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Abstract 

In the present study, chemical composition and in situ rumen dry matter degradability (DMD) of some tree species 

(cherry, apricot and almond tree leaves) were determined. Crude protein (CP) concentration varied from 6.76% for 

almond tree to 2.76% for cherry tree, neutral detergent fiber (NDF) and acid detergent fiber (ADF), from 29.2, 

20.8% for apricot tree to 20.8 and 15.8% for almond tree leaves respectively. Polyphenol and tannin composition 

measured from 3.49, 1.2% for almond tree to 1.51 and 0.61% for apricot tree, respectively. In situ rumen 

degradability was carried out in three fistulaed Taleshi native male cattle which were incubated at times of 0, 4, 8, 

16, 24, 48, 72 and 96-hour. Almond leaves had higher potential degradation (a+b) for dry matter (92.37%) and 

cherry leaves showed lower potential degradation (84.12%), respectively. Effective rumen degradable dry matter at 

rate of 0.05/h varied from 69.86% for almond tree to 52.20% for cherry leaves. Results showed that the almond 

leaves were higher in nutritive value than cherry and apricot leaves. Therefore, almond tree leaves could be used 

with forage in ruminant diets to reduce cost of animals feed requirements. Overall, it seemed that the tree leaves 

used in this study, had a higher nutritive value in ruminant’s nutrition, however more experiments are needed for an 

accurate determination of nutritional values of these resources.  
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Introduction 

According to the type and concentration of 

compounds in the diet, the effects can be favourable or 

unfavourable on intake and digestive parameters. 

Reported associative effects between forages show a 

large variability among studies. This reflects the 

complexity and multiplicity of nutritional situations 

affecting intake and the rumen function in a given 

animal (Niderkorn and Baumont, 2009). There is a 

great need to feed ruminants with balanced feed to 

improve their 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). The presence of legume forages and tree 

forages in pastures have been generally accepted to 

improve ruminant productivity in both temperate 

(Ulyatt, 1980) and tropical pastures (Milford, 1967).  

Fodders trees may be used to feed ruminants where 

high protein feed resources are scarce or unavailable. 

They should be planted where they have advantages 

over more conventional forage crops. In general, it is 

not economic to grow trees as a high biomass crop to 

provide a basal diet for ruminants. Supplements of tree 

foliage can increase growth rates of cattle above that 

of a supplement of urea. This has been shown in 

studies where tree foliage has been fed with 

ammoniated straw which could be anticipated to 

oversupply rumen ammonia on these diets.  

However, it does not rule out the correction of other 

deficiencies by minerals in the tree foliage, such as 

sulphur (FAO, 1997). Recently, trees and shrubs have 

been introduced into cropping and grazing systems to 

provide green fodder high in protein to supplement the 

available low protein forage.  

These are grown in banks or hedges, between crops 

(alley farming) or as components of pastures and also 

as shade trees. The four potential roles of tree foliage 

in ruminant nutrition are as a (FAO, 1997): (1) High 

quality, high digestibility biomass resource. (2) 

Supplement to provide nutrients deficient in the diet, 

an enhancement of microbial growth and digestion of 

cellulosic biomass in the rumen of cattle, sheep and 

goats. (3) Source of protein that escapes rumen 

degradation to be digested in the intestines and 

enhance the protein status of the animal. (4) Source of 

vitamins and minerals to complement deficiencies in 

the basal feed resource. 

Researches that were conducted for evaluation of 

nutritional value of tree leaves shown that tree leaves 

have potential nutritive value in ruminants nutrition 

(Aganga and Tshwenyane, 2003; Kamalak et al., 

2004; Azim et al., 2011). Chumpawadee and Pimpa 

(2009) reported that leaves of fodder trees should be 

used as fiber sources in Total Mixture Ration (TMR) 
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because of their high content of protein, minerals and 

vitamins and availability in the dry season. In 

addition, the toxic substance in leaves can be reduced 

by sun drying. 

In arid areas where the growth of herbaceous plants is 

limited by lack of moisture, leaves and edible twigs of 

trees and shrubs can constitute well over 50% of the 

biomass production of range-land. At high altitudes, 

tree foliage may provide over 50% of the feed 

available to ruminants in the dry season, branches 

being harvested and carried to the animals. Even in 

regions of higher rainfall where grass supplies the 

major proportion of the dry matter eaten by ruminants, 

tree leaves and fruits can form an important 

constituent of the diet, particularly for small 

ruminants.  

