne hay/ 2 1 . 0  0 . 29 0. 35 NS Gamb l e  & Mac k i ntosh 
oaten h ay ( 1 982 ) 

P ango l a grass 1 9 . 5  0 .  31  0. 22  * Watson & Norton 
( 1 982 ) 

Pango l a grass 8 . 2 0 . 30 0. 2 5  * Watson & Norton 
( 1 982 ) 

Meadow hay 1 4 . 7  0 . 53 0. 46 NS A l rahmoun et a l . 
- -

( 1 985 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MEAN 1 5 . 9  0. 36 0. 32 

* P<0. 05 ;  NS Non- s i gn i fi cant .  
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There i s  n o  data on an i ntegrated study compar i ng the  assoc i ated 
effects of vol u n tary OMI wi th ( i )  OMD , ( i i )  MRT of d i gesta ,  ( i i i )  
d i l u t i on rate of water i n  the rumen and  ( i v )  r umen vol ume ,  between 
goats and s heep when fed on h i gh or l ow qual i ty forages , dur i ng summer 
and/or wi nter . 

1 . 2 . 1 . 4  Apparent F i bre D i gest i b i l i ty 

Tab l e 1 . 7 s hows t h at th ree ana l yt i c a l  systems h ave been u s ed for 
the determi n at i on of apparent  fi bre d i gest i b i l i ty in goat vs  sheep 
compari son stud i es ,  n ame l y :  

1 .  The Detergent System ( Van  Soest and W i n e ,  1 967 ) , 
2 .  The Comprehen s i ve C arbohydrate Fract i on at i on ( Ba i l ey ,  1 967 ) , 

and 

3 .  The Prox i mate An a l ys i s .  

When fed o n  h i gh/med i um qu al i ty forages , the mean v a l ues  ca l ­
c u l ated i n  Tab l e  1 . 7 i nd i c ate that goats general l y  d i gest a l l the  
components of f i bre s l i ght l y  better th an  sheep , a l though the  d i fferen­
ces do not a l ways atta i n s i gn i fi c ance . 

When fed on l ow qua l i ty forages , goats s how a greater s uper i or i ty 
i n  d i gest i ng  f i bre than s heep . The s uper i or i ty i ncreases  wi th an 
i ncrease i n  the  content of d i etary f i bre ( E l  H ag ,  1 976 ;  G i h ad ,  1 976 ; 
Doy l e ,  Egan  and Tha l en , 1 984) . L i mi ted data  i n  Tab l e  1 . 8 i nd i cate 
that the apparent d i gest i b i l i ty of l i g n i n  i s  s i gn i f i cant l y  h i g her i n  
goats compared t o  sheep ( J ones , Larsen , Javed , Donefer and G audreau 
1 972 ) . 

When fed on  browse ,  data i n  Tab l es 1 . 7 and 1 . 8 i nd i c ate that 
goats compared to s heep,  h ave a con s i stent l y  h i gher apparent fi bre 
d i gest i b i l i ty .  The s uperi ori ty between the two s pec i es i s  greater for 
the l east d i ge st i b l e  fract i on of the d i et ( l i gn i n ) , i ntermed i ate for 
hemi cel l u l o s e ,  and l east for cel l u l ose  ( Howe et �' 1 988 ) . 

Data  i n  Tab l e  1 . 9 s how that the  Desert breed of goat d i gested 
l i gn i n  more effi c i ent l y  than the Temperate breed , when  fed both on 
h i gh/med i um and l ow qua l i ty forage s ,  a nd d i gested cel l u l ose  and hemi -
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Tab l e  1 . 7 .  Apparent d i gest i bi l i ty of fi bre ( % )  by goats and sheep fed 
on forage and browse d i et s .  

Dietary fibre 

feed offered Method g/Kg DM 

I 
1 • High/medium quality forages 

Berseem hay CF 

Lucerne hay NDF 

Pangola grass NDF 

C lover hay CF 

Meadow hay NDF 

P rairie grass hay NDF 

Lucerne hay CF 

MEAN 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  t _________ 

2 .  Low quality forages 

L okh grass 

Hummra grass 

Zambian grass hay 

P angola grass 

L .  

L .  

rigidum 

rigidum + 

clover hay 

Barley straw 

R yegrass straw 

B arley straw 

MEAN 

3 .  Browse diets -- --

Gorse 

CF 

CF 

CF 

NDF 

CF 

CF 

NDF 

NDF 

CF 

c 

235 

490 

798 

372 

5 1 4  

603 

241 
- - - - - - - -

465 

342 

364 

379 

773 

7 1 7  

758 

802 

687 

404 

503 

Digestibility (% )  
Goats Sheep Sig 

64 .3 65 . 8  NS 

46 . 9  47 . 2  NS 

75 .3 73. 4  NS 

68. 8  67. 4  NS 

80 . 0  78 . 0  NS 

70. 0  67. 0  NS 

51 .3  56 . 2  NS 
- - - - - - - ------- ------

65 . 2  65 . 0  

74. 4  71 . 6  NS 

59. 6 54. 2  ** 

60 .3 56. 5  * 

71 .3 63 . 5  * 

67 . 3  58. 9 * 

54 . 0  51 . 1  NS 

56 .0  59. 0 NS 

52 . 0  54 . 0  NS 

56 . 7  52 . 8  NS 

61 .3  57 . 9  

60 .2  57 . 2  * 

CF  = Crude F i bre by Prox i mate An a lys i s . 

Author 

El Hag ( 1 976)  

Wilson ( 1 977) 

Watson & Norton ( 1 982 ) 

Doyle et al .  ( 1 984) 

Alam et al .  ( 1 985) 

Alam et al.  ( 1 985) 

Antoniou et al . ( 1 985) 
- - - - - - - - - - - - - - - - - - - - - - - - - - -

El Hag ( 1 976) 

El  Hag ( 1 976) 

Gihad ( 1 976) 

Watson & Norton ( 1 982 ) 

Doyle et al . ( 1 984) 

Doyle et �· ( 1 984) 

Alam et al . ( 1 985) 

Alam et al .  ( 1 985) 

Antoniou et al. ( 1 985) 

Howe et al .  ( 1 988) 

NDF = Detergent  System ( Van Soest & Wi ne ,  1 96 7 ) . 
C = Comprehens i ve C arbohydrate Fract i on at i on ( B a i l ey ,  1 967 ) . 

** P<0. 01 ; * P<0. 05 ;  NS Non-s i gn i f i c ant .  
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Tab l e  1 . 8 .  Apparent d i gest i b i l i ty of l i gn i n  ( % )  by goats and s heep . 

Feed offered 

W i l ted a l f a l fa 

Low DM corn 
s i l age 

Gorse 

MEAN 

D i etary l i gn i n  
( g/Kg DM ) Goats 

8 0  1 8 . 5  

5 5  22 . 9  

1 7 1 3 1 . 5  

1 02 24 . 3  

S heep S i g Author 

1 3 . 7  NS  Jones  et a l . 
- -

( 1 97 2 )  
1 5 . 3  * Jones et a l . 

- -

( 1 972 ) 
2 5 . 5  ** Howe et  a l . 

- -

( 1 988 ) 

1 8 . 2 

** P < 0. 01 ; * P<0. 05 ;  NS Non-s i gn i fi c ant . 
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Tab l e  1 . 9 .  Apparent d i ge st i b i l i ty of fi bre ( % )  by the Desert and 
Temperate breed s of goat . 

Dietary fibre � DM) 
F eed offered Cellulose Hemicellulose Lignin Breed 

Alfal fa hay - 345 87 76 D 

T 

R hodes grass + 300 258 67 D 

al falfa hay T 

Wheat straw 401 309 1 42 D 

T 

D = Desert breed ; T = Temperate breed . 
* P<0 . 05 ;  NS Non-s i gn i fi cant . 

Digestibility ( % )  
Cellulose Hemicellulose Lignin 

72 . 4NS 70 . 5NS * 
1 7 . 4  

72 . 1  68 . 1 - 0 . 5  

* * * 
68. 1  6 5 . 2  1 4 . 7  

61 . 3  5 7 . 3  7 . 2  

* * * 
60 . 1  57 . 3  1 5 . 3  

47. 2 42 . 1  3 . 7  

( from S i l an i kov e ,  1 986 ) 
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ce l l u l o se  more effi c i entl y when fed on the l ow qual i ty forages 
( S i l an i kove , 1 986 ) . 

More work 
determi ne why 
s tr ates . I t i s  

i s  requ i red i n  goat v s  s heep compari son stud i es to 
goats are s u peri or to sheep i n  degrad i ng fi brous sub­
known that mi crob i a l attachment to the fi brous sub-

strates i n  the  rumen i s  a pre-req u i s i te to the degradat i on of fi bre 
( Cheng , Ak i n  and Costerton , 1 97 7 ;  F ors berg and L am, 1 977 ; C heng , 
Stewart , D i n s da l e  and Costerton , 1 983 ) . Chewi ng , dur i ng eat i ng and 

rumi n at i on ,  contr i bute to part i c l e  s i ze red uct i on and offer the  rumen 
wi th smal l p art i c l es ( < 1 . 0  mm) of l arger s urface area ( Ak i n ,  1 97 9 ,  
1 983 ; Cheng et �' 1 983 ) . 

There are no  stud i es at present on the  comparat i ve effi c i enc i es 
i n  part i c l e  s i ze reduct i on between goats and sheep , dur i ng eat i ng and 
rumi n at i ng .  

1 . 2 . 1 . 5  N i trogen  B a l ance 

Data i n  T ab l e  1 . 1 0  show th at , when fed on h i gh/med i um q ua l i ty 
forages , there i s  no d i fference i n  n i trogen ( N )  retent i on between 
goats and sheep . When fed on  l ow q ua l i ty forage s ,  l i mi ted data i n  
Tab l e  1 . 1 0  s uggest  that both goats and s heep are i n  negat i ve N 
bal ance , but the  N l ost  by sheep i s  greater than i n  goats . The 
apparent greater N retent i on by goats , when fed on l ow q ua l i ty 
forages ,  compared to  sheep , mi ght be i nf l uenced by two factors , name l y :  

1 .  A greater capac i ty o f  goats to  recyc l e  and conserve N .  One 
l i mi ted study by Seth , R a i , Y adav and P andey ( 1 976 ) , showed 
that goats had a h i g her rate of s a l i vary secreti on than 
sheep , but  the act ua l  recyc l i ng of N to  the rumen in  go at s ,  
compared to  sheep i s  unknown . 

2 .  A l ower water i nt ake  ( m l /Kg DMI ) by goat s ,  ( as observed by 
Gi had , E l -Bedawy and Mehrez , 1 980;  A l am, Papp i and Sykes , 
1 983 ; Howe et �' 1 988 ) , and pred i spos i ng them to a greater 
N conservat i on . Mou s a ,  A l i and Hume ( 1 983 ) ob served a 
greater N retent i on  i n  both goats and sheep,  under cond i t i ons  
of water depri vat i on .  
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Tab l e  1 . 1 0 .  N i trogen ( N ) retent i on by goats and s heep ( mg/1 00 g DMI ) 
fed on forage d i ets . 

Dietary N N intake ( g/d) 

Feed o ffered ( g/Kg DM ) Goats Sheep 

1 • High/medium quality feeds 

L ucerne hay/ 21 . 0  9. 6 1 0 . 3  

oaten chaff 

Pangola grass 1 9 . 5  1 4 . 2 1 6 . 2  

Clover hay 30. 8 41 . 9  33. 1 

- -------------- - - ---- ------ ------- --------
MEAN 23 . 8  2 1 . 9  1 9 . 9  

2 .  Low quality feeds 

Zambian grass 1 0 . 5  4 . 8  8 . 0 

Pangola grass 8. 2 3 . 9  4 . 5  

L .  rigidum 7. 4 7 . 1 6. 1 

L .  riqidum + 1 1 . 4 7 . 8  6. 5 

clover hay 

- ------- ------ - - - ---------- - ---- -- -- ------

N retained 

( mg/1 00  g DMI ) 

Goats I Sheep 

1 60 260 

593 498 

485 566 

-------- -------

41 3 441 

-263 -273 

52 - 96 

- 56 -1 1 5  

-1 22 -371 

-------- -------

Sig Author 

NS Gamble & Mackintosh 

( 1 982) 

NS Watson & Norton ( 1 982 
* Doy le et .!!!_. ( 1 984) 

------ -- - ----- ---- ----------

NS Gihad ( 1 976) 

NS Watson & Norton ( 1 982 ) 
* Doy le et al.  ( 1 984) 

NS Doyle et al . ( 1 984) 

MEAN 9. 4 5 . 9  I 6 . 3  I -97 . 3  I -214 l_l 
____ 

_ 

* P<0. 05 ; NS Non-s i gn i fi c ant . 
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There i s  no data  o n  the  comparat i ve effi c i ency of  N recyc l i ng ,  
and N conservat i on by the  two s pec i es ,  when fed on h i gh/med i um and l ow 
qua l i ty forages .  

1 . 2 . 1 . 6  Rumen Ammo n i a Concentrat i on 

Data  i n  Tab l e  1 . 1 1  i nd i c ate that the r umen ammon i a  { NH3- N )  con­
centrat i on of goats and sheep (mg N/L ) , i s  s i mi l ar when both s pec i es 
are fed on h i gh/med i um qua l i ty forages .  When fed on l ow q u a l i ty 
forages ,  however , go ats sustai n a cons i sten t l y  h i gher rumen NH3- N  
concentrat i on { 78 . 0  mg N/L ) , t han sheep . The mean rumen NH3-N  concen­
trat i on for sheep i s  4 1  mg N/L , wh i ch i s  be l ow the cr i t i c a l  l eve l  ( 50 
mg N/L ) ,  at wh i c h  mi crob i a l  act i v i ty i s  c l a i med to be s uppres sed 
( Satter and S lyter , 1 974 ) . 

Oetermi nat i ons of NH3-N  concentrat i on s  i n  the rumen f l u i d  a l one  
are d i ffi cu l t to i nterpret i n  quant i tat i ve terms , w i thout any measure­
ments  of the ( i ) recyc l i ng of N i nto the rumen , ( i i )  recyc l i ng wi th i n  
the r umen ,  and ( i i i )  r ates of mi crob i a l synthes i s  i n  the r umen . There 
are no  stud i es to  date on the N transact i on s  i n  the rumen of goats , 
u s i ng 1 5N k � net i c s ,  w i th an i ma l s i n  steady s t ate .  On the other h and , 
qu ant i tati ve data  of rumen N transact i ons  are we l l  documented for 
sheep fed both on  l ow and h i gh qua l i ty forages  ( Nol an ,  Norton and 
Leng , 1 976 ;  No l an and Stac h i w ,  1 979 ;  O i xon  and No l an , 1 986 ; McNabb ,  
Barry, Oe l l ow and  N o l an ,  1 989 ) . 

1 . 2 . 1 . 7 Mai ntenance Energy Requ i rements 

L i mi ted data of goat vs  sheep stud i es i nd i c ate th at the met abo­
l i s ab l e  energy ( ME )  req u i red for mai ntenance { M ) i s  h i gher i n  goat s , 
compared to  sheep . 

Mohammed and Owen ( 1 980 ) , reported M v a l ues for 2-year o l d goats 
( Eq u at i on 3 ) , and 3 -year ol d s heep ( Eq u at i on 4 ) . 

M ( goats ) = 0 . 434 + 0 . 01 w0 · 75  ( 3 ) 

M { sheep )  = 0 . 301 + 0 . 01 w0 · 75 { 4 )  
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Tab l e  1 . 1 1 .  Rumen ammon i a  concentrat i o n  ( NH3 -N ,  mg N/L ) i n  goats and 
s heep fed on forage and browse d i et s .  

D i etary N 
Feed offered ( g/Kg OM ) 

1 . H igh/med i um SI_ua l i t,X feeds 
P ango l a grass  1 9 . 0  

h ay 
L ucerne/wheat -

straw 
L ucerne h ay -

L ucerne h ay 37 . 3  

Meadow h ay 23 . 9  

Pra i r i e  grass  2 6 . 8  
h ay 

Ryegrass h ay 1 7 . 5  

Lucerne h ay 3 7 . 3  

2 7 . 0  

Rumen NH3 -N (mg N/L )  
Goats Sheep 

1 45 1 41 

265 2 26 

483 479 

273 281  

1 91 1 6 1 

234 1 5 1 

1 06 91 

268 350 

246 235 

Author 

Watson et a 1 • 

( 1 982) -
Cabrera et a l . 

( 1 983 )- -
Cabrera et a l . 

( 1 983 )- -
Hadj i panayi otou 
et a 1 .  ( 1 983 ) 

Alamet a l . 
( 1 985 )-

A l am et a l . 
( 1 985 )-

A 1 am et a 1 .  
( 1 985 )-

Anton i ou et a l . 
( 1 985 ) - -

MEAN 
I -----.-------.-�---;:- -.----- ---- -------------2 .  Low qua l i ty feeds  

P ango l a g ra s s  8 . 2  
h ay 

Wheat s traw 

B ar l ey straw 

B ar l ey straw 

Ryegras s straw 

Coc kfoot straw 

B ar l ey straw 

Meadow h ay 

Soda-treated 
barl ey straw 

MEAN 

3 .  B rowse feeds 
Acac i a  

Acac i a  

MEAN 

9 . 4 

8 . 2  

8 . 4  

1 0 . 3  

6 . 6  

7 .  1 

5 . 9  

8 . 0 

23 . 0  

23 . 0  

23 . 0  

1 06 

53 

74 

1 08 

60 

78  

43 

54 

1 28 

78 

94 

6 5 

80 

43 

29 

45 

90 

41  

65  

3 7  

1 5  

8 

4 1  

5 4  

6 9  

6 2  

Watson e t  a 1 .  
( 1 982) -

Cabrera et a l . 
( 1 983 )- -

Hadj i pa nayi otou 
et a 1 .  ( 1 983 ) 

Anton i ou et a l . 
( 1 985 ) - -

A 1 am et a 1 .  
( 1 985 )-

A 1 am et a 1 .  
( 1 98 5 )-

A 1 am et  a 1 .  
( 1 985 )-

A 1 am et a 1 .  
( 1 985) -

A l r ahmoun  et a l . 
( 1 986 ) - -

Anton i ou et a l . 
( 1 985 ) - -

Hadj i pan ayi otou 
et 2.1_. ( 1 983 ) 



where ME = 0 . 81 x d i gest i b l e  energy, 
M = ME req u i red i n  MJ/d . 
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The ca l cu l at i on est i mated that the ME  req u i rements of goats was  
h i g her (+  44% ) th an s heep ( Mohammed and Owen , 1 980) . On  the  other 
h and , A!am et � ( 1 983 ) , e st imated the ME ( MJ/Kg  w0 · 75;d ) requ i re­
ments of k i ds and l ambs to  be 0 . 393 and 0 . 379 ,  res pect i ve l y . Ho lmes 
and Moore ( 1 981 ) ,  reported t h at the ME requ i red for M i n  New Zeal and 
feral  goats was 0 . 39 MJ/Kg w0 · 75;d , compared to a c a l cu l ated va l ue  of 
0 . 32 for an adu l t  sheep . 

The recommendati ons  for ME req u i rements vary for d i fferent breed s 
of goats . The Nat i on a l  Research Counc i l  ( NR C )  data  ( M=0 . 409 MJ/Kg 
w0 · 75;d ) ,  are based o n  trop i cal  and desert breed s of goats  ( NRC ,  
1 981 ) ,  and t he  French data  ( M=0 . 641  MJ/Kg w0 · 75;d ) are based exc l u ­
s i ve l y  o n  temperate breed s ( S auvant ,  1 981 ) .  The apparent d i fferences 

i n  the Amer i can and French recommendat i ons for ME refl ect the l ower 
energy req u i rements typ i c a l  of the desert goats ( S i l an i kov e ,  1 986 ) .  

I t  can be conc l uded th at  goats req u i re more energy per un i t  of Kg  
w0 · 75 t h an s heep , for t he  ach i evement of mai ntenance of energy eq u i ­
l i br i um.  It i s  not k nown if  ME req u i rements of goats c h ange wi th  
s eason . 

1 . 2 . 2  Deer vs Sheep 

1 . 2 . 2 . 1  Vol u ntary Feed I ntake 

The VF I of deer i s  marked l y  seasonal . The VFI  of deer fal l s  
s h arp ly  i n  l ate autumn/ear l y  wi nter, then i ncreases i n  spr i ng/summer 
( Po l l oc k ,  1 97 5 ;  Drew, 1 97 6 ;  M i l ne et �' 1 978 ; Fennessy, 1 981 ; Sutt i e  
and S i mpson ,  1 985 ) . � 

F i gure 1 . 1  ( Kay, 1 979� s hows the effects of castrat i on and s ex 
o n  the s easonal  VFI  of deer . Both castrates and i ntact stag s ,  and 
h i nd s  s how a s i mi l ar trend i n  seasonal  appet i te cyc l e . However ,  the  
VF I  of  i ntact s tag s s hows a drast i c  dec l i ne i n  w i n ter , and  a marked 
i ncrease i n  spr i ng . I n  contras t ,  the castrates and h i nd s  show a 
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gradua l  l o s s  of  appet i te i n  wi nter,  and a l ess  pronounced i ncrease i n  
VF I  i n  spr i ng .  

S i mi l ar s easona l  ch anges i n  VF I  h ave been noted i n  other Cerv i d s ,  
l i ke the r e i ndeer , c ari bou , moose and wh i te-tai l ed deer ( McEwan and 
Wh i tehead , 1 970 ;  Ho l ter,  Urban and H aye s ,  1 977 ; Ryg and J acobsen , 
1 982a ) . 

The domest i c sheep a l so s hows a seasonal  var i at i on i n  i ntak e ,  
w i th a sma l l reduct i on i n  VF I  i n  wi nter ( Kay, 1 979 ; B l axter and Boyne ,  
1 982 ) . O n  the  other hand , the fera l  s heep l i ke the Soay breed , shows 
a pronounced s easona l  appeti te cyc l e ,  s imi l ar to the deer ( K ay,  1 979 ; 
K ay and Sutt i e ,  1 981 ; Argo and Smi th , 1 983 ) . I t  i s  pos s i b l e  t h at the 
magn i tude of s easona l  VF I  cyc l e  i n  the  domest i c  sheep has been great l y  
attenuated , b ecause of the l onger amount of t i me they h ave been s ub­
j ected to  s e l ect i on ,  breed i ng and control l ed feed i ng .  

There i s  now compe l l ing ev i dence to suggest th at c h ang i ng day-- ------ ., 
l ength i s  t he  s t imu l u s  to the seasona l  appet i te cyc l e  i n  deer, and i n  
domest i c  s heep ( Kay, 1 979 ; S i mpson , Sutt i e  and K ay, 1 984 ; Sutt i e  and 
S i mps�n ,  1 985}f F i gure 1 . 2 ( Kay, 1 979� s hows the VF I of i ntact stags 
and domest i c  s heep , when s ubj ected to  an art i fi c i al s i x-month photo­

per i od .  I t  c an be conc l uded th at both the deer and domest i c s heep 
respond to i ncreases i n  dayl engt h ,  by i ncreas i ng the i r  VF I . The deer 
respond d i fferentl y to the domest i c  sheep , by sbowi ng peak s  and 
troughs  i n  the appet i te cyc l es as the dayl ength ch anges . On the other 
h and , the domest i c  s heep shows an attenuated seasonal  appet i te cyc l e  
( Kay, 1 979 ) . 

Data i n  Tab l e  1 . 1 2  of deer v s  sheep ( castrates ) compar i son 
stud i es confi rm the s easonal  appet i te cyc l e  i n  s heep and deer .  The 
fol l owi ng conc l u s i ons  can be drawn from data i n  Tab l e  1 . 1 2 ,  n ame l y :  

1 .  W h e n  fed o n  h i gh/med i um and l ow qua l i ty forages ,  and on  browse 
d i et s ,  both sheep and deer s how a h i g her VFI ( g/Kg w0 · 75;d ) i n  
s ummer ,  compared to wi nter . The i ncrease i n  i nt ake from 
w i n ter to s ummer i s  greater i n  deer , compared to s heep , con­
f i rmi ng the  d i fference i n  response to  photoperi od ch anges by 
t h e  two s pec i es .  
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figure 1 . 1 a. Seasonal voluntary feed 
intake o f  a pelleted diet by intact 
( e ) and castrate ( o )  stags ( fr om Kay, 
1 979) . 
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figure 1 . 1 b. Seasonal voluntary feed 
intake o f  a pel leted diet by ( . )  
intact stags and ( o) hinds ( from 
Suttie et al . ,  1 987 ) .  -¥, 
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2 

figure 1 . 2 .  V oluntary feed intake of 
a pelleted concentrate diet by  intact 
Red Deer stags ( e ) and intact domes­
tic Suffolk cross rams ( o) ,  subjected 
to an artificial six-.month photo­
period ( fr om Kay, 1 979) . 
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Tab l e  1 . 1 2 .  Seasona l  vo l u ntary feed i ntake of forage and browse d i et s  
by castrated deer and s heep ( g/Kg w0 · 75;d ) .  

Feed offered 

1 . Forage diets 

Dried grass pellets 

Dried grass pellets 

Pelleted diet 

L ucerne hay 

Agrostis-festuca hay 

Agrostis-festuca hay 

Meadow hay 

MEAN 

2. Browse diets -- --

Heather hay 

Heather hay 

Willow 
(� viminalis) 

Dietary N 
( g/Kg DM) 

28 . 3  

28 . 3  

22 . 5  

31 . 2  

1 3 . 2  

1 3 . 2  

9 . 7  

1 0 . 3  

1 0 . 3  

24. 3  

Intake 
Parameter 

OMI 

OMI 

DMI 

DMI 

OMI 

OMI 

DMI 

OMI 

OMI 

DMI 

Season 

s 

w 

w 

s 

s 

w 

w 

s 
w 

s 

w 

s 

Deer Sheep Sig Author 

82 . 3  88 . 2  NS Milne et al. 
( 1 978) -

57. 3 71 . 3  * Milne et al . 
( 1 978) -

65 . 3  80 . 4  * F ennessy et al.  
( 1 980) - -

75 . 4  69. 4 NS McCabe et al . 
( 1 988)- -

70 . 0  24.6 * Milne et al . 
( 1 978) -

38. 3 20 . 2  * Milne et al. 
( 1 978) -

53 . 7  54 . 8  NS Fennessy et al . 
( 1 980) - -

75 . 9  60 . 7  
53 . 7  5 6 . 7  

---

54 . 9  23 . 8  * Milne et al. 
( 1 978) -

34. 1 1 7 . 0  * Milne et al . 
( 1 978) -

68. 6 46. 6  * McCabe et al . 
( 1 988)- -

_____ 

M
_

E
_
A
_
N 

_
____ ____ 

I (S + W )
l

� l 29. 1 
l __ l 

_
______ _ 

OM! = organ i c  matter i n t ak e .  
DMI = dry matter i ntake . 
S = summer ; W = wi nter.  
* P<0 . 05 ;  NS  Non-s i gn i f i c an t .  
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no  d i f-2 .  When  fed on h i gh/med i um qua l i ty forages ,  there are 
ferences i n  VF I ( g/Kg w0 · 75; d )  between deer and sheep i n  

I n  w i nter, the sheep  ac h i eve  a h i gher VF I than deer , s ummer . 
w i th a mean d i fference of 24% between the two spec i e s .  

3 .  When fed o n  l ow qua l i ty forage s ,  deer appear to h ave  a h i g her 
VF I ( g/Kg w0 · 75; d )  than sheep , both i n  s ummer and i n  wi nter 
( Mi l ne � �. ,  1 978,  Scott i s h data ) . I n  contrast ,  the New 
Zeal and data ( Fennessy, Greer and Fors s ,  1 980 ) , on deer/ s heep 

wi nter i ntake of a l ow qua l i ty forage d i et showed no s i gn i fi ­
c ant  d i fferences between the two s pec i es .  

4 .  When fed on browse d i ets , t h e  deer s how a s uper i or VF I  ( g/Kg 
w0 · 75; d )  to s heep , both i n  s ummer and wi nter . 

1 . 2 . 2 . 2 .  Se l ect i on of Feed by Deer and  Sheep 

There i s  no pub l i s hed data known to the author on a graz i ng tr i a l 
compar i ng deer and sheep . I t  i s  k n own , however, that deer do feed 
s e l ect i ve l y  at pasture,  and th i s  i s  expres sed most ly  i n  s ummer wi th  an 
i ncrease i n  the qua l i ty and ava i l ab i l i ty of forage ( Kay and Stai nes , 
1 981 ; Hofmann ,  1 983 , 1 985 ; L avers ,  L e e ,  W i l son and M i l l s ,  1 985 ) . 

Under control l ed feed i ng cond i t i on s  i ndoors ,  Fennes sy et a l . 
( 1 980 ) , reported th at there were no d i fferences between s heep and deer 

i n  the compos i t i on of feed res i dues , when fed on meadow h ay .  Both 
spec i es showed se l ect i on of the  feed under offer , wi th t he  res i dues 
contai n i ng a h i gher proport i on of ce l l u l ose  and a l ower proport i on of 
N .  

1 . 2 . 2 . 3 .  D i gest i b i l i ty 

The fol l owi ng conc l u s i ons  can be  made from l i mi ted data  of d i ges­
t i b i l i ty stud i es and rumen MRT of d i gesta i n  deer vs  sheep compari son 
stud i es ,  and summar i sed i n  Tab l e  1 . 1 3 .  The conc l u s i on s  are based on 
the mean va l ues of the  h i gh/med i um and l ow q ua l i ty forage d i ets wh i ch 
were under offer. 
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Tab l e  1. 13 .  D i gesti b i l i ty of forage d i ets ( % )  and mean retent i on t i me 
( MRT ,  h )  of Ru-Phen i n  the rumen of deer and s heep , i n  
s ummer and i n  wi nter . 

Tab l e  1. 1 3 . 1 .  Apparent d i gesti b i l i ty of orga n i c  matter ( OMD , % )  and 
rumen MRT ( h )  of Ru-P hen . 

Feed offered 

Dried grass pellets 
Dried grass pellets 
Pelleted diet 
Agr ostis-festuca 
Agrostis-festuca 
Meadow hay 

MEAN 

Season 

s 
w 
w 
s 
w 
w 

s 
w 

OMD (%)  
Deer Sheep 

58  61  
61  67 
77 71 
46 52 
41  48 
5 1  47 

52 . 0 1 56 . 5 1 

57 . 5  58. 3 

Rumen MRT ( h ) 
of Ru-Phen 
Deer 

1 2  
1 3  
ND 
23 
1 7  
ND 

1 7 . 5  

I 

1 5 . 0  

Sheep 

1 3  
1 9  
NO 
28 
25 
ND 

20 . 5  

I 

22 . 0  

Author 

Milne et al . ( 1 978 ) 
Milne et al . ( 1 978 ) 
F ennessy et al . ( 1 980 ) 
Milne et al . �1 978 ) 
Milne et al.  ( 1 978 ) 
Fennessy et �· ( 1 980 ) 

-------------------

Tab l e  1. 1 3 . 2 .  Apparent d i gesti b i l i ty of f i bre ( NDF� cel l u l ose  ( C ) , 

hemi -ce l l u l o se  ( H ) ) .  

Fibre 
Feed o ffered Season Component Deer Sheep Author 

Dried grass pellets s NDF 57 60 Milne et al . ( 1 978 ) 
Dried grass pellets w NDF 52  63  Milne et al.  ( 1 978 ) 
Pelleted diet w c 38 33 F ennessy et al . ( 1 980 ) 
Pelleted diet w H 52 43 F ennessy et BT. ( 1 980 ) 
Agrostis-festuca s NDF 42  49 Milne et al .�1 978 ) 
Agrostis- festuca w NDF 36 43 Milne et al. ( 1 978 ) 
Meadow hay w c 48 42  F ennessy et  al.  ( 1 980 ) 
Meadow hay w H 5 6  50 Fenessy et al. ( 1 980) 

____

_ 

M

_

E

_

A

_

N __

_ 

--�-

-

_____ 

I �j: 6 I 

��: �  
I 

__

____________

_

_ _ 

NDF = neutral -detergent fi bre 
S = s ummer ; W = w i nter . 
ND = not  determi ned .  
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1 .  The  mean val ues  of  OMD i nd i cate that  both deer and sheep 
d i gest  the OM component of the feed as effi c i en t l y  i n  s ummer 
as i n  wi nter , desp i te the greater OM! i n  s ummer i n  both 
spec i es ( Tab l e  1 . 1 2 ) . 

2 .  The mean va l ues of apparent fi bre d i gest i b i l i ty i nd i cate that 
sheep show a sma l l i ncrease i n  the apparent fi bre d i gest i ­
b i l i ty { +  1 . 5  % )  i n  summer compared t o  wi nter. Deer d i gest 
the fi bre component of the feed better i n  summer {+  5 . 5% )  
th an i n  wi nter . 

3 .  The i ncrease i n  OMD and apparent fi bre d i gest i b i l i ty from 

wi n ter to summer , are assoc i ated wi th  an i ncrease i n  OM! 
( Tab l e  1 . 1 2 ) ,  i n  both s heep {+  1 5 . 5% )  and deer { +  53 . 0% ) . 

4 .  The i ncrease i n  apparent f i bre d i gest i b i l i ty from wi nter to 
s ummer , i s  as soc i ated w i th a decrease i n  the rumen MRT of Ru­
Phen  i n  sheep ( - 1 . 7 h ) , and a n  i ncrease { +  2 . 7  h )  i n  deer . 

5 .  The Scott i sh data  { Mi l ne et �- 1 978 ) , i nd i c ate t h at s heep 
d i gest  fi bre and OM more effi c i entl y th an deer , both i n  
s ummer and i n  wi nter , and are assoc i ated w i th l onger rumen 

MRT of Ru-Phen i n  s heep .  The Scott i s h  data  appear to con­
fl i ct wi th the NZ  data ( Fennessy et �. , 1 980 ) , where deer 
appear to  d i gest  f i bre and OM better th an sheep . The  rumen MRT 
of d i gesta was not meas ured by Fennessy et �- ( 1 980 ) .  

The conc l u s i ons  drawn from Tab l e  1 . 1 3 l ead to the postu l ate,  made 
by M i l ne et �- ( 1 978�nd Hofmann ( 1 985 )� t h at deer can ach i eve a 
h i g her OM! and DOMI i n  s ummer , together wi th an i ncrease i n  the rumen 
MRT of d i gesta , poss i b l y  by a compensatory enl argement of the rumen 
vo l ume i n  s ummer.  Th i s  h as not been meas ured experimenta l l y  yet i n  
t he  deer , by u s i ng repet i t i ve measurements of rumen capac i ty and rumen 
d i ge s t a  l o ad i n  s ummer and i n  wi nter . 

1 . 2 . 2 . 4  Fast i ng Metabol i sm and Ma i ntenance Energy Requ i rements i n  Deer 

The deer s hows a marked seasona l  rhythm of fast i ng metabol i c  rate 
( S i l ver ,  Co l ovo s ,  Ha l t er and H ayes , 1 969 ) , h eart rate and act i v i ty 
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( Moen , 1 9 78 ) , wh i c h  are greatest i n  s ummer and reduced i n  wi nter 
( Tab l e  1 . 1 4 ) . The  domest i c  sheep { B l axter and Boyne , 1 982 ) , a l so  s hows 
an attenuated annua l  r hythm of met abol i sm ,  w i th greater ME requ i re­
ments  in s ummer th an i n  wi nter. Comparat i ve stud i es between s heep and 
deer i nd i cate that  the s heep h ave  l ower ( - 40%) ME requ i rements ( MJ/Kg  
w0 · 75; d )  th an deer { S i mpson , Webster,  Smi th and  S impson , 1 978 ) . 

The annual  rhythms of metabo l i sm shown i n  deer have been as so­
c i ated wi th the i r  seasona l  cyc l es of growth and VF I ( Barry, Sut t i e  and 
Mi l n e ,  1 989 ) . 

1 . 3 PHYSIOLOG I CAL CONTROL OF SEASONAL FEED  I NTAKE I N  DEER : A 
HORMONAL BAS I S  

There i s  s trong ev i dence th at the seasona l  cyc l e  of VF I i n  deer 
i s  under the control of ch ang i ng day l ength ( S i mpson et �. , 1 984 ; 
Sutt i e  and S impson , 1 985 ) .  I t  has  been pos t u l ated th at the hormone 
me l aton i n  ( Me ) , entra i n s  the seasona l  cyc l es of VF I ,  growth and meta­
bol i sm i n  deer to  ch anges i n  photoper i od ( B arry et �. , 1 989 ) . 
Mel aton i n  i s  secreted by the p i neal  g l and dur i ng hours of darkness  
{ P l otk a ,  Seal , Letel l i er ,  Verme and Ozag a ,  1 981 ; B uben i k ,  1 983 ; 
L i nco l n ,  1 983 , 1 985 ) . Hence l ong per i od s  of s hort dayl ength ( autumn/ 
wi nter ) l e ad to h i g h concentrat i ons  of p l asma Me { L i ncol n and A l me i da ,  
1 981 ; B i ttman , Dempsey and K arsch , 1 983 ; Buben i k ,  1 983 ) .  

The seasonal  hormonal  status of deer h a s  been stud i ed exten s i ve l y  
( Tab l e  1 . 1 5 ) , a nd the  seasonal  patterns o f  hormona l  secret i on s  h ave 
been assoc i ated wi th s easona l  cyc l es i n  { i )  body growth , ( i i )  VF I ,  

( i i i )  metabol i c  rate , ( i v )  reproduct i ve act i v i ty and breed i ng season 
and ( v ) antl er deve l opment .  The hormones t h at u nder l i e  these seasona l  
cyc l es ,  n amel y prol act i n  ( P ) ,  growth hormone  ( GH ) , the  i ns u l i n- l i ke 
growth factor I ( I GF - I ) ,  gon ada l  and thyroi d hormones , a l l s how a 
seasonal  p attern i n  the i r rel ease and p l asma concentrat i ons . The 
seasona l  hormona l  s t at u s  for testosterone ( T ) , P ,  GH  and I GF - I  i n  the 
deer are shown d i agrammat i ca l l y  i n  F i gure 1 . 3 ,  w i th the seasonal  cyc l e  
of VF I s uperimposed . 
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Tab l e 1. 1 4 .  Est imat i on o f  seasonal  metabol i s ab l e  energy requ i rements 
( ME )  for ma i ntenance ,  and fast i ng met abol i sm ( FMR ) for 
deer . 

FMR 

S pecies Technique or ME Season MJ/Kg w0 • 75/d Author 

White-tailed I ndirect FMR s 0 . 60 Si!  ver et al . , ( 1 969) 

deer calorimetry w 0 . 41 

R eindeer Calorimetry ME w 0 . 84 McEwan & Whitehead ( 1 970) 

White-tailed Regression ME s 0 . 70 Halter et al . ( 1 977) 

deer analysis w 0 . 50 

R ed Deer Calorimetry ME s 0 . 50 Simpson et al.  ( 1 978) 

w 0 . 45 

R ed Deer Regression ME s 0 . 57 Fennessy et �· ( 1 981 ) 

analysis w 0 . 57 

s· = summer ; c W ::.· w.inter . 



3 1  

Tab l e  1 . 1 5 .  Stud i es o f  seasonal  hormonal  status  and as soc i ated 

seasona l  p hys i o l ogy i n  deer. 

Hormone 

MELATONIN  

PROLACTI N  

GROWTH 
HORMONE 

I GF-I  

I GF-I I 

THYRO I D  
HORMONES 

Assoc i ated seasonal  
phys i o l ogy 

- Onset of breed i ng 
season 

- I n i t i at i on of 
growth cyc l es 

- I n i t i at i on of 
antl er deve lopment 

- Rate of body growth 
- Vol u n t ary feed i nt ake  
- Antl er deve lopment 

- Ant l er deve lopment 
- Rate of body growth 

- Ant l er deve l opment  
- R ate of body growth 

- Antl er deve l opment  
- Rate of body growth 

- Rate of body growth 
- Vo l u ntary feed i nt ake 
- Heart r ate and 

act i v i ty 

TESTOSTERONE - Sexua l  behav i our 

Author 

Buben i k  ( 1 983 ) ;  Buben i k  & Smi th 
( 1 985 ) ; Fennessy & Sutt i e  
( 1 985 ) ; Fennessy e t  a l . ( 1 985 ) ; 
As her et a l . ( 1 988};--ri sher 
et a 1 ."t1 988 ) ; B arry et �· 11989 ) . 

Sutt i e ( 1 980 ) ; Ryg & J acobsen 
( 1 982b ) ; B arrel l et a l . ( 1 985 ) ; 
Sutt i e  & K ay ( 1 985};--
Loudon et �· ( 1 988 ) .  

Ryg & J acobsen ( 1 982a ) ; 
Sut t i e  et a l . ( 1 989 ) 

-- -

Sutt i e  et a l . 
- -

( 1 989 ) 

Sutt i e  et a l . ( 1 989 ) 
- -

R i ndberg et  al . ( 1 978 ) ; 
Ryg & J acobsen ( 1 982 a ;  1 982b ) . 

Fennessy et  al . ( 1 985 ) ; S utt i e  
& Kay ( 1 985 );-Barre l l  et a l . 
( 1 985 ) -

-
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F i gure 1 . 3 .  Seasonal  hormonal  status  of Red Deer : the seasonal  hormona l  profi l es of prol act i n  ( • ) , Testosterone ( o ) ( B arre l l et al . ,  1 985 ) , growth hormone ( • ) and I GF - I  ( 6 ) ( Sutt i e  et �. , 1 989 ) , together wi th The-seasonal  VF I  ( S utt i e  et �. , 1 989 ) . 
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The annua l  pattern of T con s i st s  of l ow p l asma l eve l s throughout 
w i nter and spr i ng ,  fol l owi ng an i ncrease i n  p l asma concentrat i on i n  
l ate summer,  and reach i ng peak l eve l s i n  mi d- autumn ( Barre l l ,  Mu i r  and 
Sykes , 1 985 ) .  E l evated concentrat i on s  of p l asma P occur between 
s pr i ng and autumn , wi th peak val ues occurr i ng dur i ng summer .  P l asma P 
l eve l  i s  reduced to base- l i ne l eve l s i n  wi n ter ( M i rarch i ,  Howl and , 
S c an l on ,  K i rkpatr i ck and S anford , 1 978 ; B arre l l � �. ,  1 985 ; Fennessy 
and  Sutt i e ,  1 985 ) .  H i gh P p l asma l evel s h ave been assoc i ated wi th  an 
i ncrease i n  body growth and VF I ( S utt i e ,  1 980 ; Ryg and J acobsen , 
1 982b ) . Growth hormone secret i on i s  h i g hest  i n  l ate  wi nter and ear l y  
s pr i n g ,  and i s  assoc i ated wi th a h i gh p u l se amp l i tude and h i gh pu l se 
frequency of the hormone ( Sutt i e ,  Fennessy, Corson , L aas , Cros b i e ,  
B u t l er and G l uckman , 1 989 ) . E l evated p l asma concentrati on of G H  i s  
fo l l owed one  month l ater by a seasonal  e l evat i on  of I GF- I  ( September ) , 
wh i ch corre l ates pos i t i ve l y  wi th  an i ncrease i n  body growth and VF I 
( S utt i e  et �. , 1 989 ) . 

A l though  corre l at i on s  do not i mp l y  cau sat i on ,  the seasonal  cyc l es 
of  hormona l  secret ion s  i n  deer can  be correl ated wi th  seasonal  c h anges 
i n  VFI ( F i gure 1 . 3 ) , and growth . The corre l at i ons i nd i cate assoc i ated 
dependent re l at i onsh i ps between the seasonal  cyc l es of growth , VF I  and 
reproduct i on i n  the deer . Pub l i s hed data  on the s easona l  phys i o l ogy 
of deer and s ummari sed i n  Tab l e  1 . 1 5  and F i gure 1 . 3 i nd i c ate that  a l l 
a s pects of seasona l  p hys i o l ogy are l i nked i n  the  deer , name l y  the  
cyc l i c i ty of reproduct i on ( gonad a l  act i v i ty and  regress i on ) ,  peaks  and 
t roughs i n  VF I ,  changes i n  body wei ght , antl er cast i ng and growth , and 
c o at growth . However the d i rect mechan i sms i nvo l ved i n  the hormonal  
d ayl ength control of  VF I i n  the  deer are unknown at present , a s  we l l 
a s  the d i gest i ve funct i on s  wh i c h  wou l d accompany t h e  seasonal  c hanges 
i n  VFI . It i s  conc l uded th at the s easona l  cyc l e  of VF I i n  deer i s  not 
a s eparate ent i ty,  b u t  occurs as part of the i r  seasona l  cyc l es of 
metabol i sm ,  body growth and reproduct i on .  There i s  no pub l i shed 
ev i dence of strong phys i ol og i ca l  cyc l es i n  t he  domest ic  s heep or goat . 

1 . 4 HORMONAL MAN I PULAT ION OF FEED I NTAKE I N  DEER 

Three hormonal  man i p u l at ion techn i ques h ave  been i nvesti gated to  
control t he  seasonal VF I i n  deer , n ame ly :  
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1 .  Act i ve i mmun i sat i on aga i ns t  me l aton i n ,  

2 .  Man i p u l at i on of p l asma prol act i n  l evel s ,  and 

3 .  Act i ve immun i s at i on aga i n st L utei n i s i ng Hormone Rel eas i ng 
Hormone ( LHRH ) .  

1 . 4 . 1  Act i ve i mmun i sati on aga i nst  me l aton i n  

The obj ect i ves of a n  act i ve i mmun i s ati on aga i nst  Me are to co i n ­
c i de l o ng hours of darkness  i n  l ate autumn/wi nter wi th l ow Me 
s ecret i on ,  and hence reduce  wi nter depres s i ons of VF I and body growth 
i n  deer s i nce Me pos s i b l y  entrai ns these cyc l es to photoper i od .  

Ant i bod i es ag a i nst Me have been successful ly  rai sed i n  the deer , 

b ut  the  t i tres obta i ned were l ow and the anti body response  very s l ow 
( At aj a ,  W i l son , P urchas , Hay, Hodgson and B arry, 1 989 ) . Current l y  
work i s  be i ng conducted at Mas sey U n i vers i ty to ac h i eve a peak ant i ­
body product i on and h i g h  t i tres by l ate autumn , by i mmun i s i ng the deer 
c a l ves  at b i rth ( Ataja ,  unp l . data ) . Prel im i nary data h ave s hown t h at 
Red Deer ca l ves  wh i ch h ad been immun i sed aga i nst  Me at b i rth , were 7 -
1 0% heavi er than the Control group ,  between 9-1 1 months  o f  age 
( Duc kworth and B arrel l ,  1 989 ) . 

1 . 4 . 2  Man i pu l a t i on of p l asma prol act i n  concentrat i on 

I n  v i ew of the assoc i at i on of P wi th l ong dayl ength and an 
i ncrease  in  VFI  i n  deer,  hormonal  man i pul ati on to e l evate p l asma P i n  
w i nter h as been i nvesti gated to reduce the wi nter depress i on of VF I .  

Two method s have been used to i ncrease p l asma P concentrat i on i n  
w i n ter , name l y :  

1 .  Da i l y  i ntramuscu l ar ( I M )  i nject i on s  of ov i ne P ( Ryg and 
J acobsen , 1 982b ;  M i l ne ,  u np l . data )  

2 .  D a i l y  domper i done i nject i ons to e l evate the  l eve l  of  p l asma P 
( L oudon ,  M i l ne ,  C ur l ewi s and McNe i l l y, 1 986 ) 
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D a i ly  IM  i nject i on s  of  bromocrypt i ne ( a  dopami ne agon i st and 
i nh i b i tor of P s ecret i on ) , h av e  al so  been g i ven i n  s ummer to  suppress 
P secret i on ,  to e l uc i date wh ether P h as a med i at i ng rol e in the 
seasonal  cyc l e  of VF I i n  deer ( C ur l ewi s ,  Loudon , M i l ne and McNe i l ly ,  
1 988 ) . 

Ryg and J acobsen ( 1 982b ) , reported that P i nject i ons i n  wi nter 
were fol l owed by an i ncrease i n  VF I i n  ear ly  spri ng . However ,  most of 
the work on P man i pul at i on ( i ncrease i n  wi nter or decrease  i n  summer 
of p l asma P l evel s ) , h as s hown no response to VF I i n  the deer ( Loudon 
et �. , 1 986 ; C ur l ewi s et �. , 1 988 ) . There i s  no  c l ear ev i dence, 
yet , t h at P med i ates the i nc rease i n  VFI  i n  s pr i ng/summer i n  deer . 
F urther experi ments are bei ng conducted by comp ar i ng me l aton i n-treated 
a n i ma l s wi th an ima l s g i ven bromocrypt i ne ,  to prov i de a rol e for P i n  
t he  control of VF I  i n  deer ( M i l ne ,  per s .  comm. ) .  

1 . 4 . 3  Act i ve immun i s at i on aga i nst LHRH 

The seasonal cyc l e  of rutt i ng i n  deer i s  regu l ated by the 

seasona l  cyc l e  i n  the s ecret i on of testosterone , an effect dependent 
on  the secreti on of LHRH ( L i ncol n ,  Yo ung son and S hort , 1 97 0 ;  L i ncol n ,  
1 97 1 ; L i ncol n ,  G u i n ness and Short , 1 972 ) . Act i ve i mmun i s at i on aga i n st  
LHRH h as been s hown to effect i ve l y  s u ppress the rut  and testosterone 
s ecret i on i n  stag s  ( L i ncol n ,  Fraser and F l etcher ,  1 984 ) . Hormona l  
man i pu l at ion  of  l ow testosterone in  l ate ·autumn/ear l y  wi nter by act i ve 
i mmun i s at i on aga i nst LHRH i n  year l i ng stag s ,  may prevent the 
testosterone-assoc i ated LWT loss  and reduct i on i n  feed i nt ake i n  
w i nter . The techn ique  i s  be i ng current l y  i nvest i gated at Massey 
U n i vers i ty (Ataj a ,  unpl . data ) . 

1 . 5 SEASONAL VAR IATIONS I N  R UMEN FUNCTIONS 

Seasona l  var i at i ons  i n  temperature h ave  been assoc i ated wi th  
c h anges i n  rumen funct i on ,  n ame l y  i n :  ( i )  d i gest i b i l i ty ,  ( i i )  rumen 

vol ume , ( i i i )  MRT of p art i c u l ate matter i n  the rumen , ( i v )  d i l ut i on 
r ate of water i n  the rumen , ( v )  r umi no-ret i cu l ar contract i on s ,  ( v i ) 
c h anges i n  the rumen pap i l l at i on and , ( v i i )  eat i ng and rumi nat i on 

behav i our . Data  i n  Tab l e  1 . 1 6  s ummar i se the as soc i at i on s  observed 
between  rumen d i gest i on and c h anges i n  temperature . 



Tab l e  1 . 1 6 .  Seasonal  var i at i ons  i n  temperature and assoc i ated c hanges i n  rumen d i gest i on .  

L owering o f  
temperature 
in winter on: 

1 .  Digestibility: sheep 
Depression in digestibility 

2 .  MRT of particulate matter : sheep, 
Reduced MRT .  

cattle 

3. R umen fluid volume: sheep 
Reduced fluid volume. 

4. Dilution rate of water ( FOR ) :  sheep, 
I ncrease in FOR 

cattle 

5 .  R umina Reticular contractions sheep 
I ncreased frequency. 

6. R umen papillation: 
Decrease in density and 
size of papillae. 

cattle 

sika deer ' 

7 .  Chewing behaviour : sheep 
I ncreased rate of eating, 
less time spent eating. cattle 

8. R umination behaviour : cattle 
I ncrease in rumination time. 1-----

Westra & Christopherson ( 1 976) ; 
Nicholson et al. ( 1 980) ; 
Christophersonl& Kennedy ( 1 983) . 

Warren et al. ( 1 974) ; 
Christopherson & Kennedy ( 1 983) .  

Kennedy et al . ( 1 976) ; 
Kennedy x-Milligan ( 1 978) ; 
Weston ( 1 983) 

Kennedy et al. ( 1 976) ; 
Kennedy x-Milligan ( 1 978) ; 
Weston ( 1 983) 

Kennedy ( 1 985) 

Hofmann ( 1 982; 1 985) 

Welch et al. ( 1 982) ; 
Weston\1 983) ; 
Chai et al . ( 1 985) 

Welch et al . ( 1 982) 

w 0"1 
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Data i n  Tab l e  1 . 1 6  s how th at most of the data  h ave been  deri ved 
for sheep ,  wi th a lmost  no data on goats and deer .  A l though tem­
perat ure was the on l y  measured vari ab l e  parameter i n  the exper i ments 
reported i n  Tab l e  1 . 1 6 ,  c h anges i n  day l ength wi th season cou l d h ave 
h ad a confound i ng effect on the resu l t s .  

1 . 6 CLEARANCE OF D I G ESTA FROM THE RUMEN , AND CONTROL OF I NTAKE 

Three processes affect the c l earance of d i gesta  from the rumen ,  
a s  descri bed by U l yatt , De l l ow,  John , Re i d  and  Wag horn ( 1 986 ) ,  n ame ly :  

1 .  The passage of  p art i c l es through t he  ret i cu l o-omasal  or i fi ce ,  

2 .  The  breakdown of parti cu l ate matter i n  the rumen , and 

3 .  M i crob i al d i ge st i on .  

The t hree processes  i nteract t o  control VF I and d i gest i b i l i ty ,  by 
i mposi ng a de l ay i n  t r an s i t  on the  passage of the feed p art i c l es out 
of  the rumen ( U lyatt et �. , 1 986 ) . 

1 . 6 . 1  P a s sage of part i c l es through the ret i c u l o-omas al or ifi ce 

Part i c l es cannot l eave the ret i cu l o-omas al  ori fi ce  unti l they 
h ave  been red uced t o  bel ow a certai n cri t i ca l  part i c l e  s i ze ,  a s  
t hreshol d to  passage t hrough  the  reti cul o-omas a l  or i f i ce .  I n  s heep , 
t he  part i c l e  s i ze as t hreshol d to  pas sage i s  1 . 0 mm ( Re i d ,  U l yatt and 
Munro,  1 97 7 ;  Troe l sen  and C ampbe l l ,  1 968 ; Popp i , Norton , Mi nson  and 
Hendri ck sen , 1 980 ) . One l i mi ted st udy i nd i cates th at the cr i t i ca l  
s i ze  i s  1 . 0 mm i n  goats  ( Uden and Van Soest ,  1 982 ) . There are no  data 
for deer . 

There i s  a d i fferent i al rate of pas s age for part i c l es < 1 . 0  mm 
through t he  ret i cu l o-omasal  or if i ce ,  and i t  appears that  the  dens i ty 
of the p art i c l es control s the  process . I nd i rect ev i dence can  be 
obtai ned from the data  ( Tabl e 1 . 1 7 )  of rumen FOR ( %/h )  of part i c l es i n  
s h eep ( Egan  and Doy l e ,  1 984 ) .  P arti c l e  den s i ty was not measured , but 

d ata i n  Tab l e  1 . 1 7  s ug gest  the smal l er the part i c l es ,  the den ser they 
are.  Smal l p art i c l es h ave a l arger surface area and p ack  more dense l y 
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Tab l e  1. 1 7 . 1 1Apparent 11 fract i ona l  outf l ow rates ( FOR, %/ h )  and 

.. apparent.. mean retent i on t i me ( h )  of part i c l es i n  the 
rumen of s heep fed a forage d i et .  

P art i c l e  s i ze FOR ( %/h ) MRT ( h )  

> 2 . 0  mm 0 . 25 400 
2 . 0  - 1 . 0 mm 0 . 58 1 72 
1 .  0 - 0 .  7 1  mm 1 • 91 5 2 . 4  
0 .  7 1  - 0 . 50 mm 2 . 80 35 . 7  
0 . 50 - 0 . 25 mm 6 . 38 1 5 . 7  
0 . 25 - 0 . 1 5  mm 6 . 07 1 6 . 5  

<0 . 1 5  mm 5 . 43 1 8 . 4  
- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cr-EDTAt 1 0 . 75 9. 3 

C a l c u l ated from Egan & Doy l e  ( 1 984 ) 

t for reference of l i qu i d  f l ows from the rumen . 
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t h an l arger part i c l es ( Martz  and Be l yea ,  1 986 ) . Dense part i c l es can 
res i st escape and s i nk to  the  bottom of the rume n .  Hence,  the MRT of 
p art i c l es <0 . 1 5  mm was l onger than  that of the  fract i on 0 . 50-0 . 1 5  mm 
( Tab l e  1 . 1 7 ) .  Eh l e  and Stern ( 1 986 ) ,  made s i mi l ar observat i ons  wi th 
the cow.  There are no data  for goats and deer i n  the proport i on s  of 
feed part i c l es i n  the r umen contents . 

