
Range Mgmt. & Agroforestry 40 (1) : 131-136, 2019

ISSN 0971-2070

Nutrient intake, utilization and growth performance of Jalauni lambs and Bundelkhandi
kids grazed on Hardwickia binata (anjan) based silvipasture

M. M. Das*, S. N. Ram and Akram Ahmed
ICAR-Indian Grassland and Fodder Research Institute, Jhansi-284003, India
*Corresponding author e-mail: mmdas1964@gmail.com
Received: 13th January, 2018            Accepted: 20th January, 2019

Abstract

Comparative nutrient utilization and growth performance
were studied on 25 each of Jalauni lambs and
Bundelkhandi kids under grazing on H. binata based
silvipasture during growing (August-October) as well as
post growing (November-January) seasons along with
supplementation (1% of body weight) of concentrate
mixture. The pasture crude protein content was reduced
from 8.37% to 6.81% whereas NDF content was
increased from 71.0% to 74.8% with advancement of
maturity of pastures from September to December. DM
intake of lambs and kids was comparable in both the
seasons. DM, OM and NDF digestibility were comparable
in both the species having no seasonal variation,
however, CP digestibility of ingested forage was higher
(P<0.05) in the growing season than post-growing
season. DCP intake (g/kgW0.75) was higher (5.39 vs 5.34)
in September in both the species as compared to
December (3.66 vs 3.94). ME intake (MJ/d) was similar
in both the species and significantly (P<0.05) higher
during post growing season as compared to growing
season, however, ME intake (MJ/kgW 0.75) was
comparable between the species and seasons. Daily
live weight gain was comparable between the species,
however, both the species showed significant difference
in daily gain for growing and non-growing season. It was
concluded that nutrient utilization and growth
performance were comparable between lambs and kids,
however, digestibility of CP was reduced significantly
(P<0.05) during non-growing season in both the species.
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Abbreviations: ADF: Acid detergent fiber; ADICP: Acid
detergent insoluble CP; CP: Crude protein; IP: Insoluble
protein; NDF: Neutral detergent fiber; NDICP: Neutral
detergent insoluble CP; NPN: Non protein nitrogen; OM:
Organic matter; SP: Soluble protein; TP: True protein

Introduction

Silvipasture system is an efficient and integrated land
use management system of tree species, fodder and or
livestock simultaneously on the same unit of land which
results in an increase of overall production. This system
is well suited for rearing domesticated animals,
particularly small ruminants. Goats and sheep play a
significant role in the subsistence economy of farmers
in the country. Goats and sheep are multipurpose
animals which provide hair, wool, meat, milk and skin.
The production of meat from goats and sheep play a vital
role in the supply of animal protein for the people. Small
ruminant production in village systems in tropical
countries is often characterized by poor growth rates and
high mortality (Suresh and Chaudhary, 2015). The
productivity of small ruminants can be improved by
improving the nutrition either through concentrate feeding
or provision of additional forage (Salem, 2010). Although
the potential of silvipastural systems in enhancing fodder
production is widely known but there is a paucity of
information on nutritional aspects of animals foraging
on developed silvipastures. The objectives of the present
experiment were to assess seasonal variations in the
intake and nutrient utilization and growth performance of
small ruminants grazed in a Hardiwickia binata based
silvipasture.

Materials and Methods

Experimental design: The study was conducted on 9-10
months aged growing lambs and kids.  Twenty five each
of Jalauni lambs (average body weight 17.87±0.58 kg)
and Bundelkhandi kids (average body weight 16.99±0.38
kg) were allowed to graze on 2.33 ha (stocking rate of 2
ACU/ha) of Hardiwickia binata tree and grass (Cenchrus

ciliaris, Crysopogon fulvus, Panicum maximum and

Stylosanthes hamata) based silvipasture during growing
(August-October) as well as post growing (November-
January) seasons at Central Research Farm, ICAR-
Indian Grassland and Fodder Research Institute, Jhansi.
The yearly forage production potential of the silvipasture
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system from ground and above ground vegetations were
estimated as per the procedure described by Prajapati
(1980).