In this regard, goats may be able to utilize tree leaves 

as no sign of toxicity was found in goats consuming 

10-23 g kg
-1

 of tannins-rich leaves (Phale and 

Madibela, 2006). Chemical composition, in situ 

degradation and in vitro digestibility can be 

considered useful indicators for the preliminary 

evaluation of the likely nutritive value of previously 

uninvestigated shrubs (Nahand et al., 2011). Semi-arid 

browses are forages with high protein concentration 

and effective in vitro DM digestibility.  

Several methods such as in vivo, in situ and in vitro 

techniques have been used in order to evaluate the 

nutritive value of feedstuffs (Kamalak et al., 2004; 

Maheri-Sis et al., 2007a, 2007b; Nahand et al., 2011). 

Information on the nutritional value of tree leaves for 

ruminants especially in Iran is limited. Therefore, the 

objective of the present study is to assess the nutritional 

composition of tree leaves by its chemical composition, 

in situ DMD and in situ digestibility kinetics. 

Materials and Methods 
This study was conducted over the period from 

September 2009 to March 2010 at Islamic Azad 

University, Shabestar branch, Department of Animal 

Science. 

Sampling leaves 
Tree Leaves were collected from the trees species 

during the fall seasons (approximately 5 kg of each 

sample). Green leaves plus their petiole were picked 

randomly by hand from different specimens per 

species at a site, and pooled. After collection leave 

samples were dried for one week. Approximately 500 

g dry samples were put in a paper bag and taken to the 

laboratory for chemical analysis and in situ technique 

measurements. The species of experimental sample for 

almond, cherry and apricot tree leaves were, Prunus  

amyydalus, Prunus avium, and Prunus armanica, 

respectively. 

Animals 

Three fistulated Taleshi male cattle (5 years old, about 

550 kg live weight) were used for the application of 

nylon-bag techniques. Animals fed twice daily with a 

diet containing alfalfa hay (60%) and concentrate 

(40%). The concentrate mixture contained 55% barley 

grain, 15% soybean meal, 5.7% cotton seed meal, 

21% wheat bran, 0.3% salt, 1% di calcium phosphate 

(DCP), 1% calcium carbonate and 1% vitamin- 

mineral premix. Also water was available ad libitum 

during the experiment period. 

Chemical analysis  
CP, Ether Extract (EE) and ash contents of the tree 

leaves were determined according to AOAC (1990). 

CP analysis was by the process of Kjeldahl method 

(AOAC, 1990). It was performed by breaking down of 

2 g sample (n=2) in 25 ml concentrated H2SO4 plus 

selenium, using Gerhardt Kjeldahtherm (Gerdart 

GmbH + Co. KGFabrikfur Laborgerate Postfach 1628 

D53006 Bonn) until an opaque colour was obtained. 

The digested sample was rested for 12 h, diluted with 

distilled water and made up to 250 ml in a volumetric 

flask. Five ml of the digest was taken and distilled 

with 40% NaOH and the ionised ammonium was 

trapped by boric acid. The distillate was immediately 

titrated (n=3) with 0.01N HCl. In order to obtain the 

percentage CP, the amount of N was multiplied with 

factor 6.25. NDF and ADF were determined as 

reported by Van Soest et al. (1991). Non fibrous 

carbohydrates (NFC) were determined by difference, 

NFC =100 – (NDF + CP + EE + Ash) (NRC, 2001). 

Total phenolic and tannin composition were 

determined by butanol-HCl method as described by 

Makkar et al. (1995). All chemical analyses were 

carried out in triplicate (Hagerman, 1995). 

In situ nylon bag technique:  Ørskov and McDonald, 

(1979). 

In situ technique was used in this study. However, this 

is identical to the in sacco technique or the Terylene 

(Dacron) - or nylon-bag techniques. The procedure 

was as follows:  

Samples of dried and milled feed (to pass a 3 mm 

screen) or wet minced samples were placed in nylon 

bags (usually 16×8 cm, pore size 45 to 60 m). About 

2 to 5 g, depending on density, were weighted 

precisely into each bag. The tied-up bags were 

incubated in the rumen of sheep or cattle on an 

appropriate diet by suspending them from a rumen 

cannula. They were then withdrawn after various 

intervals of time, washed and dried. Degradability of 

dry matter, nitrogen, energy, etc., can thus be 

measured against time. 