1 . 6 . 2  Break down of part i cu l ate matter i n  the  rumen 

Feed part i cu l ate matter can be  reduced i n  p art i c l e  s i ze by two 
proces ses ( U l yatt et �. , 1 986 ) , n ame ly :  

1 .  Phys i ca l  breakdown by chewi ng , duri ng i n i t i a l eat i ng ,  

2 .  Further phys i c a l  b reakdown , by chewi ng dur i ng rumi nati on . 

The two processes are we l l documented for s h eep. There i s  one 
l i mi ted go at vs  sheep compar i son study ( Geoffroy, 1 9 74 ) , and no data  
for deer . 

The effect i veness of chewi ng dur i ng eat i ng c an be asses sed by 4 
f actors ,  as s ummari sed by U lyatt et �· ( 1 986 ) , n amely :  ( i )  frequency 
of chewi ng dur i ng eat i ng ,  ( i i )  r ate of eat i ng ,  ( i i i )  part i c l e  s i ze 
breakdown dur i ng e at i ng and ( i v )  anatomy of teeth and j aws , wh i c h  
determi ne  the forces a pp l i ed dur i ng eat i ng . 

L i mi ted data ( Tab l e  1 . 1 8 ) of  goat vs  s heep compar i son stud i es 
i nd i cate th at goats compared to sheep h ave a s l ower rate of eati ng ( g  
DM/mi n spent eat i ng ) . Goats appear to s pend more t ime eat i ng th an 
s heep , w i th the d i fference not atta i n i ng s i gn i fi cance ( P>0 . 05 ) . 

The effect i veness of chewi ng duri ng rumi n at i o n  can be asses sed by 
5 factors ,  as summari sed by U l yatt et �· ( 1 986 ) , name ly :  ( i )  t i me 
s pent rumi n at i ng ,  ( i i )  frequency of chews d ur i ng rumi n at i ng ,  ( i i i )  
parti c l e  s i ze breakdown duri ng r umi n at i ng ,  ( i v ) mean bo l u s  we i ght  
regurg i t ated and ( v )  a n atomy of  the  teeth and  j aws . 

L i mi ted data i n  T ab l e  1 . 1 9  show t h at goats s pend l es s  t i me rumi ­

n ati ng than  s heep . At present ,  there are no  data  on the effi c i ency of 
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Tab l e  1. 1 8 .  Compari son  of eat i ng behav i our by goats and s heep . 

Feed offered Goats Sheep Si g Author 

R ate of e at i ng 

g DM/mi n/W1 · 0 Chopped rye- 1 . 1 4  1 . 63 * *  Geoffroy ( 1 974 )  
g DM/mi n/W0 · 75 grass straw 2 . 96 4 . 44 

T ime s pent eat i ng 

( h/ d )  1 1  1 1  5 . 7  5 . 0  

E at i ng bouts 

( d )  1 1  1 1  9 . 2  5 . 4  

R ate of p arot i d  s a l i v at i on 

( ml /g  DMI / d )  Fresh  forage 1 . 1 9  0 . 895  

* *  P<0 . 01 ; * P<0 . 05 ;  NS Non-s i gn i fi cant .  

** 11  

NS 1 1  

* 11 

** Seth et a l . 
( 1 976 ) 

11 

1 1  

1 1  



4 1  

Tab l e  1 . 1 9 . Compar i son  of  rumi nat i on behav i our  by  goats and s heep fed 
c hopped ryegr ass s traw. 

Rumi nati on behav i our Goats Sheep S i g 

T ime s pent rumi n at i ng ( m i n )  504 602 ** 

Rat i o  R um/Eat 1 . 4 1 . 6 NO  

Number of Rum per i od s  1 6 . 8  1 6 . 1  NS 

Durat i on of each Rum per iod 30 . 0  37 . 4  ** 
( m i n )  

Durat i on of one Rum ep i sode 66  53 ** 
( sec ) 

C a l cu l ated from Geoffroy ( 1 974 )  

Rum = rumi n at i ng Eat = eat i ng 
** P<0 . 01 ; NS Non- s i gn i fi cant .  
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breakdown of feed part i c l es dur i ng eati ng and/or rumi nat i ng i n  goats  
or deer .  Th i s  area  req u i res further study to understand the  contri bu­
t i on s  of the  2 proces ses to breakdown of feed part i c l es ,  c l earance of 

d i gesta  and VF I ,  and d i gest i b i l i ty i n  deer , goats and sheep . 

1 . 7 CONCLUSIONS AND AREAS REQU I R I NG FURTHER STUDY  

1 . 7 . 1  Goats vs  Sheep 

1 . 7 . 1 . 1  Both s pec i es u t i l i se h i gh/med i um q ua l i ty forages { 37 . 0-
1 5 . 0  gN/Kg OM ) w i th the  s ame effi c i ency, wi th no d i fferences i n  vol u n ­
t ary OM! and DOM I  { g/Kg w0 · 75;d ) .  

1 . 7 . 1 . 2  Goats are s u per i or to  sheep i n  ut i l i s i ng l ow qual i ty 
forages  ( 1 5 . 0-5 . 1  gN/Kg OM ) ,  and browse d i et s ,  w i th a s i gn i f i cantl y 
h i gher OM! and DOMI  { g/Kg w0 · 75; d ) ,  as the fi bre component i ncreases . 

1 . 7 . 1 . 3 When fed on l ow q u a l i ty forages ,  a h i gher OMD and DOMI 
i n  g oats can on l y  be assoc i ated wi th  a l onger MRT of part i cu l ate 

matter i n  the rumen , and a concurrent l arger rumen vol ume ( as a pro­
port i on of w0 · 75 ) i n  goat s ,  compared to  s heep . 

1 . 7 . 1 . 4  Goats d i gest  fi bre more effi c i entl y than sheep, espe­
c i al l y  the l i gn i n  component . The  d i fferences between the  2 spec i es 
become more apparent as the rough age component of the  d i et i ncreases . 
A l onger MRT of part i cul ate matter and of water i n  the rumen of goats  
t h an s heep,  may be a part i al exp l an at i on for i ncreased f i bre d i gest i on 
i n  goats . 

1 . 7 . 1 . 5  One l i mi ted go at  vs s heep compari son s t udy i nd i c ates 
� 

t h at go ats tend to spend more t i me eati ng and l es s  t i me rumi n at i ng 
t han  s heep.  The effi c i ency of chewi ng of goats compared to s heep , i n  
break i ng down feed part i c l es i s  not known . A greater effi c i ency of 
c hewi ng by goats wou l d  i nd i c ate a s u per i or breakdown of the cel l wa l l 
component and p art i a l ly  exp l a i n  a better fi bre d i gest i on i n  goats . 

1 . 7 . 1 . 6  When fed o n  l ow q ua l i ty forages , 

h i gher rumen N H3-N concentrat i on ,  t han s heep . 
h i gher ferment a t i on rate,  and a more effi c i ent  

go ats c an mai nta i n  a 
Th i s  may i nd i cate a 

N recyc l i ng wi th i n  the  



rumen , or  i nto the  rumen v i a s a l i va and d i ffu s i on i n  goats , 
to sheep . 
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\ �  
compared \ .  

1 . 7 . 1 . 7 Goats h ave  h i g her metabol i sab l e  energy req u i rements for 
mai ntenance than s heep .  Any seasonal  d i ference i n  requ i rements for 
ma i ntenance equ i l i br i um are unknown . 

1 .  7 . 1 . 8 I t  i s  n ot known at present ,  i f  goats have  a seasonal  
VF I , and any assoc i ated effects on OMD ,  MRT of d i gesta ,  and rumen 
vol ume .  

1 . 7 . 2  Deer v s  S heep 

1 . 7 . 2 . 1  Deer s how a marked ly  seasona l  VFI ( g/Kg w0 · 75;d ) , w i th  a 
l ow appet i te i n  w i nter , and a s harp i ncrease i n  appet i te i n  s ummer . 
The domest i c  s heep a l so  shows seasonal  cyc l es of VFI , wh i ch are much 
more attenuated t h an deer. 

1 . 7 . 2 . 2  Both deer and s heep d i gest  fi bre more effi c i ent l y  i n  
s ummer th an  i n  w i n ter,  wi th the magn i tude bei ng greater i n  deer th an 
i n  sheep . The i ncrease in  f i bre d i gest i b i l i ty in  summer i s  assoc i ated 
wi th a l onger rumen MRT of part i cu l ate matter in  deer. 

1 . 7 . 2 . 3  I t  i s  postu l ated t h at the deer , i n  contrast to the 
sheep ,  c an s how a compens atory en l argement of the rumen vo l ume i n  
summer , to  compen s ate a greater OMI ,  DOMI , w i th a l onger rumen MRT of 
part i cu l ate matter and apparent f i bre d i gest i b i l i ty .  Th i s  h as not 
been determi ned experi mental l y  yet . 

1 . 7 . 2 . 4  C h ang i ng dayl ength i s  the s t imu l us  to the ch anges i n  t he  
observed appet i te cyc l e  i n  the  deer and i n  the sheep .  Me l aton i n ,  
secreted by the  p i neal  g l and , poss i b l y  synchron i ses the  seasona l  
rhythms i n  the deer . 

1 . 7 . 2 . 5 Corre l at i ons  between seasonal  hormone secret i ons  of Me , 
GH , I GF - I , T and P ,  and growth/VF I  i n  spr i ng- s ummer ,  i nd i c ate pos s i b l e  
under l yi ng c a u sa l  or as soc i ated dependent rel at i on sh i p s ,  and s how a 

funct i on al l i n kage between the s easonal  hormonal  status  and VF I  i n  
deer . The d i rect mechan i sm i nvol ved i s  not c l ear l y  understood yet .  
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1 . 7 . 2 . 6  A contro l of the wi nter VFI  i n  the  deer appears to l i e 
i n  an understand i ng of the  mechan i sms and regu l at i on s  i nvo l ved i n  the 
seasonal  hormone secret i on and requ i res  more study. 

1 . 7 . 2 . 7  The energy req u i rements  of deer for mai n tenance ( ME )  are 
greater th an sheep . Deer show marked seasona l  cyc l es of ME , heart 
r ate and act i v i ty ,  wh i ch are a l l greater i n  s ummer th an i n  wi nter . 

1 . 7 . 2 . 8  Seasona l  ch anges i n  rumen fermentat i on rate,  d i l ut i on 
rate of water i n  the rumen , rumen  N H3-N  and N recyc l i ng wi th i n  and 
i n to the rumen ,  h ave not been determi ned i n  the deer . 

1 . 7 . 2 . 9  There are no data on  the phys i c a l  breakdown of feed 
p art i c l es i n  the rumen of deer. 

1 . 7 . 3  Areas req u i r i ng further study 

The Rev i ew of L i terature has  i nd i cated 4 major areas where fur­
ther stud i es are requ i red , and are s ummar i sed as fol l ows : 

1 . 7 . 3 . 1  The reasons  for a s uperi or degrad at i on of fi bre,  espe­
c i a l l y  l i gn i n ,  by goats compared to s heep . A s tudy of the  k i net i cs of 
N H3- N  product i on i n  the rumen , us i ng 1 5N ,  cou l d  exp l a i n  some of the 
d i fferences i n  apparent fi bre d i gest i b i l i ty between  the two spec i es . 

1 . 7 . 3 . 2  The re l at i ve effi c i enc i es of chewi ng duri ng eati ng and/ 
or  rumi nat i ng by goats and sheep , and the effect s on part i c l e  s i ze 
breakdown i n  the  rumen . 

1 . 7 . 3 . 3  Seasonal  cyc l es of VF I i n  deer , goats and s heep , and the 
poss i b l e  as soc i ated seasonal  cyc l es i n  the rumen d i gest i ve  funct i on s .  

1 . 7 . 3 . 4  The rol e o f  me l aton i n  i n  the hormonal  control of 
s easonal  VFI i n  deer , i n  parti cu l ar its rol e in entra i n i ng the 
s easona l  cyc l es as soc i ated wi th VF I i n  deer to  ch anges i n  photoper i od .  
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The detai l s  of mater i a l s and method s ,  common to  al l the exper i ­
ments  reported i n  the present  thes i s ,  are descri bed i n  th i s  C h apter . 

2 . 1  AN IMALS 

( i ) Border Le i cester-Romney cross wethers , ( i i ) c astrated Angora­
NZ  fera l  go ats , and ( i i i ) castrated h and-reared Red Deer were used as 
experi menta l  an i mal s .  A l l the an i ma l s were we i ghed after a 24 h fast 
at the start and end of e ac h  exper iment , and the mean l i vewe i g ht ( W )  
and met abol i c  l i vewe i ght ( w0 · 75 ) used i n  the ca l cu l at i on s .  The mean 
we i ghts  and age of the an i ma l s are reported for each exper iment ,  w i th 
t he  goats , s heep and deer be i ng al l of the s ame age . 

The c astrated goats and sheep were fi stu l ated i n  the rumen , 
accord i ng to  rout i ne procedures ( Hecker , 1 974 ) , and fi tted wi th per­
manent rubber cannu l ae ( 2 5  mm i nterna l  d i ameter ( I D ) ) , after surgery. 
The s i ze of the cannu l a  was gradu a l l y  i ncreased from 25 mm to  65  mm 
( I D ) . 

The f i stu l at i on proc edures  for the deer were as fol l ows : 

( i ) The h and-reared deer were castrated two month s pr i or to 
f i stul at i on .  

( i i ) The an ima l s were then kept i n  metabol i c  crates for 1 2- 1 5 
d ays,  and t h e  an i mal s '  temperament and adaptat i on to the 
crates asses sed . 

( i i i ) On the bas i s  of a pos i t i ve response to  the cr i teri a i n  
( i i ) , the an i ma l s were fi stu l ated . The  i nc i s i on made was 
70-80 mm l ong . After surgery, the an imal s were f i tted 
w i th a 35 mm ( I D ) r ubber cannu l a .  The  s i ze of the cann u l a 
was gradu a l l y  i ncreased from 35  to 83 mm ( I D ) . 

Al l t he  an ima l s were f i stul ated at l east s i x  month s p r i or to  the 

s t art of the  exper iments . I n  between tr i al s ,  the a n imal s were a l l owed 

t o  graze on a perenn i a l ryegr as s/wh i te c l over pasture, and drenched on 
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a two-month l y  bas i s , a l t ernat i ve l y  wi th 6 ml of N i l verm oral drench 
( l ev am i sol e hydroc h l or i de ;  C oopers An i ma l  Hea l th ( NZ )  Ltd . ) ;  I vomec 
l i q u i d  ( i vermect i n ;  Merck Sharp and Dohme B . V . ( NZ )  L td . ) ,  and V a l b azen  
mi n i do se catt l e  and  deer drench  ( a l bendazo l e ;  Smi thK l i ne An i ma l  Hea l th  
Products ) .  

2 . 2  DI ET 

A l l an imal s were fed on ( i )  l ucerne h ay, for Exper i ments 2 a ,  2 b ,  
3 ,  4 ,  and ( i i )  thres hed prai r i e  grass  straw for Exper iments 1 a , 1 b .  

E ach type of h ay was  purchased i n  bu l k  from one source , to cover 
the feed i ng req u i rements of al l the experiments ,  and to  avo i d  any 
f l uct uat i ons i n  the c hemi ca l  compos i t i on of the d i et .  The h ay was  
c h affed through a ch aff-cutter, and reduced to 40-80 mm port i on s .  The 
c h emi cal compos i t i on of the  d i et under offer i s  g i ven for each 
exper iment .  

When fed on  l uc erne c h aff , the an imal s h ad free access  t o  a 
mu l t i mi neral s a l t  b l oc k  ( 50 g )  p l aced i n  the feed b i n  ( S ummi t  Mu l t i ­
m i neral S a l t  B l ock ; D omi n i on S a l t  ( NZ ) ,  L td . ) .  When  fed o n  the 
pra 1 r 1 e  grass  roug hage , the  an imal s were g i ven  a d a i ly  s upp l ement ( 1 0  
g )  of a mi neral  pre-mi x  ( Pf i zer L aborator i es ( NZ )  Ltd . ) ,  and a week l y  
ora l  do se  ( 5  ml ) of a l i qu i d  mul t i - v i tami n s upp l ement ( Hydrov i t , May 
a nd B aker ( NZ ) , Ltd . ) .  A l l formu l ati ons are g i ven  i n  Append i ces A-C . 
A l l an imal s were al l owed free acces s to water i n  a l l exper iments . 

2 . 3  HOUS I NG 

Al l an i ma l s were housed i nd i v i dua l l y  i n  metabo l i c  crates ,  f i tted 
w i th automat i c  overhead feeders , u nder natural  amb i ent cond i t i on s  of 
t emperature and i l l um i n at i on .  The feeders del i vered the  d i et at 
hour ly  i nterva l s .  

The goats and s heep were kept together i n  convent i on a l  metabol i c  
c r ates ,  wh i c h  al l owed for separate col l ect i on of faeces and u r i ne .  
The  deer were kept separate ly from t he  goats a nd  s h eep , to  prevent  any 
outbreak s of mal i gn ant  cattarrha l  fever ( MCF ) .  
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A deer crate prototype ( s pec if i cat i ons as per M i l ne et �. , 1 978) 
was  bu i l t ten month s p r i or to the st art of Exper iment 2a. The proto­
type was mod if i ed twi ce s ubsequent l y  to  produce a metabol i c  crate 
( P l ates 1 ,  2 ,  3 ) ,  w i th the fol l owi ng character i st i c s :  ( i )  doors on 
the  two l ateral s i des of the crate to  al l ow for rumen fl u i d  s amp l i ng ,  
r umen emptyi ng ( " ba i l i ng '' )  a nd b l ood s amp l i ng ,  { i i )  a s l i d i ng s i de 
door to restra i n  the an i ma l  when req u i red , ( i i i )  s eparate cbl l ect i on 
of  the  faeces and ur i ne by a separat i ng funnel  dev i ce p l aced bel ow the 
s hute ,  ( i v )  easy acces s to  a l arger feed bi n and water trough ,  and ( v )  
smooth ga l van i sed f l oor nett i ng ( 30 x 1 5  mm) to prevent any foot 
i nj ury. 

Antl ers were removed pri or to mov i ng i nto the crates to prevent 
d amage from the mes h  top of the c ag e .  Duri ng t h i s operat i on ,  the 
a n i ma l s were sedated wi th  1 ml  of 2% Rompun g i ven i ntramuscu l ar ly  ( I M )  
( xyl az i ne ;  Haver l oc k h art ; Bayvet ( USA ) D i v i s i on ) , and wi th 2 0  m l  of 
Xy l otox ( l i gnoca i n e ;  W i l l ows Franc i s  Veter i nary D i vi s i on of A . H .  
R ob i ns C o . ( L td . ) ,  U . K . )  g i ven at the base of the ant l er as a l oc a l  
anaesthes i a . The an i mal s were tranqu i l i sed ( 1  m l  ( 2% )  Rompun I M )  
pr i or t o  any movement to  and from t h e  crates . 

2 . 4  EXPER I MENTAL DES I GN 

The des i gn for each exper i ment i s  g i ven schemat i ca l ly  for each 
exper iment  i n  the appropri ate C hapters . 

2 . 5  MEASUREMENT OF VOLUNTARY FEED  I NTAKE 

The fol l owi ng procedu res were used for the meas urement of vo l u n­
t ary feed i ntake ( VF I )  i n  al l exper iments .  The anima l s were offered 
the  exper i mental  feed " ad - l i b" ,  w i th that offered bei ng 1 . 1 5  of the 
prev i ou s  day ' s consumpt i on .  The fi rst 1 2  days were used as the pre­
feed i ng per i od ,  u nt i l VF I stab i l i sed . VF I was then recorded over the 
n ext 8 d ays ( or 1 2  d ays for Exper iment 1 a ) .  The an imal s were accus­
tomed to  hour ly  feed i ng from day 2 of the pre-feed i ng per i od .  

Representat i ve s amp l es of the  feed offered were taken d a i l y, and 

dup l i cate OM determi ned on 1 00 g subsamp l e s ,  i n  forced draught oven at 
1 00 C ,  for 24 h .  Two further 1 00 g subsamp l es were taken d a i ly ,  and 
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P l ate 1 .  Front v i ew of a deer metabo l i c  crate u sed i n  the  present 
s t udy. 

P l ate 2 .  S i de v i ew of deer metabol i c  crate .  
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P l ate 3 .  Deer met a bo l i c  crate s howi ng the  s i de c l o s ed i n ,  restr ai n i ng 
t h e  an i ma l . 
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pool ed separate ly  at -20 C. They were subsequentl y  freeze-dr i ed ,  
ground and used for l aboratory anal ys i s .  

2 . 6 DETAILS OF D I GESTI B I L I TY TR IAL 

D uri ng the  8-day d i gesti b i l i ty tr i a l , the we i ghts and oven OM of 
the  fol l owi ng components were recorded , n ame l y : ( i )  feed offered , 
( i i )  feed refu sa l s ,  ( i i i )  u ndercrate res i du e s , and ( i v )  faeces . 

Representat i ve s amp l es of the feed offered were taken da i l y ,  and 
du p l i cate OM determi ned , a s  descr i bed i n  Sect i on 2 . 5 . The b i n 
refu sa l s ( feed refu sa l s )  and undercrate res i dues were col l ected d a i l y, 
we i g hed and pool ed s eparate ly  at 4 C for each  an imal . An oven  OM 
determi nat i on was done every 2 days . 

Faeces from each a n i ma l  were we i ghed d a i l y, and pool ed separate ly  
a t  -20  C .  At the end of the tri al , the faeces were al l owed to th aw 
and mi xed thorough l y .  A 600 g subsamp l e  was  taken , and the faeca l  
pel l ets  broken down i n  a food mi xer ( Kenwood P eer l ess ; Peer l ess  and 
Eri c s son  ( UK )  L td . ) .  Tr i p l i cate OM determi n at i ons  were done on 1 00 g 
subs amp l es ,  i n  a forced draug ht oven at 1 00 C ,  for 48-72 h ,  u nt i l 
constant wei ght was atta i ned . 

S ubsamp l es of ( i )  feed offered , ( i i )  feed refusal s per an imal , 
and ( i i i )  faeces per an i mal , were pool ed over the 8-day tri a l  at -20 
C .  T hey were l ater freeze-dr i ed ,  ground and stored for chemi ca l  
ana lys i s  of  OM , N ,  h emi cel l u l o se ,  cel l u l o s e ,  l i gn i n  and en�rgy. The 
chemi c a l  compos i t i on ( OM )  of the undercrate res i dues was ass umed to be 
the s ame as the feed offered . A s ubsamp l e  of faeces was stored at -20 
C ,  and kept for p art i c l e  s i ze ana lys i s .  

Ur i ne was col l ected for each an imal  over the  8-day d i ge st i b i l i ty 
' 

tr i al . The uri ne was  vo i ded i nto buckets p l aced under the shute s ,  
a nd col l ected over 1 00 ml of 2 5% ( v/ v )  H2so4 ac i d .  The p H  o f  the 
u r i ne was  kept below 3 ,  to prevent any N l os ses . The da i ly  we i ght of 
u r i ne/ an i mal  was recorded , and 1 0% of the da i l y  amount pool ed over 8 
d ays , and stored at -20  C for total  N determ i n at i o n .  



2 . 7  I NFUS ION PROCEDURES 

2 . 7 . 1  I nfus i on of the dual -ph ase marker ,  Cr-EDTA/Ru -Phen 
2 . 7 . 1 . 1  Preparat i on of markers 

5 1  

The i nert marker ,  chromi um comp l ex o f  ethy l ened i ami ne tetraacet i c  
ac i d  ( Cr-EDTA ) , was prepared by the method of B i nnerts ,  Van • t  K l ooster 
and Frens ( 1 968 ) , w i th a concentrat i on of 4000 mg Cr/Kg of marker 
sol u t i on .  The i nert marker ,  ruth en i um tr i s ( 1 , 1 0-phenanth rol i ne ) ­
ruthen i um ( I I )  c h l o r i de (Ru-Phen ) ,  was prepared by the method of Tan , 

Weston and Hogan ( 1 97 1 ) ,  w i th a concentrat i on of 99 . 6 mg Ru/Kg of 
marker so l u t i o n .  T he  Cr-EDTA and Ru-Phen  markers were then comb i ned 
i n  equ a l  vol umes ,  w i th a fi na l  ( th eoret i ca l ) Cr concentrat i on of 2000 
mg/Kg , and a Ru concentrat i on of 49 . 8 mg/Kg of dua l -phase  marker 
so l u t i o n ,  and the pH adj usted to 6 . 5- 7 . 0  wi th NaOH . The l eve l  of N 
contami nat i on was determi ned and was neg l i g i b l e  ( 0 . 1 07%) . 

The du al -phase  marker was i nfused cont i n uous ly  i nto the rumen , 
for 1 20 hr ,  w i th the  an imal s fed hour ly ,  at 90% of 11 ad - l i b 11 • A 
primi ng dose of 40 m l  of the  dua l  marker was admi n i stered i n  the 
rumen , at the beg i nn i ng of the i nfu s i on ( Fa i chney, 1 975 ) . The i nfu­
s i on rate adopted was  1 2  mg Ru  i n  du al - p h ase marker/Kg DMI , wi th  the 
act ua l  i nfus i on rates for go at s ,  sheep and deer g i ven for each  exper i ­
ment . 

500 ml of the  i nfusate were kept pr i or to i nfu s i on ,  s tored at 4 
C ,  and u sed l ater for s p i k i ng u n l abel ed rumen d i gesta  samp l es ,  i n  the 
preparat i on of the an a l yt i c a l  s tandards for Cr and Ru . The u n l abel ed 
rumen d i gesta  s amp l es were taken  dur i ng the pre-feed i ng per i od from 4 
an ima l s /spec i e s ,  pool ed together for each s pec i es ,  and stored at -20  C 
unti l req u i red . 

2 . 7 . 2  I nfus i on of 1 5NH  C l  4 

The stab l e  i sotope tracer 1 5NH4C l  was added to the d u a l  m arker 
sol u t i on ,  and i nfu sed cont i nuou s l y  i nto the rumen for the l ast  4 1 -43  
hr of  dua l -phase  marker i nfu s i on before rumen empty i ng ( •• ba i l i ng 11 ) .  
The i nfu s i on rate of the tracer i s  g i ven  for each spec i es i n  the 
exper i menta l  procedu res  for eac h  exper i ment . 
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Tr i p l i cate s ubsamp l es of t he  i nfus ate were taken pri or to  t he  
start of  t he  i nfus i o n ,  s tored a t  - 20  C ,  a n d  l ater ana l ysed for 
enr i c hment wi th 1 5N .  

2 . 7 . 3  I nfus i on techn i q ues 

A per i stal t i c  p ump was used for i nfus i on ( PLG-mu l t i purpose p ump , 
Desaga  ( He i de l berg ) W . Germany ) . S i l i cone rubber tub i ng ( Desaga , 1 mm 
I D ) was  used on the  pump, and al l owed for a mi n i mum pu l s at i on de l i very 
per t ube .  Separate peri stal t i c  pumps were u s ed for each s pec i es ,  and 
ca l i brated to the req u i red de l i very rate ( g/mi n ) .  

The  i nfus ates were stored i n  1 L brown bottl e s ,  and the d a i l y  

i nfus i on rates recorded for each an ima l . The i nfusate was pumped 
throu g h  i nfus i on l i nes  ( po l yethyl ene tube ; med i ca l  grade , 1 mm I D ,  1 .  
5 mm O D ;  Dural  P l ast i c s  and Eng i neer i ng ;  NSW ,  Austral i a ) .  The i nfu­
s i on l i ne was  t h en connected to a rubber expandex tub i ng ( 366 cm l on g ;  
3 mm I D , 7 mm O D ;  Cenvet Pty ( Ltd . ) Austral i a ) ,  the other end of wh i ch 
was i n serted i nto  the  bung of the cannu l a ( s ee F i gure 2 . 1 ) .  The  
exp andex tubi ng a l l owed the an imal s free movement ,  and was regu l ar l y  
covered wi th a barr i er cream t o  prevent the  deer and goats from 
chewi ng  the tub i ng ( Stop Cr i b ;  pe l argon i c ac i d  van i l lyl ami de , a l oes  
and caps i cum; Med i c a l  Research ( Market i ng )  Pty ( L td . ) Austral i a ) .  

2 . 8  SAMP L I NG PROCEDURES AND SAMP L I NG PREPARATION 

2 . 8 . 1 Rumen F l u i d  S ampl i ng 

R umen fl u i d  ( for NH3- N ,  enri chment of NH3-N  wi th 1 5N ,  vo l at i l e  
fatty ac i ds ( VFA )  and pH determi n at i o n )  was s amp l ed through a rumen 
s amp l er ( a  hol l ow bras s cyl i nder , 1 00 mm l ong , 1 5  mm I D ,  wi th a ser i e s 
of h o l es ( 2  mm d i ameter ) a l ong i ts l ength , and g l ued to  a p l ast i c 

t ub i ng ( 3  mm d i ameter ) , as seen i n  F i gure 2 . 1  ( Agr i cu l t ura l  
Eng i n eeri ng Work s hop ; Mas sey Un i vers i ty ) . The l ength of  t he  p l as t i c 

tube was 270 mm for goats and sheep,  and 330 mm for deer ,  to obt a i n a 
representat i ve pos i t i on i ng of the samp l er i n  the rumen .  

The rumen s amp l er was  encased in  a pol yester bag , wh i ch acted as  
a fi l t er ,  wi th  a pore s i ze of  47 �m ( Esta l  Mono;  Swi ss  Screens  ( Ltd . ) 
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- Rumen sampler---.. 
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Fi gure 2 . 1 .  Rumen s amp l er ( Agr i cu l t ural  Eng i neer i ng Work s hop ; Massey Un i vers i ty )  
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Austra l i a ) , pr i or to  p l acement i n  the rumen . Samp l es of rumen f l u i d  
were t aken by attach i ng a 30 m l  syr i nge to the p l ast i c  t ube , and 
drawi ng the f l u i d  throug h the rumen s amp l er .  The fi rst 30 m l  of r umen 
f l u i d  were returned to the rumen v i a t he  ret urn tube,  or d i scarded . 

2 . 8 . 2  Ammon i a  i n  rumen f l u i d  

D up l i cate s amp l es ( 1 0ml ) were added to  2 . 5  ml of deprote i n i s i ng 
reagent ( 1 M  H2so4 , s aturated wi th magnes i um s u l ph ate ) , centri fuged at 
1 895 g ,  for 1 5  m i n s  and stored at -20 C u nt i l  anal ysed . The s amp l es 
were t aken three t i mes duri ng the d i ges t i b i l i ty tri al , at 2-day i nter­

v a l s ,  at 1 0 . 00 and 1 5 . 00 hours . 

2 . 8 . 3  VFA i n  rumen fl u i d  

D up l i cate s amp l es ( 5 ml ) were added t o  1 m l  of protei n prec l p l ­
t ant  ( metaphosphor i c  ac i d/formi c ac i d :  1 8 . 75% w/v I 25% v/v ) . One ml 
of  the i nterna l  s tandard ( i soc apro i c  ac i d ;  0 . 52% v/v ) was added to one 
s amp l e  ( i ntern a l  st andard samp l e ) , and 1 m l  of d i st i l l ed water added 
to  the other s amp l e  ( control s amp l e ) . Both  samp l es were centr i f uged 
at  1 895 g, for 1 5  m i ns and stored at -20 C unt i l analysed . 

2 . 8 . 4  pH of rumen f l u i d  

The pH of rumen f l u i d  was determi ned immed i ately on a P HM 6 1 , 
L aboratory pH meter ( R ad i ometer ( Copenhagen ) Ltd . ) , after ca l i brat i on 
w i th pH 7 . 0  and pH 4 . 0  buffers . 

2 . 8 . 5  Rumen Empty i ng ( " ba i l i ng " ) 

R umen emptyi ng ( " ba i l i ng " ) was done  t hroug h a l arge rumen fi stu l a 
( I D  6 3  mm for goat s  and sheep , and I D  83 mm for deer ) . The deer were 
l i ght l y  tranqu i l i sed 5 mi n s  before " b a i l i n g " , wi th 1 ml of 2% Rompun  
IM ,  wh i ch kept  the an i ma l s i n  a " stand i ng "  pos i t i o n .  

T h e  rumen contents were empt i ed i nto a tared bucket , p l aced over 
a l arger conta i ner conta i n i ng warm water ( temp 70 C ) , to keep the 
d i gesta warm throughout the samp l i ng .  The rumen contents were 
we i ghed , thoroug h l y  mi xed and subsamp l ed .  The warmed rumen d i gesta 
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was then returned back  to  the an imal . The who l e  process was comp l eted 
i n  1 0- 1 2 mi n s  for goats and sheep, and 1 5 - 1 8 mi ns  for deer . 

At 11 b a i l i ng 11 ,  s ub s amp l es of rumen d i gesta  were taken for : ( i )  
tr i p l i cate DM determi nat i on ,  by freeze-dryi ng , ( i i )  Cr and R u  concen­
trat i on ,  ( i i i )  p art i c l e  s i ze an a lys i s ,  ( i i i )  chemi cal a na lys i s for 
ce l l u l ose ,  hemi cel l u l o se , and l i gn i n ,  ( i v )  determi n at i on of pH , NH3-N , 
VFA and enri chment of NH3-N  w ith  1 5N ,  after squeez i ng a s ubsamp l e  of 
t h e  rumen d i gesta  through mu s l i n  c l oth , and ( v )  rumen bacter i a l 
s amp l e .  

2 . 8 . 6  Samp l i ng for enr i c hment of N wi th 1 5N 

2 . 8 . 6 . 1  S amp l i ng Protoco l : The fol l owi ng s amp l es were tak en  for the  

e s t i mat i on of  enr i chment wi th 1 5N :  

( i )  R umen fl u i d  s amp l e ,  

( i i )  R umen bacter i a l samp l e ,  

( i i i )  R umen d i gesta  samp l e .  

The samp l i ng protocol i s  s hown i n  Tab l e  2 . 1 .  

2 . 8 . 6 . 2  S amp l e  prepar at i on 

2 . 8 . 6 . 2 . 1  R umen f l u i d  s ampl e :  Ten m l  of rumen fl u i d  s amp l es ( RF 1 -RF  
4 )  were t aken  through the rumen s amp l er i nto  0 . 2  m l  of  1 8M H2so4 , 

c entrifuged at 7850 g,  for 1 5  mi n s ,  and stored at -20 C unt i l an a l ysed 
for 1 5N enr i c hment and NH3 -N ( No l an and Stac h i w ,  1 979 ) . S amp l e  RF 5 
was  obta i ned at 11 b a i l i ng 11 ( See Sect i on 2 . 8 . 5 ) , and a 1 0  ml  s amp l e  
t aken , and prepared a s  above . 

2 . 8 . 6 . 2 . 2  R umen bacter i a l  s ampl e :  Rumen bacter i al  s amp l es were pro­
cessed as s hown i n  F i gure 2 . 2  ( mod i fi ed from Nol an and Leng , 1 97 2 ) . 

2 . 8 . 6 . 2 . 3  R umen d igesta  sampl e :  1 00 g of rumen d i gesta  was sub-
s amp l ed at  11 b a i l i ng 11 ,  stored at  -20 C u nt i l  anal ysed . 
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Tab l e  2 . 1 .  Samp l i ng protocol for [ 1 5N ]  s amp l es .  

T i me S amp 1 e t aken  

30 m i n s  
I 

before e r . commenced B ac k ground s amp l e  RF 1 
> 24  h e r  R F  2 
> 3 6  h e r  RF 3 
> 40 h e r  R F  4 
> 40-42 h e r  RF 5 ,  RBS , RO ( at " b a i l i ng " ) 

e r  Cont i nuou s i nfus i on of  1 5NH4C l . 
RF Rumen f l u i d  
RBS Rumen bacter i a  1 s amp l e  
RO Rumen d i gesta  samp l e .  

2 . 9  CHEMI CAL ANALYS I S  

A l l chemi ca l s u s ed were of ANALAR ( BOH ) grade .  S amp l es of feed 

offered , refu s a l s ,  faeces , rumen d i gesta used for chem i c a l  a na l ys i s  
were freeze-d r i ed ( FO 57 freeze-dryer ;  WGG Cuddon  ( NZ )  Ltd . ) .  The 
s amp l es were then ground , us i ng s i eve s i zes  of 1 mm open i ng s  ( and  0 . 5mm 
open i ngs  w i th s amp l es for Cr and Ru determi nat i ons ) ,  on a g r i nd i ng 
mi l l  ( Thomas W i l ey M i l l ,  Mode l  E0- 5 ,  Thomas Sc i ent i fi c ( Mi l l i ng )  

USA ) . A l l ana lyses were made i n  dup l i c ate , and expres sed on  a OM 

bas i s .  

2 . 9 . 1 Organ i c  Matter 

OM was determi ned on 2 g OM s amp l es ,  as a l os s  i n  we i ght , after 

heat i ng t h e  s amp l es at 500 C ,  for 1 8  h i n  a muffl e furnace ( Me Gregor 
L ab ;  Me Gregor and Sons ( NZ )  L td . ) ,  ( Assoc i at i on of Offi c i a l  Agri cu l ­
t ural Chem i s t s ,  1 975 ) . 



1 00 g r umen d i gesta  + 1 00 ml i ce-co l d  NaC l  ( 0 . 9% w/v )  

V 

M ix  

V 
centri fuge 

SUPERNATANT at 
9 500 g,  at 4 C ,  

for 30 m i n s  

Resuspend P EL LET 
i n  30 ml  i ce-co l d NaC l  
( 0 . 9% w/v ) , centr i fuge 
at 9500 g at 4 C ,  for 

30  mi n s  

V 
Store pe  1 1  et 
( R umen BACTER IAL 
SAMPLE ) at  -20  C 
unt i l anal ysed 

V 
D i scard 

s u pernatant 

centr ifuge  at  832 g ,  at 4C for 2 m i n s  

V 
d i sc ard 

pel l et 

V 
D i scard 

supernatant 

F i gure 2 . 2 . Preparat i on of rumen bacter i a l  s amp l e  ( mod i fi ed from 

Nol an  and Leng , 1 972 ) .  
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2 . 9 . 2  Tota l  N i trogen 

Tota l  N was determi ned by the Kje l dah l procedure,  u s i ng 0 . 3-0 . 35 
g OM for t h e  feed s amp l es ,  and 5 g for the uri ne s amp l es .  The s amp l es 
were d i gested ( D i ge st i on System 20 ; 1 01 5  D i gester ; Tecator ( Sweden ) 
L td . )  i n  1 0  ml  of concentrated H2so4 for 25-50  m i n s  at 420 C ,  us i ng a 
se l en i um ( Se )  c atal yst ( Macrok j e l t ab ;  1 5  mg Se ; 3000 mg K2so4 ; Tecator 
( Sweden ) ) .  After d i gest i on ,  the  s amp l es were coo l ed ,  d i l uted wi th 30 
ml d i s t i l l ed water,  and steam-d i st i l l ed on the Kjel tec Auto 1 030 
Ana lyser ( Tecator ( Sweden ) L td . ) .  The ac i d  d i gest  was made strong ly  
a l ka l i ne by  the  automat i c  d i spens i ng of  50  m l  of  N aOH ( 40% w/v ) . The 
ammon i a  was d i st i l l ed i n  25 ml  of bor i c  ac i d  ( 1 %  w/v )  conta i n i ng the 
mi xed i nd i cator ( bromocresol green and methyl red ) , and automat i c al l y  
t i trated w i th HC l ( 0 . 1 M ) . 

The % ammon i a  recovery by the d i st i l l at i on proces s  was determi ned 
by u s i ng ovend r i ed ( temp 1 00 C )  ( NH4 ) 2so4 , and was 99- 1 01 % .  

2 . 9 . 3 Heat  o f  Comb u st i on 

Heat of combust i on was determi ned us i ng an ad i abat i c  bomb ca l ori ­
meter ( Ga l l enkamp autobomb ; Watson V i ctor ( U . K )  Ltd . ) .  The feed and 
faeces s amp l es were made i nto  0 . 6-0 . 8  g ( OM bas i s )  pe l l ets , on a 
br iquette  pres s ( 1 2  mm d i ameter) pr i or to bomb i ng .  

2 . 9 . 4 C arbohydrate Anal ys i s  

C e l l u l os e ,  h emi cel l u l o se ,  and l i gn i n  were extracted from 0 . 4-0 . 5  
g OM ( of feed , faeces and rumen d i gesta  s amp l es ) by the sequent i al 
c arbohydrate extract i on of B a i l ey ( 1 967 ) , and s ummari sed i n  F i gure 
2 . 3 .  

Concentrat i ons  of hemi ce l l u l os e  and ce l l u l ose  were determi ned i n  
the neutra l i sed extracts ,  b y  photometr i c  method of reduc i ng sugars 
( Ne l son , 1 944 ) , u s i ng copper s u l phate and arsenomol ybdate so l u t i ons  on 
a s pectrophotometer ( U l trospec I I  4050 ; LKB B i ochrom ( UK )  L td . ,  
attached to  an autofi l l  asp i rator,  Autofi l l  4070 ; LKB B i ochrom ( UK )  
Ltd . ) .  The wave l ength u sed was  520 n m  for hemi ce l l u l ose  and 
cel l u l o s e .  
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0 . 5  g DM sample 

40 ml hot distilled water 
reflux for 1 h, 250 C 

Discard filtrate 
( hot water 

soluble sugars) 'Residue I �ammonium oxalate (40 ml of  ------�� w/v ) . Reflux for 2 h ,  250 C .  

t-- ,-'-
Discard filtrate Residue I ( pectins) 

V 
Retain filtrate 
1 .  HEMICELLULOSE 

EXTRACT. Make 
up to 1 00 ml . 

V 
Retain filtrate 
2 .  CELLULOSE EXTRACT .  

Make up  to  1 00 ml . 

Add H2so4 (50  ml of 5% 
v/v ) . Reflux for 2 h,  
250 c.  

1-'-, Residue ]d HzS04 ( 4  ml 
n,. v;v) . 

low to stand 
r 4 h .  

Digested residue I 
Add 80 ml of 
water. Reflux for 
2 h ,  250 c .  

1-'-, Residue 

V 

Oven dried 
at 1 05 C .  
Ashed at 
500 c 
overnight . 

3 .  ASH-FREE LIGNIN.  

Figure 2 . 3 .  Sequent i a l  carbohydrate extract i on ( from B a i l ey, 1 96 7 ) . 
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Hemi cel l u l o se  concentrat i on was determi ned from a st andard curve 
of xyl o se  ( 0-200 ppm) u s i ng a correct i on factor of 0 . 88 .  Ce l l u l o se  
concent r at i on was  ca l cu l ated from a st andard curve of g l ucose  ( 0-400 
ppm) , u s i ng a correct i on factor of 0 . 90 .  

As h -free l i gn i n  was determi ned as the organ i c matter remai n i ng 
after s equent i al  extract i on of a l l c arbohydrates .  

2 . 9 . 5  Ammon i a  i n  R umen F l u i d  S amp l e s  

T h e  deprote i n i sed rumen f l u i d  s amp l es were th awed , we i ghed , and 
stored over i ce unt i l anal ys i s  was comp l eted , to reduce N l os ses . 
NH3- N  was  determ i n ed on 6 g rumen f l u i d  s amp l es by steam d i st i l l at i on 
on the  Kje l t ec Auto 1 030 An a lyser .  The rumen f l u i d  s amp l e s were made 
weak l y  a l k a l i ne ( pH 9 . 5 )  by the add i t i on of 25  ml of s aturated sod i um 
tetraborate (8- 1 0% w/v ) . The ammon i a  was d i st i l l ed i nto  1 0  ml of 
bor i c  ac i d  ( 4% w/v ) , contai n i ng m ixed i nd i c ator ( bromocresol  green and 
methyl red ) ,  and then t i trated automat i c al l y  wi th 0 . 03M HC l .  

The  effi c i ency of the d i st i l l i ng process was determ i ned by a N 
recovery test on  ovendr i ed ( NH4 ) 2S04 ( temp 1 00C ) ,  and was 99-1 01 % .  

2 . 9 . 6 Vol ati l e  Fatty Ac i d s  i n  Rumen F l u i d  Samp l es 

2 . 9 . 6 . 1  Gas- L i qu i d  chromatogr aphy 

VFA anal ys i s  was carri ed out by g as- l i qu i d  chromatography ( GLC ) 
( Sh i madzu Gas C hromatograph ; GC-8A ) . Separat i on was made on a 1 500 mm 
x 3 . 1  mm OD  g l ass  col umn , packed wi th 80-1 00# chromosorb 1 01 . A fl ame 
i on i s at i on detector ( hydrogen gas  and a i r ,  ( Gas I ndustr i a l ( L td . ) NZ ) 
was u s ed .  The operati ng cond i t i ons  were : 

1 .  Temperatures : ( i )  Co l umn 1 90 C 
( i i )  I njector port 200 C 

{ i i i )  D etector 250 C 

2 .  Gas  f l ow: ( i )  C arr i er gas  ( N ) 1 5  ml /mi n 
( i i )  Hydrogen 30 ml /mi n 

{ i i i )  A i r 300 ml /mi n .  
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3 .  Samp l e  s i z e :  0 . 5  � 1  ( a i rt i g ht syr i nge ; 7001 M i crol i ter ; 
H ami l ton  C o . , Reno Nevada ( USA ) ) .  

4 .  Attenuator : 32-51 2 .  

5 .  Separat i o n  t ime :  1 5-20 mi n s .  

The c hromatogr aph s were recorded o n  a Sekon i c  SS-250 F recorder , 
and the area under the  peak s determ i ned manua l ly .  

2 . 9 . 6 . 2  Preparat i on of st andard VFA so l u t i ons 

A s tandard VFA m ixture was prepared w i th the fol l owi ng concen­

trat i on s : ( i )  acet i c  ac i d  ( 0 . 02M ) , ( i i )  propi on i c  ac i d  ( O . OOSM ) , 
( i i i )  n -b utyr i c  ac i d  ( 0 . 01 M ) , ( i v ) i s o-b utyr i c  ac i d  ( O . OOOSM ) , ( v )  
i so-va l er i c ac i d  ( 0 . 001 M ) , and ( v i ) n-va l er i c  ac i d  ( 0 . 001 M ) . A 
work i ng st andard so l u t i on was then prepared wi th graded quant i t i es of 

the stock sol ut i on ,  and the concentrat i on s  ( mmo l /L ) are g i ven i n  Tab l e  
2 . 2 .  Metaphosphor i c  ac i d/formi c ac i d  prote i n  prec i p i t ant , and i so­
capro i c  ac i d  i nterna l  standard were added to the standard so l u t i on s ,  
u s i ng s i mi l ar procedures t o  t he  processed rumen fl u i d  s amp l e s ( Sect i on 
2 . 8 . 3 . ) 

Tab l e  2 . 2 .  Concentrat i ons  ( mmol / L )  of VFA i n  the work i ng st andard 
so l u t i on .  

VFA work i ng so l ut i on (mmo l /L )  
n- i so- n - i so-

Standard Acet i c  Prop i on i c  B utyr i c  Butyr i c Va l eri c V a l er i c  

0 0 0 0 0 0 0 
1 20 5 1 0  0 . 5  1 .  0 1 .  0 
2 40 1 0  20 1 .  0 2 . 0  2 . 0  
3 60  1 5  30 1 .  5 3 . 0  3 . 0  
4 80 20 40 2 . 0  4 . 0  4 . 0  
5 1 00 2 5  5 0  2 . 5  5 . 0  5 . 0  
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The s tandards were used to estab l i sh response  factors for each 
VFA . 

2 . 9 . 6 . 3  Ana lys i s  of rumen f l u i d  s amp l es 

The control rumen fl u i d  s ampl es  ( Sect i on 2 . 8 . 3 ) were pool ed 
together for e ach  an i mal , and ana l ysed on the  GLC to check for the 
presence of peak s co i nc i dent  w i th  the i nternal  st andard i socapro i c  
ac i d ,  and none were detected . The s amp l es conta i n i ng i nternal  stan­
dard were then run for each  an ima l , at  al l the samp l i ng t i mes . 

2 . 9 . 7  C h romi um and Rutheni um Determi n at i ons 

I nert Cr  and Ru  i n  the rumen d i gesta  s amp l es were ana l ysed by X­
r ay F l uorescence Spectrometry, XRFS ( Ph i l i ps RW1 404 Automat i c  Sequen­
t i al X -ray F l u orescence Spectrometer ) ( Evan s ,  MacRae and W i l son , 1 977 ) . 

2 . 9 . 7 . 1  Preparat i on of an a lyt i ca l  stand ards 

Reference s tandards were prepared separate l y  for goat s ,  sheep and 
deer , and for each experiment .  The concentrat i on s  are g i ven i n  the 
exper i mental  procedures for e ach  exper iment . Ru and Cr an a l yt i ca l  
s t andards  were prepared by i ncremental add i t i ons of  the d u a l -phase  
marker Cr-EDTA/Ru-P hen ( pr imary st andard ) to 1 40 g of  rumen d i gesta  
( Sect i on 2 . 7 . 1 . 1 ) . The l abel ed s amp l es were then freeze-dr i ed ,  and 
ground to pass  a 0 . 5  mm s i eve .  

2 . 9 . 7 . 2  Preparat i on of s amp l es for XRFS 

The freeze-dri ed and ground s amp l es ( 0 . 5  mm s i eve ) for the ,  ( i ) 
a n a l yt i cal st andard s amp l e s ,  and ( i i ) the  unk nowns (rumen d i gesta 
s amp l es ) , were compres sed i nto  se lf - s upport i ng d i sks . The d i s k s  ( 40 
mm d i ameter ,  3-3 . 5  mm depth , 5 g DM ) were made us i ng a steel hol der 
w i th  pres s i ng p l ate and p l u nger ( Massey U n i vers i ty ;  Agr i cu l tural  
E ng i neeri ng Department ) , at 1 50 ,  000 Newtons pres sure on an hydrau l i c  
pres s ( Sh i madzu  U n i versa l  Te s t i ng Mach i ne ;  Japan ) . 

Corre l at i on coeffi c i ent  va l ues showed excel l ent  agreement of al l 
s t andards to  the ca l i brati on curve , for Cr  ( r=1 . 000 ) and Ru ( r=0 . 999 ) . 
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T he  sens i t i v i ty of  the  XRFS was ,  for R u  ana lys i s :  1 mg/kgDM ,  and for 
Cr ana l ys i s :  5 mg/KgDM . 

2 . 9 . 8  E st imat i on of Enri chment wi th 1 5N 

The rumen f l u i d ,  rumen bacter i a l  and rumen d i gesta s amp l es were 
proces sed to tran sfer the i r  N to ( NH4 ) 2so4 , as req u i red for e s t i mat i on 
of  enr i chment wi th  1 5N by mas s spectrometry ( No l an and Leng , 1 974 ) . 

2 . 9 . 8 . 1  Rumen f l u i d  samp l es 

5 -7  ml of rumen f l u i d  s amp l es were steam-d i st i l l ed w i t h  7 ml  of 

N aOH ( 2 0% w/v ) . The ammon i a  ( 0 . 6- 1 . 0  mg N )  was col l ected i nto  5 ml  
b or i c ac i d  (2% w/v )  w i thout i nd i cator,  and t i trated to  pH 5 . 0  w i t h  

0 . 01 75M H2so4 , u s i ng a n  ABU 8 0  Autoburette wi th a P HM 82 s t andard pH 
meter and a TTT 80 Auto-ti trator ( Metrohm , Swi tzerl and ) .  The t i tre 
was recorded , and the d i st i l l ate ac i d i f i ed further to a pH of 4 . 0 .  
The samp l es were then oven-dri ed ( 95 C for 24 h ) , and transferred to 
s pectrometer v i a l s  ( Wheaten Sc i ent i f i c ( USA ) ) wi th d i s t i l l ed water, 
and re-dr i ed ( 95 C for 24 h )  for mass s pectroscopy ( Mode l  MS 1 0 ;  GEC­
AE I  E l ectron i c s ( L td . )  Eng l and ) . 

2 . 9 . 8 . 2 Rumen bacter i a l  and d i gesta  s amp l es 

0 . 2  g OM 
ted by norma 1 
0 . 2  mg N/ml . 

of rumen d i gesta  and rumen bacter i a l  s amp l es were d i ges­
Kj el dah l procedures , and d i l uted to  a concentrat i on of 
A 5 ml a l i quot of the  d i l u ted sol u t i on was then  d i st i l -

l ed a s  per procedures for rumen f l u i d  samp l es and processed for mas s 
s pectroscopy.  

P recaut i ons  were t aken  to  prevent any . .  memory effect s 11 and  cross­
contami n at i on of s amp l es ,  dur i ng the d i st i l l at i on proces s ,  a s  des­
cr i bed by Nol an  and Leng ( 1 974 ) . 

2 . 9 . 9  Parti c l e  S i ze Ana l ys i s  

The part i c l e  s i ze d i str i buti on i n  feed , rumen d i gesta  and faeces 
s amp l es was determi ned by wet s i ev i ng ,  us i ng the apparatus  descri bed 
by Evans ,  P earce,  B urnett and P i l l i nger ( 1 973 ) , ( Tu rner and Newal l ,  
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( L td . ) ) . S i eve s i zes ( l ength of s i de of square h o l e ) were 4 . 0 ,  2 . 0 , 
1 . 0 ,  0 . 5 and 0 . 25 mm. 

Rumen d i gesta ( 30 g wet we i ght ) , faeces ( 20 g wet we i ght ) , and 
feed s amp l es ( 1 0  g wet we i ght ) were washed by rec i rcu l at i on of 1 300 ml 
of water, at a fl ow r ate of 4 L/m i n  through  the s i eves , for 5 mi n s .  
F aeces samp l es were soaked i n  1 00 m l  of water overn i ght pri or to 
s i ev i ng ,  to  prevent f l otat i on .  Feed s amp l es were s oaked i n  1 00 ml 
art i f i c i a l s a l i v a  ( Baumgardt , Tayl or and C ason , 1 96 2 ) , for 1 5  m i n s  
pr i or to  s i ev i ng .  

Mater i a l  reta i ned o n  the s i eves was was hed onto tared f i l ter 
p aper (Whatman No 2 1 ) i n  a Buchner funnel , and oven-dri ed at 1 00 C ,  
for 24  h t o  determi ne the dry we i ght of each  part i c l e  s i ze fract i on .  
Materi a l  n ot retai ned on the s i eves ( <0 . 25 mm p art i c l es ) was deter­
m i ned by d i fference from the i n i t i al s amp l e  dry we i ght and the sum of 
recovered p art i cu l ate OM fract i ons . 

R esu l t s  for each part i cu l ate fract i on were expres sed as the % of 

t h e  total i n i t i a l OM i n  each samp l e .  

2 . 1 0  TERM I NOLOGY AND CALCULATIONS 

2 . 1 0 . 1 Marker K i net i cs 

Three markers were used to determi ne the  k i net i cs  of d i gesta  
f l ows from the rumen , n ame l y  ( i ) i nd i ge st i b l e  l i gn i n , ( i i ) i nert R u ­
P hen and ( i i i ) i nert Cr- EDTA . 

L i gn i n ,  as an i nternal  d i etary marker , con s t i t utes a part i cu l ate­
p h as e  marker . It i s  a component of the feed part i c l es ,  and i s  d i str i ­
b uted throughout the range of part i c l es produced when  the feed i s  
c h ewed and swa l l owed ( F a i c hney, 1 980 , 1 984 ; F ahey and J ung , 1 983 ) . 
R u-P hen , a s  an externa l  marker,  i s  a part i cu l ate-phase marker . R u ­

P hen  moves  from part i c l e  to  part i c l e  ( F a i c hney a nd  Gri ff i th s ,  1 978 ;  
D i xo n ,  Kennel l y  and M i l l i gan ,  1 983 ) , and i s  found at  h i ghest concen­
trat i ons i n  the smal l er p art i c l es w i th a l arger s urface area ( D i xon 
and M i l l i ga n ,  1 980 ) . Cr-EDTA i s  a near " i de a l " marker for the l i q u i d-
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p h ase  of the  d i gesta ,  and as soci ates c l ose ly  wi th l i q u i d  i n  the  rumen 
( Fa i chney ,  1 97 5 ) . 

