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Abstract
In the present study, the top feeds of 14 tree species
(legume and non-legume) from Dharwad region of
Karnataka were assessed for their nutritional value.
Mean crude protein (CP) contents of top feeds were higher
for legume (21.91%) than non-legume (16.07%) tree
species, while fiber contents were comparable between
legume and non-legume tree species. The condensed
tannin (CT) levels were less than the threshold value (~
5%) baring three non-leguminous plants. The macro and
micro mineral contents varied plant to plant like Ca 0.98
(H. binnata) to 4.03% (S. sesban), Mg 0.46 (A. lebbek) to
1.55% (S. grandiflora), P 0.11 (F. racemosa) to 0.41%
(Pithecellobium dulce), Na 0.01 (G. sepium) to 0.05 % (F.
tsiela), K 0.34 (H. binnata) to 0.96% (F. tsiela), Fe 154.9
(F. tsiela) to 546.6 ppm (F. racemosa), Zn 15.47 (A.
heterophyllus) to 44.02 ppm (S. sesban), Cu 6.85 (D.
latifolia) to 11.62 ppm (F. tsiela) and Mn 38.16 (A. lebbek)
to 106.48 ppm (S. sesban). In the top feeds calcium (Ca)
and magnesium (Mg) were adequate while phosphorus
(P), sodium (Na) and potassium (K) were inadequate to
meet the ruminant animals’s requirement. Among the
micronutrients copper (Cu) was adequate in some plants
and deficit in others. Iron (Fe) content was much in
excess of the requirement and cobalt (Co) was found in
sufficient amount in all the plants. Manganese (Mn) was
present in adequate amount while the critical element
zinc (Zn) was deficient in few plants. Thus most of
evaluated top feeds are rich in protein, low in tannin,
adequate to deficit in macro and micro minerals and
may be utilized as protein and mineral feed resources
with suitable supplementation as per the requirement.
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Abbreviations: ADF: Acid detergent fiber; CP: Crude
protein; CT: Condensed tannins; NDF: Neutral detergent
fiber; TP: Total phenolics

Introduction
Top feed plants have been traditionally used as important
animal feed resources as they fill the gap between
demand and supply of cultivated fodders and feeds
particularly during lean period (Pailan et al., 2004). They
are mostly rich in protein and increase the intake and
digestibility of low quality roughages (Singh et al., 2005a).
Top feeds/browse materials from tree species maintain
higher protein and mineral contents than grasses
(Shelton, 2004) and provide nutritional and economical
benefits on their use as supplement (Bhatta et al., 2005;
Singh et al., 2015). Most of the top feed plants also contain
a number of phytochemicals like flavonoids and other
polyphenolic compounds which have potential health
benefits being antioxidants, free radical scavengers and
thus act as nutraceuticals. Another important
characteristic of these feed resources is that they are
also a good source of minerals. Minerals have immense
role in growth, production, reproduction and normal
physiological functions of animals. In ruminant feeding
protein and mineral supplements are expensive feed
ingredients, which limit the profit margin of livestock
production. Top feeds from different tree species could
be an alternate inexpensive source of protein and
minerals to enhance the rural livelihood through higher
livestock production. So there was imperative need to
evaluate the locally available top feeds for protein
contents, macro and micro minerals concentration along
with other nutritional and anti-nutritional traits to test their
suitability for use in the local or region specific feeding
practices.

Materials and Methods
Experimental materials: Samples of 14 top feeds of
different tree species (Table 1) were collected from
Research Farm of Southern Regional Research Station
of ICAR-Indian Grassland and Fodder Research Institute
and University of Agricultural Sciences, Dharwad,
Karnataka. Samples were dried under shade, pulverized



and passed though 1mm sieve using electrically
operated grinding mill and preserved for laboratory
analysis.

Analytical methods: Chemical analysis for proximate
constituents and fiber fractions were done following
methods of AOAC (2000) and Van Soest et al. (1991),
respectively. Condensed tannin was measured by
vanillin-HCl method (Burns, 1971). For mineral
estimation dried and sieved plant samples were
digested with tri-acid mixture in a hot plate at a high temp.
(120-270oC).The extractable aliquot was subjected to
estimation of Ca, Mg, Fe, Mn, Zn, Cu and Co in a Flame
Atomic Absorption Spectrophotometer (Make-Varian,
Model 240 FS). Na and K were measured in a flame
photometer while P was determined
spectrophotometrically. SAS (Version 9.3; 2012) was
used for statistical analysis.