The bags were incubated in the rumen of the three 

fistulated cattle. Nylon bags were withdrawn at 0, 4, 8, 

16, 24, 48, 72 and 96 h after insertion. For soluble 

fraction (0 h) measurement was obtained by soaking 

the two bags of sample in warm water (37˚C) )for 1 

h). The 0 h and incubated bags were then washed with 

cold water for 15 min in a washing machine and dried 
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for 48 h at 60˚C. The DM degradation data were fitted 

to the exponential equation p=a+b (1-e
-ct

) (Ørskov and 

McDonald, 1979; Ørskov et al., 1980). To determine 

the degradation characteristics (a, b, a+b, c and ED); 

where p is the DM degradation at time t; a, denotes 

washing loss (representing the soluble fraction of the 

feed); b, insoluble fraction; c, is the rate of 

degradation of fraction b; and ED, denotes effective 

degradability (ED), calculated at an outflow rate of 

(0.02, 0.05 and 0.08 h
-1

).  

After incubation, DMD for each bag, for each 

incubation period and for each cattle was calculated 

separately with formulas suggested by Ørskov and 

McDonald (1979) using FITCURVE software version 

6 (Chen, 1995). 

p=a+b (1-e-
ct
) 

Where: 

P: is the DM degradation at time t  

a: denotes washing loss (representing the soluble 

fraction of the feed) 

b: insoluble fraction 

c: is the rate of degradation of fraction b  

e = 2.7182 (Natural logarithm base) 

Following determination of these parameters, the ED 

of DM in tree leaves was calculated using equation 

described by Ørskov and McDonald (1979): ED = a + 

(b*c)/(c + k) 

Where:  

ED = Effective degradability for response variables 

(%) 

a = Highly soluble and readily degradable fraction (%) 

b = Insoluble and slowly degradable fraction (%) 

c = Rate constant for degradation (h
-1

) 

k = Rate constant of passage (h
-1

) 

When calculating ED, rate of constant passage was 

assumed to be 0.02, 0.05 and 0.08 per hour (Bhargava 

and Ørskov, 1987) so that the results could be 

extrapolated to other ruminants that differ in rumen 

capacity.  

Statistical analysis  

All of data were analyzed by Statistical Analyze 

Software (SAS) (1999). ANOVA was carried out for 

the comparison of in situ kinetics and dry matter 

degradation value. Significance between individual 

means was identified using Duncan’s multiple range 

Test. Mean differences were considered significant at 

P < 0.05. Standard errors of means were calculated 

from the residual mean square in the analysis of 

variance. 

Results 

The chemical composition of almond, cherry and 

apricot tree leaves are given in Table 1. The NDF and 

ADF in almond tree were lower than that of other 

species, while CP, Polyphenolic compounds were 

higher than that of cherry and apricot tree leaves. The 

tannin content of the leaves was low, ranging between 

0.06 to 1.206 % DM. Although no statistical analysis 

of species composition was carried out, there was a 

considerable variation between species in terms of 

chemical composition. 

 
Table 1 . The chemical composition of leaves (%). 
 

Treatments Almond tree Cherry tree Apricot tree 

Dry matter 91.32 91.11 93.11 

Ether extract 3.5 8 6 

Crude protein 6.76 2.76 3.54 

Neutral detergent 

fiber 
20.8 27.6 29.2 

Acid detergent 

fiber 
15.8 20 20.8 

Ash 8.80 9.30 15 

Polyphenolic 
compounds 

3.49 3.44 1.51 

Condensed tannin 1.2 2.18 0.617 

Nonfibrous 

carbohydrates 
60.14 52.34 46.26 

 
Discussion 

The variation in chemical composition among these 

species may be partly due to the genotypic factors and 

some of environmental factors that control 

accumulation of forage nutrients (Minson, 1990; 

Chumpawadee, 2009).  

