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Abstract: The aim of this study is to evaluate six fodder trees leaves and seeds, commonly utilized in

Sudan namely A. Senegal, A. torrtlis,A. mellifera, A. seyal, A. nilotica and Z.spina-chirsti in term of

chemical composition and its relationship with the in vitro gas production characteristics. The chemical

composition in term of Ash, ether extract (EE),crude protein (CP), acid detergent fiber (ADF), neutral

detergent fiber and total condensed tannin (TCT) were significantly (p<0.001) varies among leaves and

seeds. CP were ranged from 17.5%  (Z.spina-chirsti) to 26.6% (A. nilotica) and from 19.45% ( A.torrtlis)

to 38.69% ( A.Senegal) for leaves and seeds respectively. Total condensed tannin (TCT) content of leaves

were significantly (p<0.001) higher than those of seeds it is ranged from 2.3%  Z.spina-chirsti to 5.05%

A. mellifera and from 0.45%  Z.spina-chirsti to 4.19%  A.mellifera respectively. Most of chemical

composition were significantly correlated with gas production characteristics, ADF and TCT were

correlated negatively with gas produced from fermentable part fraction (b) and the potential gas production

(a + b), while CP correlated positively. Gas produced from fermentable fraction (b) and the potential gas

production (a+ b) were significantly ( p<0.001) higher in seeds than in leaves 64.94ml and 54.98ml

respectively for Z.spina-chirsti seeds and 39.79 ml and 39.18 ml respectively for A.mellifera leaves this

may be due to their high content of CP and low content of TCT. Therefore, according to the potential

gas production performance seeds were ranked higher than leaves. The higher values obtained for the

potential gas production in the seeds will indicate a better nutrient availability for rumen microorganisms.
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INTRODUCTION

Fodder trees leaves and seeds are an important

component  of  goats  and  sheep  diets[6 ,16]

particularly in the dry season where few or no

alternatives are available . However the use of tree[14]

and shrub leaves and seeds by animals is restricted by

high tannin content . [17]

Sudan is large country located in arid zoon, tree

and shrub leaves and pods are important sources of

forage for small ruminants and camels especially during

the dry season (November – June) when quantity and

quality of pasture herbages are limited. On the other

hand, there is little information on the nutritive value

of fodder tree leaves and seeds.

In vitro estimations of feed degradation are either

substrate disappearance or fermentation products. The

gas production technique is more reliable than the

nylon bag method for determining nutritive value of

feeds containing anti-nutritive factors . [10]

The aim of this study was to determine the

chemical composition including condensed tannin

contents of leaves and seeds of trees used for camels

and small ruminant animals in wide area in Sudan and

examine their relationships with in vitro gas production

parameters. 

MATERIALS AND METHODS

Samples: Leaves and seeds from six trees were

harvested in 2007 from around Khartoum. Leaves and

seeds were hand harvested from at least 5 different

trees, then pooled, shade-dried and ground to pass a 1

mm sieve for later analysis and determination.

Chemical Analysis: Proximate analysis of leave and

seeds samples were performed according to AOAC .[3]

Contents of neutral detergent fiber (NDF) and acid

detergent fiber (ADF) were determined by the method

of Van Soest et al., . Total condensed tannin (TCT),[20]

was determined by the butanol-HCL method . [12]

Gas Production Study: Rumen fluid was obtained

from two fistulated steers fed alfalfa hay ad libitum

and 1Kg each of concentrate mixture. Two runs of gas

production study carried out by using calibrated glass
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syringes following the procedures of Menke and

Steingass . Approximately 200 mg of DM sample was[13]

weighed in triplicate into glass syringes. The syringes

were pre-warmed at 39 °C before the injection of 30

ml rumen fluid-buffer mixture into each syringe

followed by incubation in a water bath at 39 C. Theº

syringes were gently shaken at 30 min after the start of

incubation and every hour for the first 10 h of

incubation. Gas production was recorded before

incubation  (0)  and  3, 6, 12, 24, 48, 72 and 96 h

after incubation. Total gas values were corrected for

blank. Cumulative gas production data were fitted to

the model of Ørskov and McDonald , using the[15]

following equation.

p = a + b (1-exp )-c  t

Where:

C p represents gas volume (ml) at time t,

C a the gas produced from soluble fraction (ml),

C b the gas produced from insoluble but fermentable

fraction (ml), 

C (a+ b) the potential gas production (ml), and

C c the rate constant of gas production during

incubation (ml h ).-1

Statistical  Analysis:  Data  were  subjected to

analysis of variance according to Steel and

Torrie .The comparison among means was analyzed[19]

by the least significant difference using LSD procedure

of the Statisticx . [3]

A simple correlation analysis was used to establish

the relationship between chemical composition and in

vitro gas production parameters.