2 . 1 0 . 1 . 1  Fract i ona l  Outfl ow R ate ( FOR , %/h )  

I nd i v i du a l FOR ( %/ h )  of Cr-EDTA and Ru-Phen was c a l c u l ated 
separate ly  ( Equat i ons  1 and 2 ) ,  as the proport i on of the total  rumen 
contents ( i . e the pool ) ,  th at l eaves the rumen per u n i t  t i me 
( Fa i chney, 1 975 ) . 

FOR of Cr-EDTA = I nfus i on R ate of Cr ( mg/h )  X 1 00 
(%/ h )  - - - - ------- - - - - - - - - - - - - - - - - - - - - - - - ( 1 )  

Rumen Pool S i ze of Cr ( mg )  

FOR of Ru-Phen  = I nfus i on R ate of Ru  ( mg/ h )  X 1 00 
( %/ h )  - - - -- - - - - - - - ---- - - - - - - - - - - - - - - - - - - ( 2 )  

Rumen Pool S i ze of Ru  ( mg )  

T h e  FOR ( %/ h )  o f  l i gn i n  ( L )  was ca l cu l ated from Equati on ( 5 )  of 
F a i chney ( 1 980 ) . 

FOR of L i gn i n  ( L )  

(%/ h )  
= Faeces L output ( mg/ h ) x 1 00 

Rumen L Pool s i ze (mg )  

where ( i ) R umen outfl ow of L ( mg/ h )  was assumed to 
equal  L faeca l  output (mg/ h ) , i . e d i gest i on 
of L occurs sol e ly  i n  th rumen , and a l l the 
L l eav i ng t he  rumen i s  recovered in  the faeces . 

( i i )  Rumen L pool ( mg )  was determi ned at 11 bai l i ng 11 • 

( i i i )  Faeca l  L output (mg/h )  was determi ned dur i ng 
the i nf u s i on  exper i ment . 

( 3 )  
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2 . 1 0 . 1 . 2 Mean Retent i on T i me ( MRT,  h )  

MRT ( h )  of Cr-EDTA , R u-Phen and l i gn i n  was c a l cu l ated a s  the 
rec i proca l  of the i r  respect i ve FOR ( /h ) , and represent the  amount of 
t i me the markers ( hence ,  t he  phase of  t he  d i gesta  wh i ch i s  assoc i ated 
w i th the markers ) ,  spend i n  the rumen ( Fa i chney, 1 97 5 ) .  

MRT ( h )  of Cr-EDTA = Rumen Pool S i ze of Cr  ( mg )  

I nfus i on Rate of Cr  (mg/ h )  

MRT ( h )  o f  Ru-Phen = R umen Pool o f  R u  (mg )  

I nfu s i on Rate o f  R u  ( mg/ h )  

MRT ( h )  of L i gn i n  = Rumen L i gn i n  Pool S i ze ( mg )  

Faeces L i gn i n  Output ( mg/h ) 

2 . 1 0 . 1 . 3  Fract i ona l  D i s appearance Rate ( FDPR , %/ h )  

( 4 )  

( 5 )  

( 6 )  

The Fract i ona l  D i s appearance Rate ( FDPR , %/h )  of each  of the  
c arbohydrate const i tuents  ( cel l u l ose ,  hemi cel l u l o se and l i gn i n )  was  
defi ned and  ca l cu l ated as  ( Equat i on 7 ) : 

FDPR  ( %/ h )  = I ntake ( g/h ) x 1 00 
( 7 )  

Rumen Pool S i ze ( g )  

2 . 1 0 . 1 . 4 Fract i ona l  Outfl ow Rate of l i gn i n  ( FOR , %/h )  

The Fract i onal  outf l ow rate of l i gn i n  ( FOR ,  %/ h )  w a s  defi ned and 
c al c u l ated ( Equat i on 8 )  a s : 

FOR of L i gn i n  
( %/ h )  

= Faecal  L i gn i n  Output ( mg/h ) x 1 00 

Rumen Pool S i ze of L i gn i n  (mg ) 
( 8 )  
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2 . 1 0 . 1 . 5  Fract i ona l  Degrad at i on R ate of  L i gn i n  ( FOR ,  %/h ) 

The Fr act i onal  degradat i on rate of l i gn i n  ( FOR ,  %/h ) , was defi ned 
( Equat i o n  9 )  as : 

FOR of L i gn i n  (%/ h ) =  
I ntake of L i gn i n  ( mg/h ) - Faecal  Output ( mg/h )  x1 00 

( 9 )  
Rumen Pool S i ze of L i gn i n  ( mg )  

FOR ( %/ h ) of l i gn i n  can a l so  be c a l c u l ated ( Equat i on 1 0 )  as the 
d i fference between FDPR ( %/ h )  and FOR ( %/h ) of  l i gn i n .  

FOR o f  L i gn i n  (%/ h )  = 
F DPR ( %/ h )  of L i gn i n  - FOR ( %/h ) of L i gn i n  ( 1 0 )  

I t  was assumed that there was no  net synthe s i s  of l i gn i n  i n  the  
rumen and no i n put i nto the rumen other th an by  the  d i et .  

2 . 1 0 . 2 1 5N TRACER K I NET I CS 

2 . 1 0 . 2 . 1  I rrevers i b l e  Loss  Rate of NH3-N ( I RL , g N/d )  

The  I RL of NH3-N  ( g  N/d )  wi th respect to  the rumen pool i s  
expres sed as the r ate ( mass/un i t  t i me )  th at N H3 - N  l e aves t he  compart­
ment and does not return duri ng the exper i menta l  per i od ( No l an and 
Leng , 1 974 ) .  I RL of NH3-N ( g  N/d )  from the rumen pool was c a l c u l ated 
as shown i n  Equat i on 1 1 .  

I RL ( g  N/d ) = I nfus i on Rate of 1 5N ( g/ d ) 

Enr i chment  at 11 p l ateau 11 of r umen NH3-N  
wi th 1 5N ( atoms % excess ) 

( 1 1  ) 

( i )  Al l the  enr i chment val ues were corrected for the background 
abundanc i e s ,  determi ned pr i or to i nfu s i on of the 1 5N tracer . 
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( i i )  The c h aracter i s at i on of the 11 p l ateau 11 was determi ned by 
p l ott i ng t h e  enri chment va l ues for each  an imal at 24 , 3 6 ,  
40 , 4 2  h o f  cont i nuous i nfus i on o f  t h e  tracer 1 5N .  

( i i i )  I RL of NH3 - N  ( g  N/d ) was ca l cu l ated from a s i ng l e  est i mate 
of enri c hment of N at 1 1 p l ateau 11 , as determi ned at 1 1 b a i l i ng 11 • 

2 . 1 0 . 2 . 2  Proport i on of b acter i al -N from NH3 - N  ( % )  

The proport i on o f  bacteri a l - N  ari s i ng from NH3 -N i n  the rumen 
pool was ca l cul ated from Equ at i on 1 2 .  

E nr i c hment at 11 p l ateau"  of b acter i a l - N w i th 1 5N x 1 00 
( 1 2 ) 

Enr i c hment at  11 p l ateau 11 of r umen NH3 - N  w i th 1 5N .  

Both enri chment va l ues were determi ned a t  11 bai l i ng 11 • 

2 . 1 0 . 2 . 3  Proport i on of bacteri a l - N  from d i gesta-NAN 

The proport i on of bacteri a l - N ari s i ng from d i gesta-NAN was ca l ­
cul ated from Equ at i on 1 3 :  

Enr ichment at  11 p l ateau 11 of bacter i a l - N  w ith  1 5N x 1 00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 1 3 )  

Enri chment at 11 p l ateau 11 of rumen d i ge s t a-NAN wi th 1 5N 
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CHAPTER 3 .  VOLUNTARY I NTAKE AND RUMEN D I GESTION OF A LOW 

QUALI TY ROUGHAGE BY GOATS AND SHEEP . 

3 . 1  I NTRODUCTION  

Comparat i ve 
qual i ty forages 
ach i eve super i or 

stud i es of d i gesti on i n  goats and sheep fed on l ow 
( l ow i n  N ,  h i gh i n  fi bre)  have shown that goats 

vo l u nt ary DMI ( g/Kg w0 · 75; d )  to sheep , and d i gest the 
fi bre component of the d i et better than sheep ( Jones et Al· , 1 972 ; E l  
Hag ,  1 976 ; G i h ad ,  1 976 ; G i h ad et �. , 1 980 ; Doyl e and Egan , 1 980 ; Howe 
et Al· , 1 988 ) . 

The  i ncreased f i bre d i gest i on by goats compared to sheep , h as 
been part i al l y  attr i buted to  a l onger MRT ( h ) of part i cu l ate dry 
matter ( l abel ed wi t h  1 03Ru-P hen ) i n  the rumen of goats , and hence to a 
l onger exposure of the rumen cel l -wal l poo l to  mi crob i a l attack ( Doyl e 
and E g an ,  1 980 ; Watson and Norton , 1 982 ; Doyl e et �. , 1 984 ) . Goat s ,  
compared t o  sheep , s u sta i n hi gher l evel s o f  rumen ammon i a  concen­
trat i on when fed on l ow qual i ty forages , and th i s  has been rel ated to 
h i gher rumen mi crob i al  growth rates and greater fi bre d i gest i on 
( W atson  and Norton , 1 982 ; A l am et �. , 1 985 ) . The mechan i sm , however , 
by wh i ch goats mai nta i n a h i gher rumen ammo n i a  concentrat i on i s  not 
c l ear ,  and A l am ,  Boren s ,  Pappi and Sykes ( 1 984 ) suggested that the  

l ower water i ntake  observed in  goats ( Owen and  Ndos a ,  1 982 ; Al am et  
�. , 1 983 ) ,  wou l d  i ncrease the  rumen ammon i a  concentrat i on ,  and  pre­

d i spose the goats to  a greater N retent i on .  Goats tend to have a 
l arger rumen vo l ume per Kg  w0 · 75 than sheep ,  when fed on l ow qu a l i ty 
forages  ( Watson  and Norton , 1 982 ; Tan , 1 988 ) . The effects  of a l arger 
rumen vol ume , on  the vo l u nt ary DMI and DOMI , and MRT of rumen d i gesta  
i n  goats are not c l ear . Watson and Norton ( 1 982 ) postu l ated t hat 
there i s  a greater degradati on of d i et ary protei n  in the rumen of 
goats than  i n  s heep , as a resu l t of a l onger MRT of d i gesta i n  the  
rumen of goat s .  

The obj ect i ve of the f i rst experi ment ( Expt 1 a ) was to i nvest i ­
g ate the vol u ntary i ntake  and d i gest i on of a l ow qual i ty roughage by 
goats and shee p .  The second exper i ment ( Expt 1 b )  used an i ntegral  
approach to study s imu l taneous l y  the k i net i cs of rumen ammoni a produc­
t i on ,  and  i nvest i g ated mechan i sms for a ny d i fferences i n  f i bre 
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d i gest i on between goats and sheep , when fed on a l ow qu a l i ty roughag e  
d i et .  F urther obj ect i ves of the study were t o  measure the cr i t i ca l  
part i c l e  s i ze as thresho l d  to pas s age through the  ret i cu l o-omasa l  
ori f i c e .  I t  i s  k nown to b e  1 . 0 mm i n  sheep ( Rei d et �. , 1 97 7 ; Rei d ,  
John , U l yatt , Waghorn and Mi l l i gan , 1 979 ; Poppi  et �. , 1 980 ) . There 
i s  one l i mi ted st udy on goats ( Uden and V an Soest ,  1 982 ) .  The 
11 apparent"  FOR ( %/ h )  of  part i c l es from the rumen was  a l so determi ned . 

3 . 2  EXPERIMENTAL 

3 . 2 . 1  D i et 

Threshed pra 1 r 1 e  grass  straw (Bromus catharticus) was fed to the 
a n ima l s .  A da i l y  supp lement ( 1 0  g )  of a mi neral pre-mi x ( no N ,  see 
Append i x  B ) ,  and a week ly  oral  dose ( 5  m l ) of a l i q u i d  mu l t i - v i tami n 
supp l ement (Append i x  C ) , were g i ven i n  Expt 1 b  on l y . The straw was 
chaffed i nto 50-80 mm l engths and p l aced upon be l t  feeders wh i ch 
del i vered the day • s rat i on i n  24 feed s ,  at 1 h  i nterval . 

3 . 2 . 2  An i mal s 

Seven Border-Le i cester/Romney cross  wethers , aged 2 years and 
wei g h i ng 44 . 2  Kg  LWT ( SD 4 . 1 6 )  were used i n  Expt 1 a ; ei ght  wether 
sheep , i nc l ud i ng a l l those used i n  Expt 1 a , aged 3 years and we i g h i ng 
60 . 7 K g  LWT ( SD 3 . 43 )  were used i n  Expt 1 b .  S i x  castrated Angora-NZ 
fera l  goat s ,  aged 2 years and we i gh i n g  29 . 9  Kg LWT ( SO 3 . 1 6 )  were used 
i n  Expt 1 a ; s i x  goat s ,  i nc l ud i ng four from Expt 1 a  and two repl acement 
ones , aged 3 years and we i gh i ng 40 . 9  Kg  LWT ( S D  4 . 1 5 )  were used i n  
Expt 1 b .  

3 . 2 . 3  Exper imenta l  Des i gn 

Expt 1 a  was conducted i n  the summer of 1 986 and Expt 1 b  i n  the  
summer of  1 98 7 ,  and  the  exper imental  des i gn i s  s hown schemat i ca l l y  i n  
F i gure 3 . 1 .  

3 . 2 . 3 . 1 Expt 1 a : VFI was measured , w i t h  the an ima l s fed " ad- l i b 11 , 
w i t h  the feed offered bei ng 1 . 1 5  of the  prev i ous  day • s DM i ntak e .  VF I  
was  recorded over d1 6-d28,  after a pre-feed i ng peri od of 1 5  days . The  
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d i gest i b i l i ty and N-bal ance tri a l s were carr i ed out over d30-d38 , w i th 
the  an i mal s mai nt a i ned at 90% of VFI . 

At the end of Expt 1 a , the goats l ost  body cond i t i on ,  and 3 goats 
d i ed as a res u l t  of a severe depl et i on of body reserves . Expt 1 a  was 
then  stopped and Expt 1 b  carr i ed out 1 2  month s l ater , wi th the goats 

i n  better cond i t i on at the start of the tri al . 

3 . 2 . 3 . 2  Expt 1 b :  After a pre-feed i ng peri od of 1 2  days ( fed 1 1 ad­
l i b 1 1 ) ,  the an i ma l s were restr i cted to 90% of 11 ad- l i b 11 i ntake .  R umen 
f l u i d  sampl es  were taken duri ng the peri od d1 5-d21 , for NH3- N ,  VFA and 
pH determi n at i on s .  The non-rad i oact i ve dua l -marker Cr-EDTA/Ru -Phen 
i nfu s i on tri a l  commenced on d-23 and cont i nued unt i l d-28 . The 1 5N 
i nfus i on tri a l  was carr i ed out over d26-d28.  The an ima l s had the i r  
rumen contents empti ed out ( 11 ba i l i ng 11 )  o n  d28 ,  and subsamp l es taken 
before return i ng the warmed rumen d i gesta back to the rumen . 

3 . 2 . 4  Marker I nfu s i on Procedures 

A l l i nfus i on s  were admi n i stered by a per i stal t i c  pump , f i tted 
wi th s i l i cone rubber tub i ng .  Fol l owi ng  a pri mi ng dose of 40 g ,  the 
d u al marker Cr-EDTA/Ru-P hen ( conta i n i ng 2mg Cr/g ; 0 . 0498mg Ru/g ) was 
cont i nuous l y  i nfused i nto the rumen for 5 days , at a constant rate of 
1 0 . 0 g/h for the  goats and 8 . 73 g/h for the sheep . I nfu s i on rates 
were 20 mg Cr/h and 0 . 498 mg Ru/h for goats and 1 7 . 46 mg Cr/h and 
0 . 435 mg Ru/h for sheep .  

1 5N- ammon i um ch l or i de sal t ( 94 . 74 atoms % exces s )  was  added to  
the  dua l -marker sol ut i on ( 640 mg  1 5NH4C l /Kg of  dual  marker so l u t i on ;  
p H  6 . 8 ) , and i nfused conti nuous l y  for the l ast 42 hours of i nfu s i on 
i nto the rumen , from 1 8 . 00 hours on d-26 , unt i l 1 2 . 00 hours on d-28 .  
The  i nfus i on r ate was 41 . 09 mg  1 5N;d for goats and 34 . 7 1 mg  1 5N/d for 
s heep . 

3 . 2 . 5  Samp l i ng 

Compos i te s amp l e s  of feed offered were col l ected d a i l y  dur i ng 
E xpt 1 a  and E xpt  1 b  and poo l ed on a week l y  bas i s .  The refus a l s ,  
f aeces and ur i ne samp l es for each an i ma l , were taken da i l y  dur i ng the 
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d i gest i b i l i ty tr i a l  of  Expt  1 a  and poo l ed at -20 C .  A representat i ve 
s amp l e  of the rumen d i gesta  was taken from 4 goats and 4 sheep , on d-6 
of the pre-feed i ng tri a l  ( Expt 1 b ) , and used to form a matr i x  for the 
preparat i on of Cr  and Ru  standard curve s .  

Rumen f l u i d  s amp l es for NH3-N , pH and VFA were taken  on d-1 5 ,  d-

1 8 ,  d-21  of Expt 1 b , at 1 0 . 00 hours and 1 5 . 00 hours . Rumen f l u i d  
s amp l es were taken  for determi nat i on of enr ichment ( atoms % excess ) of 
rumen NH3 -N  w i th 1 5N :  on  d-26 ,  before the start of 1 5N i nfu s i on , at 
1 7 . 30 hours ( b ackground s amp l e ) ; on d-2 7 , at 1 8 . 00 ( after 24h  i nfu­
s i on ) and  24 . 00 hours ( after 30h i nfus i on ) ; on  d-28 ,  at  07 . 00 ( after 
37h i nfus i on ) and 1 2 . 00 hours ( after 42h i nfu s i on ) . At 11 b a i l i n g " , on 
d -28 ( 1 2 . 00- 1 4 . 30 hours , correspond i ng to 42-4� h after i nfus i on ) , a 
representat i ve s amp l e of rumen fl u i d  was obt a i ned from the who l e  rumen 
d i gesta  ( see Sect i on 2 . 8 . 5 . ) , and the  enri chment of NH3-N  wi th 1 5N 
determ i n ed ,  as we l l as NH3- N ,  VFA and pH . Samp l es for rumen b ac ­
teri a l - N ,  and rumen d i gesta-NAN were t aken at " b a i l i ng "  for deter­
mi n at i on of enri chment wi th 1 5N ,  together w i t h  samp l es for part i c l e  
s i ze and chem i c a l  an a l yses . 

Samp l es  of rumen f l u i d ,  rumen d i gesta ,  rumen bacteri a ,  faeces , 
feed offered , refu sa l s and uri ne were prepared and stored , as per pro­
cedures descri bed i n  Sect i on 2 . 8 .  

3 . 2 . 6  Chemi c a l  Anal ys i s 

Chemi ca l  ana lys i s was carr i ed o ut  u s i n g  t he  methods descri bed i n  
detai l i n  Sect i on 2 . 9 .  The fol l owi ng ana lyses were performed .  S am­
p l es of feed offered , refus a l s ,  and faeces were ana lysed for OM , total  
N ,  ce l l u l o s e ,  hemi ce l l u l ose ,  l i gn i n  and heat of combust i on .  Ur i ne 
s amp l es  were an a lysed for tota l  N .  R umen f l u i d  s amp l es were anal ysed 
for NH3- N ,  pH , enr i chment of NH3-N  with 1 5N ,  and VFA ( acetate ,  
prop i onat e ,  n - butyrat e ,  i so-butyrate , n-va l erate and i so-va l erate ) . 
R umen bacter i a l -N  s amp l es i so l ated from who l e  rumen d i ge st a ,  and sub­
s amp l es  of rumen d i gesta-NAN were an a lysed for enri chment w ith  1 5N .  
P art i c l e s i ze ana l ys i s  was determi ned on sub- s amp l es of who l e rumen 

d i gesta  and faeces . Cr and Ru i n  rumen d i gesta  were anal ysed by XRF 
s pectrometry, u s i n g  the  preparat i on of standard curves . Corre l at i on 
coeffi c i ents  ( r ) were ,  for C r :  r=1 . 000 for both goat and s heep 
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matr i x ;  for Ru : r=0 . 999 and 1 . 000 for goat , and s heep matr i x  
respect i ve l y ) . 

3 . 2 . 7  C a l cu l at i ons of Data 

The FOR (%/h ) and MRT ( h )  of Cr-EDTA ,  Ru-P hen and l i gn i n ,  and the 

FOR ( %/ h )  of l i gn i n  were c a l c u l ated , as descri bed i n  Sect i on 2 . 1 0 . 1 .  
The 11 apparent 11 FOR (%/h ) of cel l u l ose  ( C )  and hemi cel l u l os e  ( H )  have 
been ca l cu l ated from Equat i ons 1 and 2 ,  respect i ve l y . 

FOR ( C ) , %/h = FDPR ( C )  FOR ( L i gn i n )  

FOR ( H ) , %/h = FDPR ( H )  - FOR ( L i gn i n )  

( 1 ) 

( 2 )  

The  ca l c u l at i on was based on the as sumpt i on that both ce l l u l ose  
and  hem i ce l l u l ose l eave the  rumen on t he same part i c l e  as l i gn i n ,  and 
hence h ave  the same FOR ( %/ h )  as l i gn i n ( V an Soest , 1 975 ) . 

The I RL of NH3-N (mg N/d ) from the  rumen , and the proport i on of 
bacter i al - N from NH3-N  and the proport i on of bacteri a l -N  as a propor­
t i on of total  d i gesta  NAN , were ca l c u l ated as shown i n  Sect i on 2 . 1 0 . 2 .  

The  1 1 apparent 11 FOR ( %/ h )  of p art i c l es from the rumen ( >2 . 0  mm , 2-
1 mm , 1 . 0-0 . 5  mm , 0 . 5 -0 . 25 mm, <0 . 2 5 mm) , h ave  been ca l c u l ated from 
Equat i on 3 .  

1 1Apparent 1 1 FOR (%/ h )  of part i c l e ( A ) =  
P art i c l e (  A )  excreted i n  faeces ( g/h ) x 1 00 

Pool s i ze of part i c l e  ( A )  i n  rumen ( g ) 

where ( A )  i s  part i c l e  s i z e  for wh i ch meas urement i s  be i ng mad e .  

( 3 )  

The  11 apparent11 MRT ( h )  of p arti c l es were ca l c u l ated as the 
rec i proc a l  of the i r  respect i ve FOR • s ( /h ) . The cal cu l at i on i s  based 
on the  ass umpt i on that there i s  no further breakdown i n  part i c l e  s i ze 
once d i gesta  has l eft the rumen ( Grenet , 1 970 ; Pappi et 21. , 1 980 ) . 
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Metabol i s ab l e  energy for mai ntenance was taken as 0 . 39 MJ/Kg 
w0 · 75 , both for sheep ( Agri cu l tura l  Research Counci l ,  1 980 ) , and for 
goats ( Ho l mes and Moore , 1 981 ) . 

3 . 2 . 8  S tat i s t i cal  Des i gn and Ana l ys i s 

A comp l et e  randomi sed des i gn was used . Compari sons between goats 
and sheep were made , u s i ng one-way ana lys i s  of var i ance .  Mean va l ues 
w i th t h e  standard error of the d i fference ( SED ) are presented . 
R egres s i on re l at i on sh i ps were der i v ed between the DMI ( g/Kg w0 · 75;d ) 
versus the  total  rumen ( fl u i d  + OM ) poo l s i ze ( g/Kg w0 · 75 ) , and bet­
ween the rumen " apparent" FOR (%/h ) of part i c l es <0 . 25 mm and 0 . 1 0-0 . 5  
mm versu s  that  of l i gn i n ,  for both goats and sheep . The d i fferences 

i n  s l opes  between the regress i on l i n es  for goats and sheep were tested 
u s i ng a t-test . 

The v a l ues  presented for NH3 - N ,  VFA and pH , are the means of 
seven observ at i ons per an ima l , s i nce  there were no s i gn i f i c ant  d i f­
ferences  ( P>0 . 05 ) between d ay/or t i me of the day at wh i ch samp l i ng 
occurred . There was no s i gn i f i cant  d i fference ( P>0 . 05 ) between the 
enri chment  v a l ues of the rumen fl u i d  N�

�
-N  s amp l es wi th 1 5N ,  taken at 

30,  3 6 ,  40-h after i nfu s i on of the  N - tracer commenced , and the 
s amp l e  taken  at " b a i l i ng " .  The 1 5N-enri chment va l ue  of the rumen 
f l u i d  NH3 - N  t aken  at " b a i l i ng "  was u sed i n  the cal cu l at i ons  of the I RL 
of NH3-N  i n  the rumen ( gN/d ) . 

3 . 3  RESULTS 

3 . 3 . 1  C h emi ca l  Compos i t i on of D i et and Se l ect i on of Feed Offered 

The chemi ca l  compos i t i on ( g/Kg OM ) of the pra i r i e gras s straw d i d  
not c hange  over one year , from Expt 1 a  t o  Expt 1 b , w i th  constant 
va l ues  for the fi bre components and tota l  N (Tab l e  3 . 1 a ) . 

The refusa l s of sheep , when  compared to goats  (Tab l e 3 . 1 b ) , 
showed s i gn i f i cant l y  l ower contents ( g/Kg OM ) of tota l  N and l ower 
heat of combust i on val ues ( P<0 . 05 ) . The f i bre content , h owever,  was 
h i gher { P<0 . 1 ) , w i th  ce l l u l ose  att a i n i ng s i gn i fi cance ( P<0 . 05 ) . These 
observat i on s  were due  to sheep s e l ect i ng a d i et l ower i n  f i bre and 
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Tab l e  3 . 1 a . Chem i c a l  compos i t i on ( g/Kg dry matter ( DM ) ) of mature 
pra i r i e  grass  straw (Bromus catharticus) fed to goats 
and s heep duri ng Exper iments 1 a  and 1 b .  

Exper iment 1 a@ 

Organ i c  matter 893 
Heat of combust i on 1 7 . 8  

( MJ/Kg  DM )  
Total N i trogen 1 3 . 7  
Ce l l u l o se 3 1 7  
Hemi ce l l u l o se  1 23 
L i gn i n  1 28 
Total f i bret 568 

t 

@ 
Ce l l u l o se + hemi cel l u l o se + l i gn i n  
Summer 1 986 

$ Summer 1 987 

Exper iment 1 b$ 

887 
1 7 . 6  

1 3 . 6  
301 
1 20 
1 28 
5 50 
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Tabl e 3 . 1 b .  Chemi ca l  compos i t i on ( g/Kg organ i c  matter ( OM ) ) of  mature 
pra i r i e  grass straw ,  and the  feed refus a l s  by  goats and 
sheep when fed at 11 ad - l i b 11 i nt ak e .  

( Mean v a l u e s  wi th thei r standard error of t h e  d i fference ( SED ) for s i x  
goats and seven sheep . ) 

Feed Offered@ 

Heat of combust i on 20 . 0  
( MJ/K g  OM ) 

Tota l  N i trogen 1 5 . 4 
Ce l l u l ose  355  
Hemi ce l l u l o se 1 38 
L i gn i n  1 44 
Tota l  f i bre t 637  

t Ce l l u l o s e + hemi cel l u l ose + l i gn i n  
@ Experiment 1 a  
* P<0 . 05 ;  ( * ) P<0 . 1 ;  NS Non-s i gn i f i cant . 

Refus a l s 
Goats Sheep SED 

24 . 4  1 7 . 8  2 . 64 * 

1 6 . 2  1 2 .  1 1 . 62 * 
333 386 2 1 . 1  * 
1 83 1 87 6 . 8  NS 
1 38 1 33 4 . 9  NS 
654 706 24 . 5  ( * ) 
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h i gher i n  N t h an the feed offered , whereas goats s howed no  ev i dence of 
se l ect i on .  

3 . 3 . 2  V o l untary I ntake and N i trogen Retent i on 

The vo l u n t ary DMI and OM ! ( g/Kg w0 · 75; d )  of goats were s i gn i f i ­
cant l y h i gher ( P<0. 001 ) than  sheep , wi th both DMI and OM! be i ng 1 . 65 
of t h at of sheep ( Tab l e  3 . 2 ) . 

Goats a l so  d i gested the  OM of  the feed better th an sheep 
( P<0 . 05 ) , w i t h  a d i fference of 6 . 8  u n i ts between the two spec i e s .  
However , the d i gest i b i l i ty o f  OM was not s i gn i f i c ant l y  d i fferent 
between the two spec i es ( P>0 . 1 ) ,  a l t hough goats appeared to d i gest  OM 
better 
h i gher 
sheep.  

than s heep by 3 . 0  u n i t s .  The net effects were s i gn i f i cant l y  
( P<0 . 001 ) DDMI and DOMI ( g/Kg w0 · 75; d )  by goats compared to 
Di ge st i b l e  DMI and OM! by goats were 2 . 1 2  and 1 . 81 that of 

s heep ,  respest i ve ly .  

M E  i ntake ( MJ/Kg w0 · 75; d )  of  goats was 0 . 24 5 ,  and that of  sheep 
was 0 . 1 45 ( P<0 . 01 ) .  ME i nt akes , expressed as a funct i on of the amount 
of  ME req u i red for mai ntenanc e ,  were 0 . 63 for goats and 0 . 37 for 
s heep . 

Vol u ntary i ntake of N ( mg/Kg w0 · 75;d )  was h i gher ( P<0 . 01 ) by 
goats ( Tab l e 3 . 3 ) .  There were no d i fference s i n  the apparent d i ges­
t i b i l i ty of N between the  two spec i e s  ( P>0 . 1 ) .  Both spec i es were i n  
n eg at i ve N ba l ance , a l though goat s tended to l ose  more N ( mgN/1 00g 
DMI / d )  t han s heep ( P>0 . 1 ) .  When expres sed as a %  of d i etary N i nt ake , 

both f aeca l  and uri n ary l o sses  were not s i gn i f i cant l y  d i fferent 
( P>0 . 1 )  between goats and s heep . 

3 . 3 . 3  F i bre D i gest i on 

Data  i n  Tab l e 3 . 4  s how that goats d i gested tota l f i bre better 
( P<0 . 1 ) ,  t han  sheep , and h ad a super i or vo l untary i ntake ( g/kg  
w0 · 7 5; d ) of  total  fi bre ( P<0 . 001 ) . Goats had a l arger ( P<0 . 05 )  rumen 
tot a l  f i bre pool s i ze ( g/Kg w0 · 75 ) .  
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Tabl e 3 . 2 .  Vol u ntary and d i gest i b l e  i ntakes of dry matter and 
matter ( g/Kg w0 · 75;d ) ,  metabo l i s ab l e  energy 
( MJ /Kg w0 · 75;d ) ,  and apparent d i gest i bi l i t i es 
matter and organ i c  matter ( % )  by goats and sheep 

organ i c  
i ntake  

of dry 
fed on 

mature prai r i e  grass i n  s ummer . 
( Me an v a l ues wi th thei r st andard error of the d i fference ( SE D )  for s i x  
goats  and seven sheep . ) 

Goats Sheep SED  

I nt ake  ( g/Kg w0 · 75;d ) :  
Dry matter 55 . 6  33 . 8  4 . 43 *** 

Or:gan i c matter 49 . 7  30 . 2  3 . 96 *** 
D i gest i b l e  dry matter 1 7 . 4  8 . 2  1 . 93 *** 
D i gest i b l e  organ i c  matter 1 8 . 1  1 0 . 0  2 . 1 6 *** 
Metabo l i s ab l e  energy i ntaket 0 . 245 0 . 1 45 0 . 0292 ** 

Apparent  d i gest i b i l i ty of dry matter@ 31 . 2  24 . 3  2 .  5 1  * 
Apparent d i gest i b i l i ty of orga n i c  matter@ 36 . 0  33 . 0  2 . 29 NS 

t D i gest i b l e  energy i ntake  x 0 . 82 
@ An i ma l s fed at 90% " ad - l i b " .  

I 
*** P<0 . 001 ; ** P<0 . 01 ; * P<0 . 05 ;  NS Non- s i gn i f i cant . 
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T abl e 3 . 3 . N i trogen ( N ) i nt ake ,  faecal  N and ur i n ary N excret i on s ,  N 
bal ance , and apparent N d i gest i b i l i ty by goats and sheep 
fed on mature prai r i e  grass straw ,  at 90% of 11 ad- l i b 11 
i ntake . 

( Mean val ues  wi th the i r  st andard error of the d i fference ( SED ) for s i x  
goats and seven sheep . ) 

Goats 

I ntak e  (mg/Kg w0 · 75; d ) : 5 1 6  

F aeca 1 excret i on (mg/Kg w0 · 75;d )  359  
U r i n ary excret i on (mg/Kg  w0 · 75;d )  2 3 7  

N i trogen ba l ance : 
mg N/Kg w0 · 75;d -96 

mg N/1 00 g DMI /d - 1 7 1  

Apparent d i gest i bi l i ty ( % )  30 . 5  

F aeces N ( percentage i nt ak e )  69 . 6 
U r i ne N ( percent age i nt ak e )  45 . 5 

** P<0 . 01 ; * P<0 . 05 ; NS Non- s i gn i f i cant . 

Sheep SED 

328 42 . 9  ** 

236 28 . 5  ** 

1 1 7  4 1 . 3  * 

-38 25 . 0  * 

- 1 1 9  62 . 0  NS 

28 . 2  1 .  37  NS  

7 1 . 9  1 . 48 NS 
37 . 9  9 . 87 NS 
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Tab l e  3 . 4 .  Vol untary and d i gest i b l e  i ntakes of tota l  fi bre t ,  rumen 
pool , fract i ona l  d i s appearance rate ( FDPR ) and 11 apparent 11 
fract i onal  degradat i on r ate ( FOR ) of tota l  fi bre i n  the 
rumen of goats and sheep , fed on mature pra i r i e  grass 
straw . 

Goats Sheep SED 

I nt ake  ( g/Kg w0 · 75;d ) :  @# 
Vo l untary i ntake  3 1 . 6  1 9 . 2  2 . 52 *** 

D i ge st i b l e  i ntake  1 1 . 7  6 . 3  1 . 29 ** 

Apparent d i ge st i b i l i ty ( % )  # a 36 . 8  32 . 6  2 . 1 9  (* ) 

R umen pool : g/Kg w1 . o aS  7 . 0  3 . 9  0 . 88 ** 

g/Kg w0 . 75 1 7 . 7  1 1 . 0 2 . 24 * 

F DPR (%/ h )  a S  6 . 63 6 . 64 0 . 85 NS 

11 Apparent 11 FOR ( %/ h ) 'll a S  4 . 05 3 . 30 0 . 58 NS 

t Ce l l u l ose + hemi ce l l u l o se + l i gn i n  
# Mean v a l ues  wi th  the i r  standard error of the d i fference ( SED )  for 

s i x  goats and seven s heep . 
a Mean va l ues  w ith  the i r  standard error of the d i fference ( SED )  for 

s i x  goats and e i ght  s heep. 
@ An i ma l s fed 11 ad- l i b 11 •  

s An i ma l s fed at 90% 11 ad - l i b 11 • 
t FDPR ( %/h  of f i bre ) - FOR ( %/ h  of l i gn i n ) . 

*** P<0 . 001 ; ** P<0 . 01 ; * P<0 . 05 ;  ( * ) P<0 . 1 ; NS Non-s i gn i f i c ant  
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Tab l es  3 . 5-3 . 7  s how rel at i ve d i fferences i n  the i ntakes and 
apparent d i ges t i b i l i t i es of the const i tuents of total f i bre , n ame l y :  
c e l l u l os e ,  h em i ce l l u l o se and l i gn i n . Both s pec i es had h i gher i nt akes  
( g/Kg w0 · 7 5; d )  of ce l l u l ose ,  i ntermed i ate i nt akes  for hemi ce l l u l os e ,  
and l owest  i nt akes for l i gn i n .  Goats were , however , super i or to  sheep 
i n  the vo l u nt ary i nt akes ( P<0 . 001 ) of a l l the three components of 
f i bre ( expres s ed on a g/Kg w0 · 75;d  b as i s ) , and mai ntai ned l arger rumen 
pool s ( g/Kg  w0 · 75 ) of cel l u l ose  ( P<0 . 05 ) , hemi cel l u l ose  ( P<0 . 05 )  and 
l i gn i n  ( P< 0 . 01 ) .  

Goats d i gested ce l l u lo se ,  hemi ce l l u l os e  and l i gn i n  better than  
s heep , b ut  the d i fference attai ned s i gn i f i cance ( P<0. 1 )  o n l y for 
l i gn i n ,  t he  l east d i gesti b l e  d i etary component of fi bre . The rumen 
11 apparent 11 FOR ( %/ h )  of cel l u l o se ( P<0 . 05 ) , hemi ce l l u l ose  ( P<0 . 001 ) 
and the FOR of l i gn i n  ( P<0 . 1 )  were faster i n  goat s ,  compared to sheep . 

3 . 3 . 4  R umen Pool S i ze 

When restri cted to 90% of 11 ad - l i b 1 1 i nt ake , the OMI ( g/Kg w0 · 75;d )  
of  · goats wa s  super i or to  th at of sheep ( P<0 . 001 ) by 1 . 68 ( Tab l e 3 . 8 ) . 
The rumen total  d i gesta  ( OM+ l i q u i d ) , rumen OM and l i q u i d poo l s i zes  
were a l l l arger in  goats  than i n  sheep , when expressed on  a Kg w1 · 0 or 
Kg w0 · 7 5  b as i s  ( P<0 . 01 ) .  The rumen poo l of goats ( both OM and l i qu i d  
pool s )  was  1 . 73 th at of sheep ( g/Kg w0 · 75 ) .  The percentage  of OM i n  
the rumen d i gesta  d i d  not d i ffer between the two s peci es ( P>0 . 1 ) .  

Tab l e  3 . 9  g i ves  the d i str i buti on ( %  part i cu l ate OM reta i ned o n  
s i eve s i ze )  of part i c l es i n  the rumen d i ge sta  and faeces . The rumen 
d i ge sta  of goats h ad a h i gher proport i on of part i c l es broken down to < 
0 . 25 mm ( P<0 . 05 ) , and a marked l y  l ower proport i on ( P<0. 001 ) of par­
t i c l es >4 . 0  mm than sheep.  F i gure 3 . 2  shows that the part i c l e  s i ze as 
thresho l d  to pas sage through the ret i cu l o -omasa l  ori f i ce was 1 . 0 mm ,  

i n  both goats and sheep,  s i nce  98 . 6% of the p art i cu l ate OM i n  t he  
faeces of both s pec i es were recovered from part i c l es < 1 . 0  mm. How­
ever , i f  the thresho l d  to passage  from the rumen was < 1 . 0  mm i t  wou l d 
appear that goats were ab l e  to pass a s i g n i f i cant l y  l arger proport i on 
( P<0 . 01 ) of part i c l es of s i ze 1 . 0-0 . 5  mm i n  the faeces , compared to  
s heep . The data  i n  Tab l e  3 . 9  i nd i cate that , the  proport i on of p ar­
t i c l es broken to <1 . 0  mm i n  the rumen was h i gher i n  goats ( P<0 . 1 ) ,  and 
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Tabl e 3 . 5 .  Vol u ntary and d i gest i b l e  i nt ake s  of cel l u l ose ,  rumen pool , 
fr act i onal  di s appearance rate ( FDPR ) and " apparent " frac­
t i ona l  degradat i on rate ( FOR ) of cel l u l ose  i n  the rumen of 
goats and sheep fed on mature pra i r i e  grass s traw. 

Goats Sheep SED  

I ntake  ( g/Kg w0 · 7 5;d ) : @ !  

Vol u n tary i ntak e  1 7 . 6  1 0 . 7 1 .  40 *** 
D i ge st i b l e  i ntake 9 . 2  5 .  1 0 . 97 ** 

Apparent d i gest i b i l i ty ( % )  $ !  52 . 1  47 . 5  3 . 42 NS 

Rumen pool : g/Kg w1 . o #$ 3 . 1  1 .  8 0 . 4 1 ** 
g/Kg w0 . 75 7 . 7  4 . 9  1 .  04 * 

FDPR (%/h ) $# 8 . 4 1 6 . 95 1 . 34 NS 

"Apparent " FOR ( %/h ) a$# 5 . 83 4 . 39 0 . 58 * 

Mean va l ues  wi th the i r  st andard error of the  d ifference ( SED )  for 
s i x goats and seven shee p .  

# Mean va l u e s  wi th the i r  st andard error o f  t h e  d ifference ( SED ) for 
s i x  goats and ei ght s heep . 

@ An imal s fed " ad - l i b " .  
$ An imal s fed at 90% " ad - l i b " .  
a FDPR , (%/h  of cel l u l o s e )  - FOR , ( %/h of l i gn i n ) . 

*** P<0 . 001 ; ** P<0 . 01 ; * P <0 . 05 ;  NS Non-s i gn i f i c an t .  
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Tab l e  3 . 6 .  Vol untary and d i gest i b l e  i nt akes  of hemi ce l l u l os e ,  rumen 
pool , fract i ona l  d i sappearance r ate ( FDPR) and " apparent"  
fract i on a l  degrad a t i on rate  ( FOR ) of hemi cel l u l os e  i n  the  
rumen of  goats and sheep fed on  mature pra i r i e  grass  
s traw . 

Goats Sheep SED 

I ntake ( g/Kg w0 · 7 5; d ) : @ ! 
Vo l untary i nt ak e  7 . 1  4 . 3  0 . 55 *** 

D i gest i b l e  i ntake  3 . 2  1 . 9 0 . 34 ** 

Apparent d i gest i b i l i ty ( % )  $ ! 47 . 0  45 . 0  2 . 78 NS 

R umen Pool : g/Kg w 1 . o $# 1 .  7 1 .  0 0 . 23 * 

g/Kg w0 . 75 4 . 3 2 . 9  0 . 58 * 

FDPR ( %/ h )  $ #  5 . 9 7 5 . 58 0 . 7 1  NS 

"Apparent" FOR ( %/ h )  $# 3 . 39 2 . 09 0 . 30 *** 

Mean va l ues  wi th  the i r  standard error of the d i fference ( SE D )  for 
s i x  goats and seven sheep . 

# Mean va l ues  wi th  the i r  st andard error of the d ifference ( SE D )  for 
s i x  goats and e i ght s heep . 

@ An imal s fed " ad - l i b " .  
$ An imal s fed at 90% " ad - l i b" . 

FDPR , ( %/h  of hemi ce l l u l os e )  - FOR , ( %/h  of l i gn i n ) . 

*** P<0 . 001 ; ** P<0 . 01 ; * P<0 . 05 ;  NS Non-s i gn if i cant . 
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Tab l e  3 . 7 .  Vol untary and d i gest i b l e  i nt akes of l i g n i n ,  rumen pool , 
fract i ona l  d i s appearance rate ( FDPR ) and fract i ona l  deg­
rad at i on rate ( FOR ) of l i gn i n  in the rumen of goats and 
sheep , fed on mature prai r i e gras s straw .  

Goats Sheep SED 

I nt ak e  ( g/Kg w0 · 75;d ) : ta 

Vo l u ntary i ntake  7 . 1  4 . 3  0 . 57 *** 
D i gest i b l e i ntake  0 . 8  0 . 3  0 . 22 ** 

D i ge st i b i l i ty ( % )  + a  1 1 . 3 5 . 3  2 . 98 (* ) 

R umen pool  ( g/Kg w1 . o ) 2 . 3  1 .  2 0 . 26 ** 
( g/Kg w0 . 75 ) 5 . 7  3 . 2  0 . 65 ** 

F DPR ( %/ h )  # 4 . 79 5 . 26 0 . 648 NS 

FOR ( %/ h )  # 2 . 2 1 1 .  6 1  0 . 323 ( * ) 

t Mean va l ues  wi th the i r  st andard error of the d i fference for s i x  
goats and seven sheep .  

# Mean va l ues  w i th the i r  st andard error of  the d i fference for s i x  
goats and e i ght sheep .  

a An ima l s fed 11 ad- l i b 11 • 
8 An imal s fed at 90% 11 ad - l i b 11 • 

*** P<0. 001 ; ** P<0 . 01 ; * P<0 . 05 ;  (* ) P<0 . 1 ;  NS Non- s i gn i f i c ant  
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Tab l e  3 . 8. R umen total  pool ( DM + l i q u i d ) , rumen dry matter ( DM ) , and 
rumen l i q u i d pool s i zes  ( g/Kg w1 • 0 and g/Kg w0 · 75 ) ,  and 
percentage of DM i n  the rumen contents of goats and sheep 
fed on mature pra i r i e  grass straw, at 90% 11 ad- l i b 11 i nt ak e .  

( Me an val ues  wi th thei r st andard error o f  t h e  d i fference ( SED ) for s i x  

goats and e i ght sheep . ) 

Goats Sheep SED 

I ntake at 90% 11 ad- l i b 1 1 : 
gDM/Kg w1 · 0; d  1 9 . 7  1 0 . 7 1 . 56 *** 
gDM/Kg w0 • 75;d  49 . 6 29. 6 3 . 90 *** 

R umen pool s i z e :  
Rumen tota l  pool  ( DM + l i q u i d ) : 

g/Kg w1 . o 1 32 . 8  76 . 7  1 3 . 7  ** 
g/Kg w0 . 75 3 34 . 7 2 1 3 . 5 35 . 3  ** 

Rumen DM pool : 
g/Kg w1 . o 1 5 . 5  8 . 9  1 .  8 ** 
g/Kg w0 . 75 39 . 0  24 . 9  4 . 6  ** 

Rumen l i q u i d  pool : 
g/Kg w1 . o 1 1 7 . 3  67 . 8  1 2 . 0  ** 
g/Kg w0 . 7 5 295 . 7  1 88 . 6 3 1 . 1  ** 

Dry matter percentage ( % )  1 1  . 6 1  1 1 . 75 0 . 75 NS 

*** P<0 . 00 1 ; ** P <0 . 01 ; NS Non-s i gn i f i cant . 
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Tab l e  3 o 9 . P art i c l e  s i ze d i stri buti on ( %  part i cu l ate dry matter ( OM )  
ret a i ned o n  s i eve s i z e )  i n  the rumen and faeces o f  goats 
and sheep fed on mature prai r i e  grass  straw, at 90% " ad-
1 i b" i n tak e  0 

( Mean val u es w i th the i r  standard error of the d i fference ( SE D )  for s i x 
goats and e i ght  s heep . ) 

S i eve s i z e  ( mm )  Goats Sheep SED  

R umen d i ge st a :  
4 . 0  5 .  1 9 . 6  0 . 76 *** 
2 . 0 3 . 1  3 .  1 0 . 47 NS 
1 .  0 7 . 9  6 . 7  O o 75 NS 
O o 5  1 3 . 8  1 3 . 0  O o 87 NS 
0 . 25 3 1 . 7  34 . 1  1 0 42 NS 

<0 . 25 @ 38 . 5  33 . 5  1 .  80 * 
< 1 . 0  83 . 9  80 . 6  1 .  62 ( * ) 
> 1 . 0  1 6 .  1 1 9 . 4  1 .  62 ( * ) 

F aeces : 
4 . 0  
2 . 0  0 . 57 0 . 66 0 . 1 2  NS 
1 .  0 0 . 79 0 . 68 0 . 1 9  NS 
O o 5  1 1  . 2 6 . 0  1 .  25  ** 
O o 25 50 . 7  5 1 . 8  1 . 44 NS 

<0 . 25 @ 36 . 7  40 . 8  2 . 06 (* ) 
< 1 . 0  98 . 6  98 . 6  0 . 2 1 NS 
> 1 . 0  1 . 4 1 . 4 0 . 2 1 NS 

@ I n i t i a l  s amp l e  D . WT - sum of recovered part i cu l ate OM fract i on s . 

*** P<0 . 00 1 ; ** P<0 . 01 ; * P<0 . 05 ;  ( * ) P<0 . 1 ;  NS Non-s i gn i fi c ant . 
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the proport ion  > 1 . 0  mm and res i st i ng escape through the ret i cu l o ­
omasa l  ori f i ce was l ower i n  goats ( P<0 . 1 ) ,  compared to sheep . 

3 . 3 . 5  MRT ( h )  and FOR ( %/h ) of Cr-EDTA , Ru-Phen ,  and L i gn i n  from the 
Rumen 

The data i n  Tabl e 3 . 1 0 show th at goats compared to sheep ,  h ad a 
l onger MRT ( h )  of Cr-EDTA ,  Ru-Phen  and l i gn i n  i n  the rumen , a l t hough 
the d i fferences  were not s i gn i f i cant ( P>0 . 1 ) .  In  both goats and 
s heep , the MRT of Cr-E DTA ( wh i ch l abel s the l i q u i d pool of the rumen ) 
was l owest , wi th i ntermed i ate v a l ues for the MRT of the part i cu l ate 
marker Ru-Phe n ,  and l onger MRT v a l u es for the i nd i ges t i b l e  d i etary 
marker , l i gn i n .  

3 . 3 . 6  1 1Apparent 11 MRT ( h )  and 11Apparent 11 FOR (%/ h )  of Feed P art i c l es 
from the  Rumen 

Tab l e  3 . 1 0  shows the 11 apparent 11 MRT ( h )  and the i r  respect i ve 
11 apparent 11 FOR • s  (%/ h )  of part i c l es reta i ned on s i eves of s i z es >2 . 0  
mm t o  <0. 25 mm. I n  both go ats and shee p ,  the 11 apparent 11 MRT ( h )  of 
�art i c u l ate OM i n  the rumen decrea sed as the part i c l es were reduced i n  
s i ze from 2 . 0  mm to 0 . 25 mm . P art i c l es t hat were <0 . 2 5 mm h ad a 
greater res i s tance to f l owi ng  out  of the rumen i n  both s pec i e s ,  com­
p ared to part i c l es 0 . 50-0 . 25 mm . However,  goats s howed a tendency to 
retai n the part i c l es <0 . 25 mm for a l onger t ime i n  the rumen than 
s heep , a l though the d i fference was not s i gn i f i cant ( P>0 . 1 ) .  

The •• apparent" MRT ( h )  of part i c l es > 1 . 0  mm i n  the rumen of goats 
and s heep tended to reach i nfi n i ty ( 395  h and 539 h ,  for goats and 
s heep , respect i ve ly ) , i nd i c at i ng that the break i ng down of these  
p art i c l es to  < 1 . 0  mm was  a pre-req u i s i te to  passage through the  
reti c u l o -omasa l  ori fi ce . Goats showed a s i gn i f i cant l y  s horter 
" apparent" MRT of p art i c l e s 1 . 0-0 . 5  mm i n  the rumen th an s heep 
( P<0 . 05 ) . Th i s  contri buted to  a h i gher proport i on of these part i c l es 
i n  the  faeces of goats . 
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Tabl e 3. 1 0 .  Mean retent i on t i me (MRT ,  h ) and fract i ona l  outfl ow rate 
( FOR ,  %/h ) of Cr-EDTA , Ru-Phen and l i gn i n ,  and the 
" apparent"  MRT ( h ) and " apparent" FOR (%/h ) of 

p art i cu l ate OM ( >2 mm, 2 - 1  mm, 1 -0 . 5  mm, 0 . 5-0 . 25 mm, 
<0 . 2 5 mm, < 1 . 0  mm, > 1 . 0  mm ) from the rumen of goats and 
s heep fed on mature prai r i e  grass straw, at 90% " ad - l i b"  
i ntak e .  

( Mean va l u es wi th the i r  standard error o f  the d i fference ( SED ) for s i x  
goats and e i ght  s heep . ) 

Goats Sheep SED  

Mean retent i on  t i me , MR  T ( h ) : 
Cr-EDTA 1 2 . 6  1 1 . 7  0 . 80 NS 
Ru-Phen  1 5 . 3  1 4 . 7 1 . 1 3  NS 
L i gn i n  40 . 7  33 . 0  4 . 9 1 NS 

F ract i ona l  outfl ow rat e ,  FOR (%/h ) : 
Cr-EDTA 8 . 0  8 . 7 0 . 58 NS 
Ru-Phen 6 . 7  6 . 9  0 . 5 1 NS 
L i gn i n  2 . 6  3 . 3  0 . 53 NS 

"Apparent"  MRT of part i cu l ate OM ( h ) : 
>2 . 0  mm 245 1 73 43 . 7  ( * )  
2 . 0- 1 . 0  mm 374 359 7 3 . 6  NS 
1 . 0-0 . 5  mm 46 86 1 3 . 8  * 
0. 5-0 . 25 mm 22 . 6  23 . 7  3 . 7  NS 
<0 . 25 mm 36 . 6  30 . 9  5 . 7  NS 
< 1 . 0  mm 30 . 3  29 . 9  4 . 8  NS 
> 1 . 0  mm 395 539 87 . 8  ( * )  

"Apparent" FOR o f  part i cu l ate OM (%/h ) : 
> 2 . 0  mm 0 . 48 0 . 6 1 0 . 1 0 NS 
2 . 0- 1 . 0  mm 0 . 27 0 . 29 0 . 1 1  NS 
1 . 0-0 . 5  mm 2 . 53 1 . 36 0 . 52 * 
0 . 5-0 . 25 mm 4 . 82 4 . 56 0 . 88 NS 
<0 . 25  mm 2 . 78 3 . 76 0 . 65 NS 
< 1 . 0  mm 3 . 48 3 . 69 0 . 85 NS 
> 1 . 0  mm 0 . 32 0 . 20 0 . 65 NS 

* P<0 . 05 ;  (* ) P<0 . 1 ; NS Non-s i gn i f i cant .  
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3 . 3 . 7  Rumen Vo l at i l e  Fatty Ac i d s and pH 

There was no  d i fference ( P>0 . 1 )  i n  the concentrat i on of total  VFA 

( mmol /L ) i n  the r umen of goats and sheep , a l t hough the goats appeared 
to ma i nta i n  h i g her concentrat i ons  of total  VFA ( Tab l e  3 . 1 1 ) .  Both 
goats and sheep h ad s i mi l ar mol ar proport i on s  ( P> 0 . 1 )  of acetate , w i th 
a tendency for goats to  mai nta i n a h i g her concentrat i on i n  the rumen . 
The mol ar proport i on of prop i on ate was s i gn i f i cant l y  l ower ( P<0 . 05 )  i n  
goat s .  

The concentrat i ons of butyrate and of v a l erate were a l l greater 
( P<0 . 05 ) , i n  goats . The mol ar proport i on s  of n -val erate and i so­
va l erate were a l so  h i gher i n  the rumen of goats  compared to sheep 
( P<0 . 05 and P<0 . 1 ,  respect i ve l y) . The mo l ar proporti ons of butyrate 
( n- and i so- ) ,  however , were not d i fferent between the two spec i es 
( P>0 . 1 ) .  

The acetate/ propi onate rat i o  s howed no  d i fferences ( P>0 . 1 )  bet­
ween the two spec i e s .  The rati o of ( butyrate+va l erate )  to tota l  VFA 
i n  the rume n ,  s howed a d i fference ( P<0 . 1 )  between the two spec i es ,  
w i th the goats h av i ng greater va l erate and butyrate concentrat i on s ,  as 
a proport i on of the  tota l  VFA . 

The pH of rumen f l u i d  was s i gn i f i cant l y  l ower ( P<0 . 05 )  i n  
go ats , than i n  s heep . 

3 . 3 . 8  Water Tr ans act i ons  i n  the Rumen 

Vol untary i nt ake of supp l ementary water ( dr i nk i ng water ,  g/g 
DMI /d )  was s i gn i f i c antl y l ower i n  goats ( P<0 . 05 ) , wi th  the i nt ake  of 
goats  bei ng 77% t h at of sheep.  Tota l  water consumed by goats  ( g/ g  
DMI /d ) was a l so  s i gn i fi cant l y  l ower ( P<0 . 05 )  t h an by  sheep ( Tab l e  
3 . 1 2 ) .  

