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Abstract

This study explored the nutritive value of Morus alba, Acacia nilotica, Syzygium cumuni and
Ziziphus jujuba leaves. Chemical analyses revealed that dry matter (DM) ranged from 25% to 47%
in M. alba and S. cumunii, organic matter was higher (94%) in S. cumuni and Z. jujuba. M. alba
had higher (23%) crude protein, whereas, neutral detergent fiber (NDF) was greater in Z. jujuba
(32%). Acid detergent fiber was higher in S. cumuni (23%), while, acid detergent lignin was greater
(7%) in M. alba and S. cumuni. Hemicellulose (15%) and ash content (10%) were higher in Z.
jujuba and M. Alba, respectively. Metabolizable energy was higher (10.5 MJ/kg) in M. alba than
the other species. Among minerals, Ca and K were highest in A. nilotica, P in M. alba and Mg and
Na in Z. jujuba. The concentration of total phenolics, tannins, alkaloids and saponin was within
safe range. In situ DM digestibility was higher (90.2%) for M. alba, DM lag time was shorter (0.63
h) for A. nilotica, and rate of DM disappearance was lowest (5.34% per h) for S. cumuni. Extent of
DM digestion (98.26%) and NDF digestibility (84.10%) were higher for M. alba. Shorter NDF lag
time (0.71 h) and higher rate of NDF disappearance were evident for A. nilotica, but extent of NDF
digestion was higher (96.80%) for M. alba. Based on chemical composition and in situ digestion
kinetics, M. alba leaves proved the best supplement followed by A. nilotica, Z. jujuba and S.
cumuni for ruminants.

Introduction
Availability of feed containing imbalanced chemical composition and metabolizable
energy (ME) is major handicap in ruminant production the world over (Niderkorn &
Baumonta, 2009). There is a great need to feed the ruminant animals with balanced feed
to improve the production of meat and milk. Several tree species could be effective
sources of providing fodder nutrition during normal as well as scarcity periods (Reddy,
2006). Although there are many advantages of the forages and leguminous crops over
tree crops, the leaves of certain trees can be as nutritious as those of fodder legumes
(Soliva et al., 2005; Anon., 2006).
Area under fodder production is continuously reducing due to competition with cash
crops. The ever increasing demand of cereal grains for human consumption coupled with
reduction in land for fodder cultivation is decreasing the nutrient supply to ruminants.
Thus, there is great need to explore alternate feed resources which do not compete with
human feed (Raghuvansi et al., 2007). Fodder tree leaves are alternative feed source for
ruminant (Malik et al., 1967) and can help to minimize the wide gap between availability
and supply of nutrients, and improve the animal growth and productivity. Fodder tree
leaves were found to be rich in protein, soluble carbohydrates, minerals and vitamins, and
showed great potential as an alternate feed resource (Baumer, 1992; Bakshi & Wadhwa,
2007). Use of tree leaves in ruminant enhances microbial growth and digestion (Singh et
al., 1982; Bonsi et al., 1995). Moreover, fodder tree leaves are very relish to small
ruminants especially goats.
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Botanical name
Morus alba
Acacia nilotica
Syzygium cumuni
Ziziphus jujuba
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Table 1. Name of trees.
Local name
Toot, mulberry
Kikar
Jaman
Beri

