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Summary 

A policy of  introduction of  forages in the crop rotation 

o f  t h e  i r r i g a t e d  s c h e m e s  h a s  r e c e n t l y  b e e n  s u g g e s t e d .  

I n f o r m a t i o n  o n  t h e  n u t r i t i v e  v a l u e  o f  s u c h  f o r a g e s  i s  

important for any feed formulations for l ivestock.  Using the 

n y l o n  b a g  t e c h n i q u e  a n d  a  m a t h e m a t i c a l  m o d e l ,  t h e  

degradabil i ty  of  two legume forages (Berseem and Cl itor ia)  

a n d  t w o  c e r e a l  f o r a g e s  ( A b u  7 0  a n d  S o r g h u m  h y b r i d )  i s  

reported in th is  paper.  At the dif ferent ruminal incubat ion 

t i me  i n te rv a l s  and  a  ra nge  o f  ru mi n a l  o u t f l ow  ra t e s ,  th e  

legume forages showed a higher degradability than the cereal 

forages in al l  forage components (DM, CP and CF). Bersee m 

had the highest degradability and the sorghum hybrid had the 

lowest. 

Introduction  

T h e  r e c e n t l y  s u g g e s t e d  p o l i c i e s  o f  i n t e g r a t i o n  o f  

l i v e s t oc k  i n  th e  b ig  ag r ic u l tur a l  s che me s  l i ke  th e  G ez i ra  

Scheme (DEVCO, 1987; MANAR, 1990) necessarily imply the 

introduction of a forage component in the in the current crop 

rotation. A number of cereal and legume forages are presently 

grown in the irr igated  areas of  the  country .  However,  l i t t le  



information (Ahmed and Ahmed, 1983) is available as regards 

the nutritive value of the forages. Such information forms the 

b a s e  t o  a n y  s t r a t e g i c  p o l i c y  o f  l i v e s t o c k  i n t e g r a t i o n ,  

upgrading and intensification.  

A  ser ie s  o f  exper iment s  i s  be ing  under taken  in  th i s  

depar tment  to  eva lua te  through  in take ,  d iges t ib i l i ty  and 

degradability studies, to look at the nutritive characteristics of 

f o r a g e s  l i k e l y  t o  l i e  i n t r o d u c e d  i n  t h e  c r o p  r o t a t i o n .  

Degradabil ity  is  a  recent method adopted to eva luate feeds 

(R oy ,  B a lch ,  Mi l l er ,  Orskov  and Smith ,  1977 )  and  i s  now  

central  to  new systems of  formulat ion of  feeds to  meet the 

requirements of  ruminants (Agricultural Research Council,  

U.K.,  1980).  

The present paper reports the rumen degradation of dry 

matter,  crude protein and crude f ibre of  two cereal forages 

{Forage sorghum, Sorghum vulgare var. Abu 70 and Sorghum 

h y b r i d  ( P i o n e e r  9 88 ) }  a n d  tw o  l e g u me  f o r a g e s  { C l i t o r i a  

(Cli toria  ternata) and Berseem (Medicago•sativa)}.  

Materials and Methods  

Animals  and  management:  

Two animals ,  a  sheep and a bull  calf ,  were used.  The 

sheep was a local desert type of about 35 kg liveweight while the 

bull was a local Butana type of  about 170 kg l iveweight.  B o th  

an i mal s  w ere  surg i ca l ly  f i s tu ta ted  by  a  s tab  w ound 

techn ique  (Ahmed ,  1992 )  and cannu la  was  f i t t ed  in to  the  

rumen. The cannula was a plast ic tube 12 cm in length and 4 

cm in diameter.  The animals were kept separately in shaded 

pens.  They were offered on ad l ibi tum level ,  the same forage to 

be tested. Water was available all times.  



 

Forages: 

The four forages Abu 70, Sorghum hybrid, Clitoria and 

Berseem were tested for degradation in the rumen each at a 

t i m e  o n  t h e  t w o  a n i m a l s  u s i n g  t h e  i n  s i t u  p o l y e s t e r  b a g  

technique (Mehrez and Orskov, 1977).  

Experimental  procedure:  

Nylon b a g s  o f  3 0  c m ;  i n  size weighing 4 -5 g each w e r e  

used  for  incubat ion  o f  the  f orage  samples .  T he  bags  w ere  

oven dried at  80 °C for 3  hours,  then individually  weighed.  

F ive to  s ix  grammes of  oven -dr ied forage  sample was put  in 

the  bag  and  the  ope n ing  o f  the  bag  w as  c lo sed  by  ty ing  a  

nylon ribbon around. It  was then incubated into the rumen 

through the cannula. Two bags were incubated at a time in the 

rumen of  the sheep and four bags at  a  t ime in rumen of  the 

bull.  The cannula was then lightly closed.  