D ata  i n  Tab l e  3 . 1 2  i nd i cate that there was no  d i fference i n  the 
w ater outfl ow ( g/ g  DMI / d )  from the rumen of goats and sheep . However , 

there was a tendency for i t  to be s l ower i n  goats ( P> 0 . 1 ) .  
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Tab l e  3 . 1 1 . Tota l  VFA (mmol /L ) ,  and concentrat i on s  of acetate , pro­
p i onate , n-butyrate , i so-butyrate , n-va 1 er ate and i so­
va l erate i n  the rumen contents of goats and sheep fed on 
mature prai r i e  gras s ,  at 90% " ad - l i b "  i ntake ( mmol /L and 
mol es % )  and pH of rumen .  

( Mean v a l u es wi th the i r  st andard error of the  d i fference ( SED )  for s i x  
goats and e i ght sheep . ) 

Goats Sheep SED 

Tota l  VFA (mmo l / L )  96 . 1  86 . 9  8 . 9  NS 

Acetate ( mmo l / L )  68 . 0  61 . 9  6 . 9  NS 
( mol es  % )  70 . 6  71 . 2  0 . 7 1 NS 

Prop i on ate ( mmo l / L )  1 8 . 2  1 7 . 4  1 . 7 NS 
( mo l es  % )  1 8 . 9  20 . 0  0 . 4 1 * 

n-butyrate ( mmo l /L ) 5 . 8  4 . 7  0 . 45 * 
( mo l es  % )  6 . 2  5 . 6  0 . 45 NS 

i so-butyrate ( mmol /L ) 1 .  7 1 . 5 0 . 07 * 
( mo l es % )  1 . 80 1 . 78 0 . 1 5  NS 

n -va l erate ( mmol /L ) 1 .  0 0 . 60 0 . 06 *** 
( mo l es  % )  1 . 05 0 . 75 0 . 1 0  * 

i so- va l erate ( mmol /L ) 1 . 1 0 . 80 0 . 1 4  * 
( mo l es  % )  1 . 25 0 . 89 0 . 1 7  ( * )  

Rat i o :  
Acetate/Prop i onate 3 . 75 3 . 56 0 . 1 33 NS 
( Bu tyrate + v a l erate ) /total  VFA 0 . 1 02 0 . 090 0 . 007 ( * )  

pH of rumen 6 . 73 6 . 90 0 . 097 * 

*** P<0 . 001 ; * P<0 . 05 ;  ( * )  P<0 . 1 ;  NS Non-s i gn i f i cant .  
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Tabl e 3 . 1 2 .  Water f l ows i nto and out of the rumen : dr i nk i ng water 
and tota l  water i nt akes , water outf l ow from rumen and net 
rumen water bal ance i n  goats and sheep fed on  mature 
pra i r i e  grass straw ,  at 90% of 11 ad - l i b 11 i nt ak e .  

( Mean va l u e s  wi th the i r  standard error of the  d i fference ( SE D )  for s i x  
goats and e i g ht s heep . ) 

Goats Sheep SED 

Dr i nk i ng water:  
g/W1 . 0/ d  3 1 . 6  22 . 4  2 . 66 
g / g  DMI /d 1 . 63 2 . 1 3  0 . 1 6  

Total  water i ntake : 
g/W1 . 0/ d  34 . 2  23 . 7  2 . 80 
g / g  DMI /d 1 .  76 2 . 26 0 . 1 6  

Water outf l ow :  @ 

g/W1 . 0/ d  2 24 . 5 1 39 . 2 25 . 0  
g/g  DMI /d 1 1 . 4 1 2 . 8  1 . 1 1  

N et rumen water ba l ance : $ 

g/W1 . 0/ d  1 90 . 3 1 1 5 . 5  23 . 4  
g/g  DMI /d 9 . 7 1 0 . 6  1 . 1 5  

Dri nk i ng water + water i n  feed . 
@ R umen l i qu i d  pool x FOR ( /d of Cr-EDTA ) . 
$ R umen outfl ow - total water i ntake = sa l i vary secret i on + 

net  i nfl ow of water across  r umen wal l .  

** P<0 . 01 ; * P<0 . 05 ;  NS Non-s i g n if i c ant . 

** 
* 

** 
* 

** 
NS 

** 
NS 
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The net rumen water bal ance ( g/g  DMI /d ) , wh i ch represents the 
comb i ned effects of both sa l i v ary secret i on and net i nf l ow of water 
across the rumen , i nd i cated no d i fferences between the two spec i es ,  
a l t hough i t  appeared t o  b e  s l i ght l y l ower i n  goats than i n  sheep,  w i th 
the  d i fference not att a i n i ng s i gn i f i c ance ( P> 0 . 1 ) .  The water trans­
act i ons i n  the rumen of goats and sheep are represented d i agram­
mat i ca l l y  i n  F i gure 3 . 3 .  

3 . 3 . 9  Rumen Ammoni a K i net i cs 

Ammoni a k i net i c data  are s ummar i sed i n  Tab l e  3 . 1 3 .  Enri chment of 
r umen f l u i d  NH3- N ,  rumen bacter i a l - N  and d i gesta-NAN wi th 1 5N are 
s hown i n  F i gures 3 . 4  and 3 . 5 , for go ats and s heep respect i ve ly .  

D i et ary N i nt ak e  ( g  N/d and g N/Kg w0 · 7 5;d ) was s i gn i fi cant l y 
h i gher i n  goats ( P<0 . 001 ) ,  compared to  sheep ,  w i th  both spec i es be i ng 
fed at 90% th at of 11 ad - 1 i b 11 i nt ak e .  

NH3-N  concentrat i on (mg N/L ) i n  the rumen and rumen NH3-N pool 
s i ze (mg N ) , outfl ow of NH3 -N  i n  water l e av i ng the rumen (mg N/d ) , and 
t h e  I rrevers i b l e  Loss  R ate  ( I RL ) of NH3-N ( g  N /d ) from the rumen NH3-N 
pool  were a l l s i gn i f i cant l y  h i gher ( P<O . OS )  i n  goats , compared to  
s h eep . However,  when  corrected for d i fferences in  d i etary N i ntake 
per day,  no d i fferences  were observed between goats and sheep ( P>0 . 1 ) ,  
i n  ei ther the I RL ,  rumen NH3-N  pool or outfl ow of NH3-N from the 
rumen . I RL m inus  the rumen NH3 -N outfl ow rate was not d i fferent 
( P>0 . 1 ) ,  between goat s and sheep . I t  represents the comb i ned va l ues  
for NH3 -N i ncorporated i nto mi crob i a l - N  and  total  NH3-N absorbed from 
the  rumen , w i th both components l eav i ng the rumen and not return i ng to 
t h at compartment dur i ng the samp l i ng peri od . 

The proport i on of rumen b acter i a l -N  deri ved from rumen NH3-N  
s howed no s i gn i fi cant d i fferences ( P=0 . 1 1 ) ,  b etween goats and  s heep . 
The proport i on ,  however , was l ower i n  goats t h an i n  s heep ( 0 . 47 v s  
0 . 63 ) . Th i s  i nd i c ates  th at a l arge proport i on o f  N i n  the rumen 

b acter i a of goats was deri ved from d i gesta-NAN , such  as  pept i des  and 
ami no ac i d s .  
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Tab l e  3. 1 3. K i net i cs of ammon i a  ( NH3 - N )  product i on i n  the rumen of 
goats and sheep fed on mature prai r i e  grass  straw ,  at 90% 
11 ad- 1 i b 11 i ntak e .  

( Mean  va l ues w i th  the i r  standard error of the d i fference ( SE D )  for s i x  
goats and ei ght s heep . ) 

Goats Sheep  

Tota l  N i ntake ( NI ) :  
g N I /d 1 0 . 9  8 . 7 
g N I /Kg w0 · 75;d  0 . 68 0 . 40 

R umen ammon i a  ( NHi-N ) k i neti cs : 
N H3-N concen rat i on ( mg N/L ) 1 1 5  80 

I 
Pool  s i z e :  mg N · 6 1 2  37 1  

mg N/g  N I  56 . 3  42 . 7  

Outfl ow i n  water : mg N/d @ 1 046 630 
mg N/g N I /d 96 . 3  72 . 6  

I rrevers i b l e  l o ss rate ( I RL ) :  g N/d 1 3 . 6  1 0 . 7  
g N/g N I /d 1 . 26 1 .  25  

I RL - outfl ow i n  water : g N/d 1 2 . 5  1 0 . 1  
g N/g N I /d 1 . 1 6  1 . 1 7  

B acter i a l - N from NH -N ( % )  4 7 . 1 63 . 3  
B acter i a l -N  ( %  d i ge�ta  NAN ) 53 . 0  . 36 . 7  

Total  N i n  rumen d i gest a  ( 9/100 9 DM) 2 . 1 9  1 .  69 
Total  N i n  rumen bacter i a l cel l s  (3 t�oo 3 .:Vrt�) 5 . 73 4 . 6 1 

Rumen l i qu i d  ( L )  x NH -N  ( mg N/L ) .  
@ Water outfl ow from ru�en  ( L/ d )  x NH� -N  ( mg N/L ) ,  

ca l c u l ated from rumen FOR ( /d )  of Cr-E DTA . 

*** P<0 . 001 ; ** P<0 . 01 ; * P<0 . 05 ;  ( * )  P<0 . 1 ;  
NS Non- s i gn i fi cant . 

SED 

1 . 1 0  *** 
0 . 05 *** 

1 2 . 0  * 

82 . 8  * 
8 . 48 NS 

1 45 . 5  * 
1 4 . 26 NS 

1 .  07 ** 
0 . 1 4  NS 

1 .  40 ( * )  
o .  1 42 NS 

9 . 48 NS 
9 . 48 NS 

0 . 1 1 9  *** 
0 . 454 * 
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Tota l  N i n  the rumen d i gesta  of goats ( P<0 . 001 ) ,  and total  N i n  
the  i s ol ated rumen b acter i a l  ce l l s  of goats ( P<0 . 05 ) , were s i gn i f i ­
c ant l y  h i gher than correspond i ng va l ues  for sheep . 

3 . 4  D I SCUSS ION  

3 . 4 . 1  Vol u ntary Feed I ntake  and D i ges t i bi l i ty 

The resu l t s  of th i s  exper iment confi rm prev i ous  stud i es ,  reported 
i n  the L i terature Rev i ew, where goats cons umed more ( g/Kg w0 · 75;d ) of 
a l ow N h i gh f i bre forage d i et than  s heep ( E l  Hag ,  1 976 ; Doyl e and 
Egan , 1 980 ; G i h ad et �. , 1 980 ; Watson and Norton , 1 982 ; A l am et �. , 
1 983 ) .  Howe et a l . ( 1 988 ) fi tted a regres s i on rel at i on s h i p ( Equat i on 
4 ) , between Uhe

--
r at i o  of vol u ntary DDMI ( g/Kg w0 · 75 ) goats/sheep 

versus the DMD ( s heep ) , %.  The regres s i on was b ased on compari son 
stud i es pub l i shed i n  l i terature between the two spec ies  and i nvo l v i ng 

' 1 4  forage d i ets . The f i tted regres s i on equat i on was : 

D DMI  ( goats/ sheep ) = 
( g/g Kg w0 . 75 ) 

1 . 84 ( S E 0 . 29 )  - 0 . 01 3  ( S E  0 . 0049) DMD ( s heep ) 
r=0 . 58 ;  P<0 . 05 .  

( 4 )  

When subst i tut i ng  the DMD ( s heep )  of the  present exper iment i n  
Equat i on 4 ,  t he  pred i cted DDMI ( go ats/sheep ) v a l ue i s  1 . 52 . The rat i o  
obtai ned i n  t h e  present experiment was  2 . 1 2 ,  and appears to be h i gher 
than  the v a l ues  pub l i s hed i n  the l i terature , i nd i cati ng greater than 
expected s u per i or i ty of goats on the l ow qua l i ty roughage . 

The s uper i or i ty of goats over s heep , when fed on l ow q u a l i ty 
forages ,  i s  pos s i b l y  du e to d i fferences between the two s pec i es i n  
four factors : 

1 .  Rumen pool  s i ze ,  

2 .  MRT of d i ge sta  i n  the rumen , 

3 .  Part i c l e  s i ze d i str i but i on of rumen content s ,  

4 .  Threshol d  o f  parti c l e  s i ze t o  passage  from t h e  r umen . 
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The rumen ( OM + F l u i d )  pool s i ze  ( g/Kg w0 · 75 ) was l arger i n  goats 
than i n  s heep ( Tab l e  3 . 8 ) , and hence may have a l l owed s pace for 
i ncreased VF I .  F i gure 3 . 6  shows the re l at i onsh i p  between OM I ( g/Kg 
w0 · 75;d ) and the rumen ( OM + F l u i d )  pool s i ze ( g/Kg w0 · 75 ) for goats 
and sheep .  The rel at i onsh i ps are:  

DMI ( go ats ) = 1 4 . 1 ( SE 1 8 . 4 ) + 0 . 1 1  ( SE 0 . 05 )  Rumen pool ( 5 )  
r=O . 70 ;  P=O . 1 2  

DMI ( s heep ) = 1 7 . 2 ( SE 4 . 70 )  + 0 . 058 ( SE 0 . 02 )  Rumen pool ( 6 )  
r=O . 78 ; P<0 . 05 

Eq uat i ons 5 and 6 show that the i ncrease i n  OMI ( g/Kg w0 · 75; d )  
per un i t  i ncrease i n  rumen pool s i ze ( g/Kg w0 · 75 ) i s  greater for goats 
than for sheep , as shown by the s i gn if i cant d i fference i n  the two 
s l opes ( P<0 . 1 ) .  However , the tendency for goats to have a l onger MRT 
( h ) of the d i gesta i n  the rumen ( Tab l e 3 . 1 0 ) , goes aga i n st the  i nverse 
re l at i onsh i p  wh i ch i s  known to ex i st between OMI and MRT ( U l yatt ,  

1 97 1 ; Thornton and Mi nson ,  1 97 3 ; F a i c hney, 1 983 ; Sh aver , Nytes ,  Satter 
and Jorgensen , 1 986 ) . I t  appears that these effects  are counteracted 
by go ats hav i ng a l arger rumen pool s i ze ( g/Kg w0 · 75 ) th an s heep . 
W atson and Norton ( 1 982 ) and Tan ( 1 988 ) h ave a l so  reported that goats 
h ave a l arger rumen pool s i ze ( g/Kg w0 · 75 ) than s heep when fed on l ow 
q u a l i ty forages . 

F i gure 3 . 6  a l so i nd i c ates th at at a constant  rumen pool s i ze  
( g/Kg w0 · 75 ) ,  s ay 280 un i t s ,  go ats ach i eve a h i gher VFI  ( 45 g /Kg  
w0 · 75; d ) , than  s heep ( 34 g/Kg w0 · 75; d ) . Two ma i n factors are known to  
affect c l earance of d i gesta  from the rumen and vol untary feed i ntak e ,  

n ame l y the break down of p art i c l es i n  t h e  rumen , and rate o f  passage of 
p art i c l es through the ret i cu l o -omasa l  ori fi ce { U l yatt et �. , 1 986 ) . 
F i gure 3 . 2  showed that the threshol d to pass age of part i c l es through 
the ret i cu l o -omasa l  or if i ce  was 1 . 0 mm, both for goats and s heep . 
Tab l e 3 . 9  i nd i cated that  goats can pass  a l arger proport i on of p ar­
t i c l es of s i ze 1 . 0-0 . 5  mm i n  the faeces than  s heep , when fed on the  
rough age u sed i n  the present exper iment . I f i t  i s  a s sumed th at there i s  
n o  further break down i n  part i c l e  s i ze after the  part i c l es have l eft 
the r umen ( Sm i th ,  Wal do , Moore , Leffel and V an Soest , 1 967 ; Grenet , 
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1 970 ; Poppi et �. , 1 980 ) , goats appeared to a l l ev i ate rumen f i l l  by 
a l l owi ng a l arger s i z e of parti c l es to escape the rumen than sheep ,  i n  
t he  present exper iment . Van  Soest ( 1 982 ) postu l ated that at h i gher 
i ntakes  and l arger rumi n a l  vol umes , rumi n ants are expected to pass  a 
l arger s i ze  of p arti c l es i n  the faeces . 

Goats h ad a l arger proport i on of smal l part i c l es ( < 1 . 0  mm) i n  the 
r umen contents than  sheep ( Tab l e  3 . 9 ) , wh i c h cou l d i nd i cate a greater 
effi c i ency of chewi ng by goats i n  reduc i ng part i c l e  s i ze .  I t  i s  known 
t h at a rap i d  reduct i on i n  feed OM to the  cr i t i c a l  parti c l e  s i ze of 1 . 0 
mm as thresho l d  to pas s ag e ,  res u l ts  i n  an i ncreased vo l untary i ntake  

i n  rumi n ants  ( R e i d  et �. , 1 9 79 ; B l ac k , Fa i chney and S i nc l a i r ,  1 982 ; 
U l yatt et �. , 1 986 ) . Smal l part i c l es have  an i ncreased surface area 
and pack more  dense l y  than l arger part i c l es ( Martz and Be l ye a ,  1 986 ) . 

The res u l t s  d i s c u s sed above i nd i c ate pos s i b l e  differences i n  the  
c hewi ng behav i our  dur i ng eati ng and/or rumi nat i on by goats and  sheep . 
F urther stud i es shou l d  l ook at the  comparat i ve effi c i enc i es of chewi ng 
and rumi n at i on in  re l at i on to p art i c l e  breakdown and the c l e arance of 
d i ge sta from the  rumen in  goats and s heep , to i nvesti gate i f  th i s  i s  
s uperi or i n  goat s .  

3 . 4 . 2  Rumen Fermentat i on 

Goats ma i ntai ned h i gher tota l  concentrati ons of butyrate ( i so­
and  n - ) , and v a l erate ( i so- and n- ) , i n  the rumen f l u i d  than  s heep 
( Tab l e  3 . 1 1 ) .  Butyrate and va l erate are growth factors for many 
ce l l u l o l yt i c rumen b acter i a ( Hungate ,  1 96 6 ;  Bryant ,  1 97 3 ;  R u s s e l l ,  
1 983 ) . H i gher rumen concentrat i on s  of NH3-N  ( P<0 . 05 ) , l ower pH 
( P<0 . 05 )  and h i gher concentrat i ons  of val erate and butyrate ( P<0 . 05 )  
i n  goat s ,  compared to  sheep ,  i nd i cate d i fferences i n  the  rumen 
env i ronment  between the  two s pec i es .  Watson and Norton ( 1 982 ) and 
C abrera ,  V i l l arroe l ,  V i a l and C a s t i l l o ( 1 983 ) have a l so reported 
h i gher concentrat i on s  of butyrate and val erate i n  the rumen contents 
of goats compared to  s heep , when fed on l ow qua l i ty forages . H i gher 
rumen NH3- N  concentrat i ons i n  the  rumen of goats as observed i n  the 
present exper i ment are con s i stent w i th other stud i es c i ted i n  the 
L i terature Rev i ew ( Watson and Norton , 1 982 ; C abrera et �. , 1 983 ; A l am 
et �. , 1 985 ; Anton i ou and Hadj i pan ay i otou , 1 985 ) . 
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I n  a rev i ew of comparat i ve fi bre d i ge s t i b i l i ty by goats and 
s heep , G i h ad et �- ( 1 980 ) ,  reported that  goats had s i gn i fi cant l y  
l arger popu l at i ons  of ce l l u l o l yt i c  bacter i a th a n  sheep i n  the rumen , 
when fed on l ow qua l i ty forages . I t  seems prob ab l e  that , when fed on 
l ow qua l i ty forages ,  goats can mai ntai n l arger popu l at i on s  of fi bre­
d i gest i ng bacter i a  than sheep , and a poss i b l e  contr i but i ng factor 
coul d be the prev i ou s l y  menti oned d i fference i n  rumen env i ronment 
between the two s pec i es .  

3 . 4 . 3 P art i cu l ate Marker Methodo l ogy 

The rel at i onsh i p  between the 11 apparent 11 FOR ( %/h ) of p art i c l e s 
<0 . 25 mm and 1 . 0-0 . 5  mm wi th th at of l i gn i n  are g i ven i n  Equat i ons  7 -
1 0 , a n d  are shown i n  F i gures 3 . 7  and 3 . 8 . 

11 Apparent 11 FOR 1 . 0- 0 . 5mm = -1 . 62 ( SE 0 . 85 )  + 1 . 6 1 ( SE 0 . 32 )  FOR L i gn i n  
( goat s )  r=0 . 93 ;  P<0 . 01 ( 7 )  

1 1App arent 11 FOR 1 . 0- 0 . 5mm = -0 . 90 ( SE 3 . 41 )  + 0 . 42 ( SE 0 . 6 3 )  FOR L i gn i n  
( s heep)  r=0 . 29 ;  P>0 . 05 ( 8 )  

1 1Apparent11 FOR <0 . 25mm = 1 . 60 ( SE 0 . 39 )  + 0 . 45 ( SE 0 . 1 5 )  FOR L i gn i n  

( goats ) r=0 . 84 ;  P<0 . 05 ( 9 )  

11 Apparent 11 FOR <0 . 2 5mm 
( s heep )  

= -1 . 06 ( SE 7 . 00 )  + 0 . 90 ( SE 1 . 30 )  FOR L i gn i n  
r=0 . 29 ;  P>0 . 05 ( 1 0 )  

The regress i on re l at i on sh i ps  ( 7 )  and ( 9 ) , deri ved for goats , are 
s i gn i f i c ant ,  s howi ng th at parti cu l ate matter FOR ( %/h ) as meas ured 
wi th l i gn i n  corre l ated we l l wi th the 11 apparent 11 FOR (%/h ) as meas ured 
us i ng the part i c l es t hemse l ve s . However ,  the FOR ( %/h )  of part i cu l ate 
matter i n  sheep as meas ured wi th l i gn i n  correl ated poor l y  ( P>0 . 05 )  
wi th the 11 apparent 11 FOR (%/ h )  as meas ured w i th the parti c l e s .  The 
s l ope of the regres s i on l i ne of FOR ( %/ h )  1 . 0-0 . 5  mm wi th  the  FOR 
( %/ h )  of l i gn i n  was s i gn i f i cant ly  greater ( P<0 . 1 )  i n  goats th an i n  
s hee p .  The s l ope  of the regress i on l i ne  of the 11 apparent 11 FOR ( %/ h )  
<0 . 25 mm wi th the FOR ( %/ h )  of l i gn i n  was s i gn i f i cant l y  sma l l er for 
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goat s  than for sheep ( P<0 . 01 ) .  It  can therefore be conc l uded from the 
regres s i on re l ati onsh i ps t hat l i gn i n  as a part i c l e- as soc i ated marker 
behave s  d i fferent l y  for go ats and s heep ,  i n  re l at i on to the above 
part i c l e  s i ze s ,  when fed on the roughage  used i n  t h e  present exper i ­
ment . 

A l though l i gn i n  as an i ndex of the tota l  part i cu l ate FOR was 
s l ower for goats , the fract i on of p art i c l es 1 . 0-0 . 5  mm ( as % OM i n  
t he  r umen ) ,  act ua l l y  l eft the  rumen faster i n  goat s ,  than i n  s heep . 
Hence  the top end of part i c l es ,  const i tut i ng the thresho l d to pas sag e ,  
l eft the rumen of goats a t  a faster rate than that of s heep . Th i s  
i nd i c ates d i fferences between the two spec i es i n  the  mechan i sms con­
t ro l l i ng pas sage of part i c l es wh i ch are be l ow the c r i t i ca l  threshol d 
s i ze  i n  the rumen , and s hou l d be repeated i n  other stud i es wi th l ow 
q u a l i ty roug h age s .  

The f i nest p art i cu l ate p l ant ce l l -wal l fract i on s  i n  t h e  rumen and 
f aeces conta i n 50% or more i n  l i gn i n  ( Uden ,  P arra and V an Soest , 1 974 ; 

V an Soest , 1 975 ) . The 11 apparent11 FOR ( %/h ) of part i c l es <0 . 25 mm was 
s l ower i n  goats than i n  sheep , wi th the d i fference not att a i n i ng 
s i gn i fi cance ( P>0 . 1 ) .  Th i s  i nd i cates that the overal l FOR of l i gn i n  
a s  a part i cu l ate marker meas ures s l i ght l y  d i fferent  t h i ngs  i n  goats 
a nd sheep , and is  not  therefore the best marker in  i nter- s pec i es 
compari sons between goats and sheep , fed on the l ow q ua l i ty d i et u sed 
i n  the present study. 

3 . 4 . 4  F i bre Degradat i on 

The res u l t s  of th i s  study have shown the  superi or i ty of goats 
over sheep i n  d i gest i ng fi bre , as shown by the  faster rumen FOR ( %/ h )  
o f  ce l l u l o s e ,  hemi ce l l u l ose  and l i gn i n .  The apparent d i gest i b i l i ty of 
l i gn i n  was s i gn i f i c ant l y  greater ( P<0 . 1 ) i n  goat s ,  compared to s heep 
and the apparent d i gest i b i l i t i es of cel l u l os e  and h emi ce l l u l os e  tended 

to be greater in goats than i n  sheep , w i th the d i fferences  not 
att a i n i ng s i gn i f i cance ( P>0 . 1 )  ( Tab l es 3 . 5-3 . 6 ) . Prev i ous  compar i son 
s tud i es of fi bre d i ge st i on  by goats and sheep,  a s  reported i n  the 
L i terature Rev i ew, s u pport the f i nd i ngs  of the  present exper i ment , 
where goats d i gest the  f i bre of l ow qua l i ty forages  better than  s heep 

( J ones et 2..]_. ,  1 972 ; E l  H ag , 1 976 ; G i h ad ,  1 97 6 ; Doy l e  et 2..]_. ,  1 984 ) . 
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I t  i s  kn own t h at as the f i bre percentage of forages  i ncreases , 
vo l untary i ntake decreases ,  together wi th  a decrease i n  both rumi na l  
and total tract d i gest i on ( S utton , 1 980 ; Hogan , 1 982 ; Z i nn and Owens , 
1 983 ) . The reasons for a greater d i gest i o n  of fi bre i n  goats , 
de sp i te a h i gher i ntake , are pos s i b l y  due to three factors : 

1 .  L onger MRT ( h )  of d i gesta  i n  the rumen , 

2 .  L arger proport i on of smal l part i c l es ( l arger surface 

area )  i n  the r umen , 

3 .  A more act i ve f i bre-d i gest i ng mi crob i al popu l at i on .  

Goats showed a tendency to h ave  a l onger MRT ( h )  of both the  
l i q u i d  ( C r-E DTA ) , and  t he  part i cu l ate components of  the d i et ( R u-Phen , 
L i gn i n ,  part i cul ate pool <0 . 25 mm ) ,  compared to  s heep ( Tab l e  3 . 1 0 ) . 
Th i s  coul d res u l t  i n  a greater d i gest i b i l i ty of f i bre due to a l onger 
t i me of expos ure to mi crob i al attac k .  

Goats h ad a l arger proport i on o f  sma l l p art i c l es ( < 1 . 0  mm) i n  the 
rumen than s heep ( Tab l e  3 . 9 ) . Hence a l arger s urface area of the  
fi brous s u bstrates was pos s i b l y  av a i l ab l e  for mi crob i a l  attachment and 
fi bre d i gest i on i n  goats , compared to s heep . The  rol e of an adherent 
b acter i a l  popu l at i on i nvo l ved i n  fi bre d i ge s t i on i s  we l l estab l i shed 
( Hungate , 1 96 6 ;  Ak i n ,  1 976 ) . Scann i ng and e l ectron mi croscopy have  
s hown th at 1 1 Chewed 1 1  feed part i c l es enter i ng t he  rumen are col o n i sed 
wi th i n  f i ve m i n utes by bacter i a ( Cheng et �. , 1 97 7 ;  Ak i n ,  1 97 9 ;  
E l l i ott  and Norton , 1 985 ) . Dehor i ty and Johnson  ( 1 964 )  reported that 

. ,. . . , the  . 1 n- v 1 tro = : . d i gest i b i l i ty of ce l l u l ose was i ncreased by 
reduc i ng the feed parti c l e  s i ze to <1 . 0  mm . 

I t  seems probab l e  t h at goats are more effi c i ent 11 C hewers 11 d ur i ng  
e at i ng t h an s heep . Th i s  wou l d present t he  rumen wi th  sma l l er par­

t i c l es l arger i n  s urface area ,  and wou l d  exp l a i n  the faster rumen 
•• apparent 11 FOR ( %/h ) of fi bre , and greater apparent fi bre d i gest i ­
b i l i ty observed i n  goat s ,  compared to s heep i n  the present study. 
From Sect i on 3 . 4 . 2 ,  i t  was observed th at the r umen env i ronment of 
goats poss i b l y  f avoured the  deve l opment  of a more act i ve fi bre-
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d i gest i ng mi crob i a l  popu l at i o n .  Th i s  wou l d a l s o  a l l ow goats t o  d i gest 
fi bre better than s heep . 

3 . 4 . 5  V a l i d i ty of A s s umpt i ons  for 1 5N Marker Methodol ogy 

A b as i c  ass umpt i on for the  i nterpretat i on of i s otope k i net i c  data  
i s  that  the an ima l , and therefore the N pool s and the N tran s act i on s  
i n  the  pool s samp l ed ,  are i n  a steady- state cond i t i on throughout the 

i nfu s i on per i od ( No l an  and L eng , 1 972 ; No l an , 1 975 ) . 

Th i s  was ach i eved dur i ng the present exper i ment by a hour l y  
feed i ng reg imen , wi th  the an i ma l s fed at 90% of 11 ad- l i b 11 i nt ak e .  Feed 
refu s a l s were therefore kept l ow ,  and d a i l y  feed i ntake was constant . 
Coeffi c i ents of var i at i on ( CV )  for feed i ntake ( g  DMI /Kg w0 · 75; d )  for 
goats r anged from 1 . 5 to 5 . 4% ( mean 3 . 4% ) , and CV for feed i nt ake ( g  
DMI /Kg w0 · 75;d )  i n  s heep r anged from 5 . 4  to 1 4 . 8% ( mean 8 . 9% ) . Fur­
ther i nd i c ati ons of the val i dat i on of the  ass umpt i on were obta i ned 
from re l at i ve ly  constant concentrat i ons  ( mg N/L ) of rumen NH3 -N 
( F i gure 3 . 9 )  and pH dur i ng the 1 5N i nfus i on per i od .  

3 . 4 . 6  K i net i cs of R umen Ammon i a  Product i on 

Rumen NH3- N  concentrat i on was h i g her i n  goats , th an i n  s heep 
( Tab l e  3 . 1 3 ) , a l though  the I RL of NH3-N  from the r umen expressed as g 
N/g d i et ary N/d , was  not  d i fferent between goats and sheep . 

Four factors m i ght  have contr i buted to th i s  s i tuat i on ,  n ame l y  
d ifferences between s pec ies i n :  

1 .  Water trans act i on s  i n  the  rumen , 

2 .  Net  outfl ow of NH3 - N  to th e abomas um, 

3 .  I ncorporat i on of  NH3-N  i nto  bacter i a l ce l l s , and 

4 .  Ab sorpt i on of NH3- N  from the  r umen wal l .  

The rumen l i q u i d  pool ( g/Kg w0 · 75 ) was l arger i n  goats than  i n  

sheep ( F i gure 3 . 3 ) . A l arger r umen l i q u i d  pool ( g/Kg w0 · 75 ) wi l l  h ave  
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a d i l ut i ng effect , and at constant rumen NH3 -N  I RL ( g/g N i ntak e )  w i l l  

l ower the rumen NH3-N concentrat i on ( mg N/L ) .  Desp i te th i s , the 
h i gher rumen NH3-N concentrat i on ob served i n  goats  compared to sheep , 

i nd i cates that goats must h ave a mechan i sm for concentrat i ng NH3-N  i n  
the  rumen when  fed on l ow qua l i ty roughage s .  F i gure 3 . 3  i nd i c ated 
that go ats h ad s l ower rumen water i nf l ow and outf l o� ( g/ g  DMI / d )  than  
s heep . Th i s  m i ght have contr i buted part l y to a concentrat i ng effect 
of NH3- N  i n  the  rumen of goat s ,  compared t�" s heep . The l ower water 
i ntake  of goats  ( g/g DMI /d ) than sheep ,  wou l d  appear to  be the most  
i mportant component .  

NH3 -N i s  l ost i rrevers i b l y  from the  rumen f l u i d  ( I RL , g N/d ) by 
three routes ,  n ame l y :  

1 .  Absorpt i on of NH3 -N through t h e  rumen ep i thel i um ,  

2 .  I ncorporat i on i n to mi crob i al ce l l s  wh i c h l eave t h e  rumen ,  

3 .  F l owi ng i n to the  f l u i d  p as s i ng out of  the  rumen . 

A l l the  routes ( 1 -3 )  defi ned above occur wi th i n  the  t i me of the 
experi ment .  

The amount of NH3-N ( mg N/gN i ntake/ d )  f l owi ng  to the  abomas um i n  
the  f l u i d  l eav i ng the rumen , was not d i fferent between goats and s heep 
( P>0 . 1 ) .  I t  represents on l y  a smal l proporti on of the total  I RL ( 0 . 08 
i n  goats ; 0 . 06 i n  sheep ) . Th i s  pathway of I RL shou l d  not have affec­
ted the  d i fferences i n  rumen NH3- N  concentrat i on s  observed between 
goats and shee p .  

A l ower proport ion  of NH3 -N was i ncorporated i nto t h e  mi crob i al  
ce l l s  of goat s ,  compared to  sheep ( P =0 . 1 1 ) ,  i nd i cat i ng that goats 
obtai ned a h i gher proporti on of thei r N req u i rements from NAN sources 
when fed on the roughage used i n  the present st udy ( Tab l e  3 . 1 3 ) . Th i s  
wou l d  contr i bute to a h i gher NH3- N  concentrat i on i n  the rumen of 
goat s ,  and perhaps a l l ow a l imi ted amount of NH3-N to be used to 
synthes i se more mi crob i a l prote i n .  
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However , a ment i on must  be made here of the methodo l ogy u sed for 
the i so l at i on  of b acter i a  ( No l an et �. , 1 976 ) . The d i fferent i a l 
centri fug at i on used to i sol ate the rumen bacter i a ( Sect i on 2 . 8 . 6 . 2 . 2 )  
woul d tend to  se l ect i ve l y  remove the f i bre-d i gest i ng bacter i a wh i ch 
adhere c l o se l y  to  p l ant mater i al s ( Hungate ,  1 966 ) . It  i s  ass umed that 
the  popul a t i ons  of b acter i a  in  goats and sheep h ave been affected i n  
the  same way .  

NH3 - N  absorpt i on through the rumen wal l was not meas ured i n  th i s  
exper iment .  I t  i s  known that NH3 -N  absorpt i on i ncreases wi th  
i ncreases i n  the concentrat i on of  u n i on i sed NH3 i n  the rumen f l u i d  
( S i ddon s ,  No l an ,  Beever and MacRae , 1 985 ) . A tendency for the  rumen 
pH  to r i s e towards 7 . 0  or above ,  wou l d tend to faci l i t ate the absor­
pt i on of un i on i sed NH3 through the rumen wal l ( Nol an , 1 981 ) .  The pH 
of  the rumen was s i gn i f i cant l y  l ower ( P<0 . 05 ) , i n  goats t h an i n  s heep 
( 6 . 7  vs 6 . 9 ,  T ab l e  3 . 1 1 ) ,  wh i ch wou l d  tend to reduce NH3 -N  
absorpt i on ,  and  therefore i ncrease rumen NH3 -N  concentrat i on .  

The pool  s i ze s  of mi crob i a l -NAN have been c a l cu l ated from the 
total  rumen NAN pool s i ze and the proport i on of th i s  as mi crob i a l  
protei n ,  u s i ng 1 5N data ,  and the nonmi crob i a l - NAN pool s i ze was ca l ­
c u l ated by d i fference ( Tab l e  3 . 1 4 ) .  The prote i n supp l y  to the  smal l 
i ntest i nes of goats and sheep has  been cal c u l ated with the fol l owi ng 
a s s umpt i on s : 

1 . E s t i mates of the mi crob i a l - NAN f l owi ng to the abomasum 
( Eq u at i on 1 1 )  were based on the  ass umpti on that the  mi crob i a l  

popu l at i on wou l d  l eave the r umen w i th the same FOR ( %/h ) a s  
R u -Phen  ( F a i chney, 1 980 ) . 

M i crob i a l -NAN outfl ow ( g/d ) = 

M i crob i a l - NAN pool ( g )  x FOR ( / d )  of Ru-Phen ( 1 1 )  

R u -Phen  i s  known to move from part i c l e  to  part i c l e  ( Fa i c hney and 
Gr iffi t h s ,  1 97 8 ;  D i xon and M i l l i ga n ,  1 980 ) , and i s  mos t l y as soc i ated 
wi th smal l p art i c l es ( D i xon and Mi l l l i gan , 1 980 ) . A proport i on of 
smal l p art i c l es l eave s the rumen f l owi ng c l ose  to the r ate of water,  

and a proport i on a l s o  l eaves the  rumen f l owi ng c l ose to the  rate of 
p arti cu l ate dry matter . Hence the FOR ( %/ h )  of Ru -Phen i s  
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Tab l e  3 . 1 4 .  Ca l cu l ated m i crob i a l -NAN ( g )  and ca l c u l ated nonmi crob i a l ­
NAN ( g )  i n  the rumen of goats and s heep,  fed on mature 

pra i r i e  grass  s traw at 90% " ad- l i b " ,  w i th the abomasa l  
f l ows . 

( Mean  val u es wi th the s tandard error of d i fference ( SED ) for s i x  goats 
a nd s even s heep . ) 

Goats 

R umen pool s i ze :  
M i crob i a l - NAN : g 6 . 00 

- g/g  N i t 
' 

0 . 56 
Nonmi crob i a l -NAN : g 6 . 31 

g/g  N I  0 . 59 
Tota l -NAN : g 1 2 . 3 1 

g/g  N I  1 . 1 5 

NAN f l ow to  the  abomasum:  
M i crobi a l - NAN : g/d 11 9 . 65 

g/g  N I /d 0 . 89 
Nonmi crobi a l -NAN : g/d 11 3 . 76 

g/g  N I / d  0 . 35 
Tota l -NAN : g/d  1 3 . 32 

g/g  N I /d 1 . 24  

P roport i on of mi crob i al - NAN/Tota l - NAN 
f l owi ng to abomasum 0. 72  

t Mi crob i a l - NAN ( g )  x FOR ( /d )  of Ru-Phen . 
# Nonmi crob i a l -NAN ( g )  x FOR ( /d )  of l i gn i n .  

t D i etary N i ntak e .  

Sheep 

2 . 79 
0 . 3 1 
5 . 88 
0 . 68 
8 . 67  
0 . 99 

4 . 5 1  
0 . 5 1 
3 . 99 
0 . 46 
8 . 50 
0 . 98 

0 . 53 

** P<0 . 01 ; * P<0 . 05 ;  (* ) P<0 . 1 ;  NS Non- s i gn i f i cant 

SED 

0 . 866 ** 
0 . 082 * 
1 . 1 1 5  NS 
0 . 1 00 NS 
1 . 1 89 * 
0 . 096 NS 

1 . 5 1 7  ** 
0 . 1 34 * 
0 . 448 NS 
0 . 049 (* ) 
1 .  37 1  ** 
0 . 1 23 (* ) 

0 . 075  * 
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i ntermed i ate between the  va l ue for sol u tes and part i c l e s  ( Fa i c hney, 
1 980 ; D i xon et �. , 1 983 ) . Mi crob i a l mater i a l  wh i c h  l eaves the rumen 
i s  a l so deri ved from a free-fl oat i ng popu l at i on ( Cheng and Costerton , 
1 979 ) , and a popu l at i on attached to  part i cu l ate matter ( Egan , Wa l ker , 
N ader and Starer , 1 975 ; Ak i n ,  1 976 ; Fa ichney, 1 980 ) . Hence,  Fa i chney 
( 1 980 ) conc l uded th at the  FOR ( %/ h ) of mi crob i a l mater i a l , l i ke t hat 
of  Ru-Phen , was i n termed i ate between the va l ues for sol utes  and 
p art i c l es .  

2 .  I t  was ass umed th at al l u ndegraded p l ant NAN l eft the rumen 
( Eq uat i on 1 2 )  on the same parti c l e  as  l i gn i n . 

Nonmi crob i a l - NAN outf l ow ( g/d )  = 

Nonmi crob i a l -NAN pool ( g )  x FOR ( /d )  of L i gn i n  ( 1 2 ) 

By defi n i t i on ,  any undegraded N wou l d  l e ave the  rumen on the s ame 
p art i c l e  as l i gn i n .  

Based on the ass umpt i ons made i n  ( 1 1 ) and ( 1 2 ) ,  the  fol l owi ng 
conc l u s i on s  can be drawn from the cal cu l at i on s  s hown i n  Tab l e 3 . 1 4 .  
The  rumen mi crobi al  NAN pool s i ze ( g/g  N i ntake ) , was s i gn i f i c an t l y  
greater i n  goats ( P<0 . 05 )  than i n  sheep. The total  NAN pool s i ze ( g/g  
N i ntake ) was  greater i n  goats but the d i fference d i d  not  atta i n 
s i gn i fi cance ( P>0 . 1 ) .  The c a l c u l ated mi crob i a l NAN f l ow to  the 
abomasum ( g/ g  N i ntake/d ) ,  was s i gn i fi cant l y  h i gher i n  goats . The 
c a l c u l ated degradab i l i ty of d i etary prote i n  appeared to  be greater 
( P>0 . 1 )  i n  goats ( 0 . 65 ) , than i n  s heep ( 0 . 54 ) . The c a l c u l ated fl ows 
of total NAN ( g/ g  N i nt ake/d )  to the  abomas um tended to be greater i n  
goats  than i n  sheep. The ca l cu l ated proport i on of mi crob i a l NAN/total  
NAN in  d i gesta l eav i ng the rumen was h i gher i n  goat s ,  compared to 
s heep ( P<0 . 05 ) .  

The greater ca l c u l ated degradabi l i ty of d i etary prote i n  by goats 

t h an sheep , cou l d  be exp l a i ned by the l onger MRT ( h )  of d i gesta  i n  the 
r umen of goats . Watson  and Norton ( 1 982 ) , postul ated that goats 
degraded d i etary prote i n  to a greater extent t han sheep , and wou l d  
exp l a i n  the s uper i or u t i l i sat i on of fi bre by goats . I t  i s  probab l e  
t h at the h i gher rumen concentrat i on of NH3-N  i n  goats i s  a factor i n  
the i r  greater rumen b acteri al growth and fi bre d i gest i on ,  as compared 
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to s heep . I t  has  been reported that concentrat i ons  of 50 mg NH3-N;L  

are  apparent l y  req u i red to mai ntai n normal rumen mi crob i a l growth 
( S atter and S l yter ,  1 974 ) . However, the  opt i ma l  concentrat i on of NH3 -
N for max imal  rumen fermentat i on was est imated as 235  mg NH3-N/L  
( Mehrez , 0rskov and McOon a l d ,  1 97 7 ) . Th i s  i mp l i es th at on l ow qua l i ty 
forages ,  wi th  a s l ow rate of fermentat i on of the cel l -wal l carbo­
hydrates ,  s uc h  as the l ow q ua l i ty prai r i e  grass straw u sed here , l ow 
concentrat i on s  of NH3 -N are l i mi t i ng to  mi crob i a l  act i v i ty .  Ev i dence 
to  s upport th i s  statement can be obta i ned from the improved u t i l i sa­
t i on of l ow q u a l i ty forages  by sheep when g i ven a urea supp l ement , 
wh i ch i s  rap i d l y  degraded i n  the rumen ( E l l i ott , McMen i man , Norton and 
Cortes , 1 983 ; McMen iman and E l l i ott , 1 984 ) . Rumen NH3-N  concentrat i on 
( mg N/L ) i n  s heep was rai sed from 39 to 74 mg N/L , and was assoc i ated 
wi th a 1 8% i ncrease i n  vol u ntary OMI , when fed on oaten ch aff , s upp l e­
mented wi th 8 g of urea/d ( McMen i man and E l l i ott , 1 984 ) . Goat s ,  i n  
contrast to sheep ,  can mai nta i n h i gher rumen NH3 -N  concentrat ion s ,  and 
u t i l i se the l ow qua l i ty forages better than sheep . 

3 . 5  CONCLUS IONS 

3 . 5 . 1  Goats were marked l y  s uper i or to s heep i n  u t i l i s i ng the l ow 

qua l i ty prai r i e  grass straw ,  w i th a greater vol u ntary i ntake ( g/Kg 
w0 · 75;d ) of OM and OM ( P<0 . 001 ) .  The rat i o  of OOM I ( g/Kg w0 · 75 ) 
( go ats/s heep ) was ca l cu l ated to be 2 . 1 2 .  

3 . 5 . 2  The apparent d i gest i b i l i t i es of OM ( P<0 . 05 )  and OM 
( P>0 . 1 )  were greater by goats th an s heep . 

3 . 5 . 3  Sheep se l ected a d i et ( g/Kg OM ) l ower i n  fi bre and h i gher 
i n  total  N th an the feed offered . Goats showed n o  ev i dence of 
se l ect i on .  

3 . 5 . 4  Goats d i gested the fi bre components better th an s heep ,  
w i th t h e  super i or i ty bei ng greater for the l east d i gest i b l e  component , 
l i gn i n  ( P<0 . 1 ) .  Goats h ad faster rumen FOR ( %/ h )  for cel l u l o se  
( P<0 . 05 ) , hemi c e l l u l ose ( P< 0 . 001 ) ,  and  l i gn i n  ( P=0 . 09 ) . 

3 . 5 . 5  Goats tended ( P> 0 . 1 )  to h ave a l onger MRT ( h )  for Cr-EOTA , 
R u -Phen  and l i gn i n  i n  the rumen , than sheep . The " apparent"  MRT ( h )  
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of p art i c l es 1 . 0-0 . 5  mm was shorter i n  the  rumen of goats ( P<0 . 05 )  
t h an i n  s heep . The 11 apparent 11 MRT ( h )  of p art i c l es <0 . 25 mm was 
l onger i n  goats t han i n  sheep ( P>0 . 05 ) . 

3 . 5 . 6  Goats h ad a l arger rumen pool s i ze ( g/Kg w0 · 75 ) of OM and 
l i qu i d  th an sheep ( P<0 . 01 ) .  Th i s  was s hown to  be a factor i n  the  
i ncreased feed i ntake of goats  compared to sheep ,  des p i te the l onger 
MRT of d i gesta i n  the  rumen of goats . 

3 . 5 . 7  The part i c l e  s i ze as threshol d to  pas sage through t h e  
reti cu l o-omasal  or i f i ce  was 1 . 0 mm i n  goats and sheep ,  b ut  goats were 
ab l e to  pass a l arger ( P<0 . 05 )  proport i on of p art i c l es 1 -0 . 5  mm i n  
s i ze out  of the rumen than s heep , when fed on the roughage d i et u s ed 
i n  the  present study. 

3 . 5 . 8  Goats h ad a l arger proport i on of part i c l es <0 . 25 mm i n  the  
rumen than sheep ( P=0 . 07 ) .  Th i s  wou l d  prov i de a l arger surface area 
for mi crob i a l  attachment and attack of the fi brous s ubstrates . 

3 . 5 . 9  Goats had h i gher concentrat i ons  of NH3-N ,  b utyrate and 
va l erate ( P<0 . 05 )  i n  the  rumen than s heep . The rumen env i ronment of 
goats , together wi th a pH of 6 . 73 ,  wou l d be favourab l e  to  the poten­
t i al growth of f i bre-d i gest i ng bacter i a ,  more s o  than sheep . 

3 . 5 . 1 0 Des p i te h i gher rumen NH3 -N concentrat i on i n  goats , the  
I RL of NH3-N  from the  r umen ( g/g  N i ntake/d ) was  not  d i fferent between 
the two spec i e s .  A l though the product i on rates of NH3 -N  were not 
d i fferent between the two spec i es when compared per g d i et ary N 
i ntake/d , goats h ad a concentrat i ng mechan i sm wh i ch  i ncreased the NH3 -
N (mg N /L )  concentrat i on i n  the rumen . 

3 . 5 . 1 1  Goats obtai ned a l ower proport i on of thei r N requ i rements 
for mi crob i al growth from NH3-N  ( P=0 . 1 1 ) ,  s o  a l imi ted amount  of N H3- N  
was u s ed to synthes i se more bacter i a l  prote i n .  

3 . 5 . 1 2 I t  was c a l cu l ated th at the propor t i on of mi crob i a l  NAN/ 
total NAN fl owi ng  to  the abomasum was h i gher i n  goats ,  th an in s heep 

( P<0 . 05 ) .  The c a l cu l ated total  NAN f l ow to  the abomasum ( g/ g  N 
i ntake/d ) tended to  be greater i n  goats than i n  sheep ( P<0 . 1 ) .  
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3 . 5 . 1 3  I t  was conc l uded that the ab i l i ty of goats to  mai nta i n a 
h i gher rumen NH3 -N  concentrat i on i s  probab l y  a contr i but i ng factor to 
a greater bacter i a l growth and f i bre d i ge st i on i n  goats , as compared 
to s heep when fed on l ow qua l i ty forages .  
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CHAPTER 4 .  VOLUNTARY I NTAKE AND RUMEN D I GESTI ON O F  A MED I UM QUALI TY 

FORAGE BY DEER, GOATS AND SHEEP . A SEASONAL STUDY . 

4 . 1 .  I NTRODUCTION 

Comparat i ve s tud i es of vol untary feed i nt ake ( g/Kg w0 · 75; d )  i n  
deer and sheep h ave s hown th at both spec i es h av e  seasonal  cyc l es of 
feed i n take .  Deer h ave a dramat i c  decrease i n  a ppet i te i n  wi nter , and 
s how a marked i ncrease i n  feed i ntake  i n  ear l y  s pr i ng/summer ( Mi l ne et 
�. , 1 978 ;  Fennes sy, 1 981 ; S utt i e  and S i mpson , 1 985 ) . Domest i c  sheep 
s how a s i mi l ar pattern of seasonal  feed i ntake , but the trend i s  very 
much attenuated , when compared to deer ( Kay, 1 9 79 ; B l axter and Boyne ,  
1 982 ) . Goats enter a per i od of growth stas i s  i n  wi nter ( McCa l l ,  
C l ayton and Dow ,  1 989 ) , but  there are no p ub l i shed reports on the  
seasona l  feed i ntak e  i n  goats . 

The seasona l  cyc l es i n  feed i ntake  i n  deer have been assoc i ated 
w i th ch anges i n  photoper i od ,  wi th the hormone me l aton i n  ( Me )  act i ng as 
a tran sducer ( Kay, 1 979 ;  S i mpson et �. , 1 984 ; Buben i k  and Smi th , 
1 985 ; S utt i e  and S i mpson ,  1 985 ) . I t  has  been postu l ated that Me syn­
chron i s es the body i nternal rhythm wi th changes i n  dayl ength ( B arry et 
�. , 1 989 ) . Me i s  secreted by the p i neal  g l and duri ng the  hours of 
darkness  ( Buben i k ,  1 983 ) . Hence ,  photoper i od s  wi th l o nger hours of 

darknes s l ead to  l onger per i od s  where Me concentrat i on i s  h i g h .  
Duri ng wi nter the  peri od of e l evated Me concentrat i on i s  l ong , dur i ng 
summer short ( W urtman and Anton-Tay, 1 96 9 ;  P l otka  � �. , 1 981 ; 
Kennaway, D unstan , G i lmore and Seamark , 1 983 ; L i ncol n ,  1 983 ) .  The 
nutr i t i onal  mechan i sms assoc i ated wi th the s easonal  cyc l es are not 
c l e ar . M i l ne et �· ( 1 978 ) , reported that an i ncrease i n  feed i ntake  
i n  s ummer i n  deer occurred wi thout any effects on  the d i gest i b i l i ty of 
the feed , nor the MRT ( h )  of d i gesta i n  the rumen . I t was postu l ated 
that a pos s i b l e i ncrease i n  the rumen vol ume of deer i n  summer wou l d  
be a factor i n  reg u l at i ng the seasonal  feed i nt ake , but th i s  has n ever 
been d i rect l y  meas ured . Hofmann ( 1 985 ) , reported that the chamo i s h ad 
a maxi mum rumen vol ume i n  summer ( 1 0- 1 0 . 5  L ) , compared to 3 . 5-4 . 0  L i n  
wi nter . 

Obj ect i ves  of the present experi ment were to measure seasona l  
change s i n  the vo l u ntary feed i ntake of  a s t andard med i um qua l i ty 



1 1 7  

forage fed t o  deer ,  goats and sheep both i n  s ummer and i n  wi nter . 
Seasona l  d i fferences between spec i es ,  and wi th i n  spec i es were deter­
m i n ed .  The mechani sms for the seasonal cyc l es i n  vo l u ntary feed 
i nt ake were stud i ed i n  rel at i on to MRT ( h )  of d i gesta i n  the rumen , 
r umen pool s i ze ,  and apparent d i gest i bi l i ty .  

Rumen ammon i a  
s heep ( Nol an et �. , 

( NH3 - N )  product i on i s  fu l l y  documented for the 
1 972 ; 1 976 ) , and Chapter 3 has prov i ded data for 

the  goat s ,  when fed on l ow q ua l i ty forages . There are no pub l i s hed 
data  for Red Deer , and i n  the present i nvesti gat i on the k i neti c s  of 
r umen NH3-N  p roduct i on were me as ured i n  deer , goats and sheep fed a 
med i um qual i ty forage .  Further obj ecti ves of the study were t o  i nves­
t i gate part i c l e s i ze break down in  the  rumen of the three s pec i es ,  and 
to estab l i sh the cr i t i ca l  p art i c l e  s i ze as thresho l d  to pas s age 
t hrough the ret i cu l o -omasa l  or i f i ce .  Th i s  i s  known for s heep ( Re i d  et 
�. , 1 979 ;  Pap p i  et �. , 1 980 ) , and has been i nves t i gated for goats i n  
C h apter 3 ,  b ut  there are n o  pub l i shed data for deer . The •• apparent"  
r umen FOR ( %/h ) of parti c l e s was  a l so determi ned for the deer , goats 
and sheep,  and compared wi th th at of l i gn i n .  

4 . 2  EXPER I MENTAL 

4 . 2 . 1  D i et 

L ucerne h ay (Medicago sativa ) , purchased i n  bul k from a s i ng l e  
s ource , was fed to the an i ma l s i n  summer, and i n  wi nter. The an i ma l s 
were al l owed free access to  a mul t i mi neral sa l t bl oc k  ( 50 g )  ( Append i x  
A ) , p l aced i n  the feed b i n .  The hay was chaffed i nto 50-80 mm l engths  
a nd p l aced u pon be l t  feeders wh i ch del i vered the  day • s rat i on i n  24  
feeds ,  at  1 h- i nterva l .  

4 . 2 . 2  An i ma l s 

F i ve castrated hand-reared Red Deer were u sed ; these were aged 2� 
years and we i ghed 94 . 8  Kg  LWT ( SD 5 . 46 )  i n  w i nter, and were aged 3 
years and we i ghed 96 . 2  Kg  LWT ( SD 5 . 60 )  i n  s ummer . Seven c astrated 
A ng ora-NZ fera l  goats were used ; these were aged 2� years and we i ghed 
42 . 5  Kg LWT ( SD 4 . 83 )  i n  w i nter,  and were aged 3 years and we i ghed 
43 . 4  Kg  LWT ( SD 4 . 93 )  i n  s ummer . E i ght Border-Lei cester/ Romney cross 
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wethers were u sed ; these were aged 2� years and we i ghed 57 . 5  Kg  LWT 
( S O  6 . 58 )  i n  wi nter and were aged 3 years and we i ghed 60 . 7  Kg  LWT ( SO 
7 . 1 8 )  i n  s ummer . A l l an i ma l s were fi stu l ated i n  the rume n ,  and were 

fi tted wi th permanent rubber cannu l ae ( 63 mm I D  for goats and sheep ; 
83  mm I D  for deer ) . A l l an ima l.s were kept i nd i v i dua l l y  i n  metabol i c  
crates . Goats and sheep were housed i n  convent i ona l  metabol i c  crates . 
Deer were kept i n  metabol i c  crates as des i gn ed by M i l ne et �- ( 1 978 ) , 
and mod i f i ed as descri bed i n  Sect i on 2 . 3 .  

4 . 2 . 3  Exper imental  Des i gn 

The experi mental des i gn i s  shown schemat i ca l l y  i n  F i g ure 4 . 1 .  