Family
Moraceae
Mimosaceae
Myrtaceae
Rhamnaceae

In view of little information on the nutritive value of fodder tree leaves especially
digestion kinetics and ME availability in ruminants, the present study was planned to
figure out the nutritional value of indigenous fodder tree leaves i.e., chemical
composition, macro mineral profile, secondary metabolites and digestion kinetics.
Materials and Methods
Harvesting and preparation of tree leaves: Leaves of Morus alba, Acacia nilotica,
Syzygium cumuni and Ziziphus jujuba (Table 1) were collected from district Faisalabad of
Punjab province, Pakistan in April, 2008. Sixteen indigenous fodder trees, four for each
species, were harvested. Each tree was sampled from five sites (east, west, north, south
and canopy). The collected leaves were dried separately in forced air oven at 55oC,
ground to pass a 2 mm sieve in Willey mill and saved in polythene bags for further
analysis.
Chemical analysis: Dry matter (DM) content was determined by drying the sample at
105oC in forced air oven till the constant weight. Ash content was measured after igniting
sample in a muffle furnace at 550oC for 4 hours (h). Crude protein (CP) was determined
by Kjeldahl method (Anon., 1995). Neutral detergent fiber (NDF), acid detergent fiber
(ADF) and acid detergent lignin (ADL) were determined by methods of Van Soest et al.,
(1991) without the use of alpha amylase but with use of sodium sulfite. Following the wet
digestion (nitric acid and perchloric acid), the P was determined by the
spectrophotometer (U 1100, Hitachi), while the flame photometer (Jenway PFP7) was
used to estimate Na and K concentration. The Ca and Mg concentrations were determined
colorimetrically. All chemical analyses were done in triplicate. Digestible energy (DE)
was calculated by determining the gross energy (Harris, 1970) of tree leaves and residues
of leaves at 48 h of incubation of in sacco trial. This estimation of DE was further used
for the calculation of ME contents by following equation (Anon., 2001). ME = 1.01 x
DE–0.45.
Total phenolics were determined by using Folin-Ciocalteu reagent method as
described by Ainsworth & Gillespie (2007). All the samples were extracted in methanol.
In 100mL of each sample 200uL of F-C reagent was added and vortex thoroughly 800uL
of 700 mM Na2CO3 into each sample and incubated at room temperature for 2 h. 200uL
sample was transferred to a clear 96-well plate and absorbance of each well was
measured at 765nm. Amount of total phenolics was calculated using a calibration curve
(R2: 99.27) for gallic acid. The results were expressed as gallic acid equivalent per dry
matter (Ainsworth & Gillespie, 2007). Tannins were determined by vanillin
hydrochloride method. One gram of the ground plant material was extracted in 50 mL of
methanol, mix occasionally and after 24 h centrifuge at 12000xg and supernatant was
collected. In one mL of supernatant added 5 mL vilillin hydrochloride reagent and mix
incubated at room temperature and noted the absorbance at 500 nm on microquant
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spectrophotometer (BioTech, USA). The calibration curve catechin was used as standard
for the calculation of tannins (Thimmaiah, 2004). Saponin was estimated by the method
reported by Saddiqui & Ali (1997). For the determination of alkaloids, 5 g of powdered
plant material was accurately weighed. It was made into a paste with 5% Sodium
carbonate solution. Transferred into a flask and added 75 mL of chloroform in it, and
refluxed for 15 minutes, then it was cooled and filtered. Filtrate was transferred to a
separator, 40 mL of 5% Sodium carbonate solution was added, and agitated gently for 7
minutes. Chloroform layer was taken off and reduced to the volume of about 10 mL by
distillation. 40ml of 1% suphuric acid was added, and extracted with two 20 mL volume
of chloroform. Separating funnel separated aqueous phase. It was made alkaline with
Ammonium hydroxide, and extracted with 10 mL portions of chloroform. Chloroform
layers were combined, and washed with 5 mL of water. The total volume of fraction
obtained was reduced to 5 mL by distillation. Chloroform was transferred to a
crystallizing dish and remove remainder of chloroform through evaporation in a vacuum
hood. Two mL of absolute alcohol was added to residue and evaporated to dryness at
100˚C and solid residue obtained was crude alkaloid.
Weight of alkaloids obtained
Total weight of sample
In situ trial: An in sacco trial was conducted to examine the digestion kinetics of leaves
of selected tree species. Nylon bags measuring 10×23 cm with an average pore size of 50
µm were used to determine digestibility, rate of disappearance, lag time and extent of
digestion of DM and NDF. A mature ruminally cannulated buffalo bull (350±10kg) was
