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Evaluation of Nutritive Value of Grass Pea Hay in Sheep
Nutrition and Its Palatability as Compared with Alfalfa
N. Vahdani1 , H. Moravej1∗, K. Rezayazdi1, and M. Dehghan-Banadaki1

ABSTRACT
The nutritive value of grass pea (Lathyrus sativus L.) hay was evaluated based on its
chemical composition, Gas production, fractioning of protein in CNCPS and AFRC
systems, Metabolizable Energy (ME), rumen degradability through in situ technique and
in vitro digestibility through Tilley and Terry method. The Crude Protein (CP), Neutral
Detergent Fiber (NDF) and Acid Detergent Fiber (ADF) values of grass pea hay
amounted to 232.4, 397 and 300.6 (g kg-1 DM) respectively. Condensed Tannins (CTs) and
β-N-Oxalyl –L-α, β-diAmino Propionic acid (ODAP) amounted 0.2 and 11.8 (g kg-1 DM)
respectively. Grass pea estimated ME ranged from 6.86 (MJ kg-1 DM) to 12.03 (MJ kg-1
DM) by different methods. Metabolizable Protein (MP) content was found 534.7 g kg-1 of
CP. A high level of CP and MP content followed by a high content of ME along with a
high palatability, cause grass pea to be introduced as an alternative to sheep forage in
drought conditions.
Keywords: Condensed tannins, Grass pea, Nutritive value, ODAP, Palatability.

This Anti-Nutritional Factor (ANF) acts as a
neurotoxin, crippling the lower limbs when
consumed in large quantities during a
prolonged period. It can cause the disease
neurolathyrism, in monogastric animals and
in humans (Hanbury et al., 2000). This has
led to the crop being excluded from
agricultural improvement efforts. The other
most frequently occurring ANFs in this
legume are tannins, protease and amylase
inhibitors, lectins, saponins, alkaloids, nonstarch
polysaccharides,
vicine
and
convicine, as well as phytate (Hanbury et
al., 2000). Environmental condition and the
presence of such natural enemies as pests
and insects can increase the ANFs in plant
(Hanbury et al., 1999). Most of these
compounds are degraded in the rumen and
so are not considered as serious nutritional
problems
for
ruminants.
However,
condensed tannin (CT) can affect protein
and cell wall digestibility (Scharenberg et

INTRODUCTION

Grass pea (Lathyrus sativus L.) has been a
traditional crop used for both animal
consumption as forage and grain, and for
human consumption as food. The main
qualities of this legume grain consist of its
sturdiness,
drought
tolerance,
and
adaptability to a wide range of soil types,
including the marginal ones (Yan et al.,
2006). In addition, high protein content
makes this species be considered as a forage
crop; indeed, economic yield under adverse
environmental conditions has made grass
pea a popular crop in subsistence farming in
certain developing countries that suffer from
extremely adverse weather conditions
(Praveen et al., 1994). Although rich in
protein, the utilization of grass pea grain has
been limited by the presence of a watersoluble non-protein amino acid, β-NOxalylDiAminoPropionic acid (β-ODAP).
_____________________________________________________________________________
1

Department of Animal Sciences, College of Agriculture and Natural Resources, University of Tehran,
Karaj, Islamic Republic of Iran.
∗
Corresponding author; e-mail: hmoraveg@ut.ac.ir

537

______________________________________________________________________ Vahdani et al.

al., 2007). Poland et al. (2003) reported that
grass pea produces hay that is comparable
with alfalfa hay in its nutrient make-up. No
adverse effects were observed in gestating
ewes fed grass pea hay instead of alfalfa
hay. Certain Lathyrus species have recently
been found suitable as multipurpose legume
crops in Iran (Ahmadi et al., 2012).
Nevertheless, data on nutrient content of
grass pea hay with seedpods (GPHP) are still
quite scarce as investigations are mostly
concentrated on grass pea seeds and their
nutritive values. There are only a small
number of published studies that have
determined nutritive value of GPHP. For
these reasons, the present research aimed at
the characterization and evaluation of GPHP
nutritive value and its palatability as
compared with alfalfa.