RESULTS AND DISCUSSIONS

Results:

Chemical Composition: The chemical composition

percentage as DM bases for six different fodder trees

leaves and seeds were presented in Table 1.

Ash content of leaves were significantly (p< 0.001)

higher  than  those  of seeds except acacia seyal

which have more or less same values 10.27% and

10.12% respectively.

Ether extract varies significantly (p< 0.001) among

tree leaves and seeds.

Seeds  significantly  (p<  0.001)  higher   in

crude  protein  content  than   in   leaves.   The

crude  protein  content  range  from  19.45% to

38.69% and from 17.5% to 26.6% for seeds and

leaves, respectively.

There was significant (p<.001) differences in ADF

content among leaves and seeds. However seeds having

the higher values. The values of NDF also differ

significantly (p<.001) but leaves seems to have higher

values than seeds.

Total condensed tannin content of leaves were

significantly (p<0.001) higher than those of seeds. 

Table 1: Chemical composition of six fodder trees leaves and seeds as DM  bases

Ash% EE% CP% ADF% NDF% TCT%

A. Senegal (L) 10.73 2.47 23.10 30.43 54.34 2.52a d d def c d

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

A. torrtlis (L) 5.86 3.54 19.08 36.18b 44.17 4.80c c e cd ef ab

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

A. mellifera (L) 9.81 2.65 24.14 35.35 64.69 5.05b d d bcd b a

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

A. seyal (L) 10.27 2.66 19.43 33.73 46.95 3.48 ab d e cde de c

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

A. nilotica (L) 4.84 3.50 26.60 27.46 45.79 5.00d c c ef def ab

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

Z.spina-chirsti (L) 10.51 1.72 17.50 43.73 39.34 2.30ab e f a fg de

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

A.Senegal (S) 5.15 4.28 38.69 25.29 65.51 1.35cd b a f ab f

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

A.torrtlis (S) 5.94 0.97 19.45 35.17 43.55 1.57c f e cd ef ef

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

A.mellifera (S) 3.79 6.35 38.31 35.30 35.75 4.19e  a  a bcd g bc

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

A.seyal (S) 10.12 4.28 29.87 41.79 51.23 1.5ab b b ab cd ef

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

A.nilotica (S) 5.17 4.26 27.21 39.93 46.82 1.76cd b c abc de def

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

Z. spina-chirsti (S) 3.48 0.78 23.66 18.49 72.34 0.45e f d c a g

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

SE 0.28 0.07 0.35 2.11 2.24 0.27

Colum ns having different superscripts significantly (p< 0.001) differ

(L):represent Leaves

(S): represent seeds
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Table 2: Ferm entation parameters of six fodder trees leaves and

seeds (defined by the equation: p = a + b (1-exp )–c t

c a b a+b 1 2 3 4

A.Senegal (L) 0.03 -0.34 24.17 23.83e b ef de

A.torrtlis (L) 0.02 3.38 18.18 21.47e a f e

A.mellifera (L) 0.04 -0.61 39.79 39.18cde b bc b

A.seyal (L) 0.04 0.73 23.82 24.55cde b ef cde

A.nilotica (L) 0.05 -3.07 25.95 27.47bcd c def cde

Z.spina-chirsti (L) 0.03 -0.14 36.11 35.83e b cd bc

A.Senegal (S) 0.07 -7.27 48.45 41.18a d b b

A.torrtlis (S) 0.04 -3.73 34.63 30.87cde c cde bcde

A.mellifera (S) 0.06 -6.07 39.93 33.85ab d bc bcd

A.seyal (S) 0.03 -3.34 42.81 39.47e c bc b

A.nilotica (S) 0.04 -0.68 36.78 36.10cde b cd bc

Z. spina-chirsti (S) 0.05 -9.95 64.93 54.98bcd e a a

SE 6.37 0.67 3.98 3.97

1 = rate constant of gas product`ion during incubation (ml h )-1

2 = gas produced from soluble fraction (ml)