The wi nter exper iment was conducted i n  May- June 1 987 , and the  
summer exper i ment  in  November-December 1 987 . VF I  was measured w i t h  
the  a n i ma 1 s fed . .  ad - 1  i b 11 , wi th t he  feed offered be i ng 1 . 1 5  th at of  the 
prev i ou s  day ' s DMI . VFI was meas ured for 8 d over d 1 3-d20 , after a 
pre-feed i ng peri od of 1 2  d .  The apparent d i gest i b i l i ty and N ba l ance 
meas urements were carr i ed out over d1 3-d20 ,  w i th the  an ima l s be i ng fed 
at · u ad - l i b 11 • At the end of the VFI  and apparent d i gest i b i l i ty 
meas urements , the an imal s were restri cted to 90% '' ad - l i b 11 i nt ake . 

The non-rad i oact i ve dua l -marker Cr-EDTA/Ru-Phen i nfus i on tr i a l  
commenced on  d-25  and cont i n ued unti l d-30.  After 5 d of con t i n uous 

i nfu s i on ,  the rumen contents were empt i ed out ( 11 ba i l i ng " )  o n  d-30 ,  and 
s u b s amp l es taken before return i ng the warmed rumen d i gesta  back  to the  
rume n .  The  1 5N i nfu s i on tr i a l was c arr i ed out i n  w i nter on l y ,  over 
d28-d30 . 

4 . 2 . 4  Marker I nfus i on Procedures 

A l l i nfus i ons were admi n i stered by a per i st a l t i c  pump , f i tted 
wi th s i l i cone rubber tub i ng .  Fol l owi ng a pr i mi ng dose  of 40 g 
( Fa i c h n�y, 1 975 ) , the d ua l -marker Cr-EDTA/Ru-Phen  ( contai n i ng 2 mg 
Cr/g and 0 . 0498 mg Ru/g ) , was cont i nuou s l y  i nfused at a constant  rate 
i nto  the  rumen for 5 d .  The i nfus i on rates were cal cu l ated o n  the 
DMI /d , and admi n i stered at a rate of about 1 2  mg Ru/Kg DMI /d . The 
i nfu s i on rates  of Cr-EDTA/Ru-Phen ( g/h ) , and of Cr  ( mg/h ) and Ru 
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( mg/ h )  are g i ven i n  Tab l e  4 . 1  for deer , goats and sheep , i n  s ummer and 
i n  wi nter . 

1 5N ammon i um ch l or i de s a l t  ( 95 . 55 atoms % excess ) ,  was added to  
the  d ual -marker sol ut i on ( 589 . 3  mg 1 5NH4C l /Kg of d ua l -marker so l u t i on ;  
pH=6 . 7 ) , and i nfused cont i nuou s l y  for the l ast  4 2  hours of marker 
i nfus i on per i od i nto the  rumen , duri ng the wi n ter exper i ment on l y .  
I nfus i on commenced from 1 8 . 00 hours o n  d-28,  and conti nued unt i l 1 2 . 00 
hours on d-30 .  The i nfus i on rate was 63 . 25 mg 1 5N/d  for deer , 4 1 . 93 
mg  1 5N/d for goat s ,  and 5 1 . 62 mg 1 5N/d for s heep . 

4 . 2 . 5  Samp l i ng 

Compos i te s amp l es of feed offered were col l ected dai l y  dur i ng the  
s ummer and  wi nter exper i ment s ,  and pool ed on a week ly  bas i s .  Feed 
refusa l s ,  faeces and ur i ne s amp l es were taken da i l y  dur i n g  d 1 3-d20 and 
pool ed at -20 C ,  separate l y  for each an imal . A representat i ve samp l e  
o f  the rumen d i gesta  was t aken  from 2 deer , 4 goats and 4 s heep ,  on d-
7 of the pre-feed i ng per i od i n  each  of  the s ummer and wi nter exper i ­
ments . The  rumen d i ge sta  was u sed as a matr ix  for the preparat i on of 
s eparate s ummer and wi nter Cr  and Ru standard curves  for deer , goats 
a nd s heep . 

Rumen f l u i d  samp l es for NH3 - N ,  pH and VFA were taken on d -1 4 ,  d - .J 
1 7  and d-2 0 ,  at 1 0 . 00 and 1 5 . 00 hours , us i ng bras s probes p l aced i n  
the  rumen ( as per spec i f i c at i ons i n  Sect i on 2 . 8 . 1 ) .  At " ba i l i ng " ,  
s ub samp l es of the who l e  rumen d i gesta were t aken for NH3- N ,  VFA,  pH , 
p art i c l e  s i ze and chemi ca l  anal yses . 

I n  w i nter rumen f l u i d  s amp l es were taken  for NH3-N determi nat i on 
a nd enr i chment of NH3 - N  w i th  1 5N ,  before the start of the i nfus i on of 
the  1 5N i sotope , at 1 7 . 30 hours on d-28 ( background samp l e ) ; on d-29 , 
a t  1 8 . 00 hours ( after 24  h i nfus i on )  and 24 . 00 hours ( after 30 h 

i nfus i on ) ; on  d-30 , at  0 7 . 00 hours ( after 3 7  h i nfus i on ) , at 1 2 . 00 
hours ( after 42 h i nfus i on ) .  At " bai l i ng 11 ( after 42-42� h i nfus i on )  
o n  d -30 , a represent at i ve s amp l e  of the who l e rumen d i gesta  was taken 
for determi nat i on of enr i chment  of NH3-N , b acteri al - N  and rumen 
d i gesta-NAN wi th 1 5N .  
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Tab l e  4 . 1 .  I nfus i on rates of Cr-EDTA/Ru-Phen ( g /h ) , Cr  and R u  ( mg/ h )  
i n  the rumen o f  deer , goats and sheep fed o n  l uc erne hay, 
at 90% " ad - l i b"  i ntake ,  i n  s ummer and i n  wi nter . 

Deer Goats Sheep 

Summer : 
Cr-EDTA/Ru-Phen ( g/ h )  20 . 8  1 2 . 5  1 3 . 5  
Cr ( mg/ h )  41 . 6  25 . 0  2 7 . 0  
Ru ( mg/h ) 1 .  04 0 . 62 0 . 67 

W i nter : 
Cr-EDTA/Ru-Phen ( g/h ) 1 6 . 7 1 1  . 7 1 4 . 6  
Cr ( mg/h ) 33 . 4  23 . 4  2 9 . 2 
Ru ( mg/h )  0 . 83 0 . 58 0 . 73 
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Samp l es of rumen fl u i d ,  rumen d i gesta ,  bacter i a l cel l s , faeces , 
feed offered , refusa l s and uri ne  were prepared and stored , as per 
procedures descri bed i n  Sect i on 2 . 8 . 

4 . 2 . 6  Chemi ca l  Ana l ys i s  

The fol l owi ng ana l yses were performed u s i ng the methods descri bed 
i n  deta i l i n  Sect i on 2 . 9 . Samp l es of feed offered , feed refu sa l s and 
faeces were ana lysed for OM , total  N ,  cel l u l ose ,  hemice l l u l os e ,  l i gn i n  
and heat of combust i on .  Uri ne samp l es were anal ysed for total  N .  
Rumen f l u i d  s amp l es were anal ysed for NH3- N ,  pH , enri chment of NH3 -N  
w i th 1 5N and VFA  ( acetate,  prop i onate ,  n -butyrate, i so-butyrate ,  n­
va l erate and i so-val erate ) . R umen b acter i a l - N s amp l e s  and s amp l es of 
rumen d i gesta-NAN were anal ysed for enr i c hment wi th 1 5N .  P art i c l e 
s i ze  anal ys i s  was determi ned on subsamp l es of  who l e  rumen d i gesta and 
faeces . Cr and Ru i n  rumen d i gesta  were ana l ysed by XRF -spectrometry, 
u s i ng the  preparat i on of separate standard curves i n  s ummer and i n  
w i nter . Tab l e  4 . 2  g i ves the corre l ati on coeffi c i ent val ues  { r ) , of 
the  cal i brat i on curves for Cr and R u .  

4 . 2 . 7  Ca l c u l at i on s  o f  Data 

The FOR ( %/h ) and MRT ( h ) of Cr-EDTA , R u -Phen and l i gn i n ,  and the 
FOR (%/h ) of l i gn i n  were cal cu l ated , as descri bed i n  Sect i on 2 . 1 0 . 1 .  
The FOR ( %/h ) of cel l u l ose  and hem i ce l l u l o se  h ave been ca l c u l ated , as 
descri bed by Equat i on s  1 and 2 ,  Sect i on 3 . 2 . 7 .  The ca l cu l at i ons  were 
based on the assumpt i on that cel l u l ose ,  hemi ce l l u l ose  and l i gn i n  are 
a l l bound on the s ame matri x ,  and therefore l e ave the rumen on the 
s ame part i c l e  ( Van Soes t ,  1 975 ) . The ca l cu l at i ons assume that ce l l u­
l ose and hemi ce l l u l o se  l eave the rumen on the  s ame part i c l e  as l i gn i n ,  
and hence h ave the s ame FOR (%/h ) a s  l i gn i n .  

The I RL of NH3- N  (mg N/d ) from the rumen , and the proport i on of 
b acter i al - N from NH3 -N and the proport i o n  of b acter i a l -N  from total  
d i gesta-NAN , were c a l cu l ated as s hown i n  Sect i on 2 . 1 0 . 2 .  V 

The " apparent" FOR and MRT of p art i c l e s  from the rumen ( >2 . 0  mm, 
2 . 0- 1 . 0  mm, 1 . 0-0 . 5  mm , 0 . 5-0 . 25 mm, <0 . 25 mm ) , have been c a l c u l ated 
as  descri bed by Equat i on 3 ,  Sect i on 3 . 2 . 7 . The cal cu l at i on was based 
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Tab l e  4 . 2 .  Corre l at i on coeffi c i ent va l ues ( r )  of the ca-l i brat i on 
curves for Cr and R u  ( s ummer and wi nter ) , made i n  the 
rumen d i gesta as matr i x ,  for deer , goat s and s heep . 

Rumen d igesta � matr i x  

r va l ue  Deer Goats Sheep 

Ruthen i um :  
Summer 

Wi nter 0 . 998 0 . 999 0 . 999 

Chromi um : 
Summer 
Wi nter 1 . 000 1 . 000 1 .  000 
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on the  a s s umpt i on that there i s  no  further breakdown i n  p art i c l e  s i ze  

once d i gesta  has  l eft the rumen ( Grenet , 1 970 ; Pappi  et �. , 1 980 ) . 

Metabol i sab l e  energy for mai n tenance was taken  as 0 . 39 MJ/Kg 
w0 · 75; d ) , both for s heep ( ARC , 1 980 ) , and for goats ( Ho l mes  and Moore , 
1 981 ) .  The metabo l i s ab l e  energy req u i red for mai ntenance for deer was 
taken  as  0 . 45 MJ/Kg w0 · 75;d i n  wi nter and 0 . 55 MJ/Kg w0 · 75;d  i n  s ummer 
( S i mpson  et �. , 1 978 ) . 

4 . 2 . 8  Stat i st i ca l  Des i gn and Ana lys i s  

A s p l i t-p l ot des i gn was used , wi th an i mal  spec ies  a s  ma i n  p l ots  
( x3 ) , and season  ( x2 )  as sub-p l ots . Ana l ys i s of  v ari ance procedures 
were u sed to  determ i ne  d i fferences between the spec i es wi th season , 
and s pec i es/ season i nteract i ons . Mean va l ues  wi th the standard error 
of the means ( SEM )  are presented . 

The v a l ues presented for NH3-N , VFA and pH are the means  of s even 
observat i on s  per an ima l , s i nce there were no s i gn i f i cant d i fferences 
( P>0 . 1 ) ,  between day/or t i me of the day at wh i ch s amp l i ng occurred . 
There were no d i fferences for goats and s heep ( P>0 . 1 ) between the 
enr i chment of the rumen fl u i d  NH3- N  samp l es w i th 1 5N ,  taken at 30, 36 , 
and 42  h after commencement of the 1 5N i nfus i on ,  and the s amp l e  t aken  
at 11 b a i l i n g 11 • For deer , however,  the d i fferences between the  enr i ch­
ment va l u es of  the rumen fl u i d  NH3- N  s amp l es wi th 1 5N ,  d i d  not  attai n 
s i gn i fi cance ( P>0 . 1 ) ,  for s amp l es t aken at 36 , 42 h after commencement 
of 1 5N i nf us i on ,  and s amp l e  taken  at 11 b a i l i ng 11 • Hence ,  i t  can be 

conc l uded that the  rumen NH3-N  i n  deer , i n  contrast to  sheep and 

goat s , t akes  more than 30 h to reach towards 11 p l ateau1 1  enr i c hment of 
NH3-N  wi th 1 5N .  The 1 5N enr i c hment va l ue  of the samp l e  taken at 
11 ba i l i n g •• was used i n  the cal cu l at i ons of r umen NH3- N  i rrevers i b l e  
l os s  rate ( I RL ) .  
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4 . 3  RESULTS 

4 . 3 . 1  Chem ica l  Compos i t i on of D i et and Se l ect i on of Feed Offered 

The chemi ca l  compos i t i on ( g/Kg DM )  of the l uc erne hay d i d  not 
change from wi nter to  summer, wi th con stant  v a l ues for OM , total  N and 
total fi bre ( Tab l e 4 . 3  a ) . 

The refusa l s of sheep and deer ( g/Kg OM ) were not s i gn i f i cant l y  
d i fferent i n  compos i t i on ( P>0 . 1 ) ,  both i n  s ummer and i n  wi nter , and 
contai ned l ower contents of total N and h i g her proport i on s  of total  
f i bre than the feed offered ( Tab l e  4 . 3  b ) . The refusa l s of goats 
contai ned s i gn i f i can t l y  h i g her proport i on s  of total N th an sheep 
( P<0 . 01 ) and deer ( P< 0 . 1 ) ,  and l ower contents  of total fi bre both i n  
s ummer and i n  wi n ter . Both deer and s heep appeared to se l ect for a 
d i et h i gher i n  total  N and l ower i n  total  f i bre than  the feed offered , 
whereas goats showed no  ev i dence of any feed sel ect i on .  

4 . 3 . 2  Vo l untary Feed I ntake and Apparent D i gest i b i l i ty of DM and  OM 

4 . 3 . 2 . 1  Seasonal  Effects 

Sheep showed no  seasonal  d i fferences ( P>0 . 1 )  i n  vo l u ntary DMI , 
OMI , DDM I , DOM I ( g/Kg w0 · 75;d ) , or ME I  ( MJ/Kg w0 · 75; d ) . Th i s  was 
as soc i ated wi th no s i gn i f i cant changes ( P>0 . 1 )  i n  the apparent d i ges­
t i b i l i t i es of DM  and  OM , and i n  the rumen pool s i ze s  ( g/Kg w0 · 75 ) of 
DM and l i q u i d  ( Tab l es  4 . 4  and 4 . 5 ) . 

I n  contrast to s heep ,  deer i ncreased s i gn i f i cantl y ( P<0 . 1 ) the i r 
vol u ntary DMI , OMI , DDM I  and DOMI ( g/Kg w0 · 7 5;d )  from wi nter to summer 
by about 30%, and the  ME I ( MJ/Kg  w0 · 75;d ) was i ncreased by about 25% .  
The s i gn i fi cant i ncrease i n  i n take from wi n ter t o  summer was as so­
c i ated wi th a s i gn i fi cant i ncrease i n  the r umen poo l s  of DM ( P<0 . 05 )  
a nd l i q u i d  ( P<0 . 0 1 ) ,  when expres sed as g/Kg w0 · 75. 
The tota l  rumen pool  ( DM + l i q u i d )  ( g/Kg  w0 · 75 ) ,  was s i gn i f i c ant l y  
i ncreased ( P<0 . 0 1 ) by 5 1 %  from wi n ter t o  summer . There were no  
s easonal effects on  the apparent d i gest i b i l i t i es of DM and OM i n  the 

deer , desp i te the dramat i c  i ncrease i n  vo l untary feed i nt ake  i n  
s ummer. 
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Tab l e  4 . 3a.  Chemi ca l  compos i t i on ( g/Kg dry matter ( DM ) ) of l uc erne 
h ay (Medicago sativa )  fed to deer, goats and s heep i n  
s ummer and i n  wi nter . 

S ummer @ 

Organi c matter 906 
Heat of combu s t i on 1 8 . 6  

( MJ /Kg OM ) 
Total  N i trogen  28 . 5  
C e l l u l ose 2 23  
Hemi ce l l u l o se  75  
L i gn i n  1 05 
Total  F i bre # 403 

# ce l l u l o se + hemi ce l l u l ose + l i gn i n  
@ summer 1 987 
$ wi nter 1 987 

Wi nter $ 

9 1 1  
1 8 . 7  

28 . 2  
208 

76 
1 03 
387 
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Tabl e  4 . 3b .  Chem i c a l  compos i t i on ( g/Kg organ i c matter ( OM ) ) of 
l ucerne hay, and the feed refusa l s by deer , goats and 
s heep when  fed 1 1 ad - l i b 11 i n  s ummer and i n  wi nter . 

( Me an v a l ues for f i ve deer , seven goats and e i ght  shee p ,  w i th  the  
st andard error of means ( SEM ) . )  

Heat of combust i on 
( MJ /Kg OM ) 

Tot a 1 N i trogen 

Ce l l u l o se 

Hemi ce l l u l ose  

L i gn i n  

Tota l  F i bre 

S = summer 

W = wi nter 
I 

L ucerne hay 

s 20 . 5  
w 20 . 5  

s 3 1 . 5  
w 3 1 . 0  

s 246 
w 228 

s 83 
w 83 

s 1 1 6  
w 1 1 3 

s 445 
w 425 

Deer Goats  Sheep 

20 . 0  20 . 2  20 . 2  
20 . 0  20 . 4  20 . 2  

2 1 . 2  28 . 6  2 2 . 3  
20 . 8  30 . 2  2 4 . 6 

276  244  306 
302 244 250 

99  87 97 
1 04 97 1 09 

1 26 1 25 1 32 
1 24 1 20 1 23 

500 457 535  
530  46 1 488 

· cel l u l o se + hemi ce l l u l ose + l i gn i n  

SEM 

0 . 03 
0 . 08 

0 . 78 
1 . 42 

5 . 9  
8 . 2  

1 . 7 
2 .  1 

0 . 93 
1 .  4 

8 . 1  
1 0 . 4  
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Tab l e  4 . 4 .  Vo l u n tary and d i gest i b l e  i nt akes of dry matter and organ i c  
matter ( g/Kg w0 · 75; d )  together wi th the i r  apparent d i ges­
t i b i l i t i es ( % ) , and metabo l i sab l e  energy i nt ak e  ( MJ/Kg 
w0 · 75; d )  of deer , goats and sheep fed on l ucerne hay i n  
s ummer and i n  wi nter . 

( Mean va l u es for f i ve deer , s even goats and e i ght s heep , wi th the 
s t andard error of means ( SEM ) . )  

Deer 

Vo l u ntary i ntak e  : 
( g/Kg w0 . 75/d ) 

Dry matter s 62 . 5  
w 46 . 7  

Organ i c  matter s 56 . 6  
w 45 . 7  

D i gest i b l e  dry matter s 35 . 6  
w 2 7 . 4  

D i gest i b l e  organ i c  matter s 34 . 2  

w 27 . 0  

Metabo l i s ab l e energy i ntake s 0 . 50 
( MJ/Kg w0 · 7 5; d )  w 0 . 40 

Apparent d i gest i b i l i ty s 56 . 7  
of dry matter ( % )  w 54 . 7  

Apparent d i ge s t i b i l i ty s 60 . 2  
of organ i c  matter ( % )  w 59. 0 

D i gest i b l e  energy i ntake x 0 . 82 .  
S = s ummer.  
W = wi n ter . 

Goats Sheep SEM 

68 . 7 52 . 2  3 . 20 
57 . 4  54 . 8  4 . 24 
62 . 2  47 . 2  2 . 90 
54 . 7  52 . 0  5 . 52 
38 . 6  28 . 2  1 . 88 
36 . 9  3 1 . 6  1 .  77 
36 . 4  2 7 . 0  1 . 79 
35 . 4  3 1 . 0  1 . 73 

0 . 58 0 . 43 0 . 029 
0 . 56 0 . 49 0 . 028 

55 . 9  54 . 2 0 . 44 
62 . 0  5 5 . 9  0 . 78 

58 . 2  5 7 . 2  0 . 46 
65 . 3  60 . 1  0 . 75 
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Tab l e  4 . 5 .  Tot a l  rumen ( OM + l i qu i d ) pool s i ze ,  OM and l i qu i d  pool 
s i ze s  ( g/Kg w0 • 75 ) of deer , goats and sheep fed on l ucerne 
h ay i n  summer and in wi nter , and the  dry matter content 
( % )  of the rumen d i gest a .  

( Me an va l ues for fi ve deer, seven goats and e i g ht sheep,  w i th t h e  
s t andard error o f  means ( SEM) . )  

R umen pool s i ze :  
( g/Kg w0 . 75 ) 

Tota l  rumen pool  
{ OM + l i qu i d )  

Rumen OM poo l 

Rumen l i qu i d  pool  

Dry matter of rumen d i gesta  

( % )  

S = summer.  

W = wi nter .  

Deer 

s 289 
w 1 91 

s 43 . 3  
w 3 1 . 8  
s 245 
w 1 59 

s 1 5 . 1 
w 1 6 . 6  

Goats Sheep SEM 

340 2 7 5  1 7 . 5  
268 307 1 3 . 4  

45 . 7  3 7 . 6  2 . 4 1 
3 7 . 1 40 . 4  1 . 88 

294 237  1 5 . 2  
231  267  1 1  . 7 

1 3 . 4  1 3 . 7  0 . 1 9  
1 3 . 8  1 3 . 2  0 . 26 
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Goats showed a 1 7% i ncrease ( P>0 . 1 )  i n  vol untary DMI and OM! 
( g/Kg w0 · 75;d ) i n  s ummer,  compared to wi nter . The i ncrease i n  i nt ake  
was  assoc i ated wi t h  a s i gn i fi c ant decrease i n  the apparent d i gest i ­
b i l i ti es of DM ( P<0 . 01 ) ,  a nd OM ( P<0 . 001 ) .  Th i s  res u l ted i n  no  
seasona l  changes ( P>0 . 1 ) i n  the  DOMI  ( g/Kg w0 · 75;d ) and ME ! ( MJ/Kg  
w0 · 75;d ) i n  go ats . The rumen pool s i ze s  ( g/Kg w0 · 75 ) of  DM ( P<0 . 01 ) 
and l i q u i d  ( P<0 . 05 )  i ncreased s i gn i f i c an t l y  from wi nter to s ummer . 
The tota l  rumen pool  ( OM + l i q u i d )  ( g/Kg w0 · 7 5 ) i n  goats i ncreased 
s i gn i f i cant l y ( P<0 . 01 ) by 27%,  from wi nter to s ummer.  

4 . 3 . 2 . 2  Spec i es Effects 

The  vol untary DMI  ( g/Kg w0 · 75;d ) of deer i n  wi n ter was 1 5% l ower 
than that of sheep , a l though the d i fference d i d  not atta i n s i gn i f i ­
cance ( P>0 . 1 ) .  Deer and sheep d i gested OM and OM wi th s i mi l ar 
effi c i enc i es i n  w i n ter ( P>0 . 1 ) ,  desp i te the d i fferences i n  vo l u n tary 
DMI and OM! ( g/Kg w0 · 75;d ) between the two s pec i es . The s ummer DMI 
and OM! ( g/Kg w0 · 75;d ) of deer was 20% greater than that of s heep 
( P<0 . 05 ) , yet deer d i gested the DM ( P=0 . 06 )  and the OM ( P<0 . 05 )  com­
ponents  of the feed better than  s heep at th i s  t i me .  

T he  ME I ( MJ/Kg  w0 · 75;d ) of deer and s heep i n  w i nter were 0 . 80 and 

1 . 26 t h at of the i r  ma i ntenance req u i rements , respect i ve l y ;  i n  s ummer 
the ME I of deer and sheep were 0 . 91 and 1 . 1 9  t hat of the i r  mai ntenance 
req u i rements , respect i ve ly .  The l ow appet i te i n  deer i n  wi nter was 
assoc i ated wi th a s i gn i fi can t l y  ( P<0 . 01 ) smal l er total ( OM + l i q u i d )  
rumen pool s i ze ( g/Kg w0 · 75 ) than  sheep . The total  ( OM + l i q u i d )  
rumen pool s i ze ( g/Kg w0 · 75 ) i n  deer was 60% that of sheep i n  wi nter , 
but s i mi l ar to that  of sheep duri ng summer . 

The DMI and OMI ( g/Kg w0 · 75; d )  of goats and s heep were s im i l ar i n  
w i nter ( P>0 . 1 ) .  At s imi l ar DMI and OMI , goats d i gested DM and OM 
( P<0 . 01 ) better t h an s heep i n  wi nter. Hence the DDMI and DOM I  ( g/Kg 
w0 · 7 5; d )  of goats i n  wi nter were about 1 5% greater than s heep , 
a l t hough  the d i fferences d i d  not atta i n s i gn i f i cance ( P>0 . 1 ) .  I n  
s ummer,  the DMI and OMI ( g/Kg w0 · 75; d )  of goats were s i gn i f i cant l y  
greater th an s heep ( P<0 . 05 ) . At greater i ntakes of DMI and OM! ( g/Kg 
w0 · 75;d ) ,  the goats d i gested the DM and OM ( P>0 . 1 )  w i th s imi l ar 
effi c i enc i es to s heep . Hence,  i n  s ummer , the DDMI and DOMI ( g/Kg 
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w0 . 75/ d )  
w0 . 75/ d )  

were 3 6% greater than sheep ( P< 0 . 05 ) . The ME I ( MJ/Kg  
of  goats and  sheep were 1 . 44 and 1 . 26 t h at of  mai ntenance 

req u i rement ,  respect i ve ly ;  in  s ummer ,  the  ME I of goats and s heep 
( MJ /Kg w0 · 75; d )  were 1 . 49 and 1 . 1 9  that of t h e i r  ma i ntenance req u i re­
ments , respect i ve l y .  Compared to sheep,  the  tota l  ( OM + l i qu i d )  rumen 
pool  s i ze ( g/Kg w0 · 75 ) i n  goats tended to be smal l er i n  wi nter and 
greater i n  s ummer ,  w i th the d i fferences not atta i n i ng s i gn i fi cance .  

4 . 3 . 3  MRT of  D i gesta  i n  the Rumen 

There were no i nd i cat i ons of seasona l  effect s i n  the  rumen MRT 
( h )  of the l i q u i d  marker Cr-EDTA and the parti c u l ate markers Ru -Phen 
and l i gn i n  i n  goats and s heep ( Tab l e  4 . 6 ) . Deer showed no seasona l  
c h anges in  the  MRT ( h )  of  Cr-EDTA and  Ru-Phen i n  the  rumen , b ut  the 
r umen MRT ( h )  of l i gn i n  tended to be l onger ( 26%)  i n  s ummer than  i n  
w i nter , a l though  the  d i fference d i d  not attai n s i gn i fi c ance ( P=0 . 1 6 ) .  
The  MRT ( h )  of  l i gn i n  i n  the rumen of deer i n  s ummer,  was s i gn i f i ­
cant l y  l onger than i n  sheep ( P=0 . 1 3 )  and goats ( P<O . OS ) . A l l th ree 
s pec i e s reta i ned l i gn i n  for a l onger t i me i n  the rumen , w i th i nter­
med i ate val ues  for R u -Phen , and l east va l u es  for Cr-EDTA . The  deer 
h ad a faster FOR ( %/h ) of l i qu i d  ( Cr-EDTA ) from the rumen than  sheep 
( P<0 . 01 ) and goats ( P<0 . 01 ) ,  both i n  s ummer and i n  w i nter . 

4 . 3 . 4  P art i c l e  S i z e  Break down i n  the Rumen i n  W i nter 

F i gure 4 . 2  s hows that the cr i t i ca l  p art i c l e  s i ze as threshol d to 
p as sage through  the ret i cu l o-omasal  or i f i ce  was 1 . 0 mm i n  s heep ,  deer 
and goats . Hence , more than 98% of the p art i c l es wh i ch appeared i n  
t he  faeces of a l l t hree s pec i es were bel ow the cr i t i ca l  thres ho l d s i ze 
of  1 . 0 mm. 

The d ata  i n  Tab l e  4 . 7  i nd i c ate that  there were no s i gn i fi c ant 

d i fferences ( P> 0 . 1 )  between s heep and deer i n  the  proport i on s  of l arge 
p art i c l es ( >4 . 0  mm, 4 . 0-2 . 0  mm) ,  and of sma l l p art i c l es ( <0 . 2 5  mm) i n  
the  rumen contents . Sheep tended to h ave greater proport i on s  of 
p art i c l es of s i ze 1 . 0-0 . 5  mm ( P<0 . 01 ) and 0 . 5-0 . 25 mm ( P<0 . 05 )  i n  the 
r umen content s ,  than deer . I n  contrast to  s heep and deer , goats had 

s i gn i f i cant l y  l ower proport i ons of l arge part i c l es ( >4 . 0  mm, 4 . 0-2 . 0  
mm) i n  the r umen contents th an both sheep and deer ( P<0 . 01 ) ,  and a 
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Tab l e  4 . 6 .  Mean retent i on t i me ( MRT ,  h )  and fract i ona l  outf l ow rate 
( FOR ,  %/h ) of Cr-EDTA , Ru-Phen and l i gn i n  from the rumen 

of deer , goats and sheep fed on l ucerne hay i n  summer and 
i n  w i nter , at 90% 11 ad - l i b 11 • 

( Mean va l u es for f i ve  deer , s even goats and e i ght  sheep ,  wi th the 
standard error of means  ( SEM ) . )  

Mean retent i on t ime ( h ) : 
Cr-EDTA 

Ru-P hen 

L i gn i n  

Fract i ona l  outf l ow r ate 
Cr-EDTA 

Ru-Phen 

L i gn i n  

S = summer 
W = wi nter 

( %/h ) : 

Deer 

s 6 . 4  
w 6 . 4  

s 1 4 . 5  
w 1 4 . 0  

s 37 . 6  
w 29 . 9  

s 1 5 . 8  
w 1 6 . 3  

s 7 . 0  
w 7 . 6  

s 2 .  7 7  
w 3 . 47 

Goats Sheep SEM 

1 0 . 4  1 0 . 0  0 . 43 
1 0 . 6  9 . 8  0 . 30 

1 3 . 5  1 5 . 8  0 . 92 
1 5 . 0  1 4 . 8  0 . 73 

28 . 0  31 . 0  1 . 5 
2 9 . 4 30 . 9  1 .  2 

1 0 . 8  1 0 . 4  0 . 54 
9 . 6  1 0 . 3 0 . 56 

7 . 6 6 . 9  0 . 38 
6 . 8 6 . 9  0 . 34 

3 . 66 3 . 32 0 . 1 63 
3 . 47 3 . 29 0 . 1 42 
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F i gure 4. 2. Cumu l at i ve dry matter d i str i but i on of faecal  s amp l es from 
deer ( ) , goats ( 4! ) and sheep ( o ) . 
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Tab l e  4 . 7 .  P art i c l e  s i ze d i stri but i on ( %  p art i cu l ate OM reta i ned o n  
s i eve s i z e )  i n  t h e  rumen d i ge sta and faeces o f  deer , goats 
and s heep fed on l ucerne h ay i n  w i nter , at 90% 11 ad - l i b 11 • 

( Mean va l ues for fi ve deer , seven goats and e i ght shee p ,  w i th the 
s t andard error of means ( SEM ) . )  

S i eve s i ze (mm )  D eer Goats Sheep SEM 

R umen d i ge sta :  
4 . 0  7 . 1  2 . 9  8 . 5  0 . 73 
2 . 0  8 . 4  3 . 9  6 . 4  0 . 44 
1 . 0  1 7 . 1  8 . 5 1 1 . 2 0 . 68 
0 . 5 1 8 . 8  1 7 . 0  1 6 . 3  0 . 43 
0 . 25 1 9 . 1 28. 5 23 . 6  0 . 56 

<0 . 25 @ 29 . 5 39. 4 34 . 1  1 . 24  
< 1 . 0 6 7 . 4  84 . 9  74 . 0  1 .  45 
> 1 . 0  3 2 . 6  1 5 . 1  26 . 0  1 .  45 

F aeces : 
4 . 0  
2 . 0  0 . 20 0 . 08 0 . 1 4  0 . 025 
1 .  0 1 . 04 0 . 22 0 . 42 0 . 096 
0 . 5  1 5 . 2  9 . 3  1 1 . 6  0 . 78 
0 . 25 45 . 5  5 1 . 0  46 . 9  1 .  02 

<0 . 25  @ 38 . 1 39 . 5 41 . 0  0 . 74 
< 1 . 0  98 . 8  99 . 7  99 . 4  0 . 09 
> 1 . 0 1 .  22  0 . 27  0 . 59 0 . 094 

@ I n i t i a l s amp l e D . WT - Sum of recovered p art i cu l ate OM fract i on s  
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s i gn i fi c ant l y  greater proport i o n  of smal l part i c l es ( 0 . 5 -0 . 25 mm and 
< 0 . 25  mm) t h an s heep ( P<0 . 01 ) ,  and deer ( P<0 . 001 ) .  

The rumen content s  of both deer and sheep conta i ned s i gn i f i cant l y 
( P<0 . 01 ) l arger proport i ons of part i c l es wh i c h were above the cr i t i c a l  
thresho l d s i ze to  passage ( > 1 . 0  mm) t h an goats . The rumen contents of 
deer conta i ned s i gn i f i cant l y  greater proport i on s  of part i c l es 2 . 0-1 . 0  
mm than both sheep ( P<0 . 01 ) ,  and goats ( P<0 . 01 ) .  

4 . 3 . 5  11 Apparent 11 Fr act i ona l  Outfl ow Rate of P art i c l es from the  Rumen 
i n  W i n ter 

I n  a l l three spec i es ,  the 11 apparent •• FOR ( %/ h )  of p art i c l es from 
the rumen con s i sten t l y  i ncreased as the  part i c l es were reduced i n  s i ze 
from >2 . 0  mm to 0 . 25-0 . 5  mm ( Tab l e 4 . 8 ) . There was al s o  a con s i stent 
decrease i n  the  1 1 app arent 11 FOR ( %/h ) of part i c l es as  they were broken 
down to <0 . 25 mm i n  a l l three spec i es .  Part i c l es wh i c h  were > 1 . 0  mm 
h ad a greater res i stance to pas s age through the ret i cu l o-omasa l  
ori fi ce . 

When fed on the d i et used i n  the  present experiment , the deer h ad 
faster 11 apparent 11 r umen FOR (%/ h )  for a l l the  spectrum of p art i c l e  
s i zes  th an s heep and go ats , wi th the d i fferences attai n i ng s i gn i fi ­
cance for part i c l es 2 . 0- 1 . 0  mm ( P<0 . 1 0 ,  for both goats and sheep ) , and 
p art i c l es 0 . 5-0 . 25 mm ( for goat s ,  P<0 . 01 ; for s heep, P<0 . 05 ) . The 
deer passed a greater fract i on of part i c l es 0 . 5-0 . 25 mm i n  s i ze i n  the 
faeces , th an both goats ( P<0 . 01 ) and s heep ( P<O . OS ) . Goats had the 
s l owest 11 apparent1 1  r umen FOR ( %/ h )  for a l l the spectrum of p art i c l e  
s i zes  than  s heep and deer . 

4 . 3 . 6  F i bre D i gest i on  

4 . 3 . 6 . 1  Seasona l  Effect s 

Tab l es 4 . 9-4 . 1 2  s how the apparent d i gest i b i l i t i es of total  fi bre,  
ce l l u l o s e ,  h em i cel l u l o se and l i gn i n ,  together wi th  the i r  FDR • s  ( %/h ) 
w i th season for sheep , deer and goats . Sheep d i gested the total  f i bre 
of the d i et better i n  summer than  i n  wi n ter ( P<0 . 001 ) .  Th i s  was 

refl ected i n  greater apparent d i gest i b i l i t i es for cel l u l ose  ( P< 0 . 00 1 ) ,  
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Tab l e  4 . 8. 11 Apparent 11 mean retent i on t i me ( MRT,  h )  and 11 apparent1 1  
fract i ona l  outfl ow rate ( FOR , %/h )  of part i c u l ate OM ( > 2  
mm, 2 - 1  mm, 1 -0 . 5  mm, 0 . 5-0 . 25 mm, and <0 . 25 mm) from the  
rumen of deer , go ats and sheep fed on l ucerne h ay at 90% 
11 ad - l i b 11 i ntak e ,  i n  w i nter . 

( Mean  v a l ues for fi ve deer , s even goats and e i g ht sheep,  w i th the  

standard error of mean s ( SEM ) . )  

Deer Goats S heep SEM 

1 1Apparent 11 MRT of part i cu l ate 
OM ( h ) : 

> 2 .  0 mm 2430 241 4 2 1 58 390 
2 . 0- 1 . 0  mm 547 1 641 1 525  253 
1 .  0-0 . 5  mm 42  62 56 3 . 6  
0 . 5 -0 . 25 mm 1 4 . 1  20 . 6  1 9 . 6  0 . 89 

<0 . 25 mm 26 . 9  36 . 8  32 . 5  2 . 2 5 
< 1 . 0  mm 2 2 . 9  3 1 . 1  29 . 0  1 .  40 
> 1 . 0  mm 982 2389 2 1 1 1  293 

11 Apparent 11 FOR of part i cu l ate 
OM (%/h ) :  

> 2 . 0  mm 0 . 06 0 . 07 0 . 07 0 . 01 1  
2 . 0-1 . 0  mm 0 . 30 0 . 06 0 . 1 0  0 . 038 
1 .  0-0 . 5  mm 2 . 55 1 . 69 1 .  93 0 . 1 4  
0 . 5-0 . 25 mm 7 . 30 4 . 96 5 . 27 0 . 269 

< 0 . 25  mm 4 . 09 2 . 84 3 . 41 0 . 292 
< 1 . 0 mm 4 . 36 3 . 30 3 . 58 0 . 200 
> 1 . 0  mm 0 .  1 1  0 . 05 0 . 08 0 . 01 1  



1 3 7 

Tab l e  4 . 9 . Vol u ntary i nt ake of total fi bre rumen pool ( g/Kg w0 · 75 ) ,  
fract i ona l  d i s appearance rate ( FDPR , %/h ) and 11 apparent 11 
fr act i onal  degradat i on rate ( FOR , %/h ) of total  f i bre by 
deer , goats and sheep fed on l ucerne hay i n  s ummer and i n  
w i nter .  

( Me an va l ues  for fi ve deer , seven go ats and  e i g ht sheep , w i th the 
s t andard error of means ( SEM) . )  

Deer 

Vo l u nt ary i ntake @ s 26 . 4  
( g/Kg w0 . 75/ d ) w 1 9 . 4  

Apparent d i gest i b i l i ty @ s 44 . 6  
( % )  w 40 . 1  

Rumen pool  $ s 2 9 . 2 
{ g/Kg w0 . 7 5 ) w 1 8 . 2  

FDPR $ s 3 .  7 1  
{%/h ) w 5 . 1 1  

1 1Apparent .. FOR #$ s 1 . 1 2  
( %/h ) w 1 . 64 

@ An i ma l s fed 11 ad - l i b 11 • 
$ An i ma l s fed at 90% 11 ad - l i b 11 • 

Ce l l u l ose + hemi ce l l u l ose + l i gn i n .  
# FDPR ( tota l  fi bre)  - FOR ( l i gn i n ) . 
S = summe r .  
W = wi nter . 

Goats Sheep SEM 

2 7 . 7  2 1 . 0  1 .  36  
2 3 . 2  2 2 . 0  1 .  29  

42 . 6  4 1 . 3  0 . 65 
45 . 2  36 . 6  0 . 80 

2 5 . 4  2 1 . 5  1 . 4 1  
1 8 . 8  20 . 1  1 .  01  

4 . 26 3 . 63 0 . 1 8  
4 . 93 4 . 64 0 . 1 8 

1 . 08 0 . 76 0 . 090 
1 .  7 1  1 .  35 0 . 1 04 
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Tab l e  4 . 1 0 . Vol untary i ntake of ce l l u l o se,  rumen pool ( g/Kg w0 · 75 ) ,  
fract i on a l  d i s appearance rate ( FDPR , %/h)  and 11 apparent 11 
fr act i on a l  degradat i on  r ate ( FOR , %/h )  of ce l l u l o se  by 
deer , goats and sheep fed on l ucerne h ay i n  s ummer and i n  
w i nter . 

( Mean v a l ues  for f i ve deer , s even goats and e i ght  sheep, w i th the  
s tandard error of  means ( SEM ) . )  

Deer 

Vo l u ntary i ntake @ s 1 4 . 6  
( g/Kg w0 . 75/d ) w 1 0 . 5  

Apparent d i gest i b i l i ty @ s 63 . 6  
( % )  w 5 7 . 0  

Rumen poo l $ s 1 5 . 5  
( g/Kg w0 . 75 ) w 9 . 0  

FDPR $ s 3 . 89 
( %/h ) w 5 . 57 

1 1Apparent11 FOR ! $  s 1 .  28 
( %/ h )  w 2 . 1 0  

@ An i mal s fed 11 ad - l i b 11 • 

$ An i mal s fed at 90% 1 1 ad- l i b 11 • 
FDPR ( ce l l u l o s e )  - FOR ( l i gn i n ) . 

S = s ummer . 
W = wi nter.  

Goats Sheep SEM 

1 5 . 3  1 1 . 6 0 . 75 
1 2 . 5  1 1  . 9 0 . 69 

5 9 . 1 5 9 . 7 0 . 64 
6 1 . 0  53 . 8  1 . 05 

1 3 . 0  1 1 .  1 0 .  72  
9 . 2  9 . 9  0 . 49 

5 . 1 1  4 . 38 0 . 1 9  
5 . 44 5 . 08 0 . 1 9  

1 .  44 1 . 24 0 . 1 7  
2 . 38 1 .  79 0 . 1 1  
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Tab l e  4. 1 1 . Vo l u ntary i ntake of hemi ce l l u l ose ,  rumen pool  
( g/Kg w0 · 75 ) ,  fract i on a l  
and 11 apparent11 fract i on a l  
hemi cel l u l ose  by deer , 

d i sappearance rate ( FDPR , %/h )  
degrad at i on rate ( FOR , %/h )  of 

goats and sheep fed on l ucerne 
h ay, i n  s ummer and i n  wi nter.  

( Me an va l ues  for fi ve  deer , seven goats and e i ght sheep , wi th the  
st andard error of means ( SEM ) . )  

Deer 

Vo l u ntary i nt ake  @ s 4 . 92 
( g/Kg w0 . 75/ d )  w 3 . 80 

Apparent d i ge s t i b i l i ty @ s 5 1 . 5  
( % )  w 47 . 4  

Rumen pool  $ s 5 . 55 
( g/Kg w0 . 75 ) w 3 . 55 

FDPR $ s 3 .  71  

( %/ h )  w 5 . 20 

1 1Apparent 11 FOR ! $  s 1 .  05 
(%/h ) w 1 .  73 

@ An i ma l s fed 11 ad - l i b1 1 • 
$ An i mal s fed at 90% 11 ad- l i b 11 • 

F DPR ( hemi cel l u l ose )  - FOR ( l i gn i n ) . 
S = s urrmer . 
W = wi nter .  

Goats  Sheep SEM 

5 . 1 7  3 . 92 0 . 253  
4 . 54 4 .  31  0 . 258 

49 . 8  49 . 6  0 . 96 
52 . 7  46 . 6  1 . 1 1  

5 . 28 4 . 58 0 . 30 
3 . 67 4 . 06 0 . 22 

4 . 26 3 . 63 0 . 1 8  
4 . 92 4 . 52 0 . 20 

0 . 73 0 . 66 0 . 1 0  
1 . 70 1 . 24 0 . 1 2  
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Tab l e  4 . 1 2 .  Vo l u nt ary i ntake of l i gn i n ,  rumen pool ( g/Kg  w0 · 75 ) ,  
fract i ona l  d i sappearance rate ( FDPR , %/ h )  and fract i ona l  
degrad at i on rate ( FOR , %/h )  of  l i gn i n  by deer , go ats and 
sheep fed on l ucerne hay i n  s ummer and i n  wi nter .  

( Mean v a l ues  for  f i ve deer , s even goats and e i ght sheep , wi th the  
standard error of means ( S EM ) . )  

Vol untary i ntake  @ s 
( g/Kg w0 . 75/d ) w 

D i gest i b i l i ty @ s 
( % )  w 

R umen pool $ s 
( g/Kg w0 . 75 ) w 

FDPR $ s 
( %/ h )  w 

FOR $ s 
( %/ h )  w 

@ An i mal s fed 11 ad - l i b 11 • 
$ An i mal s fed at 90% 11 ad- l i b 11 • 
S = s ummer . 
W = wi nter . 

Deer 

6 . 87 
5 . 1 4 

1 8 . 7 
1 5 . 8  

8 . 1 6  
5 . 70 

3 . 53 
4 . 37 

0 . 86 
0 . 90 

Goats Sheep SEM 

7 . 2 1 5 . 47 0 . 364 
6 . 1 5  5 . 86 0 . 343 

1 8 . 9  1 4 . 6  0 .  77  
2 1 . 9  9 . 4  0 . 76 

7 . 08 5 . 76 0 . 409 
5 . 95 6 . 1 2  0 . 324 

4 . 43 4 . 04 0 . 1 84 
4 . 1 5  3 . 69 0 . 234 

0 . 80 0 .  72  0 . 086 
0 . 93 0 . 66 0 . 1 00 
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hem i ce l l u l ose ( P<0 . 1 )  and l i gn i n  ( P<0 . 00 1 ) .  There were no d i fferen­
ces , however, i n  the '' apparent" FOR ( %/ h )  of  cel l u l ose ,  hemi ce l l u l o se 
and i n  the FOR ( % / h )  of l i gn i n  between the two season s .  

Compared t o  s heep,  deer a l so  showed a n  i ncrease ( P=0 . 1 6 )  i n  the 
apparent d i gest i b i l i ty of tota l  fi bre from wi nter to summer , des p i te 
the i ncrease i n  vol u ntary feed i ntake ( g/Kg w0 · 75;d ) .  The apparent 
d i gest i b i l i t i es of cel l u l o se ( P=0 . 1 4 ) , h emi ce l l u l ose ( P>0 . 1 )  and 
l i gn i n  ( P>0 . 1 )  i ncreased i n  summer . I n  contrast to sheep , the rumen 
" apparent" FOR ( %/ h )  of cel l u l ose  ( P<0 . 01 ) ,  hemi cel l u l ose  ( P<0 . 05 )  and 
the FOR (%/h ) of l i gn i n  ( P>0 . 1 ) ,  were s l ower i n  deer in s ummer than i n  
wi nter. 

Goats tended to  h ave a l ower apparent d i gest i bi l i ty of total 
fi bre i n  summer ( P=0 . 1 4 )  than  i n  wi nter ,  wh i ch was assoc i ated wi th an 

i ncrease i n  the summer vo l u ntary OM! ( g/Kg w0 · 75; d ) . Th i s  was ref l ec­

ted i n  l ower apparent d i gest i b i l i t i es of cel l u l ose  ( P>0 . 1 ) ,  hemi ­
ce l l u l o se  ( P>0 . 1 )  a nd l i gn i n  ( P=0 . 1 1 ) i n  s ummer . Goats had s l ower 
rumen " apparent"  FOR ( %/h ) of ce l l u l os e  ( P<0 . 01 ) ,  h emi ce l l u l ose  
( P<0 . 01 ) ,  and  FOR  ( %/h ) of l i gn i n  ( P>0 . 1 )  i n  s ummer,  compared to  
wi nter . 

4 . 3 . 6 . 2  Spec i e s  Effects 

In wi nter , deer d i gested the total  f i bre of the feed better than 
sheep ( P =0 . 1 3 ) , but the d i fference atta i ned s i gn i f i cance ( P<0 . 01 ) o n l y  
for the l east d i gest i b l e  component o f  the  f i bre , l i gn i n .  I n  summer , 
deer d i gested the  total  f i bre of the feed better ( P=0 . 09 )  t h an sheep , 
desp i te the s uper i or s ummer vo l u ntary OM! ( g/Kg w0 · 75;d ) i n  deer, 
compared to s heep . Hence ,  the apparent d i gest i b i l i t i es of ce l l u l ose  

( P<0 . 05 ) , hemi ce l l u l ose  ( P>0 . 1 )  and  l i gn i n  ( P=0 . 07 )  were a l l greater 
i n  deer than i n  s heep i n  s ummer . There were no  d i fferences ( P>0 . 1 )  
between deer and s heep i n  the FOR ( %/ h )  of a l l the  three components of 
f i bre. Deer , compared to sheep, appeared to d i gest fi bre more effi ­
c i ent l y both i n  w i nter, when the  vol u ntary OM! ( g/Kg w0 · 75;d ) was 
l ower than i n  s heep , and i n  s ummer ,  when  the vol untary OM! ( g/Kg 
w0 · 75; d )  was greater than i n  sheep. 
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Goats d i g ested the  total fi bre of the feed more effi c i en t l y  

( P<0 . 001 ) than  s heep i n  w i nter, when  t h e  vo l untary DMI ( g/Kg w0 · 75;d ) 
was s imi l ar between the two spec i es .  Th i s  was refl ected i n  greater 
apparent d i ge s t i b i l i t i es of ce l l u l o se  ( P<0 . 01 ) ,  hem i ce l l u l o se  
( P<O . OS ) , and e spec i a l l y  l i gn i n  ( P<0 . 001 ) by  goats , compared to s heep . 
Goats d i gested l i gn i n  better than sheep by 1 2 . 5  u n i t s ,  when fed i n  
wi nter on the med i um q u a l i ty forage used i n  the present study. I n  
s ummer , when the  goats ach i eved s uperi or ( P<0 . 05 )  vo l u ntary DMI ( g/Kg 
w0 · 75 ) than sheep , there were no d i fferences ( P>0 . 1 )  i n  the apparent 
d i gest i b i l i ty of total fi bre between the two s pec i es .  Hence , there 
were no s i gn i fi cant ( P>0 . 1 )  d i fferences i n  s ummer between goats and 
s heep , i n  the apparent d i gest i b i l i t i es of ce l l u l ose and hemi ce l l u l o se .  
However,  goats d i gested t he  l east d i ge st i b l e  component of  fi bre,  
l i gn i n ,  better th an sheep ( P<0 . 05 )  by 4 . 3  u n i t s ,  desp i te the i r  h i g her 
vol u ntary DMI ( g/Kg w0 · 75; d )  than sheep . 

4 . 3 . 7  Rumen Water Tran s act i ons 

4 . 3 . 7 . 1 Seasona l  Effects 

i n  the 
g/Kg 

There were no  s i gn i f i cant ( P>0 . 1 )  seasona l  d i fferences  
dr i nk i ng water or in  t he  total  water i ntakes ( g/g DMI /d or 
w1 · 0;d ) i n  a l l three spec i es ( Tab l e 4 . 1 3 ) . 

Sheep d i d  n ot show a s i gn i fi cant seasonal  trend ( P>0 . 1 )  i n  the 
net rumen water b a l ance or rumen water outfl ow ( g/Kg w1 · 0; d ) . I n  
contrast ,  deer and goats s howed a s i gn i fi cant ( P<0 . 05 )  i ncrease i n  the 
net rumen water b a l ance ( g/Kg w1 · 0; d ) , i n  summer compared to  wi nter . 
The magn i tude of the  i ncrease was greater i n  deer ( 74% ) , than  i n  goats 
( 42% ) . It appears that both deer and goats have a greater i nternal  
recyc l i ng of water i n  s ummer ,  compared to  wi nter,  and th i s  i s  n ot  d ue  

to seasonal  d i fferences i n  total  water i ntakes ( g/Kg w1 · 0; d ) . Rumen 
water outf l ow ( g/Kg w1 · 0; d )  s howed a s i gn i fi c ant  i ncrease i n  s ummer 
compared to w i n ter both i n  deer ( P<0 . 05 ) ,  and i n  goats ( P<0 . 05 ) . 

When expres sed as g/g  DMI /d ,  the  i ncreases i n  summer of the  net 
rumen water b a l ance and rumen water outf l ow i n  deer and goats were of 
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Tab l e  4. 1 3. Water f l ows i nto and out of the rumen :  dr i nk i ng water 
and tota l  water i ntakes ,  water outfl ow from the rumen and 
net rumen water bal ance i n  deer, go ats and sheep , fed on 
l ucerne hay at 90% " ad- l i b"  i nt ake , i n  s ummer and i n  
w i nter.  

( Mean v a l ues for f i ve deer , seven goats and e i ght sheep ,  w i th the 
standard error of means  ( SEM ) . )  

Deer Goats Sheep SEM 

Dr i nk i ng water : 
g/Kg w1 · 0;d s 55 . 7  64 . 7  5 2 . 7  3 . 1 5  

w 5 5 . 2  60 . 9  54 . 1  3 . 89 
g/g  DMI /d s 2 . 56 2 . 63 3 . 06 0 . 20 1  

w 3 . 25 2 . 42 2 . 62 0 . 1 26 
Total  water i nt ake : 

g/Kg w1 · 0;d  s 58. 9 68. 7 5 5 . 3  3 . 1  
w 58 . 7 66 . 1  58 . 1  4 . 2  

g/g  DMI /d s 2 . 70 2 . 78 3 . 2 1 0 . 202 
w 3 . 46 2 . 63 2 . 83 0 . 1 25 

Water outfl ow: @ 

g/Kg w1 · 0;d s 293 288 204 1 6 . 9  
w 1 94 220 237 9 . 8  

g/g  DMI /d s 1 3 . 7  1 1 . 4 1 1  . 5 0 . 94 
w 1 1 . 4 9 . 0  1 1  . 7 0 . 40 

Net rumen water ba l ance $ 

g/Kg w1 · 0;d s 235 2 1 9 1 49 1 5 . 7  
w 1 35 1 54 1 79 7 . 6  

g/g DMI /d s 1 1 . 0 8 . 7 8 . 3  0 . 83 
w 8 . 0  6 . 3  8 . 9  0 . 36 

Dr i n k i ng water + water i n  feed . 
@ Rumen l i q u i d  pool x FOR ( /d )  of Cr-EDTA . 
$ R umen outfl o w - total  water i ntake = sa l i v ary secret i on + 

net i nfl ow of water across  rumen wal l .  
S = summer ;  W = wi nter . 
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smal l er magn i tude than when exp res sed as g/Kg w1 · 0; d ,  but were i n  the 
s ame d i rect i on .  

4 . 3 . 7 . 2  Spec i es Effects 

When compared to  sheep i n  wi nter,  deer showed s i gn i fi c ant ly  
( P<0 . 05 )  l ower net rumen water bal ance ( g/Kg w1 · 0;d ) ,  and r umen water 
outfl ow ( g/Kg w1 · 0;d ) ( P=0 . 1 1 ) .  However ,  i n  s ummer , the net rumen 
water ba l ance ( P=0 . 06 ) , and rumen water outfl ow ( P =0 . 07 )  were greater 
i n  deer than i n  sheep . Goats ,  compared to shee p ,  h ad a greater 
( P=0 . 07 )  net rumen water ba l ance i n  s ummer ( g/Kg w1 · 0; d ) . I n  wi nter,  
there were no s i gn i fi cant ( P>0 . 1 )  d i fferences between the two s pec i es .  

There were no s i gn i fi cant  d i fferences  ( P>0 . 1 )  i n  the dr i nk i ng 
w ater i ntake  ( g/g DMI /d ) between  goats and s heep , both i n  s ummer and 
i n  wi nter.  

4 . 3 . 8  Rumen Fermentat i on P atterns 

4 . 3 . 8 . 1  Seasonal  Effects 

There were no s i gn i f i cant  seasona l  trend s ( P>0 . 1 )  i n  s heep i n  the 
mol ar proport i ons of acetate,  prop i onate,  butyrate ( i so- and n - ) , i so­
v a l erate and the rat i o  of acetate/prop i on ate ( Ac/Pr ) ( Tab l e 4 . 1 4 ) . 
The  mol ar proport i on s  of n-va l erate showed a s i gn i fi c ant  ( P<0 . 01 ) 
decrease i n  s ummer . 