Kjeldahl method while crude protein
determined as N×6.25. Neutral Detergent
Fiber (NDF), NDFom and Acid Detergent
Fiber (ADF) contents were also determined
using automated Fibertech Foss Tecator
1010 apparatus (Van Soest et al., 1991),
Neutral Detergent Insoluble Nitrogen
(NDIN), Acid Detergent Insoluble Nitrogen
(ADIN), were determined by measuring
nitrogen contents of NDF and ADF, as
described above. Sodium sulfite was not
included in Neutral Detergent Solution
(NDS).
Mineral
composition
was
determined using atomic absorbency
according to Miles et al. (2001). The βODAP content was determined through
HPTLC method according to Tarade et al.
(2007) procedure. Standard β-ODAP was
supplied by Lathyrus Technologies,
Hyderabad, India. β-ODAP was extracted,
using water and HCL. The acetonitrile was
then densitometrically determined at 500 nm
on Camag II densitometer. Total extractable
Phenolics (TP), Total Tannin (TT) and
Condensed Tannins (CT) were determined
using folin-ciocalteu reagent, insoluable
PolyVinyl PolyPyrrolidone (PVPP) and
butanol-HCl method as described by Makkar
(2000). All chemical analyses were carried
out in triplicate except for TP, TT and CT,
which were replicated 10 times. Relative
Feed Value (RFV) was obtained from the
estimates of Dry Matter Digestibility (DMD)
and Dry Matter Intake (DMI) (Moore and
Undersander, 2002):
DMI (% BW)= 120/(NDF, % DM)
DMD (% DM) = 88.9-0.779 (ADF, %
DM)
RFV= (% DDM×%DMI)/1.29
or
RFV=
[(88.90.78×ADF%))×(120/NDF%)]/1.29

MATERIALS AND METHODS
Experimental Forage
Grass pea forage samples were taken from
farms in Zanjan, Iran (latitude: 36◦ 12´ N,
longitude: 49◦ 11´ E, altitude: 1570 m).
Grass pea had been sown in mid August
2007, and harvested at its full-flowering
stage. Representative samples were obtained
from the core and edges of at least 25- 30
bales (1 kg from each) of dried forages.
Forages were then cut into 3-5 cm pieces
with subsamples taken for chemical
analysis, through in vitro and in situ
experiments. Same forage samples were
used in in vivo digestibility trials and
palatability determinations.
Laboratory Analysis
Dry matter was determined by the
samples being dried at 105°C overnight and
their ash by having the samples ignited in
muffle furnace (AOAC, 2000). Ether Extract
(EE) content was determined through
Sokstech automated apparatus (AOAC,
2000), Total nitrogen (N) content through

Gas Production and Estimated
Parameters
Rumen fluid was obtained from four
rumen fistulated animals fed twice daily
with a diet containing, alfalfa hay (60%) and
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concentrate (40%). The forage samples (200
mg dry weight) were incubated in triplicate
in rumen fluid in calibrated glass syringes
following the procedures of Menke et al.,
(1979) using 100 ml calibrated glass
syringes. Rate and extent of gas production
was determined by reading gas volumes
before incubation (0) and 2, 4, 6, 8, 12, 24,
48, 72 and 96 hours after incubation.
Cumulative gas production data were fitted
to the exponential equation of Ørskov and
McDonald (1979):
y= a+b (1-e-ct)
Where, y is the gas produced at time "t"; a
the gas production from the immediately
soluble fraction (ml); b gas production from
the insoluble fraction (ml); c the gas
production rate constant for the insoluble
fraction (b); a+b the potential gas
production (ml), t the incubation time (h).
The metabolizable energy (MJ kg-1 DM)
content of forage was calculated using
equations of Menke and Steingass (1988) as
follows:
ME (MJ kg-1 DM)= 15.33-0.0152
MADF(g kg-1 DM)
ME
(MJ
kg-1
DM)=
2.2+0.136
GP24+0.0057CP+0.00029 CF2
ME
(MJ
kg-1
DM)
=2.2+0.136
2
GP24+0.057CP+0.0029 CP
OMD
(%)=14.88+0.889
GP24+0.45
CP+0.0651 ash
DOMD (%)= OMD (%)×OM (%)
ME (MJ kg-1 DM) = 0.0157 DOMD (%)
Where, GP24 represents 24 hours net Gas
Production (ml 200 mg-1); CF: Crude Fat;
CP: Crude Protein, MADF: Modified ADF.
The potential Dry Matter Intake (DMI kg
day-1) of grass pea was determined while
using the equation of Blümmel and Ørskov
(1993) as follows:
DMI (kg day-1)= 1.66+0.49a+0.0297b-4c