Results and Discussion
Protein, fiber, tannin and phenolic contents: Mean CP
content, 21.91% in leguminous and 16.07% in non-
leguminous plants (Table 2), may be considered
adequate to maintain the level of ammonia (70 mg N/l)
required by microbial population in the rumen for
optimum rumen fermentation (Satter and Slyter, 1974).
Cell wall fractions varied among the species in both
legumes and non-legumes. Average NDF (neutral
detergent fiber) content was 45% in both the groups while
ADF (acid detergent fiber) was slightly higher (34%) in
legumes than in non-legumes (32%). Cellulose and
lignin content were similar in both the groups while
hemicellulose was higher in non-legumes (12%) than
the legumes (9%). So the fibre fractions like cellulose,
hemicellulose and  lignin were adequately  present  for

Dalbergia latifolia
Cardiospermum helicacabum
Pterocarpus marsupium
Albizzia lebbek
Gymnosporia montana
Ficus racemosa
Moringa oleifera
Ficus tsiela
Sesbania grandiflora
Sesbania sesban
Glyricidia sepium
Hardwicka binata
Artocarpus heterophylus
Pithecellobium dulce

Fabaceae
Sapindaceae
Fabaceae
Fabaceae
Celastraceae
Moraceae
Moringaceae
Moraceae
Fabaacee
Fabaacee
Fabaacee
Fabaceae
Moraceae
Fabaacee

Blackwood, Rosewood
Baloon vine, Kanphuti
Indian Kino tree
Siris
Vikalo
Indian Fig tree, Gular
Drumstick tree, Horseradish tree
Bilibasuri
Hummingbird tree, Gaach-munga, Agasti
Common sesban, Jayanti
Quickstick
Anjan
Jack fruit
Madras thorn,  Manila tamarind

Plant species            Family                             Common name
Table 1. Top feeds of tree species collected from Dharwad region of Karnataka

rumination, ensalivation and buffering due to cation
exchange required for voluntary intake (Van Soest and
Mason, 1991). Condensed tannin (CT) levels were within
the threshold limit of 5% in all the legumes (mean value:
1.51%). But the CT contents in three non-legumes viz.,
Gymnosporia montana, Ficus racemosa and Artocarpus
heterophylus was 6-7% while in others 0.47-1.53%. About
2-3% dietary tannins was found to have beneficial effect
against bloat (Waghorn and Jones, 1989) and also by
augmenting by-pass protein (Wang et al., 1994) in
ruminant animals. Being phenolic compounds, tannins
can exert anti-oxidants effect and also moderate parasitic
load in ruminant animals. However, beyond the threshold
level, they might reduce the dry matter intake, digestibility,
palatability and protein utilization subsequently affecting
growth and milk production in animals (Negi et al., 2003).

Macro and micro minerals: Significant differences were
observed in mineral contents of top feeds of different
tree species. Among the legumes, Ca was highest
(4.03%) in Sesbania sesban while in case of non-
legumes Moringa oleifera had the highest Ca content
(3.49%; Table 3). The mean Ca content was almost same
in both the groups. The Ca requirement for maintenance
of dairy animals was 0.27-0.57% and for lactating
animals, it was 0.43-0.77% (NRC, 2001). The
concentration of Ca was, therefore, higher than the
recommended levels. However, it was reported that
excess Ca can disturb absorption of trace elements
(NRC, 2001). Mg, one of the key constituent of chlorophyll
in green plants, is normally present in abundance in top
feeds. Its content did not vary much and the mean values
were 0.79% and 0.73% in legumes and non-legumes,
respectively. Ruminant animals are generally at risk from
hypomagnesemia when Mg in feed and forages is less
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than the recommended level i.e. 0.12%-0.2% on DM
basis (NRC, 1980; 1985). So from nutritional point of
view, both Ca and Mg contents were adequate in top
feeds to meet the requirement.

The P content varied from 0.14-0.41% in legumes and
0.11-0.34% in non legumes, the mean being 0.24 and
0.21% in legumes and non-legumes, respectively. Since
the critical level of P for ruminants is 0.22%, many of the
top feeds could not meet the requirement. Limitation of
P in forages is quite common in many places
(Underwood, 1981). Sahoo et al. (2016) observed P
deficiency in 11 tree species commonly used for livestock
foraging in low and high altitude temperate sub-
Himalayas in Northern India. Ca: P ratio was quite high
and exceeded ideal value (10:1) for livestock (Khan et
al., 2007) in 10 out of 14 plants. So there is a need for
supplementation of P in the diet of animals to bring the
ratio down leading to better utilization of the nutrients
(McDowell, 1997).