The tannin values in tree leaves could be higher than 

the values obtained in this study, since a considerable 

amount of tannins are bound to either fiber and/or 

proteins and remain unrestricted (Jackson et al., 

1996). The beneficial effect of feedstuffs containing 

low levels of tannins could be due to the protection of 

proteins from microbial degradation by tannins, thus 

increasing the amount of undegraded protein entering 

the small intestine (Barry et al., 1986). In addition, a 

higher flow of microbial protein to the intestine has 

been observed as a result of higher efficiency of 

microbial protein synthesis (Getachew et al., 2000). 

However, higher concentration of tannins in the diet is 

associated with reduction in organic matter 

digestibility (Silanikove et al., 1997). 

DM disappearance of tree leaves from bags at 

different rumen incubation times is given in Figure 1 

and the estimated degradation kinetics is presented in 

Table 3. There was an increase in DM disappearance 

associated with the increasing time of incubation. At 

all incubation times DM disappearances for almond 

ED of the examined nutrient components were 

calculated using the outflow rates of 0.02, 0.05 and 

0.08/hr. ED decreased by increasing out flow rate (In 

case of maintenance level feeding (Out flow rate 0.02 

h
-1

)). ED of DM, were 81.10%, for almond leaves and 

66.46% for cherry leaves, respectively. 

In 5-8% outflow rates, the ED for almond leaves was 

significantly higher (P<0.05) than apricot and cherry 
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leaves. Effective DM degradability decreased with the 

increase in outflow rates in this study. Mupangwa et 

al. (1997) observed ED of DM to decrease as the 

outflow rate increase.  

 

 
Fig. 1. DM degradation of tree leaves. 

 
Table 2. In situ degradability of leaves )%(. 
 

Incubation 

times 
Almond Apricot Cherry P value SEM 

0 27.24a 18.21b 17.48b 0.001 0.311 

4 40.76 33.93 26.37 0.079 3.6 

8 59.72a 52.69ab 36.01b 0.0213 4.35 

16 86.52a 79.87a 62.30b 0.004 2 

24 88.24a 82.35a 66.34b 0.007 3.19 

48 90.76a 83.59ab 80.90b 0.014 1.65 

72 90.71a 84.24b 82.33b 0.001 0.52 

96 91.16a 85.06b 82.86c 0.008 0.184 

 
Table 3. In situ degradability and effective degradability of 

tree leaves (%). 
 

Estimated 

Parameters 
Almond Apricot Cherry P value SEM 

a 23.52a 14.78b 14.32b 0.0008 0.94 

b 68.84 71.11 69.79 0.436 1.16 

a+b 92.37a 85.90b 84.12b 0.0001 0.008 

c 0.104a 0.107a 0.060b 0.0108 0.166 

Lag time 0.542 0.454 0.782 0.352 0.015 

Effective 

degradability 
     

0.02 81.10a 74.76b 66.46c 0.0001 0.73 

0.05 69.86a 63.30b 52.20c 0.0003 1.33 

0.08 62.30a 55.60b 44.13c 0.0004 1.49 

 

Conclusion 

The CP concentration of the three leaf species 

analyzed, varied between approximately 6.7 and 2.7%. 

It is concluded that the tree leaves from the species in 

the present study contained low concentrations of CP. 

Factors such as differences in climate, soil types, etc. 

could have contributed to these differences.  

Results of current study indicated that almonds tree 

leaves had approximately higher rumen degradation 

dry mater. As well as soluble fraction (b) and Potential 

degradability (a+b) than cherry and apricot leaves, 

simultaneously, according to our results it seems 

almond leaves had better nutritive value than cherry 

and apricot leaves as feedstuff for ruminants. 

In Conclusion, it seems that the trees leaves have a 

better nutritive value for ruminant’s nutrition and it 

could improve animal production and lead to prosper 

feedstuff in livestock science, but more experiments 

are needed for accurate determination of nutritional 

values of these resource. The rumen bag technique has 

been used for many years to study the degradation of 

forages, however, the digestibility of a feedstuff is 

defined by the potential degradability of the material, 

the rate of degradation of this potentially degradable 

fraction and its residence time in the rumen (i.e. its 

effective degradation) plus digestion after the rumen 

fermentation in the hind gut. As such, they have 

potential as forage for farmers during the long period 

of dry season when feed is scarce. Our results claim 

that it is possible to use fruit’s leaves as animal 

feedstuff in poor agro-products areas. 