The animals were allowed to graze for 7 hours daily
from 9 am to 4 pm in 5 years old synthesized (2 tier)
silvipasture comprising of Stylosanthes hamata ,
Cenchrus ciliaris, Panicum maximum, Crysopogon

fulvus (one tier) and Hardwickia binata (another tier). All
the animals were also supplemented with concentrate
mixture (consisted of barley, mustard cake, wheat bran,
mineral mixture and common salt; 40: 30: 27: 2: 1) @
1.0% of their body weight at stall after grazing. Body
weights of animals were recorded fortnightly. After 50
days of experimental grazing, digestion trial of 7 day
duration was conducted in the month of September and
December on 6 animals each from lambs and kids
following lignin as internal marker (Sankhyan et al.,

1999). Total faeces voided for 24 hrs were collected using
faeces collection bags (Sankhyan et al., 1999).

Botanical composition of the diet: A direct observation
and simulation method was used to determine the
botanical composition of the diet consumed by the
animals. Samples of the ingested species that were
being taken by the animals were hand clipped for three
consecutive days. The individual animals were observed
and forage samples were collected for the entire grazing
period from 9 am to 4 pm.

Analysis of samples and data: The representative
samples of feeds and faeces collected during digestion
trial were analyzed for dry matter (DM), ash and ether
extract according to AOAC (1995). Samples were also
analyzed for neutral detergent fiber (NDF), acid detergent
fiber (ADF) and lignin (Goering and Van Soest, 1970).
Total nitrogen was determined by micro-kjeldhal method
(AOAC 1995). Acid detergent insoluble nitrogen (NDIN),
non protein nitrogen and soluble protein were estimated
as per Licitra et al. (1996). Protein fractions were
calculated using the equations of Sniffen et al. (1992).
Mean data were compared for breeds and also
compared over different seasons for statistical
differences using Student’s t-test (Snedecor and
Cochran, 1989).

Results and Discussion

Meteorological conditions and biomass yield: Growing
season from August to September was the main season
of the vegetative growth with high rainfall (585.6 mm),
and  non-growing  season  from  November  to  January,

was the moderate vegetative growth season with rain
only in the form of little winter showers (78.0 mm). The
mean biomass yield from pasture was 6.42 ton DM/ha
and pruned foliage yield as top feed was 0.63 ton DM/ha.
Thus, the total yield was 7.05 ton DM/ha, which was
almost similar (7.76 ton/ha) to silvipasture system
comprising of C. ciliaris as ground cover, D. cinerea as
bush and L. leucocephala as tree (Rai and Rai, 2010).
Ram et al. (2016) also recorded a similar biomass yield
in H. binata based silvipastures of different grasses and
legumes under semiarid climatic conditions of
Bundelkhand region.

Chemical composition of pasture biomass: Chemical
composition of pasture forages indicated that DM content
varied from 33 to 42% (Table 1). OM and ash contents in
all the feeds were more or less similar. Leguminous
component of pasture like S. hamata and H. binata had
higher CP values while range grasses had lower and
similar CP content. Feeds of leguminous origin had lower
NDF contents than range grasses. CP and NDF content
of guinea grass were similar to earlier report of Das et

al. (2015). Singh and Singh (2017) however, reported
lower CP content in C. ciliaris (5.35%), C. fuvus (3.60 %)
and in H. binata (7.80%) than the present findings which
might be due to different stage of harvesting of plant
samples. Higher lignin content was reported in H. binata

in earlier study (Singh et al., 2016). Average crude protein
content of pasture biomass was 8.37% in September
and reduced to 6.81% in December whereas, neutral
detergent fiber content increased from 71.0 to 74.8%.
The CP content of pasture was similar as reported by
Raghuvanshi et al. (2007). However, Sun et al. (2014)
reported much higher reduction in crude protein content
and increase in fiber content during post growing
season which might be due to advance stage of maturity
and moisture stress in contrast to present study where
the rainfall continued for the whole study period and
delayed the maturity of the herbage biomass.  Average
lignin content of the pasture biomass also increased
from 6.45% in September to 8.42% in December. The
chemical composition of pasture is influenced by
season, type of soil, stocking density, type grazing pasture
and climate (Mahala et al., 2009; Subhalakshmi et al.,
2011). Similar change in nutrient composition was also
reported in semi-arid pasture (Das et al., 2011). During
monsoon most of the pasture components were in pre-
flowering/full bloom, stage, during which the nutrient
concentration was maximum. The buffer soluble protein
fraction was highest in S. hamata (29.65%) and lowest
in C. ciliaris (19.60%; Table 2) and corroborated with the
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is insoluble in neutral detergent but soluble in acid
detergent (NDIP minus ADIP).  The fraction PB2 and PB3