were determined through TriChloroacetic
Acid (TCA) and borate-phosphate buffer,
respectively. B2 fraction was calculated
through the following formula:
B2= CP-(A+B1+B3+C)
C fraction was obtained as the ADIN and
B3 fraction calculated through the difference
between NDIN and ADIN. Metabolizable
Protein (MP), Rumen Degraded Protein
(RDP), Undegraded Dietary Protein (UDP),
Digestible Undegraded Protein (DUP) and
Effective Rumen Degradable Protein
(ERDP), Quickly Degraded Protein (QDP)
and Slowly Degraded Protein (SDP) were
estimated according to AFRC (1992)
equations, using in situ CP degradation data.
In situ Disappearance
The degradability of samples was
determined through nylon bag technique,
using three rumen fistulated sheep (57±9 Kg
BW) as described by Vanzant et al. (1998).
The sheep were fed twice daily on a 60%
hay and 40% concentrate (Table 1); 10%
above
maintenance
requirements.
Throughout the experimental period Dacron
bags of 40-45 µm pore size were filled with
3 g of sample, in duplicate, and incubated
for 4, 8, 12, 24, 48, 72 and 96 hours in the
rumen of each sheep. Following incubation,
bags were removed from the rumen and
rinsed with cold tap water, until the rinsing
water clear. DM, OM, CP, NDF and
NDFom degradation data were fitted to the
exponential model of Ørskov and McDonald
(1979) in which:
P= a+b (1-e-ct)
Where, p is rumen disappearance at time
t, a the rapidly soluble fraction, b the
potentially
degradable
(fermentable)
fraction, and c the constant rate of
degradation of the b (percentage per
hour).The kinetic parameters were estimated
using a NEWAY program from Rowett
Research Institute, Aberdeen, UK. The
effective degradability (P) of DM and
protein samples were calculated using the
equation of Ørskov and McDonald (1979):

CNCPS Protein Fractioning and
Metabolizable Protein System
Protein fractioning of grass pea was
determined according to procedures by
Licitra et al., (1996). A and B1 fractions
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Table 1. Formulation of the diet used for nylon bag and for Tilley and Terry trials (g kg-1 DM basis).
Ingredient
Alfalfa hay
Corn silage
Wheat straw
Barley grain
Canola meal

Dietary percentage
150.7
266.7
182.7
260.0
60.0

Ingredient
Wheat bran
Calcium-carbonate
Min/Vitamin premixa
Salt

Dietary percentage
60.0
8.0
8.0
4.0

a

Each kg composed of: Vitamin A: 500,000 IU; Vitamin D3: 100,000 IU; Vitamin E: 100 mg; Ca:
190,000 mg; P: 90,000 mg; Na: 50,000 mg; Mg: 19, 000 mg; Fe: 3,000 mg; Cu: 300 mg; Mn: 2,000
mg; Zn: 3,000 mg; Co: 100 mg; I: 100 mg; Se: 1 mg, Antioxidant (B.H.T): 3,000 mg.

adaptation and 7 days as collection period.
Animals were kept in individual pens
equipped with rubber mat bed. They were
fed twice a day (0800 and 1600), with a sole
diet which corresponded to 10% above
maintenance requirements. CNCPS software
(CNCPS, 2004) was made use of in
computations. Fresh water and salt licking
blocks were all times available. Total fecal
collection and AIA, as an internal marker,
were used to determine apparent digestibility
of OM, CP, ADF, NDF and as well NDFom.
Along with fecal samples, diet samples were
also daily collected. Samples were stored at
-20◦C until were taken during the collection
period. AIA was determined according to
Van-Keulen and Young (1977) procedure.