Acknowledgments 

Financial support for this study was provided by 

(Islamic Azad University, Shabestar Branch). We 

would like to acknowledge the assistance of Mr. Ali 

Noshadi. Authors also would like to thank workers 

from Animal Research Centre at Islamic Azad 

University, Shabestar Branch, Iran. 

___________________________________________ 

References 
Association of Official Analytical Chemists (AOAC): 

Official Method of Analysis. 1990. 15
th

 edition 

Washington DC, USA, 66-88. 

Aganga, A.A. and Tshwenyane, S.O. 2003. Feeding 

Values and Anti - Nutritive Factors of Forage Tree 

Legumes. Pak. J. Nutr. 2(3), 170-177. 

Azim, A., Ghazanfar, S., Latif, A. and Nadeem, M.A. 

2011. Nutritional Evaluation of Some Top Fodder 

Tree Leaves and Shrubs of District Chakwal, 

Pakistan in Relation to Ruminants Requirements. 

Pak. J. Nutr. 10(1), 54-59. 

  Barry, T.N., Manley, T.R. and Duncan, S.J. 1986. 

The role of condensed tannins in the nutritional 

value of Lotus peduculatus for sheep 4. Sites of 

carbohydrate and protein digestion as influenced 

by dietary reactive tannin concentration. Br. J. 

Nutr. 55, 123-137. 

Bhargava, P.K. and Ørskov, E.R. 1987. Manual for the 

use of nylon bag technique in the evaluation of 

feedstuffs. Rowett Research Institute, Aberdeen, 

Scotland, UK. 

Chen, X.B. 1995. "Fitcurve" macro, IFRU, The 

Macaulay Institute, Aberdeen, UK. 

Chumpawadee, S. 2009. Degradation Characteristic of 

Tomato Pomace, Soybean Hull and Peanut Pod in 

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

Incubation time (h)

D
ry

 m
a
tt

e
r 

d
is

a
p

p
a
re

n
c
e
 

Almond leaves

Cherry leaves

Aprico leaves



http://www.openveterinaryjournal.com 

M.K. Nahand et al. Open Veterinary Journal, (2012), Vol. 2: 83-87 

________________________________________________________________________________________________________ 

 
87 

the Rumen Using Nylon Bag Technique. Pak. J. 

Nutr. 8, 1717-1721. 

Chumpawadee, S. and Pimpa, O. 2009. Effect of 

Burma Padauk (Plerocarpus indicus), Rain Tree 

(Samanea saman (Jacg.) Merr.) and Siamese 

Rough Bush (Streblus asper) Leaves as Fiber 

Sources in Total Mixed Ration on in vitro 

Fermentation. Asian J. Anim. Vet. Adv. 4, 1-8. 

FAO. 1997. Tree foliage in ruminant nutrition. FAO 

Agriculture and Consumer Protection.  

Getachew, G., Makkar, H.P. and Becker, K. 2000. 

Effect of polyethylene glycol on in vitro 

degradability of Nitrogen and microbial protein 

synthesis from tannin rich browse and herbaceous 

legumes. Br. J. Nutr. 84, 73-83. 

Hagerman, A.E. 1995. Tannin Analyses. Department 

of Chemistry. Miami University, Oxford, Ohio, 

USA, pp: 66. 

Jackson, F.S., Barry, T.N., Lascano, C. and Palmer, B. 

1996. The extractable and bound condensed tannin 

content of leaves from tropical tree, shrub and 

forage legumes. J. Sci. Food Agric. 71, 103-110. 

Kamalak, A., Filho, J.M.P., Canbolat, O., Gurbuz, Y., 

Ozay, O. and Ozkan, C.O. 2004. Chemical 

composition and its relationship to in vitro dry 

matter digestibility of several tannin-containing 

trees and shrub leaves.  Livestock Research for 

Rural Development 16 (4).  

www.lrrd.org/lrrd16/4/kama16027.htm 

Maheri-Sis, N., Chamani, M., Sadeghi, A., Mirza-

Aghazadeh, A. and Safaei, A.R. 2007a. Nutritional 

evaluation of chickpea wastes for ruminants using 

in vitro gas production technique. J. Anim. Vet. 