are degraded in the rumen to a lesser extent than PA and
PB1indicating that these feeds have more bypass protein.
The PC fraction is that fraction of feed CP which cannot be
degraded by both ruminal microbes and the animal itself
and thus have no feeding value. This fraction appears to
be essentially indigestible and poorly used by the
ruminants (Rebole et al., 2001).This PC fraction mostly
consist of N bound to lignin. PC content was higher in H.

binata (42.72%) than other plant species which was
supported by higher content of lignin in the cell wall.

Nutrient intake and digestibility: The forages that were
selected by small ruminants under the trial primarily
consisted of C. ciliaris, C. fulvus, P. maximum, S. hamata

and H. binata. DM intake of lambs and kids was compa

Table 1.Chemical composition (% DM basis) of pasture forages

DM=Dry matter, CP=Crude Protein, NDF=Neutral detergent fiber, ADF=Acid detergent fiber, ADL=Acid detergent lignin

C.  fulvus

P. maximum

S.  hamata

C. ciliaris

H. binata

35.04
33.67
33.02
37.17
42.46

7.36
8.60

11.12
8.45

10.45

77.70
76.54
55.35
74.06
51.81

44.98
45.64
40.97
48.91
35.58

5.91
5.00
7.79
6.02

14.64

5.59
8.24
6.82
6.88

10.12

Attributes               DM                CP           NDF         ADF      ADL     Ash

Table 2. Primary protein fractions (% DM) of pasture forage species

NDICP%CP
ADICP%CP
TP
NPN
SP%CP
NPN%SP

58.57
39.26

6.26
1.09

23.41
63.82

49.82
32.81

7.34
1.25

20.52
71.10

58.00
23.90

9.68
1.44

29.65
43.52

62.94
31.14

7.52
0.92

19.60
55.84

71.20
42.72

9.04
1.40

22.78
58.96

Attributes         C. fulvus          P. maximum          S. hamata         C. ciliaris         H. binata

NDICP=Neutral detergent insoluble CP, ADICP=Acid detergent insoluble CP, TP=True protein, NPN=Non protein nitrogen, SP=Soluble
protein, IP=Insoluble protein

Table 3. Nitrogen fractions (%CP) of experimental forage species

C.  fulvus
P. maximum

S.  hamata

C. ciliaris
H. binata

14.94d

14.59d

12.90b

10.94a

13.43c

8.46b

5.93a

16.74d

8.65b

9.34c

18.01d

29.66e

12.34b

17.45c

6.02a

19.31b

17.01a

34.10e

31.80d

28.47c

39.27d

32.81c

23.90a

31.14b

42.72e

Attributes                P
A

             P
B1

         P
B2

        P
B3

        P
C

PA (soluble protein); PB1 (rapidly degradable protein); PB2 (intermediately degradable protein); PB3(slowly degradable protein); PC

(unavailable protein)
Means bearing different superscripts in the same column differed significantly (P<0.05)

findings of Gupta et al. (2011), however, Chaurasia et al.
(2006) reported higher soluble protein values in H. binata

(50.39%) and C. ciliaris (31.45%). The NPN%SP was
highest in guinea grass (71.10%) and lowest in S.