The mean Na content of leguminous top feeds was
higher (0.07%) than non-leguminous (0.04%) while on
the other hand K content was marginally higher (0.66%)
in the later than that in the former (0.61%).
Recommended level of Na in forages is 0.08-0.1% (NRC,
2001) while for K, it is 0.6-0.8% (McDowell, 1997). So
both Na and K contents in the evaluated top feed plants

Table 2. Chemical composition (% DM basis) of top feeds from different tree species

Legumes
Dalbergia latifolia
Pterocarpus marsupium
Albizzia lebbek
Sesbania grandiflora
Sesbania sesban
Glyricidia sepium
Hardwicka binata
Pithecellobium dulce
Mean
SD
Non-legumes
Cardiospermum helicacabum
Gymnosporia montana
Ficus racemosa
Moringa oleifera
Ficus tsiela
Artocarpus heterophylus
Mean
SD

19.47
20.44
17.59
21.72
32.89
24.46
  9.67
29.01
21.91
  6.65

19.60
19.37
  8.48
23.91
12.49
12.54
16.07
  5.29

52.16
59.11
56.10
33.90
29.35
37.39
56.24
36.58
45.10
11.16

30.90
55.92
54.39
26.61
59.33
44.88
45.34
12.58

36.41
51.59
50.40
31.38
21.74
27.35
31.31
21.98
34.02
10.82

19.97
38.33
44.47
22.46
37.45
31.84
32.42
  8.76

15.74
  7.52

  5.7
10.44
  8.11
10.04
  2.49
14.59
  9.33
  4.11

10.93
17.58
  9.91
  9.67
13.42
13.29
12.47
  2.72

19.84
21.4
26.0
17.9

15.28
17.02
15.04
14.59
18.38
  3.65

14.11
16.78
24.94
13.84
20.04
23.55
18.88
  4.33

16.1
30.19

24.4
13.48
  6.46
10.33
16.28
  7.29
15.57
  7.71

5.06
21.56
19.53
  8.57
17.41
  8.29
13.40
  6.31

1.89
0.56
3.29
0.54
0.86
0.46
3.63
0.85
1.51
1.20

1.53
7.11
6.24
0.47
0.47
7.07
3.82
3.03

0.91
0.30
1.30
0.55
0.61
0.63
1.00
0.90
0.78
0.29

0.60
0.57
0.85
0.49
0.48
1.09
0.68
0.22

Tree species CP NDF ADF Hemi
cellulose

Cellulose Lignin CT TP

were inadequate and require supplementation for
maintaining the normal requirement level. The K: Ca+Mg
ratio of the top feeds varied from 0.08 - 0.26 which was
quite low and thus there is no risk of grass tetany which
normally occurs when the ratio exceeds 2.2 (Kemp and
Hart, 1957).

Like macro minerals, significant differences were also
observed in contents of different micronutrient in the tree
species (Table 4). Among the micronutrients, Fe
concentration was much higher (207.8-490.3 ppm in
legumes and 154.9-546.6 ppm in non-legumes) than
its normal requirement of 30-60 ppm on DM basis for
ruminant animals (McDowell, 1992). Fe is a vital
constituent of blood haemoglobin and cofactor of many
enzymes. While deficiency can cause anemia, over
abundance might result in nutritional imbalances. Higher
Fe might interfere with Cu and phosphate absorption
and metabolism. Maximum tolerable of Fe in forages is
1000 ppm and it is least toxic of all the essential trace
elements for livestock (Mcdowell and Arthington, 2005).
Mn deficiency was reported to cause impaired growth,
skeletal and infant abnormalities in animals (Hussain
and Durrani, 2008) but excessive amount decreases
appetite. The level of Mn in both legumes and non-
legumes was quite higher than its requirement level of
20 ppm. Higher levels of Fe and Mn in top feeds are in
agreement with other reports (Singh et al., 2005b, Das et
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al., 2002). Zinc (Zn) is very much essential element for
activation of many enzymes (Sher et al., 2011). Deficiency
of it may cause parakeratosis, retarded growth and
stiffness of joints (Ganskopp and Bohnert, 2003);
anemia, sterility (Hidiroglu and Knipfell, 1984), absence
of sexual maturity and dwarfism in severe Zn deficiency
(Sher et al., 2011). The element was either at par or below
the critical level of 30 ppm in most of the plants of both
the groups excepting two legumes viz., S. sesban (44.02
ppm) and P. dulce (33.64). Deficiency of Zn in fodder tree
and shrubs is quite common, particularly in non-legume
forages as reported earlier by many authors (Singh et
al., 2005a,b; Garg et al., 2005; Abdullah et al., 2013). Cu is
very important for bone formation along with Ca. Against
the recommended  level of 8 ppm to meet the dietary
requirement of dairy animals (Mc Dowell, 1997) its content
(6.85-11.62 ppm) was adequate in some plants, while
deficient in others.  Co content was sufficient in all the
top feeds to meet the required level of 0.11 ppm (Mc
Dowell, 1997).