The bags were incubated for different periods of time : 

9 ,  1 8 ,  2 4 ,  3 6  a n d  4 8  h o u r s .  T h e  b a g s  w e r e  i m m e d i a t e l y  

r e m o l  e d  a f t e r  e a c h  i n c u b a t i o n  p e r i o d .  T h e y  w e r e  t h e n  

thoroughly washed under running tap water.  The bags were 

then dried in an oven for 24 hours at  100 °C taken out and 

weighed. The dry matter content of the residue in the bag was 

calculated.  The samples of  each incubat ion period for each 

forage were collect ed together,  mixed and a representative  

s a m p l e  w a s  t a k e n  f o r  c r u d e  f i b r e ,  a n d  c r u d e  p r o t e i n  

determinat ion  us ing  the standard methods (A.O.A.C., 1975).  

The  lo ss  o f  ind iv idual  components  f rom the  forages  

incubated was calculated for each forage for each peri od of  

incubation. 

 



Determinat ion  o f  degradat ion  and degradabil i ty :  

T he  de g ra da t io n  o f  th e  i nd i v i du a l  fo r ag e  co mp on en t ,  

DM, CF and CP,  was de te rmined  as  the  f rac t ion  los t  f rom the  

nylon bag at  the specif ic  t ime of  incubation in  the rumen.  The 

measuremen t s  we re  u sed  to  ca lcu la te  the  degradab i l i t y  (P )  o f  

t h e  c o r r e s p o n d i n g  f o r a g e  c o m p o n e n t s  a p p l y i n g  t h e  

m a t h e m a t i c a l  m o d e l  p r o p o s e d  b y  O r s k o v  a n d  M c D o n a l d  

( 1 979 )  a nd  r e v i s ed  b  M cD o na l d  (1 98 1 )  a s  

P = a + bc (c+k)  

where  a  represen ts  the  ver .,  rap id ly degradable  component ;  b  

r ep re sen t s  the  s econd  mo re  s low l y  deg rad ed  compon en t ,  c  a  ra te  

cons tan t  and  k  the  ra te  o f  passage  f rom the  rumen.  

In  th is  exper imen t  a  r ange  of  ou t f low ra te s  f rom as  low 

a s  0 . 0 3  t o  a s  h i g h  a s  0 . 0 8 , h o u r  w a s  a s s u m e d  a n d  t h e  

d e g r a d a b i l i t i e s  o f  t h e  d i f f e r e n t  f o r a g e  c o m p o n e n t s  w e r e  

calculated accordingly.  

Results 

The chemical composition of the four forages tested for 

d e g r a d a b i l i t y  i s  s h o w n  i n  T a b l e  1 ,  T a b l e s  2 ,  3  a n d  4  

respectively show the disappearance (g/100g) of  DM, CP and 

C F  o f  t h e  f o r a g e s  f r o m  t h e  n y l o n  b a g s  a t  t h e  d i f f e r e n t  

incubation periods in  the rumen.  For al l  forages it  i s  shown 

that as the incubation period i nc rea se s  the  lo s s  of the forage 

components  increas e but  t h e  r a t e  of l i s a p p e a r a n c e  d i f f e r s  

among the  d i f fe ren t  fo rages .  

The disappearance of  the  CP  was h igher  than  tha t  o f  the 

CF in  al l  forages.  The legume forages (Cli tor ia  and Berseem)  

showed a higher loss in al l  components  than the cereal  forages 

(Abu 70  and  Sorghuth  hybr id )  a t  a l l  incuba t ion  pe r iods .  



A t  4 8  h o u r s  i n c u b a t i o n  t h e  r a t e  o f  D M  a n d  C F  

disappearance was highest for Berseem followed by Clitoria, 

A b u  7 0  and  the  l e as t  w as  So rg hu m h yb r i d .  How ev er  t he  

highest CP loss at this incubation period was that of Clitoria 

fo l lowed by  that  of  Berseem then Abu 70  and the  least  was 

that of Sorghum hybrid.  

T a b l e  1 :  D r y  m a t t e r ,  D M ,  ( g / k g )  a n d  t h e  c h e m i c a l  

composit ion (g/kg DM) of  the experimental forages.  