P= a+[(b×c)/(c+k)]
Where, k is the rate of particulate outflow
from the rumen of 0.05 h-1.
In vitro Digestibility
In vitro digestibility of grass pea was
determined according to Tilley and Terry
(1963) procedure. Samples were incubated
in triplicate with three jars containing only
rumen liquor. DM and OM digestibility
were corrected for the blank. Rumen liquor
was obtained from one Varamini fistulated
sheep that was fed with same diet as those
assigned to nylon bag experiment (Table1).
Half a mg of sample (milled through 1 mm
sieve), was incubated with rumen fluid and
pepsin in two steps. After 96 hours past,
digested residue was filtered through
Watman ashless 41-pore size filter paper,
dried at 105◦C overnight and ignited in
muffle furnace at 525◦C for 4.5 hours, to be
used for a determination of DM and OM
digestibility, respectively. Metabolizable
Energy (ME) (MJ kg-1 DM) content was
estimated using AFRC (1995) equation:
ME= 0.0157×DOMD
Where, DOMD is the rate in gram of
digestible OM in kg of DM.

Palatability Trial
Six Varamini ewes (45±5 kg) were taken
for an evaluation of palatability of grass pea
and its comparison with control (afalfa). The
ewes were kept in individual pens bedded on
rubber mat, while being fed twice a day
(4:00 PM and 8:00PM). Fresh water and salt
licking blocks were all times available. The
ratio of the two forages (grass pea and
alfalfa) were calculated through CNCPS,
while each meal covering 55% of
maintenance energy requirement, where test
plant vs. control were each providing exactly
half of the ME. Palatability test started with
the morning of the first feeding day and
ended after the morning of day 10. The first
3 days were considered as the preliminary
period. The two meals were offered in two

In vivo Digestibility Experiment
Three Varamini rams (83±9 kg BW) were
taken as specimens to determine the
apparent nutrient digestibility of grass pea.
Digestibility trial included 10 days for
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identical troughs. The allocation of the two
different forages was switched between
troughs in the evening meal, to avoid any
association of place, forage type and daytime by the animals. To evaluate the
palatability of the grass pea in comparison
with alfalfa as the control forage (Ctr), the
intakes of the two diets were assessed by
weighing the boxes at a fixed time (t) after
the start of feeding. Based on preliminary
tests, t was set at 10 minutes after feeding.
This period was approximately equivalent to
the time needed by the sheep to consume
about half of the total feed. At last, the
Palatability Index (PI) was calculated
according to Ben Salem et al. (1994). The PI
relates the quantity of test plant consumed to
that eaten of Ctr (alfalfa) and is calculated
based upon the following formula:
PI (t)= [ITT (t)/ICtr (t)]×100
Where, ITT (t) is the intake of test plant
(grass pea) eaten after time t per total intake
of test plant eaten after half a day; ICtr (t)
intake of control (alfalfa) eaten after time (t)
per total intake of control eaten after half a
day , thus accounting for the differences in
total intake.

multiple range test, was conducted for a
comparison of ME contents vs. digestibility
coefficients of grass pea as based on
different methods. All the statements of
significance were based on the probability
level of 0.05. The following model was
employed to determine the effects of
methods:
Yi= µ + Ti + ei
Where, µ is the overall mean, Tj the fixed
effect of determination method (in vitro
digestibility, gas production and in vivo
digestibility), and while ei representing the
residual errors.
RESULTS
Chemical Composition
Chemical composition of GPHP is given
in Table 2. Experimental plant contained a
high level of ODAP (11.8 g kg-1 DM) but
low CT content (0. 2 g kg-1 DM). Condensed
tannin constituted less than 2% of total
tannins. The experimental plant showed a
high concentration of CP (232.4 g kg-1 DM).
A high most portion of total nitrogen was
available (94% of total nitrogen) and ADIN
content was 2.2 (g kg-1 DM). RFV index of
grass pea hay was 153.43, with regard to
NDF, ADF and CP contents, experimental
forage had high quality. As shown in Table
3, the concentration of Fe and Zn were high
and low in GPHP, respectively.