hamata (43.52%). Similar NPN values were reported
earlier in grasses by Das et al.(2015). ADIP%CP ranged
from 23.9% (S. hamata) to 42.72% (H. binata), whereas
NDIP%CP varied from 71.2% (H. binata) to 49.82%
(guinea grass). Similar ADIP%CP values were also
recorded earlier in grasses (Das et al., 2015). The higher
NDIP%CP value in H. binata might be due to higher
lignin content in cell wall. The concentrations of nitrogen
fraction like PA and PB1 was almost similar in all the
components of pasture except S. hamata which recorded
higher value for PB1 (Table 3). The fraction PB2 content
was higher in guinea grass whereas PB3 value was higher
in S. hamata. Fraction PB3 (slowly degraded true protein)
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3.94), which might be due to decreased in protein content
of available pastures. N intake per kg DOM intake was
29.48 in kids and 29.29 in lambs during September, which
indicated that the N intake was sufficient for the efficient
utilization of energy by the rumen microbes and its
optimum growth. ME (MJ/d)  was similar in both the
species and significantly higher (P<0.05) during post
growing season as compared to growing season,
however, ME (MJ/ kgW 0.75) was comparable between the
species and seasons. Nutritive value in terms of DCP
was comparable in both the species and significantly
(P<0.05) lower during post growing season as compared
to growing season.  However, the nutrient density in terms
of TDN or ME did not exhibit any seasonal difference.
The quality and quantity of tropical herbage is known to
decline markedly after rainy season during onset of winter
and causes major constraint for small ruminant
production, however, the results of the study showed that
H. binata based silvipasture system could provide fairly
high levels of energy to small ruminants without significant
seasonal fluctuations.

DMI (kg/d)
DMI (g/kgW0.75)
DCP intake (g/d)
DCPI (g/kgW0.75)
DOMI (kg/d)
DOMI(g/kgW0.75)
N intake (g/kg DOMI)
ME (MJ/d)
ME (MJ/W 0.75)
Digestibility coefficient (%)
DM
OM
CP
EE
NDF
ADF
NFE
Nutritive value (%)
DCP
TDN
ME (MJ/kg)
Daily gain (g/d)

0. 778a

85.60
48.99b

5.39b

0.48a

52.86
29.48b

7.48a

0.82

64.40
67.39

55.57b

73.21
61.85
56.47

65.40p

6.32b

63.88
9.62

53.90b

0.725a

81.36
47.67b

5.35b

0.46a

51.52
29.29b

7.19a

0.81

66.70
69.09

56.70b

74.23
63.38
56.92

69.68q

6.56b

65.81
9.91

48.92b

0. 923b

91.36
36.99a

3.66a

0.56b

55.78
24.17a

8.78b

0.87

64.12
66.48

43.46a

71.79
62.42
57.67
66.25

4.03a

63.17
9.51

40.50a

0.899b

89.85
39.46a

3.94a

0.57b

56.87
24.90a

8.91b

0.89

66.89
68.85

45.78a

73.55
64.58
57.98
68.99

4.38a

65.73
9.90

38.52a

0.10
2.28
1.87
0.40
0.02
1.47
0.77
0.21
0.23

0.64
0.55
1.98
0.57
0.72
0.57
0.87

0.40
0.57
0.08
0.82

Jalauni           Bundelkhandi              Jalauni            Bundelkhandi

Growing                                             Post growing
Attributes                                                              Season/Breed        SE

a,bMeans bearing different superscripts  in each species class indicate difference(P<0.05) due to season
p,q Means bearing different superscripts  in each season  indicate difference(P<0.05) due to species

-rable in both the seasons (Table 4). Similarly Kabir et al.
(2004) also observed no difference in DM intake in sheep
and goat grazed with protein supplementation. The DM
intake values in goats were in agreement with earlier
report of Bhatta et al. (2002). In the present study, DM
intake was comparable in both the species and it
increased significantly (P<0.05) by 10.43% in kids and
6.72% in lambs from growing to non-growing season.
Shinde et al. (2001) observed that goats consumed 64·0,
54·0 and 55·9 g DM/kgW0·75/day, in monsoon, winter and
summer seasons. DM, OM and NDF digestibility were
comparable in both the species having no seasonal
variation and similar observation was also report by
Bhatta et al.(2004) in sheep. No differences between
sheep and goats were also recorded in nutrient
digestibility by Alcidae et al. (2000) and Ranilla et al.
(2005) and they suggest that no differences in digestibility
might be due to availability of good quality feeds/diets.
CP digestibility of ingested forage was higher (P<0.05)
in the growing season than non-growing season. DCP
intake (g/kgW 0.75) was higher (5.39 vs 5.34) in September
in both the species as compared to December (3.66 vs