 

Forage DM Ash 

Crude  
Protein  

(Nx6.25) 
Crude  
Fibre 

Forage sorghum     

(Abu 70) 300 57 35 286 

Sorghum hybrid     

(Pioneer 988)  280 77 27 304 

Clitoria 300 76 175 279 

Berseem 270 118 214 215 
 

Tables 5, 6 and 7 show the predicted degradabilities of 

DM, CP and CF of the forages at an assumed range of ruminal 

outflow rates (k). At the slowest outflow rates (0.03) Berseem 

showed the highest degradability of  81.3% to be followed by 

C l i t o r i a  ( 7 1 . 9 % )  t h e n  A bu  7 0  ( 6 4 . 1% )  a n d  t h e  l e a s t  w as  

Sorghum hybrid (59.4%). 

The same trend was seen in the degradability of the CF 

where Berseem, Clitoria,  Abu 70 and Sorghum hybrid had 45, 

3 4 ,  2 6  a n d  22% d e g r a d a b i l i t y .  C l i t o r i a ,  h o w e v e r  h a d  t h e  



Table 2:  Disappearance (g/100g) ± S.D. of  the dry matter DM, from forage samples  

incubated in the rumen of fistulated animals for different periods of time.  

c4. 

Incubation  

period (Hrs) 

Forage Sorghum  

(Abu 70)  

Sorghum hybrid . 
( p i o n e e r  9 8 8 )  

Clitoria 

Berseem 

9 6.0 ± 0.92  6.5 ± 0.60  15.5 ± 0.79  10.8 ± 1.11 

18 10.1 ± 1.11 12.1 ± 1.10  19.8 ± 0.97  22.7 ± 1.46 

24 12.3 ± 1.10  15.0 ± 2.16  24.3 ± 0.65  24.9 ± 2.16  

36 19.7 ± 1.23 18.3 ± 1.78  29.7 ± 1.17  31.5 ± 3.31 

48 25.5 ± 1.22  19.3 ± 1.90  33.6 ± 1.82  39.6 ± 2.48  

o 



Table  3 :  Disappearance  (g /100g)  ±  S.D.  o f  the  c rude  f ib re  (CF)  f rom forage  samples   

incuba ted  in  the  rumen of  f i s tu la ted  an imals  fo r  d i f fe ren t  per iods  o f  t ime .  

 

Incubation  

period (Hrs) 

Forage Sorghum  

(Abu 70)  

Sorghum hybrid  

(pioneer 988) 

Clitoria Berseem 

9 3.2 ± 0.07  7.0 ± 1.03 15.8 ± 0.72  15.8 ± 0.92  

18 13.9 ± 0.79  12.8 ± 1.17 21.8 ± 1.02  23.6 ± 1.43  

24 15.0 ± 2.10 16.9 ± 2.17  26.9 ± 1.38  26.1 ± 2.30  

36 23.4 ± 0.60 20.6 ± 1.79 34.0 ± 1.79 29.0 ± 1.61 

48 29.9 ± 2.20 23.2 ± 1.10 41.9 ± 1.27  42.3 ± 2.34  
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Table  4 :  Disappearance  (g / I00g)  ±  S .D.  of  the  c rude  pro te in  (CP) f rom samples  o f  fo rages  

incuba ted  in  the  rumen of  f is tu la ted  an imals  fo r  d if feren t  per iods  o f  t ime .  

 

Incubat ion  

4  p e r i o d  ( H r s )  

= 

Forage Sorghum  

(Abu 70) 

Sorghu,. :  hybrid  

(pioneer 988) 

Clitorin Berseem 

 
14.4 ± 1.33 10.5 ± 0.65  26.8 ± 1.10  23.6 ± 1.10  

18 16.5 ± 2.78  20.0 ± 0.76  32.5 ± 1.12 31.4 ± 2.44  

24 26.8 ± 2.10  25.9 ± 1.84  35.7 ± 1.30  38.6 ± 2.87  

36 38.5 0.47 28.6 ± 1.93 48.0 ± 1.34  45.4 ± 2.54  

48 45.5 ± 2.11 35.9 ± 1.63  56.7 ± 1.61 52.9 ± 1.98  



Table  5 :  The  pred ic ted degradabi l i ty:  va lue  (P)  of  d ry mat te r  (DM) of  the  forages ,   

expressed  as  % a t  d i f fe ren t  rumina l  ou tf low ra tes  (k) ihr .  

 
   Ruminal outf low rate (k) /  hr    

Forage 
0.03 0.04 0.05 0.06 

0.07 0.08 

Forage Sorghum       

(Abu 70)  64.1 58.4 35.9 50.4 46.6 45.2 

Sorghum hybrid 
(pioneer 988) 

59.4 53.7 49.5 46.4 43..6 41.4 

Clitoria 71.9 66.5 61.1 57..6 54.7 52.2 

Berseem 81.3 78.8 73.0 69.7 66.7 64.1 
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Table 6: The predicted degradabil ity  value (P) of  the crude f ibre (CF) of the forages,   

expressed as % at different ruminal outflow rates (k)/hr.  
 