Statistical Analysis
Means of estimated ME of grass pea,
based on different methods, OMD contents
determined by different methods and as well
the digestibility coefficients related to
different methods were compared using
GLM procedure of SAS 9.1. Duncan’s
Table 2. Chemical composition (g kg-1 DM) of GPHP.a
Composition
DM
OM
Ash
EE
ADF
NDF

953.7
908.3
87.5
43.0
300.6
397.0

Composition
NDFom
Hemicelluloses
TP
TT
CT
β-ODAP

383.3
96.5
13.4
12.6
0.2
11.8

a

Composition
CP
Total nitrogen
NDIN
ADIN
Available nitrogen
RFV

232.4
37.2
4.2
2.2
35.0
153.43

Reported values are means of triplicate and in the case of phenolics, compounds’ mean of 10
replicates. NDIN: Neutral Detergent Insoluble Nitrogen; ADIN: Acid Detergent Insoluble Nitrogen; TP:
Total Phenolic Compounds; TT: Total Tannins; CT: Condensed Tannins; β-ODAP: β-N-Oxalyl –L-α,
β-DiAminoPropionic acid, RFV: Relative Forage Value.
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Metabolizable protein system results, rumen
degradable protein (828.3±11.4, g kg-1 CP)
was higher than the undegradable one
(171.7±11.4, g kg-1 CP) in the experimental
plant.

Table 3. Mineral contents of L. sativus
(DM basis).
Mineral
(g kg-1)
Ca
P
Mg

4.7
1.5
2.0

Mineral
(mg kg-1)
Mn
Zn
Fe
Cu

290.8
11.8
143.3
1.8

In situ Disappearance
Table 6 shows the kinetics of rumen
degradation parameters and as well the
effective degradability of DM, OM, CP,
NDF and NDFom obtained through in situ.
Disappearance of all nutrients raised, as
incubation time increases. CP degradation
was (more intensively but less extensively)
from 72.04±2.38 to 90.92±1.24 as compared
with the degradation of DM, OM, NDF and
NDFom. The rumen degradation of CP as
regards GPHP was characterized by (i) high
values of the soluble fraction (0.74±0.00 g g1
), (ii) high values of the fractional
degradation rate (0.103±0.03 h-1), and (iii)
high effective degradability at any of the
rumen flow rates (from 0.79±0.01to
0.84±0.01 g g-1). The effective degradability
of NDF and NDFom had low values at all of
the rumen flow rates (0.02, 0.05 and 0.08 h1
).

Gas Production and Estimated
Parameters
Data related to gas production during the
fermentation period are given in Table 4.
The cumulative volume of gas production
increased with increasing time of incubation.
Gas production after 96 hours of incubation
amounted to 33.39±1.1. Estimated OMD
and DMI contents were recorded as
481.8±18.6 (g kg-1 DM) and 4.82±0.223 (kg
day-1), respectively.
CNCPS Fractioning of Protein and
Metabolizable Protein System
Table 5 shows A, B1, B2, B3 and C
fractions of protein in grass pea hay equal to
107.8±10.8,
266.5±26.7,
511.6±51.2,
54.5±5.5 and 59.5±5.9 (g kg-1 CP),
respectively. The highest fraction of GPHP
crude protein was B2 that is potentially
degradable in rumen. According to

In vitro Digestibility and OMD
Comparison
The levels of DM, OM and OM in DM

Table 4.Gas production and estimated parameters of L. sativus hay incubated with rumen fluid.a
IT
4
8
12
24
48
72
96

GP(ml)
2.58±0.4
8.84±0.9
15.04±1.4
25.12±1.3
30.44±1.1
32.42±1.1
33.39±1.1

Estimated parameters
a (g g-1)
0.05±0.004
b (g g-1)
0.33 ±0.01
a+b (g g-1)
0.38±0.014
c (h-1)
0.059±0.00
Lag time
2.33±0.061
OMD
481.8±18.6
DMI
4.82±0.223

a

Reported values are means of triplicates±standard deviations. IT: Incubation Time (h); GP: Gas
Production; a: Gas production from the immediately soluble fraction (ml); b: Gas production from the
insoluble fraction (ml); a+b: Potential gas production; c: Gas production rate constant for the insoluble
fraction (ml); OMD: Organic Matter Digestibility (g kg-1 DM); OMD%= 14.88+0.889GP24+0.45 CP
+0.0651ash, DMI: Dry Matter Intake (kg day-1).
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Table 5. Fractioning of grass pea’s protein through CNCPS and Metabolizable protein system (g kg-1
CP).
A
B1
B2
B3
Total B
C