used to study In sacco digestion kinetics of tree leaves. The bull was fed a blend of
berseem fodder (Trifolium alexandrinum) and concentrate along with leaves of these
trees to meet the nutritional requirements for 22 days. Initial 10 days were adjustment
phase whereas following 12 days were for data collection. For each time point, there were
3 bags. Ground samples were weighed (5 g on DM basis) into nylon bags. The bags were
manually pushed deep into the liquid phase of the ventral sac of rumen and incubated for
0, 3, 6, 12, 24, 36, 48 and 72 h. The bags were placed in the rumen in a reverse sequence.
All bags were removed at the same time to reduce variation associated with the washing
procedure. After removal from the rumen, the bags were washed in running tap water
until the rinse was clear. These bags were dried in forced air oven at 60oC for 48 h. The
bags were weighed and the residues were transferred into bottles and stored for analysis.
Digestibility was calculated at 48 h of incubation. Rate of disappearance was determined
by subtracting the indigestible residue i.e. the 72 h residue from the amount in the bag at
each point and then regressing the natural log (ln) of that value against time. Extent of
digestion was determined at 72 h of incubation. Lag time was determined by the
equation:
Lag time (h) = (ln 100) - Intercept / Rat of digestion
Statistical analysis: The data collected regarding digestibility, lag time, rate of digestion
and extent of digestibility were analyzed for variance analysis in completely randomized
design and means were compared using computer software Anon., (1999).
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Results and Discussion
Chemical composition: Chemical composition of tree leaves is presented in Table 1. The
DM contents varied from 25% in M. alba to 47% in S. cumuni. The OM contents were
90.0, 92.0, 94.0 and 91.0% in M. alba, A. nilotica, S. cumuni and Z. jujuba tree leaves,
respectively. M. alba contained highest CP (23%). Kandylis et al., (2009) reported higher
levels of CP in M. alba. It is attributed that M. alba leaves have an appreciable potential as
protein source in ruminant feeding. M. alba showed the maximum CP, therefore, may be
used as supplementary protein source for ruminants (Yao et al., 2000). Lowest CP was
observed in S. cumuni (8%). Rumen fermentation is affected if the CP level in diet is less
than 10% (Alam & Djajanigra, 1994), however, CP level in these trees is higher than this
level except S. cumuni. Differences in CP contents between leaves of different trees are
probably due to differences in protein accumulation in them during growth. The NDF
contents of Z. jujuba were highest (32%) and lowest in A. nilotica (25%). Schmidek et al.,
(2000) reported that NDF contents were from 30.2 to 39.3%, ADF from 17.2 to 21.7% and
hemicelluloses from 11.0 to 22.0% of DM in three clones of M. alba leaves. The ADF
contents were 16, 16, 23 and 17% in M. alba, A. nilotica, S. cumuni and Z. jujuba,
respectively. Lower values of ADF in these tree leaves indicate good potential a ruminant
feed (Bakshi & Wadhwa, 2007). M. alba, A. nilotica, S. cumuni and Z. jujuba contained 7,
4, 7 and 4% ADL, respectively. Shayo (1997) reported that M. alba leaves contained 8.1%
lignin. Highest hemicellulose (15%) was observed in Z. jujuba and lowest in S. cumuni
(5%). The hemicellulose content of most of the tree leaves vary between 10 to 15%. M.
alba, A. nilotica, S. cumuni and Z. jujuba contained 10, 8, 6 and 9% ash, respectively, while
ash contents of most of the tree leaves varied from 6 to 15% indicating rich source of
minerals in previous studies (Mandal, 1997). The ME contents (available at 48 h of
incubation) were 10.5, 10.2, 6.5 and 8.2 MJ/kg in M. alba, A. nilotica, S. cumuni and Z.
jujuba, respectively. The ME contents more than 8.00 MJ/kg of DM except S. cumuni,
indicates their potential use for ruminants.
The chemical composition of tree leaves vary with the maturity of leaves and also
with localities (Mandal, 1997). Thus, the chemical composition of the leaves of plant
species analyzed here provides a good source to be used as the nutrient source of
ruminant animal feed.
Mineral composition: As given in Table 2, Ca concentration was higher and varied from
2.40% for S. cumuni to 3.80% for A. nilotica. Concentration of Ca in most of the tree
leaves varied from 2 to 4%. Concentration of P ranged from 0.09% for Z. jujuba to 0.57%
for M. alba and was lower than minimum animal requirements of P (0.2% of DM)
reported by McDowell et al., (1984). Saha & Gupta (1987) reported that tree leaves are
rich in Ca and poor in P. The Ca:P ratio in present study was wide (6.32, 8.44, 24.0 and
40.0 in M. alba, A. nilotica, S. cumuni and Z. jujuba, respectively) as compared to those
recommended for ruminants (McDowell, 1997) and it should be adjusted to normal one