   

Ruminal outflow rate (k) / hr 
  

Forage 0.03 0.04 
0.05 0.06 0.07 0.08 

Forage Sorghum       

(Abu 70)  26.6 25.0 24.1 23.4 22.9 22.6 

Sorghum hybrid 
(pioneer 988)  

22.3 
21.6 

21.3 
21.1 21.0 20..8 

Clitoria 34.4 31.3 29.3 27.9 26.8 26.0 

Berseem 45.2 41.6 38.8 36.7 35.0 33.6 
 

 _ AMP________________________________________________ 



Table 7: The predicted degradability value (P) for the crude protein (CP) of the forages,   

expressed as % at different ruminal outflow rates (k)/hr.  

 
   Ruminal outflow rate (k) / hr    

Forage 0.03 0.04 0.05 0.06 
0.07 0.08 

tn 
Forage Sorghum       

(Abu 70)  55.3 49.7 45.2 42.6 40.2  38.3 cri 

Sorghum hybrid 
(pioneer 988)  

48.1 43.1 39.6 37.0 35.1 33.5 

 

Clitoria 62.6 56.9 52.5 49.1 46.2  43.9 
 

Berseern 57.8 52.2 48.0 44.8 42.2  41.0  
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highest CP degradabil ity of  62% to be followed by Berseem 

(57%), Abu 70 (55%) and Sorghum hybrid (48%).  

T h e  t y p e  o f  o b s e r v a t i o n s  o n  d e g r a d a t i o n  i n  t h e  

d i f f e r e n t  t i m e  i n t e r v a l s  e a c h  h a v i n g  i t s  o w n  s p e c i f i c  

d e g r a d a t i o n  a n d  t h e  a s s u m e d  r a t e  o f  o u t f l o w  m a ke  t h e  

s tat is t ica l  analys is  non -consequent ial  and hence  the  se t  of  

results were presented as mean values only.  

Discussion 

The degradabil it ies of  the components  of  the forages 

invest igated were decreas ing as the ruminal outf low rates  

increased or in other  words the more the feed 'stays in the  

rumen the higher is the degradabil ity .  Legume forages had 

higher degradation at al l  f low rates than the cereal forages.  

For all forage components Abu 70 had a higher degradability 

than Sorghum hybrid.  

T h e  g r e a t e r  v a l u e s  f o r  t h e  d i s a p p e a r a n c e  o f  t h e  

different fractions from legumes as  compared to the cereal  

forages could be attributed to the smaller particle size of the 

l e gu me  f o ra ge s  ( P l ay ne ,  K hu mau l th on g  an d  E ch ev or r ia ,  

1 9 7 8 ) .  A l s o  t h e  h i g h  n i t r o g e n  c o n t e n t  o f  t h e  f e e d  s t u f f .  

increases their disappearance when incubated in the rumen 

a n i m a l s  ( M e h r e z  a n d  c i r s ko v ,  1 9 7 7 ) .  B o t h  B e r s e e m  a n d  

C l i tor ia  a s  show n in  T ab le  1  had  a  h igher  crude  pro te in  

content than Abu 70 and Sorghum hybrid. This  is also well 

demonstrated between the cereal forages. Abu 70 had a higher 

c r u d e  p r o t e i n  c o n t e n t  t h a n  S o r g h u m  h y b r i d  a n d  i n  a l l  

fractions was better degraded than the Sorghum hybrid.  

In this study, the animals were offered the same forages 

that were incubated to maintain the same environment in the 

minor ecosystem of  the bags and also to avoid any associative  



e f f ec t  t ha t  may  h app en  f r o m th e  add i t io n  o f  o the r  f e ed s .  

Addition of concentrates at any level would have altered the 

fermentation pattern in the rumen resulting in higher or lower 

degradabil i t ies  than from that  observed in  this  s tudy.  The 

f eeding  of  the forages  in  th is  s tudy  was at  ad  l ib i tum leve l .  

T he  l eve l  o f  f eed ing  af f ec t s  the  rumen  re ten t ion  t ime  and 

hence the degradabil ity (Orskov and McDonald, 1979).  

T he  range  o f  rumina l  ou t f low  ra te s  a s s umed  in  th i s  

study was chosen to allow for the whole spectrum of possible 

degradat ion .  However  as  i t  i s  know n that forages  normal ly  

stay longer in the rumen than concentrates ,  i t  could be that 

under the conditions of these studies a ruminal outflow rate of 

0 .05/hour is acceptable and hence the genera l degradabil ity 

va lues  for  the  d if ferent  forage  fractions could be  read from 

the Tables at this rate. 
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