CNCPSa
107.8±10.8
266.5±26.7
511.6±51.2
54.5±5.5
832.7±83.3
59.5±5.9

QDP
SDP
RDP
ERDP
UDP
DUP
MP

Metabolizable proteinb
740.0±0.00
88.3±11.4
828.3±11.4
680.3±11.4
171.7±11.4
101.0±10.3
534.7±3.0

a
Reported values are means of triplicates±standard deviations. A: Soluble Protein Fraction; B1, B2 and B3:
Potentially Ruminal Degradable Fractions, C: Undegradable and indigestible protein fraction (unavailable).
b
Fractional passage rate of 0.05h-1 was used for calculation of SDP. QDP: Quickly Degraded Protein; SDP: Slowly
Degraded Protein; RDP: Rumen Degraded Protein; ERDP: Effective Rumen Degradable Protein; UDP: Undegraded
Dietary Protein; DUP: Digestible Undegraded Protein, MP: Metabolizable Protein.

Table 6. In situ degradability of DM, OM, CP, NDF and NDFom, and the estimated parameters of L.
sativus hay.a
IT
4
8
12
24
48
72
96
a (g g-1)
b (g g-1)
c (h-1)
k= 0.02 (h−1)
k= 0.05 (h−1)
k= 0.08 (h−1)

Chemical constituents
OM
CP
NDF
36.48±2.88
72.04±2.38
8.75±2.74
41.17±4.28
72.21±2.16
17.12±5.98
53.91±2.78
84.93±0.70
30.20±6.16
58.96±2.56
83.38±3.20
36.94±3.83
61.72±2.05
85.80±2.10
39.71±1.70
60.72±5.48
85.44±4.03
38.15±3.02
67.56±1.98
90.92±1.24
45.68±1.73
Estimated parameters
0.37±0.0
0.34±0.00
0.74±0.00
0.12±0.00
0.25±0.02
0.29±0.03
0.13±0.02
0.30±0.02
0.108±0.0
0.096±0.01
0.103±0.03
0.105±0.02
Effective degradability (ED) (g g-1)
0.57±0.02
0.57±0.03
0.84±0.01
0.34±0.03
0.51±0.02
0.50±0.02
0.81±0.01
0.27±0.03
0.48±0.02
0.46±0.02
0.79±0.01
0.23±0.03
DM
37.77±2.7
42.16±3.4
54.88±3.1
59.10±3.2
61.16±1.2
59.27±3.6
66.49±1.4

NDFom
14.79±3.31
21.23±3.79
35.77±6.65
41.05±4.02
44.71±1.26
42.76±1.59
49.72±2.10
0.15±0.00
0.30±0.01
0.109±0.02
0.39±0.03
0.32±0.03
0.27±0.03

a

Reported values are means of triplicates±standard deviations. IT: Incubation Time (h); a: The dry matter soluble
nutrient fraction which is rapidly washed out of the bags and is assumed to be completely degradable; b: The portion
of insoluble nutrient which is potentially degradable by micro-organisms; c: The degradation rate of fraction b per
hour, k= Rumen outflow rate (h-1).

digestibility were recorded as 891.4, 843.8
and 766.4 (g kg-1 DM), respectively
(unpublished data). A comparison of OMD
by different methods is presented in Table 7.
Based upon these results, there is no
significant difference observed between
OMD obtained through in vitro digestibility
trial vs. AIA. In in vivo digestibility trial,
AIA method showed the higher OM
digestibility (789.2 g kg-1 DM) as compared
with total fecal method (699.6 g kg-1 DM).