(2:1 to 4:1) by supplementation with P for their proper utilization in the animal system
(McDowell, 1992) when tree leaves are considerable part of ruminant ration. Ruminant
can tolerate Ca:P ratio as wide as 7:1 (Anon., 1985) and higher Ca:P ratio reduces
absorption of P (Anon., 2001). The Mg value varied from 0.72% in M. alba to 0.96% in
Z. jujuba and can fulfill requirement (0.12-0.18% of diet DM) of ruminants (Anon.,
1985). The Na concentration ranged from 0.15% in A. nilotica to 0.54% in Z. jujuba.
Concentration of K was highest in M. alba (1.75%) and lowest in Z. jujuba (1%). Higher
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mineral contents of the plants species in this study further provoke their use a good
alternative for animal feed.
Secondary metabolites: Total phenolics concentration ranged from 0.93% for M. alba to
3.80% for A. nilotica (Table 4). Concentration of tannins varied from 1.27% for M. alba
to 3.61% for A. nilotica. Alkaloids concentration was 0.19 and 0.32% for Z. Jujuba and
A. nilotica, respectively. Saponin was observed only in A. nilotica (0.58%). Intake of
plant secondary metabolites at high level reduces the nutrient utilization, feed efficiency
and animal productivity, however, in the present study observed level of secondary
metabolites was within safe range.
Tannins bind to proteins in the mouth reducing the palatability of the feed and
subsequently decrease feed intake. Tannins have ability to bind and inhibit the digestive
enzyme activities (Kumar & Singh, 1984) and affect the microbial and enzyme activities
(Makkar et al., 1989), whereas, lower concentration of tannins can improve nutrition for
ruminants by reducing protein degradation in the rumen and increasing the flow of amino
acids to the intestine (Mc Nabb et al., 1996). Moreover, tannins have adverse impact on
intestinal nematodes and nematode larvae (Waghorn, 1996). In this study, tannin level
was below 4% of DM of fodder tree leaves. Concentration of tannins less than 4% in the
ration is beneficial by promoting bypass protein and bloat suppression in ruminant
animals (Aganga & Tshwenyane, 2003). Tannin concentrations higher than 5% adversely
affect forage intake and digestibility (Perevolotsky et al., 1993; Silanikove et al., 1996).
In situ dry matter digestion kinetics: The DM digestibility at 48 h of incubation was
highest (90.2%) for M. alba and lowest (54.8%) for S. cumuni (Table 3). Tree leaves were
found to have in situ DM digestibility values above 54% indicating their potential for use in
ruminant ration. Bakshi & Wadhwa (2007) reported higher in vitro digestibility (80.3%) of
M. alba. High level of CP results in increased ruminal ammonia N concentration (Hristov et
al., 2004). Increased ruminal ammonia N status enhances microbial activity and growth,
resulting in greater DM digestibility (Griswold et al., 2003). Highest DM digestibility
observed with M. alba appears to be due to its high level of CP and lower level of NDF
(26%), as asserted by Wiedmeier et al., (1983) for wheat straw. The DM lag time was
shorter (0.63 h) for A. nilotica and greater (0.82 h) for S. cumuni. Rate of DM
disappearance was higher (6.38% per h) for A. nilotica and lower (5.34% per h) for S.
cumuni. Higher rate of DM disappearance for A. nilotica might be due to its shorter (0.63 h)
lag time. Sarwar et al., (1996) reported that rate of DM disappearance highest in legume
and the lowest in wheat straw. Extent of DM digestion at 72 h of incubation was maximum
(98.26%) for M. alba and minimum (60.40%) for S. cumuni.
In situ neutral detergent fiber digestion kinetics: The NDF digestibility at 48 h of
incubation was highest (84.10%) for M. alba while lowest (17.58%) for S. cumuni (Table
4). Low NDF digestibility of S. cumuni might be due to its low CP and high lignin
contents. The NDF lag time was shorter (0.71 h) for A. nilotica and greater for (0.98 h)
for S. cumuni. Greater lag time may be due to nature of cell wall. Rate of NDF
disappearance was highest (6.24% per h) for A. nilotica and lowest (4.92% per hr) for S.
cumuni. The differences in rate of different fodder tree leaves may be due to chemical or
physical nature of the fiber. Extent of NDF digestion at 72 h of incubation was maximum
(96.8%) for M. alba and minimum (24.8%) for S. cumuni. Lower extent of S. cumuni
NDF digestion might be due to its higher level of ADL and lower N contents.
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Table 2. Chemical composition of fodder tree leaves.
Items
M. alba
A. nilotica
S. cumuni
Dry matter (%)
25.0
35.1
47.0
Organic matter (%)
90.0
92.0
94.0
Crude protein (%)
23.0
13.2
8.0
Neutral detergent fiber (%)
26.2
25.0
28.0
Acid detergent fiber (%)
16.0
16.0
23.0
Hemicellulose (%)
10.2
9.0
5.0
Acid detergent lignin (%)
7.0
4.0
7.0
Ash (%)
10.0
8.0
6.0
Metabolizable energy (MJ/kg)
10.5
10.2
6.0