I n  contrast to s heep , deer showed seasona l  cyc l es of r umen fer­
ment at i on ,  wi th i ncreases i n  summer i n  the mo l ar proport i on s  of 
acetate ( P<0 . 1 ) ,  i so-butyrate ( P<0 . 1 )  and n-va l erate ( P<0 . 01 ) .  The 
mol ar  propor t i on s  of propi onate s howed a s i gn i f i c ant decrease i n  
s ummer ( P<0 . 01 ) ,  and h ence the  Ac/Pr r at i o  was i ncreased s i gn i f i cant l y  
( P< 0 . 0 5 )  i n  s ummer . 

Goats al so showed s easona l  cyc l es of r umen fermentat i on ,  w i th 
i ncreases i n  s ummer of the mol ar proporti on s  of acetate and i so­
b u tyrate ( P<0 . 05 ) , and decreases i n  the mol ar  proport i on s  of pro­
p i onate ( P<0 . 1 )  and n -va l erate ( P<0 . 01 ) .  Hence , the  Ac/Pr rat i o  was 

s i gn i f i cantl y  i ncreased ( P<0 . 0 1 ) i n  s ummer i n  goat s .  
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Tab l e  4 . 1 4 .  Total  VFA ( mmol /L ) ,  and mol ar  concentrat i on s  of acetate , 
propi onate,  butyrate ( n - and i so- ) and val erate ( n- and 
i so- ) ( mol es  %) i n  the rumen of deer , goats and sheep fed 
on l ucerne h ay at 11 ad - l i b 11 i ntake , i n  summer and i n  
w i nter . 

( Me an va l ues  for f i ve deer, seven goats and e i ght sheep ,  w i th the 
st andard error of mean s ( SEM) . )  

Deer Goats Sheep SEM 

Total  VFA ( mmol /L ) s 1 5 1 1 51 1 94 3 . 9  
w 1 38 1 1 9  1 67 3 . 0  

Mo l ar concentrat i on ( mol e s  % )  
Acetate s 72 . 7  70 . 7  7 1 . 7  0 . 41 

w 70 . 8  69 . 0  69 . 9 0 . 42 

Propi (mate s 1 7 . 4  1 8 . 8  1 8 . 0  0 . 28 
w 1 9 . 5  20 . 2  1 9 . 1 0 . 26 

n-butyrate s 5 . 48 5 . 97 5 . 96 0 . 1 69 
w 5 . 34 5 . 69 6 . 43 0 . 1 77 

i so-butyrate s 1 . 7 5  1 . 79 1 . 67 0 . 058 
w 1 . 44  1 .  55 1 .  59 0 . 070 

n-va l erate s 1 . 1 7  1 . 58 1 .  66 0 . 043 
w 1 .  6 2  2 . 23 2 .  01 0 . 060 

i so-va l erate s 1 . 54 1 • 1 3  0 . 94 0 . 055 
w 1 .  24  1 . 28 0 . 95 0 . 062 

Acetate/prop i on ate rat i o  s 4 . 20 3 . 76 4 . 01 0 . 085 
w 3 . 62 3 . 37 3 . 76 0 . 06 1  

S = summer ; W = w i nter . 
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4 . 3 . 8 . 2  Spec i es Effect s 

I n  s ummer , the Ac/Pr rat i o  was greater i n  deer than i n  sheep 
( P>0 . 1 )  and goats { P<0 . 1 ) ,  wi th deer>sheep>goats . I n  w i nter , there 
were no s i gn i f i cant d i fferences ( P>0 . 1 )  i n  the Ac/Pr , between  the 3 
s pec i es .  

4 . 3 . 9  Seasona l i ty i n  N i trogen Retent i on 

There was a s i gn i fi cant { P=0 . 08 )  i ncrease of 88% i n  N retent i on 
( mg / 1 00 g DMI/d ) i n  sheep i n  summer,  compared to wi nter ( Tab l e  4 . 1 5 ) . 

The apparent d i gest i b i l i ty of N was greater ( P=0 . 08 )  i n  s ummer com­
p ared to w i nter and u r i n ary N excret i on (% of tota l  N d i gested ) was 
l ower { P=0 . 07 )  i n  s ummer compared to wi nter . 

Deer a l so  showed a seasonal  trend i n  N ba l ance, w i th a 1 00% 
s i gn i fi cant  ( P<O . OS )  i ncrease i n  the N reta i ned (mg/1 00 g DMI ) i n  
s ummer , compared to wi nter . Th i s  was as soc i ated wi th an i ncrease i n  
s ummer i n  the  app arent d i gesti b i l i ty of N { P<0 . 1 ) ,  and a decrease 
( P<O . OS )  i n  ur i n ary N excret i on (% of tota l  N d i gested ) . 

Goats , i n  contrast to sheep and deer , s howed no season a l  trends  
i n N retent i on (mg/1 00 g DMI /d ) , or  i n  the  apparent d i gest i b i l i ty of  N 
or  i n  the u r i n ary N excret i on ( % of the  total  N d i gested ) . 

4 . 3 . 1 0 Ammon i a  K i net i cs i n  the Rumen 

Ammon i a  k i net i c  data for deer ,  goats and s heep i n  w i n ter are 
s ummar i sed i n  Tab l e  4 . 1 6 .  Summer d ata for NH3-N  concentrat i on ( mg 
N/L ) ,  rumen pool s i ze of NH3-N  ( mg N/g  N i n take ) and outfl ow of NH3-N 
i n  water l eav i ng the rumen ( mg N/g N i nt ake/ d )  are a l s o  g i ve n .  
Enr i chment  wi th  1 5N o f  rumen NH3- N ,  b acter i a l - N ,  and d i gest a-NAN for 
deer ,  goats and sheep are shown i n  F i gure 4 . 3 .  
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Tab l e  4 . 1 5 .  N i trogen ( N ) i ntak e ,  faeca l  N and uri n ary N excret i on ,  N 
ba l anc e ,  and apparent N d i ge st i b i l i ty by deer , goats and 
sheep fed on l ucerne hay at " ad - l i b" i ntake , i n  summer 
and i n  w i n ter . 

( Mean va l ues for f i ve  deer , s even goats and ei ght sheep ,  w i th the  
st andard error of means ( SEM) . )  

I ntake (mg/Kg w0 · 75; d )  

Faecal  excret i on 
(mg/Kg w0 · 75;d )  

Ur i n ary excret i on 
(mg/Kg w0 · 75; d )  

N i trogen bal anc e :  
mg N/Kg w0 · 75;d 

mg N / 1 00 g DMI 

Apparent d i gest i b i l i ty ( % )  

Ur i ne N ( percentage d i gested ) 

U r i ne N ( percentage i ntake ) 

S = s ummer 
W = wi nter . 

Deer 

s 1 7 1 5  
w 1 450 

s 549 
w 532 

s 889 
w 833 

s 2 7 . 8  
w 1 0 . 7  
s 42 . 6  
w 2 1 . 3  

s 67 . 9  
w 63 . 0  

s 76 . 8  
w 9 1 . 3  

s 52 . 2  
w 5 7 . 3  

Goats Sheep SEM 

1 995 1 556 84 . 0  
1 749 1 7 1 0  9 2 . 9  

593 480 24 . 1  
490 572  34 . 8  

1 1 56 852  82 . 3  
888 1 002 46 . 9  

35 . 5  2 2 . 5  3 . 66 
37 . 1  1 3 . 9  2 . 06 
5 1 . 4  43 . 7  5 . 99 
63 . 8  23 . 2  3 . 06 

70 . 0  6 9 . 2 0 . 35 
72 . 3  67 . 0  0 .  72 

81 . 2  80 . 0  3 . 43 
70 . 0  88 . 8  1 . 75 

5 7 . 0  5 5 . 3 2 . 57 
50 . 6  59 . 5 1 .  26  
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Tab l e  4 . 1 6 . K i net i cs of ammon i a  ( NH3- N )  product i on i n  the rumen of 
deer,  goats and sheep fed on l ucerne h ay at 90% " ad- l i b" 
i nt ake  i n  wi n ter , together wi th the rumen NH3-N  concen­
trat i on (mg N/L ) , rumen NH3 -N  pool ( mg N/g N i nt ak e )  and 
N H3-N  o utfl ow ( mg N/g N i nt ake/d )  from rumen , i n  s ummer 
and i n  w i nter . 

( Me an v a l ues for f i ve deer, s even goats and e i g ht sheep , wi th the 
s tandard error of means ( SEM ) . )  

Total  N i 8t1§e ( NI )  
( g/Kg W . / d )  

Rumen NH3-N  k i net i c s : 
NHt -N concentrat i on 

mg N/L ) 
N H3 -N  pool s i ze ( mg N/g  N I ) 

NH3 -N  outfl ow i n  water 
(mg N/g N I / d )  

I rrevers i b l e  l os s  r ate ( I  RL ) 
( mg N/g N I /d )  

I RL - NH�-N outfl ow i n  water 
( mg N/  N I /d )  

B acteri a l -N from NH3 -N ( % )  

B acter i a l  N ( %  d i gesta  NAN ) 

Tota l  N i n  rumen d i gesta 
( %DM ) 

Tota l  N i n  i so l ated rumen 
b acter i a l  ce l l s  ( %  OM ) 

Rumen pH 

S = summer . 
W = wi nter . 

Deer 

s 1 .  90 
w 1 .  63 

s 1 72 
w 1 1 0  
s 22 . 7  
w 1 0 . 4  
s 86 . 4  
w 40 . 9  

of NH3-N  
w 535 

w 494 

w 36 . 6  

w 6 3 . 4  

w 2 . 39 

w 6 . 62 

s 6 . 57 
w 6 . 6 1 

Goats Sheep SEM 

1 .  95 1 . 43 0 . 076 
1 .  63 1 .  61 0 . 095 

1 58 1 81 5 . 5  
1 65 1 72 6 . 3  
24 . 0  29 . 9 1 . 6 1  
22 . 2  29 . 1 1 . 38 
56 . 5  69 . 4  4 . 64 
53 . 2  70 . 5  2 . 58 

692 607 35 . 9  

639 536 35 . 7  

48 . 0  40 . 0  1 . 99  

52 . 0  60 . 0  1 . 99 

2 . 69 2 . 44 0 . 03 

6 . 25 6 . 1 7  0 . 1 4  

6 . 54 6 . 42 0 . 046 
6 . 59 6 . 45 0 . 042 
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4 . 3 . 1 0 . 1 R umen Ammon i a  Concentrat i on ,  R umen Ammon i a  Pool and R umen 
Ammoni a Outfl ow from the Rumen 

4 . 3 . 1 0 . 1 . 1  Seasona l  Effect s 

Both sheep and goats showed no s i gn i f i c ant  ( P>0 . 1 )  d i fferences i n  
the rumen NH3-N concentrat i on ( mg N/L ) , rumen NH3- N  poo l ( mg N/g  N 
i ntake )  or NH3-N outfl ow (mg N/g  N i ntake/ d )  from the  rumen , between 
summer and wi nter . I n  contrast to  sheep and goat s ,  deer showed a 

s i g n i f i cant i ncrease of 56% i n  the rumen NH3 -N  concentrat i on ( P<0 . 0 1 ) ,  
rumen NH3-N pool ( P<0 . 01 ) ,  and i n  the NH3 - N  outf l ow from the rumen 
( P<0 . 05 ) , from wi nter to summer.  There were no seasona l  s i g n i f i c ant 
( P>0 . 1 )  di fferences i n  the rumen pH i n  the three spec i es .  

4 . 3 . 1 0 . 1 . 2 Spec i es Effects  

When compared to t he  sheep i n  wi nter , t he  deer showed a s i g n i f i ­
cant l y  ( P<0 . 01 ) l ower concentrat i on ( mg N/L ) of NH3-N  i n  the rume n ,  a 
l ower ( P<0 . 01 ) rumen NH3-N pool s i ze ( mg N / g  N i nt ak e) , and a l ower 
( P<0 . 01 )

. 
outfl ow of NH3-N i n  the water l eav i ng  the rumen ( mg N/g  N 

i nt ake/d ) .  I n  s ummer , however , there were no  s i g n i f i cant d i fferences 
( P>0 . 1 )  i n  the rumen NH3 -N concentrat i on ,  rumen NH3-N pool s i z e  or i n  
the rumen outfl ow of NH3 -N ,  between deer and s heep . 

Goats , compared to sheep, showed no  s i gn i f i cant ( P>0 . 1 )  d i f­
ferences i n  the rumen NH3-N concentrat i on ( mg N/L ) both i n  s ummer and 
i n  wi nter . The NH3-N outfl ow from the rumen (mg N/g  N i ntake/ d )  and 
the rumen NH3-N  pool (mg N/g N i ntak e )  were not s i gn i f i cant ly  d i f­
ferent ( P>0 . 1 )  to sheep i n  summer . I n  w i nter ,  however, both the NH3-N  
pool and the  outfl ow of NH3 -N i n  the  water l eav i ng the  rumen , were 
s i gn i f i cant l y  l ower ( P<0 . 05 )  i n  go ats , than  i n  sheep . 

4 . 3 . 1 0 . 2  Ammon i a  Product i on Rate i n  the R umen 

NH3-N product i on in  the rumen was measured i n  deer , goats and 
s heep in  wi nter . There were no s i gn i f i cant d i fferences ( P>0 . 1 )  i n  the 
N i nt ake ( g/Kg w0 · 75;d ) between deer , goats and sheep.  
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The I RL of NH3-N  (mg N/gN i ntake/d ) ,  tended to be h i gher i n  goats 
than  i n  sheep ( P> 0 . 1 ) , and deer ( P=0 . 1 4 ) . There were no s i gn i f i c ant  
d i fferences ( P>0 . 1 )  between sheep and  deer . I RL  mi nus  the rumen NH3 -N  
outf l ow rate ( mg N/g  N i nt ake/d ) , wh i ch represents the comb i ned va l ues  

for  NH3-N i ncorporated i nto mi crob i a l - N and total  NH3 -N  absorbed 
through the rumen e p i the l i um,  was h i g her i n  goats than i n  sheep and 
deer ( P<0 . 05 ) .  There were no s i gn i fi c ant d i fferences ( P>0 . 1 )  between 
s heep and deer .  

The proport i on of  rumen bacter i a l -N deri ved from rumen NH3 -N  
tended to be greater i n  goats than  i n  s heep ( P=0 . 1 2 ) , a nd  deer 
( P<0 . 1 ) .  Both s heep and deer showed no s i gn i fi cant d i fferences 
( P>0 . 1 )  i n  the proport i on of rumen NH3 - N  i ncorporated i n  the  bacter i a l 
ce l l s .  

4 . 4  D I SCUSS I ON 

4 . 4 . 1 Seasonal  Cyc l es i n  Nutr i ent Supp ly  i n  Deer , Goats and Sheep 

The resu l t s  of the present exper i ment  h ave i nd i cated that the  
domest i c  sheep s howed a seasonal  cyc l e  of f i bre d i gest i on  and  N reten­
t i on ,  wi th max i mum val ues  i n  summer and mi n i mum v a l ues i n  w i nter,  but 
showed no season a l i ty in  VF I  ( g/Kg w0 · 7 5;d ) .  

I n  contrast to sheep , the deer wh i ch h as recent l y  been farmed 

( l ast  two decades ) s howed marked seasona l  cyc l es of ( i )  vo l u ntary DMI , 
( i i )  DDMI and ME ! ,  ( i i i )  apparent fi bre d i gest i b i l i ty, ( i v ) rumen NH3-
N concentrat i on ,  ( v )  VFA mol ar proport i ons  and Ac/Pr rat i o ,  ( v i ) N 
retent i on ,  ( v i i )  i nterna l  recyc l i ng of water to the  rumen and ( v i i i )  
rumen pool s i ze of OM + l i q u i d .  The res u l t s  of the  present experi ment 

i nd i cated t h at a l l the s easonal  cyc l es l i s ted above showed a peak i n  
s ummer and a trough i n  w i nter , wi th no  ev i dence of a decrease i n  the 
MRT ( h )  of d i gesta  i n  s ummer when the  VFI  s howed a s i gn i f i c ant  
i ncrease .  

The  goats  appeared to occupy an i ntermed i ary pos i t i on ,  w i th 
seasonal  cyc l es of ( i )  V F I , ( i i ) rumen pool s i ze of OM + l i qu i d ,  ( i i i )  
VFA mol ar proport i ons  and Ac/Pr rat i o  and ( i v )  i nterna l  recyc l i ng of 
water to  the rumen , wh i ch a l l showed an i ncrease i n  summer compared to 
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w i nter i n  the  present experiment.  However the seasonal  cyc l es obser­
ved i n  g oat s  were not as extens i ve and marked as those observed i n  
deer . The s ummer i ncrease i n  the VF I of goats occurred at the expense 
of a decrease i n  the DMD , and in  the apparent d i gesti b i l i ty and FOR 

( %/ h )  of a l l fi bre components ( ce l l u l os e ,  hemi cel l u l ose  and l i gn i n ) , 
w i t h  no effects  on the  MRT of rumen d i gesta .  The net effect was  no 
seasonal  change  i n  ME I ( MJ/Kg w0 · 75; d )  and DDMI ( g/Kg w0 · 75;d ) .  

The seasona l  cyc l es of VFI i n  deer can be con s i dered as a con­
seq uence of t he i r  seasonal  cycl e of body growth , and of prote i n and 
energy metabo l i sm ( S i l ver et �. , 1 969 ; Mi tchel l ,  McCowan and 
N i c hol son , 1 976 ; Moen , 1 978 , 1 985 ; Barry et �. , 1 989 ) . I n  add i t i on 
to  VF I ,  the  present exper iment h as s hown that there are seasona l  
effect s upon a n umber of  other d i ge st i ve cri teri a i n  sheep , deer  and 
goats , and i t  i s  suggested that these a l l occur as a consequence of 
t he  seasonal  rhythms of metabol i sm and growth ( i nc l ud i ng body growth 
a nd wool growth ) .  The s econd ary effects can be l i sted as : 

1 .  R umen effect s ( MRT ,  rumen pool s i ze ,  rumen fermentat i on 
i nc l ud i ng NH3- N  concentrat i on ,  VFA propor­
t i ons and Ac/Pr rat i o , i ntern a l  recyc l i ng of 
water to the rumen ) .  

2 .  Post-rumen effect s ( MRT  and m i crob i a l fermentat i on ) . 

3 .  U se of absorbed nutr i ents ( N  retent i on ) . 

To present  a compact di scu s s i on concern i ng a l arge amount of data  
o n  the  reasons  for the  observed season a l  cyc l es i n  nutr i ent  s u p p l y  i n  
s heep , goats and deer , the rest of the  Sect i on wi l l  concentrate o n  two 
m a i n  factors , n ame ly :  

1 .  VF I  and  N retent i on ,  and 

2 .  D i gest i ve effi ci ency. 

The two factors wi l l  be d i scu s sed i n  re l at i on to , ( i )  seasona l  
effects u pon  n utr i ent s upply ,  and  ( i i )  s pec i es di fferences  ( s heep v/s  
deer and sheep v/s  goat ) in  nutr i ent s upp ly .  
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4 . 4 . 2  Seasonal  Effects upon Nutr i ent  Supp ly  

4 . 4 . 2 . 1  Vo l u ntary Feed I ntake and N i trogen Reten t i on 

The i ncrease i n  N retent i on i n  s heep dur i ng s ummer can  be asso­
c i ated to the  photoper i od i c  rhythm of wool  growth wh i ch i s  greater i n  
s ummer ( Nagorcka ,  1 979 ; Robards ,  1 979 ; Mcle l l and , W i ckham and B l a i r ,  
1 987 ) .  Wool growth req u i res a s upp l y  of essent i a l s u l phur  ami no­
ac i d s ,  and has been as soc i ated wi th  i ncreased N retent i on i n  s heep 
( Wynn and Wa l l ace ,  1 97 9 ) . Mi l ne � �· ( 1 978 ) , have al so  reported an 
i ncreased N retent i on i n  the domest i c  s heep i n  s ummer , when fed both 
on l ow and h i g h/med i um qua l i ty forages . 

The f actors wh i ch wi l l  contr i bute to an i ncrease i n  VF I  are : 

1 .  Rumen pool s i ze ,  and 

2 .  MRT of d i gesta  i n  the rumen . 

The res u l t s  of the present exper iment on  deer are i n  agreement 
wi th prev i ous  reports  wh i ch s how a marked decrease i n  appet i te i n  
castrated deer i n  w i n ter, and an i ncrease i n  VF I  i n  summer ( Po l l oc k , 

1 97 5 ;  Mi l ne � il· , 1 978 ;  Sutt i e  and S i mpson , 1 985 ) . The i ncreased 
OM! i n  s ummer , i n  the present exper i ment ,  i s  as soc i ated wi th the 
ab i l i ty of the rumen to accommodate a greater ( + 51%)  d i gesta l o ad 
( rumen pool s i ze of OM + l i qu i d ) . No measurement was made of the 
rumen c ap ac i ty (measured as the rumen water-fi l l ed capac i ty ) , to  
determi ne if there were any i ncreases i n  s ummer of the rat i o  of rumen 
d i gesta l o ad/rumen capac i ty,  and  of the  rumen capac i ty i tse l f .  These 
two factors are pos s i b l e  components wh i ch ,  together wi th an i ncrease 
i n  the d i gesta  load , m i ght have al so  contri buted to an i ncrease i n  VF I 
i n  summer .  

Wh i l st there wa s  no change i n  the  rumen MRT of  Cr-EOTA and Ru ­
P hen wi th  the  i ncrease i n  VF I  ( +  34% ) i n  s ummer , t he  rumen MRT of 
l i gn i n  ( and hence p art i cu l ate matter ) act u a l l y  i ncreased by 26% .  The 
comb i ned effects of a greater rumen pool s i ze , w i th an i ncrease i n  
p art i cu l ate matter MRT i n  the rumen , probab l y  exp l a i ns the  mechan i sm 
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of how the  deer were ab l e  to i ncrease the i r  VF I  i n  s ummer , wh i l st a l so 
i ncreas i ng fi bre d i gest i b i l i ty .  

The study of M i l ne !! �· ( 1 978 ) , together wi th the  present 
exper i ment ,  appear to be the on l y  pub l i shed experimenta l  work on 
s easona l  cyc l es of VF I ,  d i gest i b i l i ty and rumen MRT of d i gesta i n  
deer . The resu l t s  of M i l ne et �· ( 1 978 ) , confi rm the present fi n­
d i ngs of an i ncrease i n  N retent i o n ,  VF I and DDMI i n  s ummer i n  deer 
when fed both on l ow and h i gh q ua l i ty d i ets . M i l ne et �· ( 1 978 ) , 
found t h at the i ncrease i n  VF I  was  assoc i ated wi th an i ncrease ( when 
fed o n  l ow qua l i ty forage ) ,  or wi th no ch ange ( when fed on  h i gh­
qua l i ty pe l l eted grass  d i et )  i n  the rumen MRT of Ru-Phen . M i l ne et 
�· ( 1 978 )  and M i l ne ( 1 980 ) , therefore,  postu l ated that the deer cou l d 
poss i b l y  s how a compens atory en l argement of the rumen i n  s ummer to 
a l l ow for the i nc rease i n  DMI , DDMI and MRT of d i gesta i n  s ummer .  It  
appears that the res u l t s  of  the  present exper iment are the fi rst 
d i rect ev i dence that deer show an i ncrease i n  the rumen d i gesta l oad 
( and VF I ) i n  summer ,  compared to wi n ter . 

The i ncreased N retent i on observed i n  deer duri ng summer can be 
exp l a i ned as  part of the i ncrease i n  the  who l e prote i n  depos i t i on ,  
wh i ch i s  known to  occur i n  spr i ng/summer i n  deer ( Drew, 1 976 ; M i tche l l 
et �. , 1 97 6 ;  Hami l ton and B l axter,  1 98 1 ; Hofmann , 1 985 ) .  The 
seasona l  cyc l es o f  growth i n  deer are as soc i ated wi th changes i n  the 
hormone status of I GF - I , growth hormone and pro l act i n  ( Ryg and 
J acobsen , 1 982b ; S u tt i e  et �. , 1 989 ; Barry et �. , 1 989 ) . P rol act i n  
i nfus i on has  been as soc i ated wi th i ncreased N retent i on i n  l ambs kept 

i n  con t i nuous  darkness  ( Br i nk l ow and Forbes , 1 982 ) ,  but i ts as soc i a­
t i on wi th  N reten t i on  i n  deer i s  not known . 

A l t houg h  go ats s howed an i ncrease i n  VF I  i n  s ummer compared to 
w i nter , the ab i l i ty of the r umen to accommodate an i ncrease i n  d i gesta  
l oad ( +2 7%) , was more restr i cted i n  goats than in  deer ( +5 1 % ) . The 
i ncrease i n  VF I i n  goats was not assoc i ated w i th any changes i n  the 
MRT of Cr-EDTA , R u -Phen and l i gn i n ,  but was assoc i ated w i th a marked 

reduct i on i n  DMO and i n  the FOR of a l l the f i bre componen t s ,  wi th the 
effects be i ng greater than i n  s heep and deer . The res u l t s  tend to  
s uggest that the s i ze of  the  r umen of goats  ( rumen d i gesta  l o ad ) , 
restr i ct s  the apparent d i ges t i b i l i t i es of OM and fi bre i n  summer , 
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a l though the rumen MRT of d i gesta i s  unchanged . Hence ,  the rumen 
d i gest i ve capac i ty ( as s hown by a reduct i on i n  the FOR or d i gesti ve/ 
r umen c apac i ty i n  s ummer )  tend s to fal l i n  s ummer w i th the i ncrease i n  
V F I  and rumen d i gesta  l oad . Thu s  un l i ke deer , goats seem unab l e  to 
keep the rumen fermentat i on rate as the rumen en l arge s in  s ummer .  
There i s  n o  other pub l i s hed data  on the  seasona l i ty of nutri ent s upp l y  
i n  goats . I t  i s  k nown th at goats enter a peri od of growth stas i s  i n  

l ate autumn/wi nter ( Mc C a l l et �. , 1 989 ) , and the seasonal cyc l es of 
feed i ntake i n  goats may be l i nked to the metabo l i c  demand of growth 
i n  the s ame way as they are i n  deer. 

4 . 4 . 2 . 2 D i gest i ve Effi c i ency 

Rumen d i gest i ve eff i c i ency can be affected by the fol l owi ng  
f actor s ,  n ame l y :  

1 .  R umen NH3- N  concentrat i on ,  

2 .  I RL o f  NH3- N  i n  the rumen ,  

3 .  Rumen pool s i z e ,  

4 .  MRT of d i ge s t a  i n  the rumen ,  

5 .  Proport i ons  of  p art i c l e  s i ze i n  the  rumen , and 
s urface are a  of part i c l es ,  

6 .  Rumen FOR ( i . e d i gest i ve rate/rumen capac i ty) , 

7 .  I nterna l  recyc l i ng of water to the rumen . 

The i ncreased apparent fi bre d i gesti b i l i ty of sheep i n  s ummer,  
was  not as soc i ated wi th  any seasonal  changes i n  rumen MRT of Ru-Phen , 
C r-EDTA and l i gn i n ,  or i n  the rumen NH3 -N  concentrat i on .  As the 
s ummer i ncrease i n  apparent  fi bre d i gesti b i l i ty cannot be exp l a i ned by 
events wi th i n  the rume n ,  i t  i s  poss i b l e  that i t  represents i ncreased 
post-rumi n a l  d i gest i o n ,  perhaps i nc l u d i ng i ncreased MRT i n  th i s  reg i on 
of the d i gest i ve system. Th i s  has  not been measured i n  the present 
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exper iment , and shou l d be i nc l uded i n  further exper iments of seasona l  

V F I  i n  sheep . 

The i ncreased apparent fi bre d i gest i b i l i ty of deer i n  s ummer can 
be  assoc i ated wi th the  l o nger rumen MRT of l i gn i n ,  wh i ch wou l d  thus  
a l l ow for a l onger t i me of  expos ure of  the  feed part i c l es to m i crob i a l  
attac k .  L i gn i n , as a n  i nterna l  d i etary marker i s  part o f  a l l the  
p arti c l e  s i zes  present i n  the  rumen ( F a i chney, 1 984 ) .  Hence , i t  i s  
a s s umed t h at the 11 apparent "  rumen FOR of part i c l es i n  deer i s  s l ower 
i n  s ummer th an i n  wi nter .  Other reasons mi ght  be that  as the  rumen 
e n l arges i n  summer , there are assoc i ated i ncreases in other factors 
t h at cou l d affect the r ate of rumen d i gest i on ,  n ame l y :  

1 .  I ncrease i n  the i nterna l  recyc l i ng o f  water t o  t h e  rumen ,  of 
wh i ch sa l i va appears to be a mai n component ,  s i nce there was  
no  i ncrease i n  the vo l u ntary water i ntake  in  summer i n  deer .  

2 .  I ncrease in  t he  rumen NH3-N  concentrat i o n .  

The comb i ned factors l i sted above may h av e  contr i buted t o  keep u p  
t he  rumen d i gest i ve rate and apparent fi bre d i ge s t i b i l i ty i n  deer, as 
the  rumen d i gesta l o ad and VF I i ncreased i n  s ummer . 

A l though the wi n ter rumen NH3-N  concentrat i on i n  deer was above 
the thresho l d of 50 mg of NH3-N;L , bel ow wh i ch mi crob i a l  crude prote i n  
product i on i s  c l a imed to  be  suppres sed ( S atter and S lyter , 1 974 ) , the  
l ow concentrat i on mi ght  h ave l i m i ted the r ate of rumen carbohydrate 
fermentat i on ( Mehrez et �. , 1 977 ) . Th i s  mi ght  have been a contr i ­
b u t i ng factor t o  the reduced d i gest i ve effi c i ency of deer i n  wi nter , 
a nd hence a contr i but i ng  factor to  the l ow wi n ter VF I .  

The decrease i n  apparent fi bre d i gest i b i l i ty i n  s ummer i n  goats 
c a n  be as soc i ated wi t h  a l ower r ate of d i ge s t i ve capac i ty,  a s  i nd i -
c a ted by the  l ower 11 apparent" FOR of fi bre i n  s ummer , i nc l ud i ng ce  1 1  u -
1 ose ,  hemi ce 1 1  u 1 ose and the  FOR of l i gn i n .  The i ncrease i n  VF I  ( +1 7% ) 
i n  s ummer was not as soc i ated w i th l arge i ncreases  i n  the fol l owi ng  
f actors to the  same extent as  they occurred i n  deer ,  name l y : 
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1 .  The i n terna l  recyc l i ng of water to the  rumen , wh i ch m i ght h ave 
l i mi ted the r ate of rumen d i gest i on ,  

2 .  The rumen NH3-N  concentrat i on wh i ch d i d not show any changes 
i n  s ummer . 

The 2 factors l i sted above cou l d pos s i b l y  exp l a i n  the decrease i n  
the  rumen d i gest i ve rate and l owered apparent  fi bre d i ge s t i b i l i ty i n  
s ummer , despi te no changes i n  the  seasona l  rumen MRT of d i gesta .  

4 . 4 . 3  Spec i es D i fferences  i n  Nutr i ent  Supp l y  

4 . 4 . 3 . 1 Vol u ntary Feed I ntake and N i trogen Retent ion 

The l ower DMI ( g/Kg w0 · 75;d ) of deer i n  wi nter , compared to 
s heep , was assoc i ated wi th a smal l er rumen d i gesta l o ad i n  the deer, 

wi th no d i fferences between the 2 s pec i e s  i n  the MRT of Ru-Phen and 
l i gn i n .  I n  s ummer the deer ac h i eved a greater VFI than s heep , 
a l though there were no  d i fferences between the  2 spec i es i n  the rumen 
d i gesta l o ad . I t i s  pos s i b l e  that  deer h ave a greater rumen capac i ty 
( water-fi l l ed rumen capac i ty, g/Kg w0 · 75 ) i n  summer than s heep , thus  
a l l owi ng  for  a greater VF I  i n  deer  i n  s ummer . 

I n  both deer and s heep,  the  i ncreased N retent ion i n  s ummer , i s  
poss i b l y  assoc i ated wi th an i ncrease i n  the  metabol i c  demand for 
growth , wool growth for sheep and body  growth for deer . 

The greater DMI ( g/Kg w0 · 75; d )  of goats i n  summer , compared to 
was as soc i ated with a greater rumen d i gesta l o ad i n  goats 

th an i n  s heep , wi th no  assoc i ated c h anges i n  the rumen MRT of 
s heep , 
( +24%) , 
d i gest a .  

4 . 4 . 3 . 2  D i ge st i ve  Effi c i ency 

The greater apparent d i ges t i b i l i ty of f i bre i n  deer t h an sheep 
duri ng s ummer was as soc i ated wi th  a l onger MRT of part i cu l ate matter,  
a s  meas ured wi th l i gn i n , and a l arger recyc l i ng rate of water to  the 
rumen , but wi th n o  d i fferences  i n  the rumen d i gesta l o ad ( per Kg  
w0 · 75 ) .  The resu l ts of the present  exper iment appear to  confl i ct wi th 
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the  data of M i l ne et a l . ( 1 978) , who reported that s heep d i gested 

f i bre more effi c i ent l y th an deer, and was assoc i ated w i th a l onger 
r umen MRT of R u-Phen i n  s heep . Our data s upport the fi nd i ngs  of 
Fennessy et �· ( 1 980 ) w i th New Zeal and deer , who showed that deer 
d i ge st fi bre better th an s heep . 

The greater super i or i ty of goats i n  d i gest i ng fi bre th an s heep , 
e s pec i al l y  l i gn i n , wh i ch i s  the l east d i gest i b l e  component of fi bre ,  
was  observed both in  s ummer and i n  wi nter 

Two p r i n c i pal reasons  can be advanced for the super i or apparent 
f i bre d i ge st i b i l i ty of goats , n ame ly :  

1 .  The greater proport i on of smal l part i c l es i n  the rumen con­
t ents of goats , and con sequent l y  a l arger s urface area for the attach­
ment of m i croorgan i sms , and mi crob i al  attack .  Goats pos s i b l y  c hew 
better the  med i um qua l i ty forage d i et used i n  the present exper i ment , 
a nd break i t  down to f i ner part i c l es th an do sheep . 

2 .  The  greater I RL of NH3- N  i n  the rumen of goats i n  wi nter . 
A l though the rumen NH3 -N  concentrat i on was not d i fferent between the 
two spec i es ,  the I RL ( mg N/g N i ntake/d ) tended to be greater i n  goats 
t h an i n  s heep . It  i s  pos s i b l e  th at when fed on the med i um qua l i ty 
forage d i et u sed i n  t he  present experi ment , the recyc l i ng of N i nto 
the  rume n ,  e i ther by sa l i vary N secret i on or d i ffus i on across the 
r umen ,  i s  greater i n  g oats than i n  sheep . 

4 . 4 . 4  Marker and Tracer Methodo l ogy 

4 . 4 . 4 . 1 Marker Method o l ogy 

The r at i o  of FOR l i gn i n/FOR part i c l es <1 . 0  mm, g i ves  an i nd i ca­
t i on of  how good l i gn i n  i s  to  be i ng an " i dea l " marker for  the  part i cu ­
l ate phase  of  rumen d i gesta .  The rat i o  shou l d  " i deal l y" be un i ty ,  
s i nce  l i gn i n  i s  a component  of  a l l part i c l es ( Fa i ch ney, 1 984 ) , and the 
concentrat i on of l i gn i n  i nc reases in  the part i c l es as  they are reduced 
i n  s i ze to <1 . 0  mm ( Uden  et �. , 1 974 ;  Van  Soest , 1 975 ) . Hence,  the 

FOR ( %/ h ) of l i gn i n  s hou l d " i dea l ly" be c l ose  to the r ate of outf l ow 
of p art i c l es < 1 . 0  mm from the r umen . The res u l t s  ( Tab l e  4 . 1 7 )  of the 
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Tab l e  4 . 1 7 .  Rat i os of FOR ( %/h ) of l i gn i n/FOR of p arti c l es < 1 . 0  mm, 
FOR of Cr-EDTA/FOR of part i c l e s < 1 . 0  mm and FOR of Cr­
EDTA/FOR of l i gn i n  in  deer , goats and s heep fed on  
l ucerne h ay, at 90% " ad- l i b " i ntake .  

( Mean va l ues for  fi ve  deer , s even goats and e i g ht sheep , w i th the  
st andard error of  means  ( SEM ) . )  

Rat i o :  

FOR l i gn i n/FOR 
< 1 . 0 mm 

FOR Cr-EDTA/FOR 
< 1 . 0  mm 

FOR Cr- E DTA/FOR 

S = s ummer.  

W = wi nter. 

p art i c l es 
w 

p art i c l es 
w 

l i gn i n  s 
w 

Deer Goats Sheep SEM 

0 . 83 1 . 05 0 . 94 0 . 046 

3 . 58 3 . 01 2 . 98 0 . 1 39 

5 . 97 3 . 07 3 . 24 0 . 308 
4 .  7 7  2 . 82 3 . 1 2  0 . 1 1 0  
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present exper i ment  showed that the rat i o  was c l ose  to un i ty for goats 
and sheep , i nd i c at i ng that l i gn i n  i s  a good overa l l part i cu l ate phase 
marker for goats and  s heep , when fed the l ucerne chaff . The rat i o  for 
deer was s l i ght l y  l ower than un i ty and was l ower than that of goats 
( P =0 . 07 ) . 

The rat i o  obtai ned for the 3 spec i es i s  i n  the order of the 
fi neness  of p art i c l es ( 0 . 25-<0 . 25 mm ) i n  the rumen contents ( Tab l e  
4 . 7 ) , wi th goats h av i ng greater proport i ons of sma l l part i c l es than 
sheep and deer ( goats>s heep>deer ) . P rev i ous rumi nant work has  shown 
th at the l i gn i n  consumed i s  somet imes  converted to a sol u b l e  l i gn i n  
carbohydrate-comp l ex i n  the rumen , prec i p i tated i n  the abomasum and 
recovered as s o l i d  matter i n  the faeces ( G a i l l ard and R i chard s ,  1 975 ; 
Ne i l son and R i c h ard s ,  1 97 8 ;  F ahey and J u n g ,  1 983 ) . I t  may be that 
l i gn i n  sol u b i l i ty in  the rumen i s  rel ated to the part i c l e  s i ze of 
rumen d i gesta , and i s  i n  the order goats> sheep>deer , and thus con­
tr i butes to the  r at i o  FOR l i gn i n/FOR part i c l es < 1 . 0  mm, be i ng  i n  the 
s ame d i rect i on .  

The rat i o  of rumen FOR Cr-EDTA/FOR p arti c l es < 1 . 0  mm , i nd i cates 
t h at l i qu i d  l e aves the rumen about three t i mes  faster than part i c l es 
< 1 . 0  mm , both for goats and sheep . The r at i o  for deer was s l i ght l y  
h i gher,  showi ng  that  i n  th i s  s pec i es i n  w i n ter,  water l eaves t h e  rumen 
faster i n  re l at i on to part i cu l ate matter ,  than i s  the case for s heep 
( P=0 . 1 1 ) and goats ( P>0 . 1 ) .  The rat i o of rumen FOR Cr-EDTA/FOR l i gn i n  
was  much faster i n  deer than i n  s heep and goats ( P<0 . 001 ) ,  both i n  
s ummer and i n  w i nter , 
proport i ona l l y  faster 

confi rmi ng that water l e aves the rumen of deer 
th an part i c l es .  The deer tended ( P =0 . 1 3 )  to 

s how a season a l  trend i n  the  rati o ,  w i th an i ncrease i n  s ummer of  the 
FOR Cr-EDTA/FOR l i gn i n ,  i nd i cati ng a faster movement of water out of 
the  rumen i n  re l at i on to p art i cu l ate matter i n  s ummer . 

4 . 4 . 4 . 2  Tracer Methodo l ogy 

The i nterpretati on of i sotope k i net i c  data req u i re that the N 
pool s and t he  N transact i on s  i n  the  poo l s are under steady-state 
cond i t i ons ( Nol an  and Leng , 1 972 ; No l an , 1 975 ) . 
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Th i s  was ach i eved dur i ng the present exper iment by feed i ng at  1 h ­

i nterval s ,  wi th  the  a n i ma l s fed at 90% 11 ad- l i b1 1 i nt ake.  Coeffi c i ent s  
0·7� 

of v ar i at i on ( CV )  for feed i ntake ( g/Kg W /d ) were : for s heep 
( range = 0 . 30%- 1 2 . 0% ;  mean = 4 . 75%) ; for  deer ( r ange = 0 . 93%-5 . 27% ; 
mean = 2 . 88% ) ; for goats ( range = 3 . 96%- 1 0 . 7% ;  mean = 6 . 70% ) . 

F i gure 4 . 3  s hows th at the enr i chment at .. p l ateau" of rumen NH3- N  
wi th  1 5N was reached after a l onger t i me of 1 5N i nfus i on i n  deer ( 3 5  
h ) , t h an i n  sheep and goats ( 24 h ) . I t i s  ass umed that the faster rumen 
FOR ( %/h ) of l i q u i d  i n  deer mi ght have del ayed the attai nment of the  
enr i c hment at  1 1 p l ateau "  of rumen NHrN fl u i d  wi th 1 5N .  

4 . 4 . 5  E st imat i on o f  N i trogen Outfl ow from t h e  Rumen 

The cal c u l a ted est imates of mi crobi a l  NAN and total  NAN outfl ow 
fu the abomasum ( Ta b l e  4 . 1 8 ) , were based on the same a s s umpt i on s  and 

equ at i ons as reported in  C h apter 3 .  

The cal c u l a ted mi crob i a l NAN and tota l  NAN outfl ow t o  the  
abomas um ( g/ g  N i nt ake/d ) , i nd i cated that there were u n l i ke l y  to  be  
major d i fferences  between the three spec i es ,  when fed on the  med i um 
q ua l i ty forage u s ed i n  the present exper i ment .  

Prev i ous rum i n ant  work ( Harr i son , Beever ,  Thomson and Osbourn , 
1 975 ) , i nd i cated th at as the d i l ut i on rate of water from the rumen 
i ncreases , there are assoc i ated i ncreases i n  the mo l ar proport i on s  of 
acetate and decreases  i n  the mol ar proport i ons of prop i onate ,  and 
i ncreases in the rates of mi crob i a l prote i n  outfl ow to the  abomas um 
( I s aacson , H i nd s ,  B ryant and Owens , 1 975 ; Thomson , Beever, Munde l l ,  
E l derfi e l d  and Harr i s son ,  1 97 5 ) . 

The res u l t s  of the present study i nd i cated that the  seasona l  
trend s i n  the r at i o  of FOR Cr-EDTA/FOR l i gn i n ,  were assoc i ated w i th  
s im i l ar seasona l  trend s to that of  Ac/Pr .  As  the FOR Cr-EDTA/ FOR 
l i gn i n  i ncreased i n  s ummer i n  deer , the Ac/P r  a l so showed a s i gn i f i ­
cant  i ncrease ( P<0 . 05 ) . Goats a l s o  showed a seasonal  trend of an  
i ncrease i n  summer i n  both rati os , wh i l st s heep d i d  not s how ev i dence 

of any seasona l  effects on  e i ther rat i o .  I n  summer,  the rat i o  FOR Cr-
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Tab l e  4 . 1 8 .  Ca l cu l ated mi crob i a l -NAN ( g ) and cal cu l ated nonmi crob i a l ­
NAN ( g )  rumen pool s i zes , together wi th the  c a l c u l ated 
abomasa l  f l ows ( g/d ) i n  deer , goats and sheep fed on 
l ucerne h ay at 90% " ad - l i b " i n  w i nter . 

( Mean v a l ues  for f i ve  deer, s even goats and e i g ht sheep ,  w i th the 
s t andard error of means ( SEM) . )  

Deer Goats 

R umen pool s i z e :  
M i crob i a l -NAN g 1 5 . 1 8 . 0 

g/g N I  @ 0 . 30 0 . 32 

Nonmi crob i a 1 NAN g 8 . 6  7 . 5  
g/g N I  0 . 1 7  0 . 29 

Tota l -NAN g 23 . 7  1 5 . 5  
g/g N I  0 . 47 0 . 6 1 

NAN f low t o  the abomas um :  
M i crob i a l - NAN g/d 2 6 . 9  1 3 . 0  

g/g N I /d 0 . 54 0 . 52 

Nonmi cro b i a l -NAN # g/d 7 . 5  6 . 1  
g/g N I /d 0 . 1 5  0 . 24 

Total - NAN g/d 34 . 4  1 9 . 1 
g/g N I /d 0 . 69 0 . 75 

P roport i on of 

mi crobi a l -NAN/tota l -NAN 0 . 78 0 . 68 

@ N I  = d i etary N i ntake . 

M i crob i al - NAN ( g ) x FOR ( / d )  of R u-Phen . 
# Nonmi crob i a l - NAN ( g )  x FOR ( /d )  of l i gn i n .  

Sheep SEM 

1 2 . 0  0 . 93 
0 . 36 0 . 025  

7 . 7  0 . 45 
0 . 23 0 . 008 

1 9 . 7 1 .  09 
0 . 59 0 . 024 

1 9 . 3  1 . 1 2  
0 . 59 0 . 032 

6 . 2  0 . 43 
0 . 1 8  0 .  01 1 

25 . 5  1 . 1 8  
0 .  77  0 . 034 

0 . 75 0 . 01 6  



1 63 

E DTA/FOR l i gn i n  and Ac/Pr ,  was s i gn i f i c antl y greater i n  deer than  i n  

s heep and go ats . 

I t  c an be conc l uded that the net effects of a greater rumen 
outfl ow of water to that of the part i cu l ate  phase i n  d eer affects 
s i gn i fi cantl y the Ac/P r ,  more so i n  s ummer. I n  w i nter , the c a l c u l ated 
NAN outf l ow to  the abomasum in deer was not s i gn i f i cant l y  d i fferent 
( P>0 . 1 ) ,  to  that of goats and sheep , but the ca l c u l ated propor t i ons of 
m i crobi al  NAN/total NAN outfl ow to  the abomasum, tended to be greater 
i n  deer th an i n  s heep ( P>0. 1 )  and goats ( P< O . OS ) .  Th i s  may be 
a s soc i ated wi th the greater FOR Cr- EDTA/FOR l i gn i n  of deer ,  th an sheep 
and goats . The greater Ac/Pr rat i o  i n  s ummer i n  deer, may poss i b l y  
contri bute t o  a greater mi crob i a l  output t o  the abomas um i n  s ummer , 
c ompared to  goats and s heep . 

4 . 5  CONCLUSI ONS 

4 . 5 . 1  Sheep d i d  not show any ev i dence ( P>0 . 1 ) ,  of seasonal  
cyc l es ( s ummer vs  wi n ter) i n  DMI , DOM I  ( g/ g  w0 · 75;d ) , ME I ( MJ/Kg  
w0 · 75;d ) , or MRT of rumen d i gesta ( h )  and rumen pool s i ze of DM + 
l i q u i d  ( g/Kg w0 · 75 ) .  However , apparent fi bre d i gest i b i l i ty ( P<0 . 001 ) 
and N reten t i on ( P=0 . 08 )  were greater i n  summer than i n  wi n ter . 

4 � 5 . 2  Deer showed marked seasona l  cyc l es of i ncreased VFI  and 
D DMI ( +30% ; P<0 . 1 ) ,  ME I ( +25% ;  P<0 . 1 ) ,  rumen pool s i ze of DM + l i qu i d  
( +5 1 % ;  P<0 . 01 ) ,  N retent i on ( P<0 . 05 ) , apparent fi bre d i ge s t i b i l i ty 
( P=0 . 1 6 ) , Ac/Pr rat i o  ( P<0 . 05 ) , rumen NH3-N  concentrat i on ( +56% ; 
P<0 . 01 ) ,  and i nterna l  recyc l i ng of water to  the rumen { +74% ;  P<0 . 05 ) , 
i n  summer compared to  w i nter . Rumen MRT of l i gn i n  i n  deer i ncreased 
i n  s ummer { +26% ;  P=0 . 1 6 ) ,  desp i te the greater VFI  i n  s ummer.  The MRT 
of Cr-EDTA and R u-Phen s howed no changes wi th  s eason ( P>0 . 1 ) .  

4 . 5 . 3  There were no  assoc i ated depres s i on s  i n  the DMD and OMD of 
the  feed offfered by deer i n  summer , desp i te the  i ncrease i n  V F I . 

4 . 5 . 4  Goats s howed ev i dence of s easonal  cyc l es of VF I  ( +  1 7% ;  
P>0 . 1 )  and rumen pool s i ze of D M  + l i q u i d  ( +  27% ; P<0 . 01 ) ,  i n  s ummer 
wh i ch was assoc i ated w i th a decrease i n  DMD ( P< 0 . 01 ) ,  FOR ( P<0 . 01 ) and 
apparent tota l  f i bre d i gest i b i l i ty ( P =0 . 1 4 ) . The net effects res u l ted 
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i n  no  season a l  d i fferences i n  the D DMI  and ME I between s ummer and 
wi nter ( P>0 . 1 ) .  

4 . 5 . 5  Deer d i gested tot a l  f i bre better th an sheep i n  s ummer 
( P=0 . 09 ) , and th i s  was assoc i ated wi th a l onger r umen MRT of l i gn i n ,  
greater rumen N H3-N  concentrati on and a n  i ncrease i n  the  i nterna l  
recyc l i ng of  water to the  rumen i n  s ummer , compared to  wi n ter . 

4 . 5 . 6  Goats d i gested f i bre better than sheep ,  both at greater 
i ntakes  ( g/Kg w0 · 75; d )  i n  s ummer ( P>0 . 1 ) ,  and at s imi l ar i ntakes i n  
wi nter ( P< 0 . 001 ) ,  w i th the super i or i ty bei ng greatest for l i gn i n , the 
l e ast d i gest i b l e  component of f i bre.  The contr i but i ng factors to a 
greater apparent d i gest i b i l i ty of fi bre by goats than  s heep may be the  
greater proport i on s  ( +1 5% ;  P<0 . 01 ) of  sma l l part i c l es ( < 1 . 0  mm) i n  the 
rumen d i gesta  of goats , prov i d i ng a l arger surface area for mi crob i a l 
attachment and attack , and the tendency for a greater IRL  of NH3-N ( mg 
N/g N i nt ake/d ) ,  i n  the rumen of goats t h an i n  s heep , i n  w i nter . 

4 . 5 . 7  The deer cou l d  ma i nta i n a greater DMI , DOMI  and an 
i ncrease in  apparent fi bre d i gest i b i l i ty and rumen d i gesta  l o ad i n  
s ummer than  i n  w i nter , whereas goats ach i eved a greater DMI i n  s ummer 
at the  expense of a l owered OMD and apparent f i bre d i gest i b i l i ty .  The 
deer , i n  contrast to goats , appear to keep the d i gest i ve capac i ty i n  
s ummer a s  the VF I  i ncreases , by i ncreas i ng ( i )  the  rumen d i gesta  l o ad , 
( i i )  t he  r umen NH3 -N concentrat i on and ( i i i )  the i nterna l  recyc l i ng of 
water to the rumen , wh i ch a l l do not i ncrease as s i gn i fi cant l y  i n  
goats as  i n  deer . 

4 . 5 . 8  Both deer and s heep se l ected for a feed l ower i n  fi bre and 
greater i n  N . I n  contrast , goats s howed no  ev i dence of se l ect i on .  

4 . 5 . 9  The threshol d to passage of part i c l e  s i z e  through t he  

ret i cu l o-omasa l  or i f i ce was 1 . 0 mm for s heep,  deer and goats . 

4 . 5 . 1 0  The deer h ad a faster rumen FOR of water ( 1 5 . 6%/h ) , t h an 
sheep ( 1 0 . 4%/h )  and goats ( 1 0 . 0%/h ) , both i n  summer and i n  wi nter . 
The FOR of sma l l part i c l es ( < 1 . 0  mm) was greater i n  deer , than i n  
s heep and i n  goats ( deer>s heep>goats ) .  The r at i o  of FOR Cr-EDTA/FOR 

l i gn i n  was greater i n  deer th an i n  s heep and goats ( P<0 . 001 ) ,  both i n  
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s ummer and i n  w i nter . The deer tended ( P=0 . 1 3 ) , to show a seasona l  
t rend of  an i ncreased FOR Cr-EDTA/FOR l i gn i n ,  i n  summer th an i n  
w i n ter , wi th both goats and s heep showi ng no ev i dence of a seasonal  
trend ( P>0 . 1 ) .  

4 . 5 . 1 1  The rat i o  of r umen FOR l i gn i n/part i c l es < 1 . 0  mm, 
i nd i c ated t h at the va l u e  was c l ose to u n i ty for goats and s heep,  and 
was s l i ght l y  l ess  than un i ty for deer . Th i s  i nd i cates that l i gn i n  was 
a good part i cu l ate-phase marker ,  when the an i ma l s were fed on the 
l uc erne chaff. 

4 . 5 . 1 2  There were no  d i fferences ( P>0 . 1 ) ,  between s heep , deer 
and goats , i n  the  ca l cu l ated NAN outfl ows to the abomas um, when fed on 
the med i um-qua l i ty forage used in the present exper i ment . 

4 . 5 . 1 3  Deer tended to h ave a greater ca l cu l ated proporti on of 
mi crob i a l  NAN/tota l  NAN f l owi ng to the abomasum than  sheep ( P>0 . 1 ) ,  
and goats ( P<0 . 05 ) . 

4 . 5 . 1 4  Deer tended to s how ( P=0 . 1 3 ) , an i ncrease i n  s ummer i n  
the  rat i o  of FOR Cr-E DTA/FOR l i gn i n .  Th i s  was as soc i ated wi th an 
i ncrease  ( P<0 . 05 )  i n  Ac/Pr i n  summer , compared to wi nter . The goats 
s howed a s i gn i fi cant i ncrease ( P<0 . 01 ) i n  Ac/Pr i n  summer , and s heep 
s howed no ev i dence of a seasonal  trend ( P>0 . 1 ) .  The rat i o  FOR Cr­
E DTA/FOR l i gn i n ,  i ncreased s l i ght l y  i n  goats and sheep i n  s ummer , but 
the  d i fferences d i d  not attai n s i gn i fi cance.  The Ac/Pr r at i o  was best 
re l ated to the  FOR Cr-EDTA/FOR l i gn i n .  
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CHAPTER 5 .  TIME SPENT EATI NG AND RUMI NATING I N  GOATS AND SHEEP DUR I NG 

A 24-H PER I OD ,  AND THE EFFICI ENCY OF CHEWING DUR I NG EATI NG 

AND RUMI NATING UPON THE BREAKDOWN OF F E ED PARTICLES . 

5 . 1  I NTRODUCTION 

The breakdown of p art i cu l ate dry matter ( OM )  i n  the rumen affects 
the c l ear ance of d i gesta  from the rumen , and hence vo l u ntary feed 
i nt ake ( U l yatt et �. , 1 986 ) . Feed part i c l es cannot l eave the rumen 
u nt i l they have been reduced to < 1 . 0  mm , wh i ch i s  t he cr i t i ca l  thresh­
o l d s i z e  to passage through the ret i c u l o -omasa l  ori fi ce ,  b oth for 
s heep ( R e i d et �. , 1 97 9 ;  Poppi  et �. , 1 980 ; Ch apters 3 and 4 ) , for 
goats ( C h apters 3 and 4 )  and for deer ( Chapter 4 ) . 

Two processes affect the break down of part i cu l ate OM i n  rumi n ants 
( U l yatt et �. , 1 986 ) ,  n ame ly :  

1 . I n i t i al chewi ng dur i ng eat i ng ,  and 

2 . Further chewi ng dur i ng rumi n at i on .  

M i crob i al  di ge st i on 11 per se 11 does not contr i bute t o  part i c l e  s i ze 
red uct i on ( U l yatt , 1 983 ) ,  but ass i sts i n  weaken i ng p l ant cel l -wal l 
materi a l  i n  the  rumen and fac i l i t ates part i c l e  s i ze break down d u r i ng  
r umi nat i on ( Evans , B urnett and  B i nes , 1 974 ; Cha i , Ken nedy and 
M i l l i ga n ,  1 984 ; U l yatt et �. , 1 986 ) . 