Table 4. Nutrient utilization and growth performance of Jalauni lambs and Bundelkhandi kids grazed on H. binata

based silvipasture system

Nutrient utilization in lambs and kids under grazing
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Daily live weight gain was comparable for both the
species, however, both the species showed significant
difference in daily gain during growing and non-growing
season. Similar values (54.02 g/d) for daily gain in goats/
kids under grazing with supplementation was also
observed earlier (Das et al., 2012). Similarly, Rai and
Rai (2010) reported a daily gain of 54 g in Muzaffarnagari
lambs grazed under silvipasture system.

Conclusion

It was concluded that nutrient utilization and growth
performance were comparable between lambs and kids,
however, digestibility of CP was reduced significantly
(P<0.05) during non-growing season in both the species.
H. binata based (2 tier) silvipastures also indicated great
potentials in rearing of kids and lambs for sustainable
production.

References

Alcaide, E. M., A.I. Martýn Garcýa and J.F. Aguilera. 2000.
A comparative study of nutrient digestibility, kinetics
of degradation and passage and rumen
fermentation pattern in goats and sheep offered
good quality diets. Livestock Production Science

64: 215-223.
AOAC. 1995. Official Method of Analysis. 16 th edn.

Association of Offic ial Analytical Chemists.
Washington, D.C.

Bhatta, R., A. K. Shinde, S. K. Sankhyan and D. L. Verma.
2002. Nutrition of range goats in a shrubland of
western India. Asian-Australian Journal of Animal

Science 15: 1719-1724.
Bhatta, R., N. Swain, D. L. Verma and N. P. Singh. 2004.

Studies on feed intake and nutrient utilization of
sheep under two housing systems in a semi-arid
region of India. Asian-Australian Journal of Animal

Science 17: 814-819.
Chaurasia, M., S. S. Kundu, S. Singh and A. K. Misra.

2006. Cornell net carbohydrate and protein system
for nutritional evaluation of tree leaves, shrubs and
grasses. Indian Journal of Animal Sciences 76: 81-
87.

Das, A., D. De and S. Katole . 2011. Seasonal variation in
eating behaviour and nutritive value of mixed jungle
grass for goats. Animal Nutrition and Feed

Technology 11: 195-202.
Das, U. M., R. K. Swain, S. K. Mishra, P.K. Dehuri and S.K.

Dash. 2012. Effect of supplementation of
concentrate on growth performance of grazing
Ganjam goats in its native tract. Animal Nutrition

and Feed Technology 12: 335-342.

Das, L. K., S. S. Kundu, D. Kumar and Chander Datt.
2015. Fractionation of carbohydrate and protein
content of some forage feeds of ruminants for
nutritive evaluation. Veterinary World 8: 197-202.

Goering, H. K. and P. J. VanSoest. 1970. Forage Fibre
Analysis (apparatus, reagents, procedure and some

application). Agriculture Hand book 379, ARS USDA,
Washington, D.C.

Gupta, A., S, Singh, S.S. Kundu and N. Jha. 2011.
Evaluation of tropical feedstuffs for carbohydrate and
protein fractions by CNCP system. Indian Journal
of Animal Sciences 81:1154-1160.

Kabir, F., F. Sultana, M. Shahjala, M. J. Khan and M. Z.
Alam. 2004. Effect of protein supplementation on
growth performance in female goats and sheep
under grazing condition. Pakisthan Journal of

Nutrition 3: 237-239.
Licitra, G., T. M. Hernandez and P. J. Van Soest. 1996.

Standardizations of procedures for nitrogen
fractionation of ruminant feeds. Animal Feed
Science and Technology 57: 347-58.