Adv. 6(12), 1453-1457. 

Maheri-Sis, N., Mirzaei-Aghsaghali, A., Mirza-

Aghazadeh, A. and Safaei, A.R. 2007b. 

Determination of Digestibility and Nutritive Value 

of Iranian Alfalfa Varieties Using In vivo 

Technique in Sheep. Asian J. Anim. Vet. Adv. 2, 

239-243. 

Makkar, H.P., Blümmel, M. and Becker, K. 1995. 

Formation of complexes between polyvinyl 

pyrrolidones or polyethylene glycols and their 

implication in gas production and true digestibility 

in vitro techniques. Br. J. Nutr. 73, 897-913. 

Milford, R. 1967. Nutritive values and chemical 

composition of seven tropical legumes and lucerne 

grown in subtropical south-eastern Queensland. 

Aust. J. Exp. Agric. Anim. Husb. 7, 540-545. 

Minson, D.J. 1990. Forage in Ruminnt Nutrition. 

Academic Press Inc., San  Diego, CA USA. 

Mupangwa, J.F., Ngongoni, N.T., Topps, J.H. and 

Ndlovu,  P.  1997.  Chemical  composition and dry 

  

 

 

matter degradability profiles of forage legumes 

Cassia rotundifolia, Lablab purpureus and 

Macroptilium atropurpureum at 8 weeks of 

growth. Anim. Feed Sci. Technol. 69, 167-178. 

Nahand, M.K., Doust-Nobar, R.S., Maheri-Sis, N. and 

Ghorbani, A. 2011. Rumen degradation of dry 

matter and organic matter digestibility of Cherry 

tree leaves in ruminant nutrition using in vitro gas 

production and in situ techniques. J. Am. Sci. 7(6), 

286- 289. 

National Research Council (NRC). 2001. Nutrient 

requirements of dairy cattle. 7th revised edition. 

National Academy of Science. Washington,DC. 

pp: 90-110. 

Niderkorn, V. and Baumont, R. 2009. Associative 

effects between forages on feed intake and 

digestion in ruminants. Animal 3, 951-960. 

Ørskov, E.R., Hovell, F.D. and Mould, F. 1980. The 

use of the nylon bag technique for the evaluation 

of feedstuffs. Trop. Anim. Prod. 5, 195-213. 

Ørskov, E.R. and McDonald, I. 1979. The estimation 

of protein degradability in the rumen from 

incubation measurements weighed according to 

rate of passage. J. Agric. Sci. 92, 499-503.  

Phale, O. and Madibela, O.R. 2006. Concentration of 

Soluble Condensed Tannins and Neutral Detergent 

Fibre-bound Tannins in Fodder Trees and Forage 

Crops in Botswana. J. Biol. Sci. 6, 320-323. 

Reddy, D.V. 2006. Production of forage in the Indian 

context. In: Fodder Production andGrassland 

Management for Veterinarians. Oxford & IBH 

Publishing Co. Pvt. Ltd. New Delhi. pp: 453. 

SAS, 1999. Version release 8/0. SAS Institute Inc., 

Cary, NC, USA. Steel RG. 

Silanikove, N., Gilboa, N. and Nitsan, Z. 1997. 

Interactions among tannins, supplementation and 

polyethylene glycol in goats given oak leaves: 

effects on digestion and food intake. Anim. Sci. 

64, 479-483. 

Soliva, C.R., Kreuzer, M., Foidl, N., Foidl, G., 

Machmüller, A. and Hess, H.D. 2005. Feeding 

value of whole and extracted Moringa oleifera 

leaves for ruminants and their effects on ruminal 

fermentation in vitro. Anim. Feed Sci. Technol. 

118, 47-62. 

Ulyatt, M.J. 1980. The feeding value of temperate 

pastures. In: Grazing Animals, pp: 125-141 

[F.H.W. Morley, editor] Amsterdam: Elsevier. 

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. 1991. 

Methods for dietary fiber, neutral detergent fiber 

and non-starch polysaccharides in relation to 

animal’s nutrition. J. Dairy Sci. 74, 3583-3597. 

http://www.fao.org/ag/portal/index_en.html
http://www.lrrd.org/lrrd16/4/kama16027.htm