D ata  i n  Chapters 3 and 4 i nd i cated th at the proport i on of sma l l 
p arti c l es ( < 1 . 0  mm) i n  the rumen d i gesta of goats , was l arger than  i n  
s heep , when fed both on  l ow and med i um qua l i ty forages . I t  was con­
c l uded that  goats were  more effi c i ent 11 Chewers 11 t h an sheep . However ,  
i t  was not  pos s i b l e  to  d i scr imi n ate between effect s due to t he  amount 
of t i me s pent chewi ng  per 24 h ,  ei ther eat i ng or rumi n at i ng i n  the  
two spec i es ,  or  between the  effects of  chewi ng  dur i ng eat i ng and/or 
r umi nat i ng upon the break down of  feed part i c l es .  There are no pub­
l i shed data on the eff i c i enc i es of chewi ng dur i n g  eat i ng and rumi n a­
t i ng upon the break down of feed p art i c l es i n  the r umen of goats . Data  
h ave been  reported for sheep ( Du l phy, Remand and  Ther i ez ,  1 980 ; U l yatt 
et �. , 1 986 ) , and for catt l e  ( G i l l ,  Camp l i ng and Westgarth , 1 966 ; 
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Kennedy, L i rette ,  C ha i  and M i l l i gan , 1 986 ) ,  when fed both on  fresh  
forages and dr i ed feed s .  

The obj ect i ves  of t h e  present st udy were t o  determi ne  the tota l  
amounts of t i me spent eat i ng and rumi n at i ng per 24-h i n  a compar i son 
study between goats  and s heep, when fed on a med i um qua l i ty forag e .  
One l i mi ted study by Geoffroy ( 1 974 ) i nd i cated that goats spent l e ss  
t i me rumi nat i ng t h an sheep , and s l i ght l y  more t i me eat i ng than s heep . 
A further obj ect i ve of the  study was to determi ne the eff i c i ency of 
chewi ng upon part i c l e  s i z e  break down of feed by goats and sheep dur i ng 
eati n g .  The r ate of eat i ng ( g  DM/mi n ) , n umber of chews/mi n  s pent 
eat i ng ,  number of chews/g  DMI , and the part i c l e  s i ze d i str i but i on of 
the  bol i that h ad been chewed once ( % of part i c l es i n  the OM ) ,  were 
determi ned . The  effi ci ency of chewi ng  dur i n g  rumi n at i on upon ' part i c l e  
s i z e  breakdown by goats and sheep was a l s o  stud i ed .  The number of 
c hews/mi n spent rumi n at i ng and the  contr i but i ons  of rumi nat i on to 
breakdown of feed part i c l es in the rumen (% of part i c l es i n  the OM ) 
were i nvest i g ated . 

5 . 2  EXPER IMENTAL 

5 . 2 . 1  D i et 

L ucerne hay (Medicago sativa ) ,  conta i n i ng 903 g OM/Kg OM and 25 . 9  

g N/Kg OM , was fed to the  an ima l s ,  who were a l l owed free access to a 
mu l t i mi neral s a l t  b l oc k  ( 50 g ) , p l aced i n  the feed b i n  ( Append i x  A ) . 
The hay was c h affed i nto  50-80 mm l ength s .  

5 . 2 . 2  An imal s 

F i ve Border-Le i cester/Romney cross wethers aged � years and 
we i g h i ng 66 . 8  Kg LWT ( S O  4 . 39 ) , and fi ve c astrated Angora-NZ feral 
goat s ,  aged � years and we i gh i ng 44 . 6  Kg  L WT ( SO 3 . 08 ) , were u s ed i n  
the  present experiment . They were a l l f i s t u l ated i n  the rumen , and 

f i t ted wi th permanent rubber cannu l ae ( 63 mm I D ) . They were housed 
i nd i v i dual ly  i n  convent i ona l  metabol i c  crates . 
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5 . 2 . 3  Exper i menta l  Des i gn 

The exper i menta l  des i gn i s  shown schemat i c al l y  i n  F i gure 5 . 1 .  

The present  experiment was carr i ed out i n  June-J u ly  1 988 . The 
pre l i mi nary peri od was of 1 2  days 1 durat i on ( d 1 - d1 2 ) , when the an i ma l s 
were fed " ad - l i b" .  The l ucerne chaff was p l aced upon bel t-feeders 
wh i ch del i vered the day 1 s rat i on i n  24 feed s ,  at 1 h- i nterva l s .  J aw 
h arnesses were f i tted on the an i ma l s on d-5 of the prel i mi n ary peri od , 
and l eft on for i ncreas i ng per i od s  of t ime , unt i l the an i mal s got used 
to  the harnes se s . The experiment was d i v i ded i nto three part s ,  and 
the fol l owi ng  i nvest i g ated : t i me s pent c hewi ng duri ng eat i ng and 
r umi nati ng per 24- h ,  effi c i ency of chewi ng duri ng eat i ng and effi ­
c i ency of chewi ng  dur i ng rumi nati ng upon red uc i ng part i c l e  s i ze .  

Dur i ng d1 3-d27 ,  t h e  an ima l s were restri cted to 90% of 11 ad - l i b "  
feed i ntak e .  Cont i nuous j aw record i ngs  were t aken 
s ecut i ve days d ur i ng d1 5-d 1 8 ,  and t i me spent eat i ng ,  
i d l i ng ( n ei ther eat i ng nor rumi n at i ng )  were recorded . 

for four con­
rumi n at i ng and 
The effi c i en-

c i es of chewi ng dur i ng eat i ng and rumi n at i on were measured dur i ng d1 9-

d22  and  d25-d27 ,  respect i ve ly .  

5 . 2 . 4  Methodo l ogy 

5 . 2 . 4 . 1  Determi n at i on of T ime Spent E at i ng and Rumi nat i ng per 24- h  

5 . 2 . 4 . 1 . 1  Method : Four goats and four sheep were taken from 
those  descri bed i n  Sect i on 5 . 2 . 2 .  They were fi tted w i th j aw harnes­
s es ,  adapted to  record automat i c a l l y  the t i me spent chewi ng dur i ng 
eat i ng , rumi n at i on and rest i ng .  J aw act i v i ty was obta i ned by sen s i ng 

( wi th a hear i ng a i d  dev i ce )  the compres s i on of a bal l oon he l d  under 
the  j aw by the  h arnes s ,  and connected to a press ure transducer ( B i ocom 
Type 1 01 0  C ) , mounted away from the an i ma l s .  Two press ure transducers 
were u sed ,  each one fi tted with four  record i ng channel s .  Records of 
the  j aw act i v i ty were made on mu l t i -channel  heat sens i t i ve chart 
p aper,  wi th a ch art dr i ve of 2 . 5  mm/mi n .  Record i ngs were made con­
t i nuou s l y  for four consecut i ve days on a l l an i ma l s .  
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F i gure 5 . 1 .  Schemat i c  representat i on of the exper imental  des i gn ( Exper i ment 3 ) . 
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Examp l es of the traces showi ng the 
chewi ng behav i our dur i ng eat i ng and rumi n at i on for goats and sheep are 
g i ven i n  F i gures 5 . 2  and 5 . 3 .  E ach  of the  4-days • record i ng per i ods  
was d i v i ded i nto twe l ve 2- hour peri od s ( 6-8  a . m , 8-1 0 a . m ,  . • . . . .  , 2-4  
a . m ,  4- 6 a . m ) , and  the t i me spent eat i n g ,  rumi n at i ng and rest i ng 
counted for each per i od ,  per day, and per an ima l . Mean va l ues  of four 
days were then ca l c u l ated for each an i mal , and a 24-h rumi n at i on and 
eat i ng cyc l e  for goats ( n=4 ) and sheep ( n=4 ) determi ned . 

5 . 2 . 4 . 2  Effi c i ency of Chewi ng Dur i ng E at i ng  

5 . 2 . 4 . 2 . 1 Method : F i ve goats and f i ve sheep ( a l l  those des­
c r i bed i n  Sect i on 5 . 2 . 2 . ) ,  were used dur i ng the exper imen t ,  w i th the 
meas urements be i ng recorded on one goat and one s heep per day. The 
an i mal s were f i tted wi th j aw harnesses  one day pr i or to the start of 
the  measurements . The an ima l s were 11 b a i l ed1 1  at 9 . 00 hour s , and the 
rumen d i gesta kept warm over a bucket of hot water ( temp=70 C ) . The 
dr i nk i ng water and s a l t  b l ock  were removed . The an i ma l s were then 
offered a 1 1 test-mea l 11 of 200 g DM for the goats and 250 g DM for the 
s heep , for 30 m i n s .  Conti nuous j aw movements were recorded duri ng the 
30 mi ns-eat i ng per i od ,  wi th the heat sens i t i ve chart paper trave l l i ng 
at 1 mm/sec . Th i s  al l owed a count i ng of the actua l  number of chews/ 
mi n spent eat i ng .  Exampl es of the traces obta i ned are g i ven i n  
F i gures 5 . 4-5 . 5 .  

At the end of the 30-mi n s  eat i ng per i od ,  any feed res i dues were 
removed , we i ghed , and the DMI ( g ) recorded . The an i ma l s were then 
11 b a i l ed 11 aga i n ,  and the total pool of bol i present i n  the rumen , wh i ch 
h ad been chewed duri ng eat i ng onl y and swal l owed once ,  was  col l ected 
through the rumen f i stu l a and we i ghed . S ubsamp l es were t aken  for ,  ( i )  
t r i p l i c ate determi n at i ons  of DM by freeze-dryi ng , ( i i )  part i c l e  s i ze 
a na lys i s ,  ( i i i )  total N ( as % DM and % OM ) .  The prev i ou s l y  warmed 
r umen d i gesta  was then returned back to the  an ima l s .  

5 . 2 . 4 . 2 . 2  C a l cu l at ions  

( i )  The  n umber of chews/mi n were counted for each an i ma l  for  1 0  
p er i od s  of 6 0  sec ( representi ng 600 mm on  the chart p aper ) . Mean 



figure 5 . 2 .  Trace of rumination ( R )  and eating 

( E )  cycles by goats ( I  - idling ) .  

figure 5 . 3 .  Trace o f  rumination ( R )  and eating 

( E )  cycles by sheep ( I  - idling ) .  



figure 5 . 4. Trace showing number of chews 

during eating by goats. 
figure 5 . 5 .  Trace showing number of chews 

during eating by sheep. 
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v a l ues for the number of c hews/mi n spent eat i ng and the number of 
c hews/g  OMI , were then ca l cu l ated for each goat and sheep .  

( i i )  An i ndex of effi c i ency of chewi ng dur i ng eat i ng ( <C . EAT> ) 
i n  reduc i ng part i c l e  s i z e  to < 1 . 0  mm was cal c u l ated ( Equat i on 1 ) .  

< C . EAT>= 
( g  OM < 1 . 0  mm i n  bol i - g OM cons umed < 1 . 0  mm) 

( 1 ) 
( g  OM of feed cons umed > 1 . 0mm ) 

( i i i )  <C . EAT> was a l so expressed as <C . EAT> per number of chews/g  
OM  I .  

( i v )  The 1 1 apparent 11 s a l i v ary secret i on ( g/ g  OMI and g/g OMI ) was 
c a l cu l ated ( Equat i ons  2 and 3 ) . 

1 1Apparent11 s al i vary secret i on  ( g/ g  OMI ) = ( 2 )  

Total pool ( g )  of bol i ( OM + H20 )  - Feed ( g )  i nt ake ( OM + H20 ) / g  OM! 

1 1Appare.nt 11 s a l i vary secret i on ( g/ g  OM! ) = ( 3 )  

Total pool ( g )  of bol i ( OM + H20 )  - Feed ( g )  i nt ake ( OM + H20 ) / g  OM I 

The 1 1 apparent11 s a l i vary secret i on represents the comb i ned va l ues  
for sal i va secreted dur i ng the  30-mi n s  eat i ng per i od ,  and  water fl ows 
i nto and out of the rumen dur i ng the course of the  measurement per i od .  

( v )  The 1 1 apparent 11 s a l i vary N secret i on rate (mg N/g OMI ) was 
ca l cu l ated ( Equat i on 4 ) . 

1 1Apparent11 sa l i vary N s ecret i on rate ( mg N/g  OM! ) = 

Total  N i n  rumen bol i (mg )  - Tota l  N i n  feed consumed ( mg )  

g OM! 
( 4 )  

( v i ) The total N content i n  the 11 apparent 11 s a l i va ( mg N/g sa l i v a 
OM ) was ca l cu l ated ( Eq u at i on 5 ) . 
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N i n  11 apparent 11 s a l i va (mg N/g OM i n  s a l i v a )  = 

mg N i n  11 apparent" s a l i v a  (mg )  
( 5 )  

g sal i v a OM 

5 . 2 . 4 . 3  Effi c i ency of Chewi ng Dur i ng R umi nat i on 

5 . 2 . 4 . 3 . 1 Method : F i ve goats and f i ve sheep ( descr i bed i n  
Sect i on 5 . 2 . 2 . )  were u sed dur i ng the exper i ment ,  w i th  the measurements 
be i ng recorded on two goats and two sheep per day. The an i mal s were 

fi tted wi th the j aw h arnesses one day pr i or to  the measurement per i od .  
The an imal s were offered a " test-meal 11 at 8 . 00 hours , for 3 h ,  500 g 
OM for goats and 600 g OM for sheep . At 1 1 . 00 hours , the feed 
refu sa l s from the " test-meal " were removed , we i ghed and the DM I ( g ) 
determi ned .  Dr i nk i ng water and the sa l t b l ock were removed . Con­
t i nuous  j aw movements were recorded from 1 1 . 00 hours to 1 9 . 00 hours , 
w i th the j aw movements bei ng due to rumi nat i on on l y. The heat s en­
s i t i ve chart paper was  travel l i ng at 1 mm/sec .  Thi s al l owed the  
count i ng of  act ua l  number of chews/mi n spent rumi n at i ng .  
the  traces obta i ned are g i ven i n  F i gures 5 . 6  and 5 . 7 .  

The an i ma l s were 11 ba i l ed 11 at 1 4 . 00 and 1 9 . 00 hours . 

Examp l es of 

At each 
11 b a i l i ng " , the rumen d i gesta  was we i ghed , m i xed thorough ly ,  s ubsamp l ed 
and returned bac k  to the an i mal . Subsamp l e s  of rumen d i gesta  were 
t aken  for : ( i )  t r i p l i cate OM determi nat i on s , and ( i i ) p art i c l e  s i ze 
ana l ys i s .  The effi c i ency of chewi ng dur i ng rumi nati on i n  break i ng 
down feed p art i c l es i n  the rumen between 1 4 . 00 and 1 9 . 00 hours was 
then determi ned . 

5 . 2 . 4 . 3 . 2  Ca l cu l at i ons  

( i )  The n umber of chews/mi n were counted for each a n ima l  for  1 5  
peri od s of 60 sec ( 3  per i od s  of 60  sec/ h ,  from 1 4 . 00 to  1 9 . 00 hours ) ,  

du r i ng the measurement per i od .  Mean va l ues  of the number of chews /mi n 
d ur i ng rumi n at i ng were then obtai ned for each an ima l  over  th i s  per i od .  



figure 5 . 6. Trace showing number of chews 

during rumination by goats. 

figure 5 . 7 .  Trace showing number of chews 

during rumination by sheep. 
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( i i )  The total  t i me s pent rumi n at i ng ( h )  was determi ned for each 
an i ma l  dur i ng the 5 - h  meas urement per i od ,  and the total n umber of 
c hews ca l cu l ated ( Equat i on 6 ) . 

Tota l n umber of chews dur i ng Rum = 

( 1 4 . 00 - 1 9 . 00 hours ) 
Tota l  t i me Rum (m i n s )  x Number of chews per m i n  Rum 

( 6 )  

( i i i )  The proport i on of part i c l es > 1 . 0  mm i n  the rumen d i gesta 
was determi ned at 1 4 . 00 and at 1 9 . 00 hours . An i ndex of eff i c i ency, 
for chewi ng duri ng rumi n at i on ( <C . RUM> ) i n  break i ng down feed par­
t i c l es >1 . 0  mm duri ng th at  per i od of 5 h ( 1 4 . 00-1 9 . 00 hours ) ,  was 
ca l c u l ated ( Equat i on 7 ) . 

<C . RUM> = 

( Pool  s i ze > 1 . 0  mm ( A )  - Pool s i ze > 1 . 0  mm ( B ) ) 
( 1 4 . 00 hours ) ( 1 9 . 00 hours ) 

Pool s i ze > 1 . 0  mm ( 1 4 . 00 hours )  

( Pool s i ze (A )  was determi ned after subsamp l i ng of rumen 
d i gesta  for part i c l e  s i ze ana l ys i s ,  and was mater i a l 

act ua l l y  returned to the  rumen . Pool ( B )  represented 
mater i a l  act ual ly  removed from the rumen ) .  

( 7 )  

The ca l c u l at i on ( 7 )  was based on the assumpt i on that feed p ar­
t i c l es > 1 . 0  mm cannot l eave the rumen ( Grenet , 1 970 ;  Pappi  et �. , 
1 980 ) . Hence i t  was ass umed that the reduct i on i n  the rumen pool s i ze 
of p art i c l es > 1 . 0  mm dur i ng the per i od of 1 4 . 00-1 9 . 00 hours was due 
on l y to rumi n at i on ,  w i thout any l os s  of part i c l es > 1 . 0  mm f l owi ng out 
of  the  rumen . 

( i v )  <C . RUM> was a l s o  expres sed as <C . RUM> per tota l  number of 
chews spent rumi n at i ng d ur i ng the 5-h  meas urement per i od .  

5 . 2 . 5  Chemi c a l  Ana lys i s 

C hemi ca l  an a lys i s  was carr i ed out us i ng the  method s descri bed i n  
Sect i on 2 . 9 .  The fol l owi ng anal yses were performed . S amp l es of feed 
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offered and bol i were anal ysed for OM , total  N (% OM and % OM ) and 
p art i c l e  s i z e .  The OM of the rumen d i gesta  s amp l es was determi ned by 
freeze-dryi ng for f i ve  days , unt i l con s tant l oss  i n  we i ght ( FD 57  
freeze-dryer ; WGG Cuddon  ( NZ )  Ltd . ) .  

5 . 2 . 6  Stat i st i c al  De s i gn and An a l ys i s  

A comp l ete random i s ed des i gn was u sed , w i th compar i sons  between 
goats and sheep be i ng made us i ng one-way an a lys i s  of var i ance. Mean 
va l ues  wi th the standard error of the  d i fference ( SE D )  are presented . 

5 . 3  RESULTS 

5 . 3 . 1 T ime Spent Chew i ng Dur i ng E at i ng and Rumi nat i ng by Goats and 
Sheep , Dur i n g  24  h 

There were no s i gn i f i cant d i fferences i n  the DMI ( g/Kg w0 · 75; d ) , 
between goats and s heep when fed on l ucerne hay i n  wi nter . 

spent 
F i gure 5 . 8  and Tab l e  5 . 1  s how th at , over a per i od of 24 h ,  goats 

more t i me ( 3 . 1  h ;  +85%;  P<0 . 01 ) c hewi ng dur i ng eat i ng t h an 
Th i s  compri sed 2 h more dur i ng the day and 1 h more dur i ng the sheep . 

n i ght . 

The total  amount of t ime spent rumi n at i ng  per 24 h by goats was 
s i gn i f i cantl y l ower ( 2 . 2  h ;  -35% ; P<0 . 05 )  t han in sheep , compr i s i ng 1 
h l es s  dur i ng both the  day and n i ght peri od s .  There were no d i fferen­
ces ( P>0 . 1 )  between the two spec i es i n  the total amount of t i me s pent 
chewi ng , per 24  h .  

5 . 3 . 2  Effi c i ency of C hewi ng Dur i ng E at i ng U pon the Breakdown of Feed 
P art i c l es 

The rate of e at i ng ( g  DMI /mi n )  was  faster ( P=0 . 07 )  i n  s heep 
( +62% ) , t han i n  goat s ( Tab l e  5 . 2 ) ,  but when  the rate of eat i ng was 
expres sed as  g DMI /Kg  w0 · 75;mi n ,  the d i fferences between goats and 
s heep d i s appeared ( P>0 . 1 ) .  The frequency of chewi ng duri ng e at i ng  
( number of chews/m i n )  was  s i gn i f i c ant l y  greater ( P <0 . 01 ) i n  go ats than  
i n  sheep .  Henc e ,  t h e  number o f  chews per gDMI duri ng eati ng i n  goats 
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F i gure 5 . 8 .  T i me ( h )  s pent chewi ng dur i ng eat i ng (8 ) and rumi nat i ng (0 )  over a 24-h  per i od ,  by 
goats and sheep , fed on l ucerne hay at 90% " ad - l i b "  i ntak e .  
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Tabl e 5 . 1 .  Time ( h )  s pent chewi ng dur i ng eat i ng and rumi n at i ng per 24  
h in  goats and sheep , fed on l ucerne h ay ,  at  90% 11 ad - l i b 11 
i ntak e .  

( Mean va l ues wi th the i r  st andard error of d i fference ( SE D )  for four 
goats and four sheep . ) 

T ime Chewi ng  behav i our  ( h )  Goats 

24- h peri od : RUM 6 . 1  
EAT 6 . 8  
( RUM  + EAT ) 1 2 . 9  
RUM/EAT rat i o  0 . 92 

D ay :  RUM 2 . 7  
( 6  am - 6 pm) EAT 4 . 3  

{ R UM + EAT ) 7 . 0  

N i ght : RUM 3 . 5  

( 6  pm - 6 am) EAT 2 . 6  
( R UM + EAT ) 6 .  1 

Dry matter i ntake ( g/Kg  w0 · 75;d ) 56 . 2  

RUM = Time s pent  c hewi ng duri ng rumi n at i o n .  
EAT = Time spent c hewi ng dur i ng eat i ng .  

Sheep SED  

8 . 3  0 . 69 
3 . 7  0 . 57 

1 2 . 0  0 . 37 
2 . 29 0 . 276  

3 . 7  0 . 35 
2 . 0  0 . 35 
5 . 7  0 . 1 6  

4 . 6  0 . 44 
1 .  7 0 . 33 
6 . 3  0 . 27 

52 . 4  3 . 94 

{ RUM + EAT ) = Tota l  t i me spent chewi ng ( e at i ng + rumi n at i ng ) . 

* 
** 
NS 
** 

* 
*** 

** 

(* ) 
* 

NS  

NS  

*** P<0 . 001 ; **  P<0 . 01 ; * P<0 . 05 ;  ( * ) P <0 . 1 ;  NS  Non- s i gn i f i c ant 
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Tab l e  5 . 2 .  Effi c i ency of chewi ng dur i ng eat i ng upon the break down of 
feed p art i c l es by goats and s heep , fed on l ucerne h ay .  

( Mean val ues  w i th the i r  standard error of  t he  d i fference ( S E D )  for 
fi ve goats and fi ve sheep . )  

Feed i ng behav i ou r :  
I ntake rate ( g  DM/mi n ) 0

@
75  ( g  DM/Kg W . /ffli n )  

Number of chews/mi n e at i ng 
Number of c hews/g  DMI 

P art i c l e  s i ze reduct i on :  @ 

( %  d i etary OM retai ned on  s i eve )  
> 4 . 0  mm 

2 . 0  mm 
1 . 0 mm 
0 . 5  mm 
0 . 2 5 mm 

< 0 . 25 mm 
< 1 . 0 mm 
> 1 . 0 mm 

I ndex of effi c i e ncy of chewi ng 
duri ng eat i ng ( <C . EAT> ) 
< C . EAT> I n umber of c hews . g DMI - 1  

"Apparent"  s a l i v ary secret i on :  
g/g DMI 
g/g OMI 

" Apparent"  s a l i vary N s ecreti on 
rate ( mg/g  OMI ) 

N i n  " apparent"  s a l i va secret i on 
(mg/g ) 

Goats 

3 . 7 1 
0 . 20 

1 54 
44 

5 . 4  
4 . 7  

1 1 . 3  
1 5 . 7  
24 . 9 
38 . 0  
78 . 6  
2 1 . 4  

0 . 85 
0 . 02 1  

7 . 8  
8 . 7 

1 3 . 0  

1 .  48 

Sheep 

6 . 02 
0 . 24 

1 28 
2 1  

1 9 . 3  
7 . 2  

1 2 . 9  
1 0 . 3  
20 . 1  
30 . 3  
60 . 6  
39 . 4  

SED  

1 .  08 ( * )  
0 . 024 NS 
3 . 7  ** 
9 . 8  ( * )  

1 .  90 *** 
1 .  06 * 
4 . 32 NS 
1 . 20 ** 
1 .  62 * 
5 . 46 NS  
6 . 08 * 
6 . 08 * 

0 . 48 0 . 068 ** 
0 . 024 0 . 0050 NS 

5 . 8  0 . 97 ( * )  
6 . 5  1 . 08 ( * )  

3 . 3  3 . 65 * 

0 . 50 0 . 42 ( * )  

@eed part i c l e  s i ze > 1 . 0  mm for l uc erne chaff fed was 95 . 2% .  
1 Tes t  mea l  offered for 30 m i n s .  
· ( Sa l i vary secret i on + water f l ows i nto rumen . )  
*** P<0 . 00 1 ; ** P<0 . 01 ; * P<0 . 05 ;  ( * )  P<0 . 1 ;  NS Non-s i gn i f i c ant  
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was  1 09% greater than i n  s heep , with  the  d i fference attai n i ng s i gn i fi ­
c ance at P =0 . 08 .  

The ca l c u l ated i ndex of effi c i ency duri ng eat i ng ( <C . EAT> ) s howed 
the  greater effect i veness of goats ( +77% )  i n  reduc i ng the feed par­
t i c l es to be l ow the thresho l d ( 1 . 0  mm) to pas sage , t h an s heep 
( P<0 . 01 ) .  When < C . EAT> was corrected for the number of chews/gDMI , 
t here were no  s i gn i f i c ant d i fferences between goats and s heep 
( P>0 . 1 ) .  Table  5 . 2  shows that the bol i wh i ch were chewed dur i ng 
e at i ng on l y  and swa l l owed onc e ,  contai ned s i gn i fi cant ly greater pro­
port i ons ( %  of d i etary OM retai ned on s i eves ) of smal l part i c l es ( 1 . 0-
0 . 5  mm , 0 . 5-0 . 25 mm and <0 . 25  mm) , and sma l l er proport i ons  of l arge 
p art i c l es ( >4 . 0  mm and 4 . 0-2 . 0  mm) for goats than for sheep . 

The c a l cu l ated " apparent" s a l i vary secret i on ( g/g DMI and g/g 
OM! ) was greater dur i ng eat i ng in  goats than i n  s heep ( P =0 . 08 ) . The 
c a l cu l ated " apparent" s a l i vary N secret i on rate ( mg N /g OM! ) ( P<0 . 05 ) , 
and the ca l c u l ated N i n  " apparent" sa l i v a  ( mg N/g OM sa l i v a )  ( P=0 . 06 ) , 
were a l so greater i n  goats than  i n  s heep . 

5 . 3 . 3  Effi c i ency of C hewi ng Duri ng Rumi nat i ng Upon the Breakdown of 
Feed P art i c l es 

The freq uency of chews per mi n spent rumi n at i ng was s i gn i f i can t l y  

l ower ( P<0 . 001 ) i n  goats th an i n  sheep ( Ta b l e  5 . 3 ) . Both goats and 
s heep spent 32-33% of the 5-h meas urement peri od rum i n at i ng  ( P>0 . 1 ) .  

The c a l cu l ated eff i c i ency of chewi ng dur i ng rumi nat i ng ( <C . RUM> ) , 
i nd i cated that sheep tended to be more effect i ve ( +23% )  i n  break i ng 
down the rumen pool of l arge part i c l es ( > 1 . 0  mm) to  part i c l es < 1 . 0  mm 
dur i ng rumi nat i ng than  goats ( P>0 . 1 ) .  When corrected for the tota l  
n umber of  chews per mi n ute rumi nat i ng dur i ng t he  5 h-measurement 
per i od ,  the  d i fferences between goats and s heep d i s appeared . 



1 82 

Tab l e  5 . 3 .  Effi c i ency of chewi ng dur i ng rumi nat i ng ( RUM) by goats and 
sheep ,  upon the break down of feed part i c l es > 1  mm dur i ng a 
5-h per i od ( 1 4 . 00 - 1 9 . 00 hours ) .  

( Mean va l ues wi th t h e i r  standard error of the  d i fference ( SE D )  for 
fi ve goats and fi ve  sheep . ) 

Goats Sheep SED 

Tota l  number of chews ( 1 4 . 00- 1 9 . 00 h )  763 1  9878 1 26 1  N S  

T ime ( h )  s pent RUM  ( 1 4 . 00-1 9 . 00 h )  1 .  62  1 . 64 0 . 2 1 6  NS  

N umber of chews/mi n RUM  79 1 00 2 . 03 *** 

I ndex of effi ci ency of chewi ng . RUM 
( < C . RUM> ) 0 . 48 0 . 59 0 . 1 39 NS  

<C . RUM> I number of chews . . - 1  m 1 n RUM 0 . 006 0 . 006 0 . 00 1 5 NS 

*** P<0 . 001 ; NS Non- s i g n i fi cant . 
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5 . 4  D I SCUSS I ON 

The res u l t s  of the present exper i ment showed that goats  s pent 
more t i me eat i ng ( +  3 . 1  h ;  P<0 . 01 ) ,  and l es s  t ime rumi nat i ng ( -2 . 2  h ;  
P<0 . 05 ) , per 2 4  h ,  th an sheep whe n  fed a ch affed l ucerne hay d i et .  
Geoffroy ( 1 974 ) , a l s o reported that goats spent more t i me eat i ng 
( +0 . 67 h/24  h ;  P>0 . 1 ) ,  and l es s  t i me rum i n at i ng ( - 1 . 5  h/24 h ;  P<0 . 01 )  
than sheep ,  when fed on chopped ryegrass  h ay, wi th the d i fferences 
between the 2 spec i es thus be i ng of smal l er magn i tude th an observed i n  
the present  study, espec i al l y  i n  the t i me s pent eat i ng .  

The c a l cu l ated i ndex of effi c i ency o f  chewi ng dur i ng e at i ng 
( <C . EAT> ) ,  i nd i cated that goats were 85% effi c i ent  at break i ng down 
l arge part i c l es to < 1 . 0  mm dur i ng e at i ng ,  compared to 48% for sheep . 
U l yatt � �· ( 1 986 ) , reported a mean <C . EAT> i ndex of 43 . 5% for s heep 
fed on  fresh  and dr i ed forages ( range : 34 . 6-51 . 6% ) , wh i ch i s  much 
be low t h at reported for goats i n  the  present  study. 

The greater effi c i ency of chewi ng dur i ng eat i ng can be due to 3 
ma i n  factors ( U l yatt et il· , 1 986 ) , name l y :  

1 .  N umber of c hews per mi n spent eat i ng .  

2 .  The gr i nd i ng surface area of the teeth (mm2/Kg w0 · 75 ) .  

3 .  The art i c u l ar surfaces of the sku l l  and j awbones ,  wh i c h  deter­
mi ne the forces app l i ed duri ng eat i ng .  

Whe n  corrected for th e number of chews/mi n spent eat i ng ,  the 
s i gn i f i c ant  d i fferences ( P< 0 . 01 ) i n  <C . EAT> between goats and s heep 

d i sappeared . I t  i s  therefore conc l ud ed that the greater n umber of 
chews/mi n  s pent e at i ng i n  goats i s  a major component exp l a i n i ng the i r  

greater < C . EAT> v a l ues , compared to  s heep . Factors 2 and 3 were not 
meas ured i n  the present exper i men t ,  and are poss i b l e  components wh i ch 
together wi th factor 1 coul d a l l h ave i nf l u enced the process  of a more 
effi c i e n t  p art i c l e  s i ze reduct i on dur i ng  eat i ng in  goats . 

A greater proport i on of sma l l part i c l es i n  the  rumen prov i des  a 

l arger surface area of part i c l es wh i ch i s  av ai l ab l e  for mi crob i a l  
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attachment and col o n i sat i on ( Hu ngate ,  1 966 ; Ak i n ,  1 976 ; C heng et �. , 
1 977 ; Ak i n ,  1 979 ; E l l i ott et 2..}_. ,  1 985 ) .  Thu s ,  the presence of a 
greater proport i on of sma l l part i c l es ( < 1 . 0  mm) , i n  the rumen of goats 
than  sheep for a l onger per i od of t i me may have contri buted to  the 
greater apparent fi bre d i gest i b i l i ty by goats compared to s heep , as 
ob served in  C h apters 3 and 4 .  

B ecause of the l onger t ime they spent chewi ng , and the i r  greater 
effect i veness of chewi ng dur i ng eat i ng ,  i t  seems that goats do not 
requ i re to rumi nate for as l ong as s heep . The process of rum i n at i on 
serves to  reduce  further the refractory s i ze of part i c l es wh i ch h ave 
not been broken  down to < 1 . 0  mm dur i ng eat i ng ( Pearce and Mo i r , 1 964 ; 
Re i d et 2..}_. ,  1 979 ;  U lyatt , 1 983 ; C h a i  et �. , 1 984 ; U l yatt et �. , 
1 986 ) . 

D ata  i n  T ab l e  5 . 2  i nd i cated that there was a greater proport i on 
( +  84% ) , of p art i c l es > 1 . 0  mm i n  the bol i swal l owed after eat i ng by 
s heep ,  compared to goats . R umi n at i on i n  sheep appears to p l ay a 
major rol e i n  break i ng down the feed parti c l es wh i c h are > 1 . 0  mm i n  
the  r umen , and i s  not as i mport ant i n  goats . The greater eff i c i ency 
of c hewi ng dur i ng rumi n at i on ( <C . RUM> ) by sheep than goats ( 59% v s  
48% ) , i n  break i ng down the  feed part i c l es to  < 1 . 0  mm c a n  be  accounted 
for by the greater number of c hews per mi n dur i ng rumi n at i on i n  sheep 
than  i n  goats . U l yatt et �· ( 1 986 ) ,  reported that the mean <C . RUM> 
obta i ned wi th  sheep fed on fresh  forage and dri ed d i ets was  5 3 . 6% 
( r ange 39 . 0-53 . 6%) , a va l ue c l ose  to the one obta i ned for sheep i n  the  
present  exper i ment . 

Both the apparent rate of 1 1 S a l i vary secret i on 11 and of 11 s a l i vary N 
s ecret i on 11 d ur i ng eat i ng ,  appeared to be greater i n  goats than i n  
shee p ,  i n  the  present exper i ment .  Th i s ,  together wi th  the greater 
amount  of t i me the goats s pent e at i ng , i mp l y  that goats h ave a greater 
N recyc l i ng capac i ty i nto the r umen through •• s a l i vary secret i on 11 than  
s heep ,  thus  expl a i n i ng the  greater rumen I RL of  NH3 -N  ( mg N/g  N 
i ntake/d ) ,  observed i n  goats when fed the l ucerne chaff d i et ( Ch apter 
4 ) . 
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( 1 976 ) h ave al so reported greater rates of both 
secret i on (+ 40% ; P<0 . 01 ) ,  and total s a l i v ary N 

s ecret i on i n  goats duri ng eat i ng of a fresh  forage d i et th an i n  sheep . 

The greater 11 S a l i vary secret i on .. rate i n  goats coul d a l s o  as s i st 
i n  a greater sol u b i l i sat i on of the dry d i et used i n  the present study, 
as the forage i s  ground between the mo l ars i n  the presence of sa l i va .  
T h i s cou l d  b e  another factor i n  re l e as i ng the ce l l -content s  dur i ng 
e at i ng ( Kay, 1 966 ; U l yatt , 1 983 ) , and expl a i n a greater apparent f i bre 
d i ge s t i b i l i ty by goats compared to sheep . 

5 . 5  CONCLUS I ONS  

5 . 5 . 1  Goats spent more t i me eat i ng ( +  3 . 1  h ;  P<0 . 01 ) ,  and l es s  
t i me rumi nat i ng ( - 2 . 2 h ;  P<O . OS )  per 24 h ,  than s heep when fed a 
l uc erne chaff d i et .  

5 . 5 . 2  T he  effi c i ency of  chewi ng dur i ng eat i ng ( <C . EAT> ) i n  
b reak i ng down feed part i c l es to < 1 . 0  mm was greater i n  goats ( 85% ; 

P<0 . 01 ) than sheep ( 48% ) . 

5 . 5 . 3  The  process  of rumi nat i on i n  sheep served to  reduce  the 
feed p art i c l es wh i ch were > 1 . 0  mm i n  the rumen to < 1 . 0  mm . Sheep 
tended to be more effi c i ent i n  th i s  process  than goats ( 59% vs 48% ) , 
w i th  t he  d i fference not attai n i ng s i gn i f i cance ( P>0 . 1 ) .  

5 . 5 . 4  Because of the l onger t i me goats s pent eat i ng ,  and the  
greater effect i veness of  the i r  eat i ng i n  reduc i ng part i c l e  s i z e ,  goats 
d i d  not req u i re to rumi n ate for as l ong a per i od of t i me as sheep . 

5 . 5 . 5  Chewi ng duri ng eat i ng was the more important component i n  
break i ng down feed part i c l es to < 1 . 0  mm i n  goat s ,  whereas chewi ng 
d u r i ng rumi nat i on was the more important component i n  s heep . The 
greater frequency of chews ( n umber of chews/mi n )  dur i ng eat i ng i n  
goats , or dur i ng rumi n at i ng i n  s heep , was the  major component of 
effi c i ency i n  both the eat i ng and rumi n at i on processes . 
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5 . 5 . 6  Goats had greater apparent " s a l i vary s ecret i on 11 rates 
d ur i ng eati n g  ( P<0 . 1 ) ,  and greater apparent 11 S a l i vary N secret i on "  
rates  dur i ng e at i ng ( P<0 . 05 )  than  s heep . Th i s ,  together wi th the 
greater amount  of t ime s pent eat i ng ,  he l ps exp l a i n  the greater IRL  
of  NH3 -N  i n  the rumen of goats  than  sheep, when fed the s ame d i et 
( C hapter 4 ) . 
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CHAPTER S I X .  EFFECTS O F  SUBCUTANEOUS MELATONIN  IMPLANTS DURI NG LONG 

DAYLENGTH ON VOLUNTARY FEED I NTAK E ,  RUMEN CAPAC ITY 

AND HEART RATE OF DEER FED A MED I UM QUALI TY FORAGE . 

6 . 1  I NTRODUCTION 

The seasonal rhythm of vol u ntary feed i ntake i n  deer i s  contro l ­
l ed by changes i n  dayl e ngth ( S i mpson et �. , 1 984 ; Sutt i e ,  Corson and 
Fennes sy, 1 984 ; S u tt i e  and S i mpson , 1 985 ) .  I ncreas i ng dayl ength 
( spri ng/ s ummer ) i s  a s soc i ated wi th h i gh feed i nt ake and decreas i ng 
d ayl ength ( autumn/wi nter ) i s  assoc i ated wi th l ow feed i ntake ( M i l ne et 
�. , 1 978 ;  Sutt i e  et �. , 1 984 ;  Ch apter 4 ) . Metabol i c  rate ( heat 
p roduct i on ) , heart rate and act i v i ty are greater i n  s ummer and l ower 
i n  wi n ter i n  the wh i te-ta i l ed deer ( S i l ver et �. , 1 969 ; Moen , 1 978 ) . 

Per i od s  of darknes s  are as soc i ated wi th a r i se i n  the p l asma 
concentrat i on of the hormone me l aton i n  ( Me ) , muc h above that of day­
t i me l evel s ( Arendt , 1 979 ; As her et �. , 1 988 ) . As the l ength of 
n i ght - t i me i ncreases from s ummer to wi nter,  the l ength of t i me Me i s  
s ecreted i s  l onger i n  wi nter than  i n  summer ( Wurtman and Anton-Tay,  
1 969 ;  P l otka et �. , 1 981 ; B i ttman � �. ,  1 983 ) . Decreas i ng day­
l ength and e l evated p l a sma Me concentrat i on have been assoc i ated wi th  
a decrease in  feed i nt ake  in  deer in  wi nter ( S i mpson et �. , 1 984 ; 
S utti e et �· ,  1 984 ) . 

Curren t l y, i t  i s  known that  deer wh i ch h ave been treated w i th 
exogenous Me i n  l ate  s pr i ng/ear l y  summer ,  s how a ph ase-sh i ft i n  the i r  
reproduct i ve phys i o l o gy,  wi th a n  advancement i n  sexual  behav i our and 
mat i ng i n  both mal es  and fema l es  ( Buben i k , 1 983 ;  Webster and B arrel l ,  
1 985 ; Asher ,  Barrel l ,  Adam and Stap l es ,  1 988 ; F i sher , Fennessy and 
M i l ne ,  1 988 ) . These resu l ts i nd i cate that the constant admi n i strat i on 
of Me from a s ubcut aneous ( s . c . ) i mp l ant i nterferes wi th the  norma l  
p hotoper i od i c  regu l at i on o f  reproduct i ve phys i o logy i n  deer . 
Me l aton i n  act s  to  b l oc k  the effects of l ong-days , and funct i on s  
p hys i ol og i ca l l y  t o  entra i n the seasonal  reprod uct i ve rhythms to  photo­
peri od , b u t  there i s  no  d i rect ev i dence that the appet i te rhythm i n  

deer i s  synchron i s ed to  the photoper i od by Me . As vo l u ntary feed 
i ntake  ( VF I ) ,  metabol i c  rate and reproduct i ve rhythms are c l os e l y  

l i nked i n  deer ( S utt i e  and Kay, 1 985 ; C u r l ewi s ,  Loudon and Col eman , 
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1 988;  B arry et �. , 1 989 ) ,  i t  i s  poss i b l e  th at  the  effects of d ay­
l ength on the seasona l  VF I  are synchron i sed by Me . 

Obj ect i ves of t he  present exper iment were to 
effect s of constant rel ease s . c .  i mp l ants  of Me 

i nvest i gate the 
on VF I ,  rumen 

c apac i ty ,  rumen d i ge s t a  l oad and heart rate ( an i ndex of metabo l i c  
r ate ) i n  c astrated ma l e  Red Deer, duri ng peri od s of i ncreas i ng d ay­
l ength ( s pr i ng/  s ummer ) .  Th i s  was done to s ee i f  the season a l  ch anges 
i n  d i gest i ve funct i on observed i n  deer i n  C h apter 4, cou l d  be a l tered 
by exogenou s Me admi n i strat i o n .  The Me-Treated an i ma l s were exposed 
to  a constant exogenous  Me concentrat i on i n  s pr i ng for 2 month s .  
Measurements of DMI , r umen capac i ty, rumen d i gesta  l o ad and heart r ate 
were c arr i ed out 2� month s ( t 1 ; ear ly  s ummer ) ,  6 month s ( t2 ;  l ate 
s ummer ) , � months ( t 3 ;  l ate autumn ) and 1 �  months  ( t4 ;  l ate wi nter)  
respect i ve l y, after the f i rst Me i mp l ant . 

H i gh  concentrat i on of p l asma prol act i n  ( P )  h as been assoc i ated 
wi th l ong  dayl ength , h i gh food i ntake and r ap i d  we i ght ga i n i n  the Red 
Deer ( S utt i e  and K ay, 1 985 ) ,  re i ndeer ( Ryg and J acobsen , 1 982b ) , and 
i n  the s heep ( Forbe s ,  D r i ver , Brown , Scanes  and H art ,  1 979 ) . E xo­
genous Me dur i ng l ong  dayl ength depresses t he  p l asma concentrat i on of 
P to  base- l i ne l eve l s i n  deer ( Webster and B arre l l ,  1 985 ) and i n  s heep 
( Kennaway, D unstan , G i l more and Seamark , 1 983 ;  L i ncol n and E b l i ng ,  
1 985 ; Pou l ton , Eng l i s h ,  Symons and Arendt , 1 986 , 1 987 ) .  The effect of 
s . c .  i mp l ants of Me on p l asma P concentrat i on was a l so  measured dur i ng 
the present  experi ment and the res u l t s  wi l l  be reported e l sewhere . 

6 . 2  EXPER IMENTAL 

6 . 2 . 1  Exper imental De s i gn 

Th e experimenta l  d es i gn i s  s hown schemat i c a l l y  i n  F i gure 6 . 1 .  

The fi rst me l aton i n  imp l ants were i n serted on 1 5  September 1 988 
( d 1 ) ,  and thereafter every 2 1  days for a per i od of 6 3  days ( d2 1 , d42 , 
d63 ) . The l ast i mp l a n ts were admi n i stered on 1 8  November 1 988 . The 

Me adm i n i strat i on per i od was then fol l owed by 4-week measurement 
per i od s  ( i ndoor tri a l s )  of VF I ,  r umen capac i ty, rumen d i gesta l oad and 
heart rate ,  to determi n e  the i mmed i ate,  s hort-term and l ong-term post-
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treatment  effects of Me , n ame ly  i n  l ate November-December ( t1 ) ,  March 
( t2 ) ,  May ( t3 )  and August ( t4 ) . 

Th i s  Ch apter i s  concerned wi th the f i r st  two per iod s  ( t1 and t2 ) 
o n l y .  Res u l ts of per i od s  t3 and t4 wi l l  be reported e l sewhere . 

6 . 2 . 2  An ima l s and Management 

Th i rteen ca strated h and-reared Red Deer , aged 4 year s ,  were u s ed , 
i nc l ud i ng 7 deer f i stu l ated i n  the rumen and fi t ted wi th permanent 
rubber cannu l ae ( 83 mm I D ) , and 6 non-fi stu l ated deer.  The f i s t u l ated 
and non-fi stu l ated deer were ba l anced for L WT at the start of the 
exper iment ( 1 5  September 1 988 ) , and a l l oc ated to 2 groups , Control  ( 3  
f i s t u l ated , 3 non-f i stu l ated ) and Me-Treated ( 4  fi stu l ated , 3 non­
f i s t u l ated ) . The Control  group wei ghed 95 . 9  Kg LWT ( SD 1 6 . 7 ) , and the 
Me-Treated group we i ghed 95 . 7  Kg LWT ( SD 1 4 . 0 ) , at the start of the 
exper iment . 

I n  between the  i ndoor tr i al s ,  the Control  and Treated groups  were 
a l l owed to graze togeth er on a mi xed ryegrass/c l over pasture . When 
hou sed i ndoors , the an i ma l s were kept under n atural  amb i ent l i ght 
reg i mens . 

6 . 2 . 3  Me l aton i n  Treatment 

Two imp l ants , e ach  contai n i ng 18  mg me l aton i n  (M )  ( Regu l i n  B atch 
1 000695-1 ; Regu l i n  Ltd . , Mel bourne , Austra l i a ) were i nserted s ub­
cutaneou s l y  at the base of the ear us i ng a 8 mm g auge sta i n l e s s  stee l  
trocar .  The  an i ma l s were restrai ned dur i ng the  operat i on i n  a deer­
cru s h . 

6 . 2 . 4 B l ood S amp l i ng 

B l ood s amp l es were taken from the  j u g u l ar ve i n of Control  and 
Treated groups , at 1 0-d  i nterva l s  ( 1 1 . 00 hours ) ,  from 1 5  September to 
1 8  November 1 987  { d 1 , d1 1 ,  d2 1 , d31 , d42 ,  d53 ,  d63 ,  d73 ) , and aga i n  on 
5 Apr i l 1 989 ( d-205 ) . B l ood was taken by ven i puncture of the j u g u l ar 
ve i n  ( 2  x1 0 m l , hepari n i sed Vacutai ners ) .  B l ood s ampl i ng was carri ed 
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out before Me i mp l antat i on ,  wi th the an i ma l s restrai ned i n  a deer­
cru s h .  

6 . 2 . 5  L i vewe i ght  Record i ng 

The an i ma l s were we i ghed at 1 0-d  i nterva l s  as  from 1 5  September 
1 987  ( F i gure 6 . 1 . ) . At the beg i nn i ng and comp l et i on of each i ndoor 
feed i ng tri a l , the L WT of the  an ima l s was aga i n  recorded . 

6 . 2 . 6  D i et 

When kept i ndoors , the an ima l s were fed on l ucerne h ay (Medicago 

sativa ) ,  contai n i ng 896 g OM/Kg OM and 29 . 8  g N /Kg OM , and a l l owed 
free access to a mu l t i mi neral  s a l t  b l oc k  ( 50 g )  ( Append i x  A ) . The h ay 
was ch affed i nto  50-80 mm l ength s  before feed i ng .  

6 . 2 . 7  Determi n at i on of Vol u ntary Feed I nt ake  

Vo l untary feed i ntake  ( VF I ) of  l ucerne chaff ( g/Kg w0 · 75; d )  was 
meas ured wi th the  an ima l s kept i ndoors d ur i ng the  peri ods t 1  and t2 . 
The  fi stu l ated an ima l s were kept i n  metabol i c  crates ( Sect i on 2 . 3 ) , 
and the  non-f i s t u l ated an ima l s were kept i n  i nd i v i du a l  pens wi th 
s awdu s t  prov i ded as bed d i ng . 

D ur i ng each  of the 2 exper i mental  per i od s  ( t 1 and t 2 ) , the  
an i ma l s were a l l owed an adaptat i on per i od of  1 2  days . VFI  was  
meas ured for 8 d ays ( t1 =d85-d92 ; t2=d1 83- d1 90) . The an ima l s were fed 
11 ad - l i b 11 , wi th t h at offered bei ng 1 5% greater t h an the prev i ous  day ' s 
consumpti on .  The  non-f i stu l ated an i ma l s were fed twi ce da i l y ,  and the  
f i stu l ated ones  were fed cont i nuou s l y  from automat i c  be l t -feeders at 

hour l y  i nterv a l s .  S amp l es of feed offered were col l ected da i l y, 
pool ed over t he  8-day measurement per i od ,  and s tored for 
a n a l ys i s . A d a i l y  du p l i cate oven dry-matter determi n at i on 
2 . 5 ) was done on  the feed refusa l s of e ach  an i ma l , and 
offered . 

chemi c a l  
( Sect i on 

the  feed 



1 92 

6 . 2 . 8  Rumen C apac i ty and Rumen Pool S i ze 

Rumen c apac i ty and rumen pool s i ze  ( tota l  DM + l i qu i d ,  DM and 
l i q u i d  poo l s )  were determi ned ( g/Kg w0 · 7 5 ) d u r i ng the per i od s  t 1  and 
t2 , us i ng 3 Control  and 4 Me-Treated fi stu l ated an ima l s .  

At the comp l et i on of the VF I determ i n at i on ,  
restr i cted t o  90% 11 ad - l i b "  i ntake for 4 d ays ( t1 = 

the an ima l s were 
d93-d96 ; t2 = d 1 91 -

d 1 94 ) . The an i ma l s were " ba i l ed 11 over d97-d99 ( t 1 )  and aga i n  over 
d 1 95-d1 97 ( t2 ) ,  w i th 2 an i mal s ( 1  Me-Treated and 1 Control ) be i ng used 
per day .  Pr i or  to b a i l i ng , t he  an ima l s were sedated wi th 1 m l  of  2% 
Rompun ( xy l az i ne ;  Have r l ockhart , B ayvet ( USA ) D i v i s i on ) . The rumen 
d i gesta  was removed from the fi stu l a  ( I D  83 mm) , we i ghed , s u b s amp l ed 
for tri p l i cate  DM determi nati ons , and then  kept warm over a buc ket of 
warm water ( temp 70 C ) . To determi ne  the rumen water-fi l l ed capac i ty,  
a soft defl ated rubber meteorol og i ca l  b a l l oon  ( a i r  capac i ty :  1 00g ; 
Totex Corporat i on ( J apan ) ) ,  was then p l aced i ns i de the empty rumen ,  
a nd fi l l ed wi th  water ( t emp 24  C )  from a tared water-tank , through a 
rubber tub i ng ( 5mm I D )  p l aced i n  the  neck of the ba l l oon ( F i gure 6 . 2 ) . 

The b a l l oon was est i mated to be ful l when the ba l l oon + water h ad 
accommodated a l l parts of the rumen . The rumen water-fi l l ed capac i ty 
was  ca l c u l ated as the  l oss  i n  we i g ht of the  water tank ( g )  after 
f i l l i ng the b a l l oon .  The water from the ba l l oon was  then s i phoned out  
u nt i l it  cou l d  be  removed by h and and dra i ned . The warmed rumen 
d i gesta was returned b ack  to the an i ma l . The who l e process l asted for 
a per i od of about  1 h .  

6 . 2 . 9  Heart  R ate 

Heart rate was  measured dur i ng t1  ( d 1 00-d1 02 ) , and  t2  ( d 1 98-
d200 ) , u s i ng 1 Control and 1 Me-Treated an i ma l  per day. Pre- ge l l ed 
adhes i ve s i l ver-ch l or i de  e l ectrodes  wi th  press-studs ( 39 mm d i ameter ; 
Med i cotest ( De nmark ) ) ,  were g l ued to the c l ose l y-c l i pped sk i n  of the 
a n i ma l s o n  the dorso- l umbar and axi l l ary reg i ons  ( one per l oc at i on ) . 
A portab l e e l ectroc ard i ograph ( ECG)  ( C ard i suny 501  A ;  F u k uda  M-E 
( Med i ca l  E l ectron i c s ) ;  Kogyo Co . ( Ltd . )  J apan ) was used to detect and 
r ecord card i opotent i a l s from the body of the a n ima l s .  The e l ectrodes 
were connected to the  ECG by st andard e l ectr i ca l  cab l es .  Record i ng 
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Fi gure 6 . 2 .  Meas urement of rumen water- fi l l ed capac i ty i n  the deer . 
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was done  a utomati ca l l y  on h i gh-sens i t i v i ty chart paper ( Z-fol d type ; 
F ukuda M-E  ( Med i ca l  E l ectron i cs ) ; Kogyo Co . ( L td . ) Japan ) ,  wi th a 
c hart dr i ve of 2 5  mm/sec and the ca l i b rat i on s i gna l  be i ng 1 mv squ are 

wave .  

Record i ng was  done wi th the an i mal s stand i ng ,  under  rest i ng 
cond i t i on s ,  at per i od i c  i nterva l s  over a per i od of 1 5  mi n s .  Examp l es 
of the traces obta i ned from 1 Contr o l  and 1 Me-Treated an i mal are 
s hown i n  F i gures 6 . 3  and 6 . 4 . 

6 . 2 . 1 0  Rad i o i mmunoassay of Mel aton i n  

P l asma Me concentrat i ons  were determi ned 
assay ( R IA )  as descr i bed by Fraser , C owen and 
l i cate s amp l es of p l asma ( 0 . 5  ml ) were used . 

by d i rect rad i o i mmuno­
Frank l i n ( 1 983 ) . Oup­
The ant i serum ( 704/8483 

G u i l dhary Anti sera ,  Un i vers i ty of Surrey, Gu i l dford ( U . K ) ) was ra i sed 
i n  a s heep aga i nst  N -acetyl - 5-methoxytryptophan-bov i ne thyrog l obul i n  
and used a t  a f i n a l d i l u ti on of 1 : 8000 . Low, med i um and h i gh me l aton i n  
control s amp l es were i nc l uded at frequent i nterva l s i n  eac h  as say.  
The  i nter-ass ay coeffi c i ents of v ar i at i on were 27 . 5% for the l ow 
conirol  ( n  = 30 ;  mean = 2 1 . 4  pg/ml ) ,  1 7 . 2% for the med i um control ( n  = 
30 ;  mean = 1 2 1  pg/ml ) and 1 5 . 8% for the  h i gh control samp l e s  ( n  = 2 9 ;  
mean = 5 1 0  pg/ml ) .  The i ntra- assay coeffi c i ents of var i at i on were 
2 1 . 0% ,  1 0 . 7% and 1 0 . 1 %  respect i ve l y  for the  three control samp l e s .  
Sens i t i v i ty was 1 0  pg/ml . 

6 . 2 . 1 1  C h emi ca l  An a l ys i s  

C h emi ca l  an a l ys i s  was carr i ed o u t  us i ng the method s descri bed i n  
Sect i on 2 . 9 . The fol l owi ng a na lyses  were performed . Samp l es of feed 
offered were ana l ysed for OM and tota l  N (% OM ) .  The OM of the rumen 
d i gesta  s amp l es was determi ned by freeze-dryi ng for fi ve d ays , unt i l 
constant  l os s  i n  we i ght ( FO 57 freeze -drye r ;  WGG Cuddon ( NZ )  Ltd . ) .  

6 . 2 . 1 2  Ca l cu l at i on s  

The  heart r ate ( beats/ 1 0  sec )  w a s  meas ured o n  1 0  occas i ons  for 
each an i ma l  over the measurement  per i od .  The mean heart r ate ( beats/ 
mi n ) , per  an i ma l  was then ca l c u l ated . 
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6 . 2 . 1 3  St at i st i c a l  Ana l ys i s  

A s p l i t- p l o t  des i gn was used , wi th treatment a s  mai n p l ot ( x2 ) , 
and t i me ( x2 ) as s ub-p l ots ( ear l y  s ummer and l ate s ummer ) . The d i f­
ferences between treatment and t i me effects , and treatment x t i me 
i nteract i on s ,  were determi ned by a n a lys i s  of vari ance proc edures . 