Z. jujuba
45.1
91.0
15.1
32.0
17.0
15.0
4.0
9.0
8.2

Table 3. Mineral composition of fodder tree leaves (%).
Items
M. alba
A. nilotica
S. cumuni
Calcium
3.60 ± 0.11
3.80 ± 0.07
2.40 ± 0.09
Phosphorus
0.57 ± 0.03
0.45 ± 0.03
0.10 ± 0.002
Magnesium
0.72 ± 0.04
0.84 ± 0.05
0.72 ± 0.05
Sodium
0.20 ± 0.01
0.15 ± 0.004
0.51 ± 0.03
Potassium
1.75 ± 0.04
1.10 ± 0.07
1.33 ± 0.06

Z. jujuba
3.60 ± 0.12
0.09 ± 0.001
0.94 ± 0.04
0.54 ± 0.03
1.0 ± 0.02

Table 4. Secondary metabolites in tree leaves (%).
Items
M. alba
A. nilotica
S. cumuni
Total phenolics
0.93 ± 0.06
3.80 ± 0.11
2.85 ± 0.08
Tannins
1.27 ± 0.04
3.61 ± 0.12
2.03 ± 0.05
Alkaloids
Nil
0.32 ± 0.03
Nil
Saponin
Nil
0.58 ± 0.05
Nil

Z. jujuba
2.46 ± 0.1
2.75 ± 0.09
0.19 ± 0.02
Nil

Table 5. In situ dry matter digestion kinetics of fodder tree leaves.
Parameters
M. alba
A. nilotica
S. cumuni
Z. jujuba
1
a
b
c
Digestibility
90.2
65.6
54.8
65.2b
Lag time (h)
0.76b
0.63d
0.82a
0.71c
6.43a
6.38a
5.34c
5.82b
Rate2
3
a
b
c
98.26
66.40
60.40
67.90b
Extent

SE
3.92
0.02
0.12
4.45

Means within row with same superscripts are not statistically different (p<0.05)
1
Dry matter digestibility (%) was determined at 48 h of incubation
2
Rate of disappearance, %/h
3
Extent of digestion (%) was determined at 72 h of incubation
SE stands for standard error

Table 6. In situ neutral detergent fiber digestion kinetics of fodder tree leaves.
M. alba
A. nilotica
S. cumuni
Z. jujuba
Parameters
1
a
b
c
Digestibility
84.10
53.11
17.58
53.34b
b
c
a
Lag time (h)
0.82
0.71
0.98
0.76bc
2
b
a
c
5.62
6.24
4.92
5.99a
Rate
Extent3
96.8a
57.7c
24.8d
68.0b
Means within row with same superscripts are not statistically different (p<0.05)
1
Dry matter digestibility (%) was determined at 48 h of incubation
2
Rate of disappearance, % per h
3
Extent of digestion (%) was determined at 72 h of incubation
SE stands for standard error

SE
7.17
0.04
0.25
7.76
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Conclusion
Selected tree leaves by virtue of having high CP, shorter lag time and faster digestion rate
are compatible to concentrates. A wider Ca to P ratio suggests supplementing cereal
byproducts having high level of P along with these tree leaves when fed to ruminants. Based
upon the higher availability of ME, CP and digestion kinetics, species trees for use as
supplement in ruminant animals feed are ranked as M. alba>A. nilotica=Z. jujuba>S. cumuni.
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