3 = gas produced from insoluble but fermentable fraction (ml)

4 = potential gas production (ml)

Colum ns having different superscripts significantly (p<. 001) differ

(L):represent Leaves

(S): represent seeds

Table 3: The correlation coefficients (r) between the chemical

composition and fermentation parameters of six fodder

trees leaves and seeds incubated with rumen fluid

CP NDF ADF TCT

c 0.64*** 0.20NS -0.4* -0.12NS1

a -0.56*** -0.43*** 0.61*** 0.50***2

b 0.37* 0.56*** -0.36* -0.58***3

a+b 0.27NS 0.54*** -0.28 -0.51***4

1 = rate constant of gas production during incubation (% h )2 =-1

gas produced from soluble fraction (ml/0.200 g OM)3 = gas

produced from insoluble but fermentable fraction (ml/0.200 g OM)4

= potential gas production (ml /0.200 g OM) 

*P<0.05

**P<0.01***P<0.001,

 NS = Non significant

Fermentation Parameters: Fermentation parameters

for leaves and seeds from the six different fodder trees

are presented in Table 2. The rate of fermentation

fraction (c) was significantly (p<0.001) higher in seeds

than in leaves. Similarly fraction (b) and fraction (a +

b) were significantly (p<0.001) higher in seeds than in

leaves (Table 2). The rank order in terms of potential

gas production performance was Z. spina-chirsti (S)>

A.Senegal (S) > A.seyal (S) > A.mellifera (L) >

A.nilotica (S) > Z.spina-chirsti (L) > A.mellifera (S) >

A.torrtlis (S) > A.nilotica (L) > A.seyal (L) >

A.Senegal (L) > A.torrtlis (L)

Gas production of tree leaves and seeds were

increased with increasing incubation time (Figure 1).

Correlation Study: There were significant correlations

between  the  fermentation parameters and the

chemical composition of leaves and seeds of six fodder

trees (Table 3).

 

Discussion: The CP content of leaves was ranged from

17 to 26% this result is similar to results obtained by

Fadel Elseed et al.,  who found 15.6 to 28.5%.[4]

Fig. 1: Cumulative gas production of six fodder trees
leaves and seeds

(L) : represent Leaves
(S) : represent seeds

NDF and ADF of leaves varies from 39% to 64 %
and from 27% to 43% respectively, this result is
comparable with findings of Kamalak et al.,  who[8]

reported 42% to56% and 28.3% to 34.2% and Kaitho
et al.,  who found 22% to 69.4 % and 14% to 52.3 %[7]

respectively. However, the values of NDF and ADF
reported by Fadel Elseed et al.,  for leaves were lower[4]

than the present results, which may be due to the use
of newly leaves in their study.

Gas  produced from fermentable fraction (b) and
the potential gas production (a+ b) were significantly
( p<0.001) higher in seeds than in leaves this may be
due to their high content of CP and NDF and low
content of TCT, whereas the potential gas production
(a +b), is associated with degradability of feed .[10]

Therefore the higher values obtained for the potential
gas production in the seeds will indicate a better
nutrient availability for rumen microorganisms. 

TCT were negatively correlated with fraction (b)
and (a +b). This result is consistent with findings of
Frutos et al., . ADF were negatively correlated with[5]

most of the estimated parameters. This result is in
agreement with findings of Abdulrazak et al.,  and[1]

Kamalak et al., . The negative correlation between[8]

potential gas production and ADF and TCT may be
due to the reduction of microbial activity from
increasingly adverse environmental conditions as
incubation time progress . CP were positively[2]

correlated with the rate of fermentation fraction (c),
fraction (b) and fraction (a + b). These findings were
supported by Kamalak et al., . [8]
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Conclusion: It was concluded that there were

significant variations in chemical composition and gas
production characteristics of fodder tree leaves and

seeds in this study. The results revealed that the fodder
tree leaves and seeds are a good source of CP for

browsers. Total condensed tannin and ADF were
adversely affected cumulative gas production and

estimated parameters of tree leaves and seeds from six
different fodder trees. 
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