6 . 3  RESULTS 

6 . 3 . 1  Effects of Me l aton i n  Treatment o n  L i vewe i ght 

F i gure 6 . 5  shows that treatment wi th s . c . imp l ants of Me d i d  not 
affect the l i vewei ght ( LWT ) profi l e  of the Me-Treated group ,  wh i ch 
s howed no  s i gn i fi cant d i fferences  from the Control grou p ,  e i ther 
dur i ng or fol l owi ng the per i od of i mp l antat i on .  

6 . 3 . 2  Effects o f  s . c .  Mel aton i n  I mp l ants  o n  Day- t i me P l asma Me l aton i n  
Concentrat i ons 

By 1 1  days after the fi rst  s . c . Me i mp l ants ( 36  mg Me ) , the mean 
day- t i me Me concentrat i on i ncreased dramat i ca l l y  from 4 pg/ml to 1 54 
pg/ml ( F i gure 6 . 6 ) . By 2 1  d ays from i mp l antat i o n ,  the mean d ay-t i me 
Me concentrat i on had dec l i ned to  1 1 6  pg/ml , and stead i l y  decreased to 
a mean of 60 pg/ml by d-42 of Me treatment .  Th i s  was fo l l owed by an 
i ncrease i n  the day- t ime p l asma Me concentrat i o n ,  wh i ch averaged 1 40 
pg/ml between d53-d73 . The Control group showed a lmost non-detectabl e 
d ay- t i me p l asma Me concentrat i on s  dur i ng the samp l i ng per i od .  On d-
205 ( 5 Apri l 1 989 ) , the mean d ayt ime p l asma Me concentrat i on was 3 1  
pg/ml for the  Me-Treated group ,  and  4 pg/ml for the  Control group . 

6 . 3 . 3  Effects of Me l aton i n  Treatment on  Vol untary Feed I nt ak e ,  Rumen 
P ool C ap ac i ty and Rumen Pool  S i ze 

Tre atment wi th  Me i n  ear l y  spr i ng tended to depres s VF I ( g/Kg 
w0 · 75;d ) , r umen · water-fi l l ed capac i ty and r umen pool s i ze ( g/Kg 
w0 · 75 ) , wi th  effects general l y  fai l i n g  to atta i n s i gn i fi cance ( P>0 . 1 ) 
i n  t 1  ( d73-d 1 02 ) , but attai n i ng s i gn i fi cance ( VF I and rumen capac i ty,  
P<0 . 05 ;  r umen pool s i z e ,  P<0 . 1 ) , dur i ng t2  ( d 1 71 -200 ) ( Tab l e  6 . 1 ) . 
There were no  s i gn i f i c ant  treatment x t i me i nteract i ons  ( P>0 . 1 ) , and 
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Tabl e  6 . 1 .  Vo l u ntary dry matter i nt ake  ( DMI , g/Kg w0 · 75;d ) ,  rumen 
c apac i ty, rumen pool s i ze of dry matter ( OM )  + l i q u i d ,  
r umen pool s i ze o f  OM , rumen pool s i ze o f  l i qu i d  ( g/Kg 
w0 · 75 ) ,  and heart r ate ( beats/mi n )  of control ( C )  and 
mel aton i n-treated ( Me-T ) Red Deer castrates at d88-d1 06 
( t 1 )  and d1 9 1 - d 2 1 0  ( t2 ) ,  after the f i rst s ubcutaneous 
i mp l ants of me l aton i n .  

( Mean val u es wi th the i r  st andard error of d i fference ( SED )  are s hown . ) 

Vo l u ntary OM i ntake t1  
( g/Kg w0 . 75/d ) t 2  

Rumen c apac i ty @ t 1  
( g/Kg w0 . 75 ) t2  

Rumen poo l  s i z e :  @ 

( g/Kg w0 . 75 ) 
OM + l i qu i d  t1  

t2 
OM t1  

t2 
L i qu i d  t 1  

t2  

Rat i o of  rumen ( OM + 
l i qu i d  pool ) /rumen t1 
c apac i ty @ t2 

Heart rate ( beats/m i n )  @ t 1  
t2  

Control Me-treated SED  

7 7 . 5  70 . 0  6 . 58 
83 . 0  70 . 3  4 . 89 

45 1  444 55 . 2  
529  479  1 5 . 6  

353  306 34 . 7  

365  296  33 . 2  

46 . 9  40 . 6  6 . 27 

54 . 2  4 1 . 5  6 . 50 

306 266  28 . 5 
3 1 1 2 55  27 . 5  

0 .  79 0 . 70 0 . 072 
0 . 69 0 . 62 0 . 070 

65 . 0  5 1 . 5  6 . 04 

66 . 3  5 1 . 0  6 . 1 7  

A l l treatment x t i me are NS ( P>0 . 1 ) .  
I 

C :  n = 1 2 ;  T :  n = 1 3 .  
@ C :  n = 3 ;  T :  n = 4 .  

* P<0 . 05 ;  (* ) P <0 . 1 ; NS Non-s i gn i f i cant . 

NS 
* 

NS 
* 

NS 
( * ) 
NS  

( * ) 
NS 

( * ) 

NS 
NS 

( * ) 
( * ) 



200 

no s i gn i fi c ant ( P>0 . 1 )  t i me effects ( t 1 vs t2 ) ,  for e i ther the Control 
or  Me-Treated groups . 

6 . 3 . 4  Effect s of Me l aton i n  Treatment on Heart Rate 

Me l aton i n  imp l ants  s i gn i f i cant l y  ( P<0 . 1 )  reduced heart r ate 
( beats/mi n ) , i n  the Me-Treated group compared to the Control group ,  
d ur i ng both meas urement  period s  t1  and  t2 , 1 01 d and 1 99 d after the  
i n i t i at i on of  Me treatment ( Tab l e  6 . 1 ) .  

6 . 4  D I SCUSSION  

Ch apter 4 showed t h at deer h ad marked seasona l  cyc l e s  of nutr i ent 
s upp ly ,  i nc l ud i ng V F I  and rumen d i gesta  l o ad . The cyc l es showed a 
peak i n  summer and a trough i n  wi nter . Obj ect i ves of the present 
exper i ment  were to determi ne  if Me adm i n i strat i on wou l d  i nterrupt 
these s easonal  cyc l es i n  deer , and l ooked at the i mmed i ate ( t 1 ) and 
s hort-term post-treatment effects ( t2 ) , of exogenous Me g i ven  i n  

s pri ng , when the norma l  endogenous Me l eve l  i s  l ow i n  the seasona l  
s ecreti on  profi l e . 

Exogenous con s t ant-rel ease  Me i mp l ants i ncreased day- t i me p l asma 
Me concentrat i on s i gn i f i c antl y, and th i s  was kept at h i g h  l evel s 
duri ng t he  treatment  per i od of 63  days . The progres s i ve dec l i ne i n  
day- t i me p l asma l eve l s ( observed between d21 -d42 ) ,  i nd i cates that  exo­
genous Me may h ave been metabol i sed rapi d l y  by the  deer over th i s  t i me 
per i od ,  but  the progres s i ve i ncrease over d42-d63 ,  suggests th at th i s  
was a trans i tory p ha se .  At d205 , the day- t i me Me p l asma concentrat i on 
of Me-treated an i ma l s s howed a marked dec l i ne ,  but had not yet reached 
the normal ( Control group)  day- t i me concentrat i ons of Me , i nd i cat i ng 
t h at the  i mpl ants were not yet compl ete l y  ex h austed , 1 40 days after 
the l as t  Me i mp l ants . Asher et �· ( 1 988 ) ,  reported that  dec l i n i ng 
p l asma Me concentrat i on s  after the l ast  i mp l ant were apparent for 
about 60 d ays , after wh i ch n orma l l ow d ay- t i me Me concentrat i on s  were 
recorded , and i t  appears th at the exh aust i on of the Me i mp l ants occur­

red ear l i er th an t h at obta i ned i n  the present exper iment .  
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The resu l ts  of the present exper iment s h owed that Me i nduced  
c h anges i n  the normal cyc l es of  ( i )  VFI , ( i i )  rumen water-fi l l ed 
c apac i ty, ( i i i )  r umen d i gesta  l o ad and ( i v )  h eart r ate i n  the deer , 
t hus  i nterrupt i ng the  normal cyc l es of an i nc rease i n  s ummer of the 
above p arameters .  The Me-Treated group showed a l ower VF I , assoc i ated 
wi th a sma l l er rumen water- fi l l ed capac i ty and rumen d i gesta l oad , and 
a s l ower heart r ate t h an the  Control group ,  both at t 1  and  t2 , w i t h  
the d i fferences be i ng s i gn i f i cant at t2 on ly .  

There were no immed i ate ( t 1 ) and s hort-term post-treatment 
effects  ( t2 )  of Me on  LWT,  des p i te the l ower appet i te of the Me­
treated group . Th i s  may be assoc i ated wi th a decrease i n  heat  produc­
t i on ( as i nd i cated by the  l ower heart rate ) , i n  the Me-Treated group , 
wh i ch together wi th l ow appet i te wou l d  negate any effect s on LWT .  

The res u l t s  of  t he  present exper i ment i nd i cate that exogenou s Me 
i mp l ants  acted to b l ock  the effects of l ong d ays , and are con s i stent 
wi th t he  genera l  v i ew ( B arry et il· , 1 989 ) , that  Me i s  the hormone 
wh i ch entra i n s t he  s easona l  cyc l es i n  deer to photoper i od ,  and t h at 
exogenous  Me i nterferes wi th th i s  proces s .  As Me-Treated a n i ma l s 
exper i enced reduced VF I ,  r umen capac i ty, rumen d i gesta l o ad and he art 
r ate i n  s ummer , i t  i s  pos s i b l e  th at Me admi n i strat i on h as " re-set"  t he  
c i rcannua l  rhythms of  these  cr i ter i a .  I t  i s  poss i b l e  t hat  exogenous  
Me admi n i strat i on dur i ng l ong dayl ength i n i t i ates changes i n  the 
endocr i ne  system , 
i nc l ud i ng poss i b l e  
thyro i d  hormones . 

s i mi l ar to those i nd uced by expos ure to short-days , 
changes i n  the secret i on  of pro l act i n  ( P )  and 
P l asma P s ecret i on h as been s hown to decrease to 

b ase- l i ne l eve l s ,  fol l owi ng Me imp l antat i on i n  deer ( Webster and 
B arrel l ,  1 985 ) , and i n  s heep ( Kennaway et il· , 1 983 ; L i ncol n and 
E b l i ng ,  1 985 ) . However , the neurohormona l  pathways by wh i c h  Me 
i nfl u ences seasona l  cyc l es of VF I and as soc i ated rumen cyc l es ,  are as 
yet u nknown . 

The med i um ( t3 )  and l ong-term ( t4 )  post-treatment effects of Me 
adm i n i strat i on on  VF I ,  r umen water-fi l l ed c apac i ty, rumen d i gesta  l o ad 
and heart r ate , w i l l  be meas ured i n  fol l l ow-up  stud ies .  Two poss i b l e  
effects  may pos s i b l y  occur as the deer go through a normal c l i mat i c 
Southern hemi sphere wi n ter ( May-Augu s t ) , n ame ly :  
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1 .  The Me-Treated deer may exper i ence a th i rd s ucces s i ve 11 true 11 
w i nter,  when the  normal endogenous p l asma Me concentrat i on i ncreases 
i n  autumn/ear l y  wi n ter, and rel ays the s i gn a l  of s hort dayl ength to 
the an i ma l s ,  wi th  a res u l t i ng depres s i on i n  VF I and rumen d i ge st i on .  
Th i s  wou l d  suggest  that Me admi n i strat i on i n  spri ng has 11 re-set 11 the 
c i rcannua l  rhythm i n  deer for a per i od of 6 month s .  

2 .  The Me-Treated deer may exper i ence an .. art i fi c i a l •• s pr i ng/ 
s ummer,  wi th i ncreased VFI and rumen d i ge st i on .  Th i s  wou l d  sug gest 
t h at Me admi n i strat i on i n  s pr i ng has  11 re-set 11 the  c i rcannua l  rhythm i n  
deer for an annu a l  cyc l e  of 1 2  month s .  

The resu l t s  o f  the present exper i ment  tend t o  confi rm t h at exo­
genous  Me adm i n i s trat i on acts to rel ay the  effects of chang i ng day­
l ength , and advances the seasonal  phys i o l ogy of deer,  name l y :  ( i ) VF I 
( present experi ment ) ,  ( i i )  coat growth ( Bu ben i k ,  1 983 ; F i s her et �. , 
1 988) , ( i i i )  r utt i ng act i v i ty and ear l y  oestrus ( Webster and B arrel l ,  
1 985 ; Asher et �. , 1 988 ; F i sher et �. , 1 988) , ( i v )  ant l er growth 
( Bu ben i k ,  1 983 ) , ( v )  p l asma P s ecret i on ( Webster and Barrel l ,  1 985 ) . 

S i nce Me i s  the  hormone entrai n i ng the  seasona l  cyc l e  of VF I  ( and 
as soc i ated rumen cyc l es ) ,  to photoper i od ,  i t  seems probab l e  that  deer 
wh i ch are successfu l l y i mmun i sed ag a i n s t  Me ( resu l t i ng i n  h i gh ant i -Me 
ant i body t i tres ) ,  may b i o l og i ca l l y  l ose  t he  t i m i ng of seasona l  events . 
Hence , the wi nter depress i ons i n  VF I and LWT,  assoc i ated wi th s hort 

d ayl ength and h i gh p l asma Me concentrat i on s ,  cou l d poss i b l y  be reduced 
i n  magn i tude .  However , prev i ous  work ( At aj a  et �. , 1 989 ; Duckworth 
and B arre l l ,  1 989 ) ,  i nd i cates that a successful  i mmun i s at i on aga i nst  
Me i n  deer , depend s on  3 cr i t i ca l  factors , name ly :  

1 .  T i me ( age ) ,  at wh i ch immu n i s at i on i s  i n i t i ated , and 

2 .  Use of powerfu l adjuvants to i nc rease the product i on of Me­
b i nd i ng anti body prote i n s  by the i mmune system. 

3 .  I t  appears th at there i s  a 5-month  de l ay per i od ,  between the 
t i me of the primary i mmun i s at i on aga i nst  Me and the  est ab­
l i s hment of a h i gh ant i - Me ant i body t i tre ( At aj a ,  unp l . 
d ata ) . The l ag peri od ha s  to  be taken  i nto account ,  to 
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co i nc i de peak ant i body t i tres w i th the decrease i n  VF I i n  
deer d ur i ng the  autumn/wi nter per i od .  

I t  appears that i mmun i s at i on i s  best done at b i rth ,  when the 
ca l ves have not yet deve l oped the i r  endogenous c i rcannua l  rhythms 
( Duckworth and B arrel l ,  1 989 ) . Pre l im i n ary res u l ts suggest  that i mmu­
n i s at i on of Red Deer aga i ns t  Me at b i rth , can mod i fy the seasona l  
p attern of  LWT changes i n  yearl i ng stag s ,  wh i c h become about 8 . 5 Kg  
heav i er than the Control group i n  s p r i ng by 1 1  months  of  age 
( Duckworth and B arre l l ,  1 989 ) . Th i s  may i nd i c ate an i ncrease i n  the  
VF I ( g/Kg w0 · 7 5; d ) , and perhaps an improved rumen d i gest i on ,  of the  
immun i sed deer i n  wi nter , compared to the Control group . There are no  
data  as yet , on the effects of i mmun i s at i o n  aga i nst Me on the VF I ,  
rumen c apac i ty and rumen d i gesta l oad of  deer i n  wi nter . Obta i n i ng 
s uc h  data i s  an  important area for research i nto nutri ent ut i l i s at i on  
by farmed Red  Deer .  

6 . 5  CONCLUS I ONS  

6 . 5 . 1  Me l aton i n  i mp l antat i on of  c astrated Red Deer i n  s pr i ng 
depressed VF I ( g/Kg w0 · 75;d ) ,

· 
r umen water-f i l l ed capac i ty and rumen 

d i gesta l o ad ( g/Kg w0 · 7 5 ) and heart rate ( beats/mi n ) , w i th the  post­
treatment effects be i ng more pronounced i n  t2 ( d1 7 1 -d200 ) , th an t1  
( d7 3-d1 02 ) . 

6 . 5 . 2  There were no effects on LWT changes , and th i s  was 
probab ly  assoc i ated wi th  compens atory effects of a l ow heart r ate ( and 
metabol i c  heat product i on ) , and l ow VF I i n  the Me-Treated group ,  and a 
fast heart r ate and greater VFI ( g/Kg w0 · 75;d ) i n  the Control group .  

6 . 5 . 3  As  Me  adm i n i strat i on i n  spr i ng i nduced wi n ter-assoc i ated 
cyc l es of l ow VF I ,  sma l l er rumen capac i ty and rumen d i gesta  l o ad , and 
s l ower heart r ate  i n  the deer, wi th  max i mum effects bei ng found at t2 , 
i t  i s  pos s i b l e  that Me i s  a factor i n  entra i n i ng the season a l  cyc l es 
of  i ntake and d i ges t i o n  i n  Red Deer to  photoperi od .  
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6 . 5 . 4  S uc cessfu l i mmun i s at i on aga i nst  Me ( res u l t i ng i n  h i gh 
anti -Me ant i body t i tres ) , const i tutes a poten t i a l method of b i nd i ng 
h i gh p l a sma Me concentrat i ons  dur i ng autumn/wi nter and of reduc i ng the  
wi nter depres s i ons  i n  VFI  and body growth i n  Red Deer . 

6 . 5 . 5  Work i s  req u i red on the effects of immu n i s at i on ag a i n st Me 
on  the control  of VF I  d ur i ng wi n ter i n  seasona l  deer, and the neuro­
hormona l  p athways by wh i ch Me i nf l uences the s easonal  cyc l es of VF I ,  
rumen d i gest i on and growth i n  deer. 
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CHAPTER 7. GENERAL D I SCUSSI ON .  

The fol l owi ng themes wh i ch h av e  been devel oped throughout the 
study, wi l l  be  d i scussed , name l y :  

1 .  Seasonal  cyc l es of nutri ent supp l y  i n  deer , goats and sheep . 

2 .  Comparat i ve VF I and rumen d i gest i on i n  goats and sheep . 

3 .  Comparat i ve VF I and rumen d i gest i on i n  deer and sheep.  

4 .  P otenti al contro l of wi nter VF I i n  deer . 

5 .  R umen outfl ow rates and marker methodol ogy, and 

7 .  Conc l u s i on s . 

7 . 1  SEASONAL CYCLES  OF NUTR I E NT SUPPLY  I N  DEER , GOATS AND SHEEP 

The marked s easonal i ty of n utri ent s uppl y in  deer , with an 
i ncrease in  DMI and DMD in  s ummer and a trough in  wi nter , was asso­
c i ated wi th seasona l  changes i n  a n umber of rumen d i gest i ve cr i teri a 
i n  the s ame di rect i on .  Tab l e  7 . 1  shows that the i ncreased DMI ( g/Kg 
w0 · 75;d ) i n  s ummer i n  deer was assoc i ated w i th conc urrent i ncreases i n  
the rumen fermentat i on capac i ty ,  as shown by the i ncrease i n  the rumen 
NH3-N  concentrat i on ,  i nterna l  recyc l i ng of water to the rumen , rumen 
d i gesta l oad ( OM + l i q u i d ) , apparent f i bre d i gesti b i l i ty ,  MRT of 
l i gn i n  and Ac/Pr rat i o .  

Goats  al so showed a seasona l  i ncrease i n  VFI ( g/Kg w0 · 75;d ) i n  
summer . Tabl e 7 . 1  shows that wh i l st goats al so  i ncreased rumen 

d i gesta  l oad , i nternal  recyc l i ng of water to the rumen and a number of 
other rumen d i ges t i ve character i s t i c s  i n  s ummer ,  the extent of the 
i ncreases  was not as marked as for deer . Hence, un l i ke  deer , the 

i ncreas ed VFI i n  s ummer in goats occurred at the expen se of a reduced 
DMD and apparent f i bre d i gest i b i l i ty .  

I t  i s  known that  the propor t i on of  OM  di gest i on that  occurs i n  
the rumen tends t o  decrease a s  VF I  i ncreases (Rode and S atter , 1 986a ) , 
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Tab l e  7. 1 .  Seasonal  cyc l es of dry matter i ntake ( DM I ) and assoc i ated 
cyc l es of rumen d i gest i ve funct i on ( as % i ncrease or 
decrease from wi nter to summer ) ,  i n  deer , goats and sheep . 

Dry matter i ntak e  
( g/Kg vP · 7 5; d )  

D i gest i b l e  dry matter i ntake 
( g/Kg w0 . 75/d ) 

Apparent dry matter 
d i gest i b i l i ty ( % )  

Apparent d i gest i b i l i ty of tota l  
F i bre ( % )  

Mean rumen reten t i on t i me of 
l i gn i n  ( h )  

Rumen pool s i ze of ( OM + l i qu i d )  
( g/Kg w0 . 75 ) 

R umen NH3 -N ( mg N/L ) 

I nterna l  recyc l i ng of water 

rumen ( g/Kg w1 · 0;d ) 

FOR Cr-EDTA/FOR l i gn i n  

Ac/Pr rat i o  

to 

Deer Goats Sheep 

+33 . 8  +1 9 . 7  -4 . 7  

+29 . 9  +4 . 6  - 1 0 . 8  

+3 . 7  -9 . 8  -3 . 0  

+1 1 .  2 -5 . 8  +1 2 . 8  

+25 . 8  -4 . 8  0 

+51 . 3  +26 . 9  - 1 0 . 4  

+56 . 4  -4 . 2  +5 . 2  

+74 . 1 +42 . 2  - 1 6 . 8  

+27 . 3  +8 . 1  +2 . 2  

+1 6 . 0  + 1 1 . 6 +6 . 6  
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and i s  regarded as a b i o l og i ca l  con stra i nt to rumi n ant product i on 
( R ode ,  Cou l ter ,  Mears and L awson , 1 986b ) . However , u n l i ke goat s ,  deer 
were ab l e to i ncrease the extent of rumen d i gest i on dur i ng summer , 
when  VF I  i ncreased , thus ens ur i ng  no decrease i n  apparent energy 
d i gest i b i l i ty .  

The deer h ave shown a faster FOR o f  l i q u i d  rel at i ve t o  that of 
l i gn i n  from the rumen , compared to goats and sheep , wi th the magn i tude 
be i n g  greater i n  s ummer . A poss i b l e  con sequence of a fast turnover of 
l i q u i d  rel at i ve to l i gn i n  i n  t h e  rumen of deer compared to sheep and 
goats may be an assoc i ated decrease i n  the mo l ar proport i ons  of pro­
p i onate i n  the rumen , and an i ncreased mi crob i a l -NAN outfl ow to the 
abomasum, espec i a l l y in  s ummer . Work is  requ i red to study the effects 
of the  faster t urnover of l i qu i d  rel at i ve to l i gn i n  ( and p art i cu l ate 
matter )  i n  the rumen of deer , and mi crob i a l -NAN outf l ow to  the abo­
masum ,  compared to sheep . 

Both deer and goat s have shown seasonal  cyc l es of VFI  compared to 
the domest i c ated sheep , wh i ch showed no  evi dence of seasona l  cyc l es of 
VF I  i n  the present st udy . F eral breeds of sheep ( l i ke the Soay ) , 
s t i l l  show marked seasonal  cyc l es of VF I , wi th l ow i ntake s  i n  w i nter 
and h i gh i ntakes  i n  s ummer ( K ay , 1 97 9 ;  Kay and Sutt i e ,  1 98 1 ; Argo and 
Smi th , 1 983 ) . It seems that the l ength of t ime that deer h ave been 
s u bj ected to  domest i cat i on and contro l l ed feed i ng ( 20 years ) i s  not 
l on g  enough to have al tered the seasonal  VFI pattern s . The cyc l es 
h ave  been re l ated to an adaptat i on of the an i mal s w i th the  norma l 
s easona l  cyc l es of feed ava i l ab i l i ty i n  the wi l d  state  ( Sutt i e ,  
Goodal l ,  Penn i e  and . Kay ,  1 983 ) . I n  contrast ,  the domest i cated sheep 
wh i ch h as been sel ected and fed by man for 6000 years , appears to h ave 
l os t  the seasonal  VF I patterns .  

I t  i s  conc l uded that the  current farmi ng of seasona l  breed s of 
deer ,  l i k e  the Red Deer , i s  faced w ith  the  prob l em of an  i nherent 
reduced appet i te i n  w i nter l ead i ng to reduced rates of body growth 
d ur i ng t h i s per i od .  Poss i b l e  methods for i ncreas i ng wi nter VF I  i n  
s easona l  breeds of deer h ave to  be stud i ed ( Sect i on 7 . 4 ) , to opt i mi se 
returns from a deer farmi ng  i ndustry i n  New Zeal and , and e l sewhere . 
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7 . 2  COMPARATI VE VOLUNTARY FEED I NTAKE AND RUMEN D I GESTION BY  GOATS 
AND SHEEP 

The present study has shown the fo l l owi ng  d i fferences between 
goats  and sheep i n  the u t i l i s at i on of forage d i ets ( both l ow qua l i ty 
and med i um qua l i ty d i ets ) ,  namely :  

1 .  Super i or apparent f i bre d i gest i bi l i ty by goat s ,  compared to 
s heep , wi th  the d i fference between the two spec i es bei ng greater for 
the l east d i gest i b l e  component ,  l i gn i n .  

2 .  G reater OM! ( g/Kg w0 · 75; d ) , and DMD of a l ow qua l i ty feed by 
goat s ,  compared to sheep . 

3 .  Se asona l i ty i n  nutri ent supp ly  of goat s ,  wi th a greater VF I 
i n  summer , and no such ev i dence for sheep . 

4 .  The threshol d to passage of part i c l es through the ret i cu l o­
omasa l  or i f i ce was 1 . 0 mm for both goats and sheep when fed on l ow and 
med i um qual i ty forage d i ets . 

The s u peri or apparent d i gest i b i l i ty of fi bre by goats compared to 
s heep h as been assoc i ated i n  the present s tudy wi th two con s i stent 
f actors , n ame l y  ( i ) greater proport i on s  of sma l l part i c l es ( < 1 . 0  mm) , 
and l ower proport i on s  of l arge part i c l es ( >4 . 0  mm) i n  the rumen 
d i gesta of goat s ,  comp ared to sheep , and ( i i )  greater absol ute va l ues 
for the product i on rate ( I RL ) of NH3-N  ( g/d or g/Kg w0 · 75;d ) i n  the  
r umen of goat s ,  compared to  sheep ( Tabl e 7 . 2 ) . 

The res u l t s showed that goats had a greater IRL of NH3 -N  ( g/Kg 
w0 · 75;d ) from the rumen than sheep , both on l ow ( +7 1 % )  and med i um 
( +1 6% )  qua l i ty d i et s . However ,  i t  appears that the  scal er ( g/ g  
d i etary N i nt ake/d ) u sed to express the res u l ts  o f  I RL ,  m i ght create 
art i fact va l ues . Th i s occurred especi al l y  on the l ow qua l i ty d i et 
( C h apter 3 )  when the N i nt ake ( g/ d )  by goats was much greater than i n  
sheep . 

Goats appear to h ave  a mech an i sm for concentrat i ng NH3-N  i n  the 
r umen when fed on l ow qual i ty forages . Th i s  was assoc i ated w i t h  a 
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Tab l e  7 . 2 .  Comparat i ve st udy between goats and sheep of the i rrever­
s i b l e  l os s  rate ( I RL ) of NH3-N and part i c l e s i ze break down 
of feed i n  the  rumen . 

Medi um qu a l i ty d i et@ Low qua l i ty d i ett 
Goats Sheep Goats Sheep 

D i etary N i nt ak e :  
g N/d  27 . 1  33 . 6  1 0 . 9  8 . 7  
g N/Kg w0 · 75;d  1 .  63 1 .  6 1  0 . 67 0 . 40 

R umen NH3-N  ( mg N/L ) 1 65 1 72 1 1 5  80 

I RL  of rumen NH3-N : 
g/d 1 8 . 8  20 . 4  1 3 . 6  1 0 . 7  
g/Kg w0 . 75/d  1 .  1 3  0 . 98 0 . 84 0 . 49 
g/g N i ntak e/d 0 . 69 0 . 6 1 1 . 26  1 . 25 

Smal l part i c l es 84 . 9  74 . 0  83 . 9  80 . 6  
( <1 . 0 mm) i n  rumen 
d i gesta  ( DM )  ( % )  

L arge part i c l es 2 . 9  8 . 5  5 .  1 9 . 6  
( >4 . 0  mm) i n  rumen 
d i ge s t a  ( DM )  ( % )  

@ Lucerne ch aff ( 28 . 2 g N / K g  DM ) 
t Thres hed pra i r i e grass straw ( 1 3 . 6  g N/Kg DM ) .  
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s l ower rumen water i nf l ow and outf l ow ( g/ g  DMI / d )  from the rumen of 
goats t h an sheep . I t  appears th at the s i gn i f i cant ly  l ower water 
i ntak e  ( g/g  DMI /d ) by goats t h an s heep , i s  an i mportant component 
contr i b ut i ng to the concentrat i ng effect of NH3-N in  the rumen of 
goats . A gre ater rate of NH3-N  product i on i n  the rumen of goats 
suggests the  ava i l ab i l i ty of a greater amou nt of NH3-N av a i l ab l e  for 
the res i dent mi crob i a l popu l at i on ,  and hence for a potent i a l i ncrease 
in  apparent f i bre d i ge st i b i l i ty ,  compared to sheep . 

The  l onger e at i ng t ime and greater s a l i v ary N secret i on r ate 
dur i ng e at i ng by goats  compared to sheep ( C h apter 5 ) , s uggest that 
goats may h ave a greater s a l i vary contr i but i o n  to the recyc l i ng of 
urea-N to the rumen th an  sheep , when  fed on the  med i um qua l i ty forage 
d i et .  Prev i ous  rumi n ant  work suggests that , when fed on l ow qu a l i ty 
roughage d i ets ,  t h e  major route of  urea-N entry i nto the  rumen i s  
through s a l i vary secret i on ( Norton , Murray,  E ntwi st l e ,  No l an ,  B a l l and 
Leng , 1 978 ; Norton , Moran and No l an , 1 97 9 ;  Norton , 1 984 ) . I t  i s  
poss i b l e  than whe n  fed on the  l ow q ua l i ty d i et used i n  C h apter 3 ,  
goats showed a greater  capac i ty than  sheep to con serve urea at the 
k i dney, and recyc l e  more urea-N back to the rumen for re-ut i l i sat i on 
by t h e  mi crobi a l  pop u l ati on .  Th i s  wou l d  mai nt a i n  greater concen­
trat i on s  of NH3-N  i n  the rumen of goats , and contr i bute to a greater 
apparent f i bre d i ge st i b i l i ty by goats than sheep 

The  greater proport i on s  of smal l part i c l es ( < 1 . 0  mm) and sma l l er 
proport i ons  of l arge  p arti c l es ( >4 . 0  mm) i n  the  rumen of go ats ( Chap­
ter 3 and 4 )  th an sheep ,  were  assoc i ated with  d i fferences i n  ( i )  the  
greater frequency of c hewi ng duri ng eat i ng by goats than  sheep , and 
{ i i )  the more eff i c i ent  <C . EAT> of go at s than s heep . We assume that  
the d i fferences observed on the med i um q ua l i ty d i et ( Chapter 5 )  wou l d  
be mai nt a i ned on t h e  l ow qua l i ty d i et .  The s i gn i f i cance of a greater 
effi c i ency by goats than sheep i n  break i ng down feed part i c l es to < 1 . 0  
mm dur i ng eat i ng may h ave the  fo l l owi ng conseq uences , name l y : 

1 .  R umen contents of goats have a l arger surface area prov i ded 
by the  smal l part i c l es ( < 1 . 0  mm) for m i crob i a l attachment and co l on i ­
sat i o n ,  essent i a l to  mi crob i a l att ac k ,  as  descri bed by Ak i n  ( 1 976 ; 
1 979 ) , and E l l i ot t  and Norton ( 1 985 ) . 
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I t  i s  cons i dered that one of the processes l i mi t i ng the rate of 
f i bre d i ge s t i on i s  the  i n i t i a l r ate of b acteri a l  att achment ( Rode et 
�. , 1 986b ) , and b acteri a l  adhes i on i s  acce l erated by p l ant t i s s ue  
d amage ( L atham, 1 980 ) . I t  i s  pos s i b l e  that the  greater <C . EAT> by 
goats than s heep conveyed an adv antage of a greater i n i t i a l breakdown 
and b acter i al adh e s i on of feed part i c l e s duri ng  eat i ng ,  and h ence 
contri buted to a greater apparent fi bre d i gest i b i l i ty ,  especi a l l y  of 
l i gn i n ,  by goats than  s heep . 

2 .  Go ats do not h ave to rumi nate for such  l ong  peri od s as sheep ,  
s i nce  th e i r  eff i c i ency of chewi ng dur i n g  eat i n g i s  greater . I t  i s  
poss i b l e  t h at there i s  a l ag per i od ,  i mposed by the rumi n at i on of a 
greater pool  of part i c l es >4 . 0  mm i n  the  rumen of s heep than goats , 
and breakdown to sma l l er part i c l es ( < 1 . 0  mm ) pr i or to mi crob i a l  
adhes i on and att ac k . 

The rumen env i ronment of goats , wi th ( i ) greater mo l ar propor­
t i ons  of n - butyrate and n-va l erate , ( i i ) pH of 6 . 73 and ( i i i ) greater 
concentrat i on of NH3 - N ,  pos s i b l y  favoured t h e  growt h of cel l u l o l yt i c  
b acter i a ,  and hence i ncreased apparent f i bre d i gest i b i l i ty i n  goats 
comp ared to  sheep , wh en fed on the l ow q ua l i ty d i et .  

The super i or VF I ( g/Kg w0 · 75;d ) of l ow qu a l i ty forage d i ets by 
goats than  sheep ( +65% ) were as soci ated wi th two f ac tors , name l y :  

( i ) a l arger rumen pool s i ze ( g/Kg w0 · 75 ) o f  ( OM + l i q u i d ) i n  
goats than  sheep , and 

( i i ) l arger proport i ons  of sma l l parti c l es ( < 1 . 0  mm ) i n  the rumen 
of goat s ,  and poss i b l y  a more effi c i ent <C . EAT> b y  goats than  sh eep 
when fed on the l ow qual i ty forage d i ets . 

Goats had a l arger rumen poo l s i ze of ( DM + l i q u i d ) than  s heep 
when compared on a Kg w0 · 75  sca l er . A l arger rumen pool s i ze per K g  
w0 · 75 wou l d a l l ow a l arger V F I  ( g/Kg w0 • 75 ) b y  goats t h an s heep . 
Smal l part i c l es ( < 1 . 0  mm ) pack more dense l y  i n  the rumen ( Martz and 
B e l ye a ,  1 986 ) , and may h ave contr i buted to a greater V F I  ( g/Kg 
w0 · 75; d ) by goats than sheep fed on the l ow qua l i ty forage d i ets . 



2 1 2 

I t  i s  conc l uded t hat the greater product i on rates of NH3-N  i n  the  
rumen and a greater <C . EAT> by goats and  sheep ,  are  pos s i b l e  factors 
cont r i but i ng to a greater apparent f i bre d i gest i b i l i ty by goats com­
pared to sheep , both on l ow- and med i um-qua l i ty d i et s .  Opti mum con­
d i t i ons  i n  the rumen env i ronment , poss i b l y  favour i ng the growth of 
ce l l u l o l yt i c  b acter i a ,  may h ave been an add i t i onal  contri but i ng factor 
to the greater apparent f i bre d i gesti b i l i ty by goats than sheep , when 
fed on the l ow-qu a l i ty forage d i et s .  A l arger rumen pool s i ze ( g/Kg 
w0 · 75 ) of ( DM + l i qu i d ) i n  goats than sheep was as soc i ated wi th a 
s uper i or VFI  ( g/Kg w0 · 75;d ) by goats when fed on a l ow qua l i ty forage 
d i et .  

7 . 3  COMPARATI VE VOLUNTARY FEED  I NTAKE  AND D I GEST I VE EFF I C I ENCY BY 
DEER AND SHEEP  

The greater  VFI  ( g/Kg w0 · 75;d ) by deer than  sheep,  at  the peak of 
the  seasonal  i nt ak e  cyc l e  i n  summer ,  may be as soc i ated wi th a l arger 
( C h apter 4) r umen d i gesta  l oad ( g/Kg w0 · 75 ) and pos s i b l y  a l arger 
( C h apter 5) r umen c apac i ty ( g/Kg w0 · 75 ) i n  the deer . 

The res u l t s  of the present study showed that deer i n  New Zea l and 
d i gested f i bre  more eff i c i ent ly  th an sheep ,  both i n  s ummer and i n  
wi nter , at the  peak and trough of the  VF I  cyc l e .  Our data are suppor­
ted by prev i ou s  deer vs  s heep stud i es ,  made i n  N ew Zeal and by Fennessy 
et �· ( 1 980 ) . The res u l ts obta i ned , contrast with  the  gener a l  trend 
of work i n  Scot l and , where deer d i gested fi bre l ess  effi c i ent l y  than 
sheep ,  and th i s  was assoc i ated wi th a shorter MRT of part i cu l ate OM i n  
the  rumen . The dat a obtai ned i n  the  present study showed that the  
r umen MRT of l i gn i n  ( as  an i nternal  mark er for  part i cu l ate OM ) was 
l onger for deer than i n  s heep in summer , and contrast wi th the  f i n ­
d i ng s  of Mi l ne et �· ( 1 978 ) i n  Scot l and . 

I t  i s  poss i b l e  th at the d i fference i n  the  rumen MRT of p art i cu ­
l ate OM between deer and sheep i s  a factor  i n  exp l a i n i ng t h e  d i fferen­
ces  i n  f i bre d i gest i ve effi c i ency between  the  two spec i es obt a i ned i n  
the  Northern and Southern hemi spheres . 
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7 . 4  POTENTIAL CONTROL OF  WI NTER VFI  I N  DEER 

F i gure  7 . 1  sug ge sts  a pos s i b l e  ro l e for the  hormone me l aton i n  
( Me )  i n  the  control  of VF I  i n  seasona l  deer,  i n  spri ng/summer ( i n i t i a­
t i on of pathway 1 ) ,  and i n  autumn/wi nter ( i n i t i at i on of pathway 2 ) .  
The  season a l  V F I  i n  deer may be entra i ned to photoperiod by Me , by the 
on set of the  fol l owi ng cyc l es ,  name l y :  

1 .  H i gh concentrat i on of p l asma M e  i n  autumn/wi nter ( pathway 2 )  
i s  assoc i ated wi th t h e  onset of the reprod uct i ve cyc l e ,  and  the  
re l e ase of LHRH , LH ( l utei n i s i ng hormone )  and testosterone ( T )  
( L i nco l n  et �. , 1 972 ; L i nco l n  et �. , 1 984 ; Sutt i e  and K ay,  1 985 ) . 

It  i s  hypothes i sed that a dec l i ne i n  VF I  i n  wi nter i s  a ssoc i ated 
w i th the product i on of LHRH , LH and T .  T h e  rutt i ng per i od h as been 
assoc i ated wi th  a marke d  dec l i ne i n  VFI i n  deer ( Sutt i e  et �. , 1 983 ) 
and a l so i n  the  fera l  Soay breed of s heep ( Argo and Smi th , 1 983 ) . 
H i gh p l asma Me concentrat i ons may a l so i nf l uence other neuroendocr i ne 
events , u n k n own at the  present , l ead i ng to l ower wi nter V F I  i n  
s easonal breeds of deer . 

2 .  It .i.s assumed that l ow p l asma concentrat i ons  of Me i n  spr i ng/  
s ummer ( pathway 1 )  shut  off the rel ease of LHRH and  consequent produc­
t i on of  T ,  and i n i t i ate the  rel ease of  ( i )  Pro l act i n  ( P )  ( S u tt i e ,  
1 980 ; Ryg and J acobsen , 1 982b ) ,  ( i i )  Thyroi d  Hormones ( TH )  ( R i ndberg 
et �. , 1 978 ) , ( i i i )  Growth Hormone ( GH )  ( Sutt i e  et �. , 1 98 9 )  and 
( i v )  I ns u l i n - l i ke Growth Factor I ( I GF - I ) ( Sutt i e  et �. , 1 989 ) . 
These hormones  have  been assoc i ated w i th an i ncrease i n  appet i te and 
growth i n  s pr i ng/ s ummer i n  the season a l  deer . 

The resu l ts of th e present study h ave  shown that exogenous  
admi n i strat i on of  Me  i n  spr i ng d i srupts the  normal s ummer - a s s oc i ated 
cyc l es of an  i ncrease i n  VF I , r umen c apac i ty, r umen d i gesta  l oad  and 
heart rate i n  castrated season a l  Red Deer . H i gh concentrat i on s  of 
p l asma Me i n  s pri ng/ summer by exogenou s Me i mp l ants rel ay a s i gn al of 
s hort d ayl ength  i n  seasonal  deer , pos s i b l y  by shutt i ng off pathway 1 
and i n i t i at i ng pathway 2 and other n euro-hormona l  pathways not k nown 
at present .  Hence , the Me-treated deer 11 re-sets 11 i t s  c i rcan n u a l  
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DEC R E ASE in BODY . GROWTH 

and V F I 

F i gure 7 . 1 .  Control of vo l u ntary feed i nt ake i n  season a l  breed s  of 
deer : a work i ng hypothes i s  
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rhyt hm and exper i ences  an 11 arti f i c i a , .. w i nter . The quest i on of t h e  
effects o f  a l ow M e  p l asma concentrat i on i n  wi n t er c a n  th en b e  ra i s ed . 

F i gure 7 . 1  i nd i cates that  the autumn/wi n ter and spr i ng/ summer 
assoc i ated cyc l es of VF I  are i nherent to the seasona l  breed s of d eer  
and are  hormon a l l y  l i nk ed .  Man i pu l at i on of t h e  seasonal  cyc l e  of V F I  
t o  reduce the wi nter trough  i n  VF I i n  seasonal  breeds of deer may be 
poss i b l e  by red u c i ng  the concentrat i on of p l asma Me i n  autumn/wi n ter 
and the Me-assoc i ated pathway 2 as soci ated wi t h  a h i gh concentrat i on 
of Me , n ame l y  by : 

1 .  I mmun i sat i on aga i nst  Me of seasonal  breed s of deer ca l ves  at 
b i rth , and 

2 .  Immun i s at i on agai nst  LHRH i n  year l i ng stag s .  

Successfu l i mmun i s at i on ag ai nst M e  w ith  h i gh concentrat i ons  of 
ant i -Me ant i body t i tres i n  autumn/wi nter may prevent the i n i t i at i on  of 
pathway 2, and favour the cont i nuat i on of pathway 1 .  Work i s  req u i red 
to study the effects of i mmun i s at i o n  agai n s t  Me on the fol l ow i n g  
factors , name l y :  

1 .  Hormon a l  status  of the deer dur i ng an annual  cyc l e  ( prof i l es 
of P ,  GH,  IGF - 1  and TH ) ;  

2 .  Effect s on VF I  du r i ng  autumn/wi nte r ,  meas ured outdoors and 
u s i ng i nd i gest i b l e  markers ; 

3 .  Effect s on body growth . Pre l i mi n ary stud i es h ave  suggested 
good prospect s for i mmu n i s at i on of Red Deer ca l ves at b i rth ag a i n s t  
Me , for susta i ned body growth throughout aut umn/wi nter ( Duckworth  and 
B arre l l ,  1 989 ) . 

I mmu n i sat i on aga i n st LHRH i n  year l i ng s tags , to co i nc i de h i gh 
ant i - LHRH ant i body t i tres wi th  l ate summer/ autumn , may pos s i b l y  b l ock  
the  s urge in  p l a sma testosterone in  autumn/wi nter . Hence ,  rutt i ng may 
be  prevented , as  we l l as  the  testosterone ( ru tt i ng ) - as soc i ated effect s  
o f  a decrease i n  V F I  i n  wi nter . 

I t  i s  conc l uded that the  potent i a l  for i ncreas i ng wi nter V F I  i n  
deer i s  assoc i ated wi th red u c i ng h i gh autumn/wi nter p l asma Me concen-
trat i ons i n  seasonal deer . I mmu n i s at i on ag a i nst  p l asma Me appears to 
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prov i de good prospect s .  More work i s  req u i red to  study the effects of 
i mmun i s at i on ag a i nst  Me on ( i )  the  changes  i n  neurohormonal  pathways , 
and ( i i )  the effects on wi nter VF I  i n  seasona l  breed s of deer .  At 
present our knowl edge i s  fragmentary and very mi n imal . 

7 . 5  RUMEN OUTFLOW RATES AND MARKER METHODOLOGY 

Tab l e  7 . 3  summari ses the rumen Frac t i onal  Outf l ow R ates ( FOR , 
%/h ) of Cr-EDTA , l i gn i n and the  " apparent"  FOR of part i c l es < 1 . 0  mm 
observed for deer , go ats and s heep i n  th e present stud i es .  Cr-EDTA 
l abe l s  the  l i qu i d  p hase  of the  d i gest a .  L i gn i n  i s  an i ntern a l  d i et ary 
marker for part i cu l ate  dry matter , and i s  a component of the p ar­
t ic  1 es . The  " apparent .. FOR of  part i c 1 es < 1  . 0 mm represents the  
1 1 apparent"  outfl ow of p art i c l es wh i ch are be l ow the cr i t i ca l  thres ho l d  
s i ze t o  passage through the ret i cu l o-omasa l  or i f i ce .  

The rumen FOR ( %/ h )  of markers ,  and hence the phase wh i c h  they 
l abel , was def i n ed ( Sect ion 2 . 1 0 . 1 . 1 )  as the  proporti on of the outf l ow 
of the  marker ( g/ h )  from the  rumen ( under steady state and i n  eq�i ­
l i br i um) , to the rumen pool s i ze { g ) of the marker i n  the rumen d ry 
matter . 

Rumen Outfl ow of marker ( mg/ h )  x 1 00 
FOR of marker = ---------------­

( %/ h )  Rumen pool s i ze o f  marker { mg )  

The FOR ( %/ h )  o f  l i gn i n  ( L )  was def i ned a s  the proport i on o f  the 
faeca l  l i gn i n  output to  the t ota l  rumen l i gn i n  pool  s i z e .  

Faecal  L output ( mg / h )  x 1 00 
FOR of L = ------------­

{ %/ h )  Rumen L poo l s i ze ( mg )  

The fol l owi ng  conc l u s i ons  are made from d at a  i n  Tab l e  7 . 3 , 
n ame l y :  

( i )  There were  smal l d i fferences  between goats and sheep i n  the  
FOR ( %/ h )  of a l l t hree marker s ,  when fed on both  l ow and med i um 
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Tab l e  7 . 3 .  R umen marker outfl ow rates ( FOR , %/ h )  and marker 
methodo l ogy for deer , goats and sheep fed on a l owt and a 
med i um@ q u a l i ty forage d i et .  

D i et 

FOR Cr-EDTA Low 
Med i um 

FOR Ru-Phen Low 
Med i um 

FOR l i gn i n  Low 
Med i um 

FOR part i c l es < 1 . 0  mm Low 
Med i um 

FOR Cr-EDTA/ FOR of Low 
p art i c l es < 1 . 0  mm Med i um 

FOR l i g n i n/FOR of Low 
p art i c l es < 1 . 0  mm Med i um 

FOR Cr-EDTA/FOR l i gn i n  Low 
Med i um 

t Summer dat a ;  @ W i nter d ata  
NO = not determi ned . 

Deer Goats Sheep 

NO 8 . 0  8 . 7 
1 6 . 3  9 . 6  1 0 . 3  

NO 6 . 7  6 . 9  
7 . 6  6 . 8  6 . 9  

NO 2 . 6  3 . 3  
3 . 5  3 . 5  3 . 3  

NO 3 . 5  3 . 7  
4 . 4  3 . 3  3 . 6  

NO  2 .  4 1  2 . 56 
3 . 58 3 .  01  2 . 98 

NO 0 . 75 0 . 86 
0 . 83 1 . 05 0 . 94 

NO  3 . 24 2 . 92 
4 .  77  2 . 82 3 . 1 2  
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q u a l i ty forage d i ets , wi th  the va l ues be i ng s l i gh t l y  l ower for goats , 
e speci a l l y  when fed on the l ow qua l i ty forage d i et .  

{ i i )  Deer showed a faster FOR of Cr-EDTA and  of part i c l es < 1 . 0  
mm from the  rumen than  both goats and sheep . 

( i i i )  Water ( C r - E DTA ) l eaves the rumen i n  the same rat i o  to  
part i c l es ( <1 . 0  mm) for  both goats  and sheep ; approxi matel y 2 . 5  t i mes 
f aster for the l ow q u a l i ty forage and approximat e l y  3 . 0  t i mes faster 
for the  med i um qu a l i ty forage d i et .  

( i v )  Water l e aves  the rumen of deer at a faster rate i n  
re l at i on t o  part i c u l ate  matter than for sheep and goat s ,  and th i s  i s  
s ubstant i ated by a faster rat i o  of FOR Cr-EDTA/ FOR l i gn i n  i n  deer , 
than  i n  s heep and goats . 

( v ) The rat i o  of FOR l i gn i n/FOR part i c l es <1 . 0  mm shou l d  
i dea l l y  be 1 . 0 ,  s i nc e  l i gn i n  i s  a component of a l l part i c l es .  A r at i o  
o f  > 1 . 0  mm may i nd i cate  sol u b i l i ty of l i gn i n  i n  the  rumen , and a 
f aster outf l ow of so l ub l e  l i gn i n  l eav i ng the rumen i n  water than the  
p art i c l es .  A r at i o  of <1 . 0  mm may i nd i cate the d i gest i on of  l i gn i n  
p oster i or to the rumen . 

Data  i n  Tab l e 7 . 3  i nd i cate  that the rat i o  was constant for sheep 
both on l ow and med i um qua l i ty d i et s ,  and support the  use of l i gn i n  as 
a marker  for part i c u l ate  dry matter in  sheep ( Fa i chney, 1 984 ) . L i gn i n 
was a good marker to s tudy the seasonal effects wi th i n  spec i es , fed on 
the s ame d i et ( summer vs wi nter )  for deer , goats and s heep . The 
res u l ts of the present exper i ment i nd i cate that the use of l i gn i n  as a 
part i cu l ate  marker poses  some probl ems when l ook i ng at ( i )  i nter­
spec i es compari sons  ( Ch apter 3 :  goats v s  shee p ; C h apter 4 :  deer vs  
goats v s  sheep ) , when  l arge d i fferences betwee n  spec i es are noted for 
the r at i o  of FOR l i gn i n/FOR p art i c l es < 1 . 0  mm, and { i i )  wi t h i n - s pec i es 
compar i son  stud i es ,  espec i a l l y  for goat s ,  when fed on d i fferent d i ets 
( l ow qua l i ty forage d i et ( Ch apter 3) and med i um q u a l i ty forage d i et 
( C h apter 4 ) ) .  I t  appears that the d i fferences are assoc i ated w i th the 
d i fferent proport i on s  of part i c l e  s i zes  i n  the  r umen of the three 
spec i e s ,  and the d i fference i n  the " apparent" FOR ( %/ h )  of part i c l e s 
1 . 0 - 0 . 5  mm from the r umen . 
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7 . 6  CONCLUS I ONS 

We conc l ude from the present st udy that goats ut i l i se l ow qua l i ty 
forage d i ets better t h an sheep , and mai nt a i n  a h i g her DMI and DDMI 
( g/Kg w0 · 75;d ) than sheep .  Goats d i gest the f i bre components of both 
l ow and med i um qual i ty forages , e spec i a l l y  l i gn i n  ( the l east d i ges­
t i b l e  component ) more effi c i ent l y  than sheep . The s e  two advant ages of 
goats over sheep wi l l  be best exp l o i ted when  goats are grazed on the 
l ower q ua l i ty pastures ,  and sheep a l l owed to graze on med i um and 
better qua l i ty pastures where they wi l l  perform better . 

The present study has  shown that the Red Deer h ave an i n herent 
seasonal  cyc l e  of VFI and assoc i ated cyc l es of rumen di gest i on .  The 
seasonal  cyc l es have been assoc i ated wi th an adapt at i on to the env i ­
ronmenta l  changes i n  feed avai l ab i l i ty i n  the  wi l d .  k·� conc l ud� t h at 
i f  under farmi ng cond i t i ons  th i s  strategy i s  s u i t ab l e  for h i nd s ,  i t  
h i nders ven i son  produ ct i on wh i ch i s  a i med at a target s l aughter we i ght 
of 95 Kg l i vewei ght i n  l ate spri ng/ear l y  s ummer ,  to su i t  the export 
market req u i rements . Th i s  req u i res h i gh growth r ates i n  a l l season s .  
More research i s  req u i red on the  control of wi nter VF I i n  the season a l  
breeds o f  deer , and i n  the  su i tab i l i ty of cros s i ng Red Deer wi th the  
trop i ca l  breeds of  deer  to  see  i f  the hybr i d  s hows reduced season a l i ty 
u nder New Zeal and cond i t i on s .  



APPENDIX A :  Mu l t i mi nera l  S a l t  B l oc k  

Domi n i on S a l t  ( NZ )  Ltd . 

F l avo ur boosted mu l t i mi neral  sa l t b l oc k .  

Conta i n s  z i n c ,  copper and coba l t  s u l phates ,  pot as s i um iodate ,  
mo l as ses  and 3 ppm se l en i um.  

2 2 1  



APPENDIX  B :  Formu l at i on for mi nera l  pre-mi x .  

Formu l a t i o n  by Pf i zer Laborator i es ( NZ )  L td .  

I ngred i ents  Amounts Rounded 

S a l t 
D i ca l c i um phosphate 
Potas s i um carbon ate 
Potas s i um ch l o r i de 
Magnes i um ox i de 
Ferrous  s u l phate  
Se l en i um ( cone 1 % )  
Copper s u l phate 
Z i nc oxi de 
Manganous  oxi de 
Sod i um mol ybdate 
Cobal t carbon ate 
C a l c i um i odate 

Tot a l  wei g ht 1 000 . 00 

370 . 6 1 
285 . 78 
1 81 . 72 
1 20 . 00 
34 . 1 5  

2 . 89 
2 . 40 
0 . 95 
0 . 92 
0 . 43 
0 . 1 2  
0 . 02 
0 .  01  

P ercent as Fed 

3 7 . 061 
28 . 578 
1 8 . 1 72 
1 2 . 000 

3 . 41 5  
0 . 289 
0 . 240 
0 . 095 
0 . 092 
0 . 043 
0 . 01 2  
0 . 002 
0 . 001  

Nutr i ent amou nts in  1 . 2500 un i ts are s hown be l ow 

Amounts 
M i  n Act u a  1 

1 . 2500 1 . 2500 

Sod i um grams 1 37 .  6 1  1 82 . 06 
C h l or i de grams 281 . 20 281 . 20 
C a l c i um % 1 6 . 48 1 7 . 66 
P ho sphoru s % 6 . 43 6 . 43 
Potas s i um grams 75 . 00 75 . 00 
Magn e s  i urn grams 23 . 05 23 . 05 
I ron  grams 1 . 1 2  1 . 1 2  
Copper grams 0 . 30 0 . 30 
Manganese  gr ams 0 . 33 0 . 33 
Z i nc grams 0 . 92 0 . 92 
Mol ybdenum grams 0 . 06 0 . 06 
S e l e n i um gr ams 0 . 03 0 . 03 
Coba l t  grams 0 . 01 0 . 01 
I od i ne grams 0 . 01 0 .  01  
Potas s i um carbon ate grams 0 . 00 2 2 7 . 1 5  
S a l t  grams 463 . 26 
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APPENDIX C :  F ormu l at i on for L i qu i d  V i t am i n S upp l ement  

Hydrov i t® l i q u i d v i tami n supp l ement 

May and Baker  ( NZ )  Ltd , An i ma l  Hea l th P roducts  

V i t ami n A = 1 00 , 000 I U/g  
V i t ami n 03 = 2 0 , 000 I U/g 
V i t ami n E = 40 mg/g  

223 
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