Correlation and principal component analysis: Positive
and significant correlations were noticed between Mg-
Na and Co with Ca, Mg, Na and P in legumes (Table 5)
and between P-Zn and K-Co in non-legumes (Table 6).
Cu-Mn and Cu-Zn were negatively, although not
significantly correlated in both leguminous and non-

Legumes
Dalbergia latifolia
Pterocarpus marsupium
Albizzia lebbek
Sesbania grandiflora
Sesbania sesban
Glyricidia sepium
Hardwicka binata
Pithecellobium dulce
Mean
SD
Non-legumes
Cardiospermum helicacabum
Gymnosporia montana
Ficus racemosa
Moringa oleifera
Ficus tsiela
Artocarpus heterophylus
Mean
SD

2.79ab

2.68ab

2.05bc

3.74a

4.03a

3.11ab

0.98c

3.17ab

2.82
0.90

2.31b

2.68ab

3ab

3.49a

2.88ab

1.96b

2.72
0.49

0.66bcd

0.86b

0.46d

1.55a

0.79bc

0.52cd

0.55cd

0.91b

0.79
0.33

0.52c

0.65bc

0.7b

0.92a

0.88a

0.68b

0.73
0.14

0.033b

0.022b

0.025b

0.204a

0.18a

0.01b

0.037b

0.027b

0.07
0.07

0.023c

0.03c

0.085a

0.047b

0.05b

0.028c

0.04
0.02

0.44d

0.88a

0.65bc

0.43d

0.82ab

0.48cd

0.34d

0.81ab

0.61
0.20

0.43c

0.77b

0.48c

0.89ab

0.96a

0.44c

0.66
0.22

0.17d

0.21cd

0.16d

0.27bc

0.36ab

0.19cd

0.14d

0.41a

0.24
0.09

0.22b

0.34a

0.11c

0.37a

0.12c

0.11c

0.21
0.11

16.41
12.76
12.81
13.85
11.19
16.37

7.0
 7.73
11.75

10.5
   7.88
27.27
  9.43
24.0

17.82
12.95

0.127
0.248
0.259
0.081

0.17
0.132

0.22
0.198
0.169

0.152
0.231

0.13
0.202
0.255
0.166
0.191

Tree species Ca    Mg      Na               K                    P                Ca:P       K: (Ca+Mg)
Table 3. Macro mineral contents (%) in top feeds of different tree species

Significance level (P<0.05)

leguminous top feeds and non-significant negative
correlation between Cu-P was also observed. Negative
and significant correlation between Cu and Mn in forage
legumes was also reported by Kaplan (2013).

Fig 1. PCA biplot polygon for mineral contents of non
legumes

Fig.1 is a biplot with a polygon view for mineral content of
nonlegume. Principal component 1(PC1) and principal
component 2 (PC2) explain 42%  and 25% variability in
the data, respectively and together constitute 67%
variability. The nutrients K, Co, Mg and Ca were explained
by PC1 and P, Fe Zn and Cu explained by PC2. The
nonlegume species M. oleifera  found dominated by Zn,
P, Fe while F. tsiela was dominated by Cu.
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Legumes
Dalbergia latifolia
Pterocarpus marsupium
Albizzia lebbek
Sesbania grandiflora
Sesbania sesban
Glyricidia sepium
Hardwicka binata
Pithecellobium dulce
Mean
SD
Non-legumes
Cardiospermum helicacabum
Gymnosporia montana
Ficus racemosa
Moringa oleifera
Ficus tsiela
Artocarpus heterophylus
Mean