Mahala, A. G., I. V. Nsahlai, N. A. D. Basha and L. A.
Mohammed. 2009. Nutritive evaluation of natural
pasture at early and late rainfall season in Kordofan
and Butana, Sudan. Australian Journal of Basic and

Applied Science 3:  4327–4332.
Prajapati, M.C. 1980. Methods of measuring goat and

ravine forest range land vegetation. Bulletin, Central
Soil and W ater Conservation Research and
Training Institute, Research Center, Kota, India.

Raghuvansi, S.K.S., R. Prasad, A. S. Mishra, O. H.
Chaturvedi, M. K. Tripathi, A. K. Misra, B.L. Saraswat
and R.C. Jakhmola. 2007. Effect of inclusion of tree
leaves in feed on nutrient utilization and rumen
fermentation in sheep. Bioresource Technology 98:
511-517.

Rai, A. K. and P. Rai. 2010. Role of silvipastoral system in
increasing productivity of small ruminants. Range
Management and Agroforestry 31: 102-108.

Ram, S. N., A. K. Roy and A. K. Shukla. 2016. Effect of
moisture conservation practices on performance
of Anjan (Hardwickia binata) tree based silvipasture
systems. Range Management and Agroforestry 31:
222-227.

Ranilla, M.J., M. D. Carro, C. Valdés and J.S. González.
2005. Digestion and digesta flow kinetics in goats
fed two diets differing in forage to concentrate ratio.
Options Méditerranéennes, Series A 67: 401-406.

Rebole, A., R. T. Caballero and C. Alzueta. 2001. Effect of
maturity on amino acid profiles of total and nitrogen
fractions in common vetch forage. Journal of

Science Food and Agriculture 81: 455-61.

Das et al.



136

Salem, H. B. 2010. Nutritional management to improve
sheep and goat performances in semiarid regions.
Revista  Brasileira de Zootecnia  39: 337-347 (suppl.
special).

Sankhyan, S.K., A.K. Shinde and S.A. Karim. 1999.
Seasonal changes in biomass yield, nutrient intake
and its utilization by sheep maintained on public
rangeland. Indian Journal of Animal Sciences 69:
617-620.

Shinde, A. K., S. K. Sankhyan, R. Bhatta and D.L. Verma.
2001. Seasonal changes in nutrient intake and its
utilization by range goats in a semi-arid region of
India. The Journal of Agriculture Science 135: 429-
435.

Singh, S., A. Gupta and. B. B. Singh. 2016. Effect of foliage
supplementation to Heteropogon contortus based
diets on nutrients digestibility, gas and metabolites
production in sheep and goat inoculums. Animal

Nutrition and Feed Technology 16: 439-450.
Singh, S. and B. B. Singh. 2017. Nutritional evaluation of

grasses and top foliages through in vitro system of
sheep and goat for silvipasture system. Range

Management and Agroforestry 38: 241-248.

Snedecor, G.W. and W.G. Cochran. 1989. Statistical

Methods. 6 th edn. Oxford and IBH Publishing
Company, Kolkata, India.

Sniffen, C. J., J. D. O’Connor, P. J. Van Soest, D. G. Fox
and J. B. Russel. 1992. A net carbohydrate and
protein system for evaluating cattle diets. II.
Carbohydrate and protein availability. Journal of

Animal Science 70: 3562-77.
Subhalakshmi, B., R. Bhuyan, D. N. Sama, K. K. Sharma

and A. Bora. 2011. Effect of variety and stage of
harvest on yield, chemical composition and in vitro

digestibility of hybrid napier (Pennisetum

purpureum x P. americanum). Indian Journal of

Animal Nutrition 28: 418-420.
Sun, Z., Z. Wang, Zhong Qingzhen and Z. Daowei. 2014.

Seasonal variations in voluntary intake and
apparent digestibility of forages in goats grazing on
introduced Leymus chinensis  pasture. Asian

Australian Journal of Animal Science 27: 818-824.
Suresh, A. and K. R. Chaudhary. 2015. Intervention points

for small ruminant development in India: Insight
from a field level survey. Indian Journal of Animal

Sciences 85: 1384-1389.

Nutrient utilization in lambs and kids under grazing