267.66c

  224.02cd

207.88d

474.96a

490.93a

397.02b

   382.37b

259.54c

338.05
105.25

296.18c

433.89b

546.69a

551.14a

154.93d

399.72b

397.09

49.68bc

  59.65b

  38.16c

  55.87b

106.48a

  43.05c

  39.95c

  41.54c

  54.30
  21.01

 38.8b

  38.28b

  42.21b

  69.04a

  26.61b

  83.98a

  49.80

30.25bc

24.65bc

23.83c

23.89c

44.02a

27.08bc

30.31bc

33.64b

29.71
  6.34

23.43b

30.55a

16.57cd

29.52a

19.76bc

15.47d

22.55

6.85b

  7.19ab

  7.01b

  9.72ab

  8ab

10.56a

  8.27ab

  7.98ab

  8.20
  1.24

   7.45b

  7.7b

  7.56b

  8.48b

 11.62a

 7.87b

 8.45

0.55cd

  0.61bcd

0.54cd

0.83a

 0.76ab

  0.61bcd

0.48d

  0.67abc

0.63
0.11

  0.62bc

 0.65abc

     0.59c

0.72a

 0.69ab

0.61bc

    0.65

Tree species Fe Mn        Zn           Cu               Co
Table 4. Micro mineral contents (ppm) in top feeds of different tree species

Significance level (P<0.05)

Ca
Mg
Na
K
P
Fe
Mn
Zn
Cu
Co

1.000
0.573
0.623
0.390
0.701
0.444
0.627
0.364
0.306

0.879*

1.000
0.722*
0.028
0.471
0.408
0.227
-0.113
0.300

0.825*

1.000
-0.013
0.441

0.776*
0.679
0.339
0.277

0.833*

1.000
0.601

-0.313
0.455
0.333

-0.399
0.276

1.000
0.262
0.487
0.609
0.086

0.720*

0.549
0.423
0.674
0.609

1.000
0.726*
-0.061
0.572

1.000
-0.117
0.256

1.000
0.425 1.000

Ca   Mg     Na    K       P        Fe        Mn       Zn   Cu      Co
Table 5. Correlation coefficients among mineral contents of legume top feeds

Table 6. Correlation coefficients among mineral contents of non-legume top feeds

Ca
Mg
Na
K
P
Fe
Mn
Zn
Cu
Co

Ca   Mg     Na    K       P        Fe        Mn       Zn     Cu      Co
1.000
0.718
0.587
0.669
0.462
0.389

-0.205
0.459
0.271
0.618

1.000
0.383
0.803
0.140
0.057
0.118
0.127
0.674
0.803

1.000
0.070

-0.337
0.384

-0.221
-0.351
0.128

-0.129

1.000
0.432

-0.205
-0.282
 0.527
0.726

0.912*

1.000
0.386
0.070

0.973*
-0.254
0.542

1.000
0.492
0.212

-0.677
-0.151

1.000
-0.141
-0.380
-0.005

1.000
-0.118
0.574

1.000
0.620 1.000

*Significance level (P < 0.05)

*Significance level (P < 0.05)
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Fig 2. PCA biplot polygon for mineral contents of  legumes

Fig.2 is a biplot with a polygon view for mineral content
of legume. Principal component 1(PC1) and principal
component 2 (PC2) explain 50.54% and 22.29%
variability in the data respectively and together constitute
73% variability. The nutrients Ca, Co, Na, Mn, Mg, P and
Fe were explained by PC1 and K and Cu were explained
by PC2. The legume species S. sesban dominated by
Ca, Co, Na, Mn, Mg, P and Fe minerals and species S.
grandiflora dominated by Cu.

Conclusion
Evaluated top feed plants had adequate CP and
moderate fiber contents. CT was within threshold limit
of 5% in most of the plants except three non-legumes
where the level exceeded by 1-2%.  Calcium and Mg
were in adequate concentration while Na, K and P were
inadequate in few top feeds. Fe was in excess of the
requirement for the ruminant animals. Co was sufficient
but Cu, Mn and Zn contents were inadequate in few
plants. Ca: P ratio was higher than the ideal value of
10:1 in most of the plants. The nonlegume species M.
oleifera  was found dominated by Zn, P, Fe, while legume
species S. sesban was dominated by Ca, Co, Na, Mn,
Mg, P and Fe. Non-legume, F. tsiela and legume, S.
grandiflora was also dominated by Cu. Thus evaluated
top feed plants could be utilised as qulaity feed
resources when supplemented with deficient minerals,
particularly P and Zn.
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