Estimated OMD by in vitro gas production
revealed the lowest level (481.8 g kg-1 DM).
In vivo Digestibility Experiment and
Palatability
Apparent digestibility coefficients for
OM, CP, CF, ADF, NDF, and NDFom by
internal marker vs. total fecal are given in
Table 8. There were no significant
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Table 7. Comparison of OMD by different
methods.a
Method
In vitro digestibility
Total fecal
AIA
Gas production
SE
Sig.

Table 9. Comparison of the ME estimated in
vitro and in vivo.

OMD (g Kg-1 of DM)
772.8a
699.6b
789.2a
481.8c
9.09
***

Method
Chemical composition a
Tilley and Terry
Total fecal collection
AIA
Gas production b
Gas production c
Gas production d
s.e.
Sig.

a

OMD: Organic Matter Digestibility,
OMD%=
14.88+0.889
GP24+0.45
CP+0.0651ash; SE: Standard Error of mean,
Sig: Significance level; *** P< 0.001.

ME (MJ/kg DM)
10.76b
12.03a
9.57bc
10.78b
8.52c
6.99d
6.86d
0.145
***

Means
with
differing
superscripts
are
significantly different; ***P<0.001; s.e.: standard
error of mean; Sig: significance level
a
ME (MJ/kg DM) =15.33-0.0152MADF(gr/kg
DM)
b
ME
(MJ/kg
DM)
=
2.2+0.136GP24+0.0057CP+0.00029CF2
c
ME =2.2+ 0.136GP24+0.057CP+ 0.0029CP2
d
OMD% =14.88+0.889 GP24 + 0.45CP +0.0651
ash
e
DOMD %= OMD% × OM%
f
ME(MJ/kg DM) = 0.0157 DOMD

differences observed between nutrient
digestibility obtained by the two methods
except for OM and CF. In both situations’
digestibility as based on internal marker was
higher than that based on total fecal
collection. Palatability of grass pea was 87%
in comparison with that of alfalfa.
Estimation of ME through Different
Methods

DISCUSSION

Comparisons of the estimated ME by in
vitro vs. in vivo methods are presented in
Table 9. Among the different methods
employed for an estimation of ME through
gas production, the first formula resulted in
the highest figure (8.52 MJ kg-1 DM). No
significant differences were observed
between the two in vivo methods for the
estimation of ME. AIA was an in vivo
method that confirmed results obtained
through chemical composition trials.

Chemical Composition
The CP content of grass pea in the present
study was higher than those reported by
Tuna et al. (2004) (163.5 g kg-1 DM) and
Poland et al. (2003) (182 g kg-1 DM). Poland
et al. (2003) reported higher NDF and ADF
values (486 and 363 g kg-1 DM) than those
presented in the present study. CF content of

Table 8. Apparent digestibility of grass pea using AIA and total fecal collection (%).a
Method
Total fecal
AIA
SE
Sig.

OM
69.9 b
78.9 a
1.5
*

CP
79.3
82.4
2.0
NS

Chemical constituents
CF
NDF
46.1 b
65.0
63.3 a
70.9
1.9
2.5
*
NS

a

NDFom
65.0
71.8
2.4
NS

ADF
61.2
70.7
2.3
NS

Means within the same column with differing superscripts are significantly different. AIA: Acid
Insoluble Ash; SE: Standard Error of mean; Sig: Significance level, * P< 0.05, NS: Non-Significant,
P>0.05.
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grass pea in the ongoing study was lower
than that reported by Tuna et al. (2004),
where it was 276.8 (g kg-1 DM). Differences
in growing conditions, cultivars used and
different vegetative stages at harvest may
explain part or more of these differences.
ADF is considered as a preparative residue
for the determination of cellulose, lignin,
Maillard products, silica, acid-insoluble ash
and acid-detergent-insoluble N (ADIN)
(Cherney, 2000; (c.f. Givens et al., 2000c)).
So different pretreatments such as drying,
tannin deactivation and chemical treatments
for enhancing digestibility can result in
different ADF values due to reduced or
enhanced levels of non-enzymatic browning
products and products measured as ADIN
(Condensed Tannin and protein complexes,
as examples). In the present study more than
50 percent of N retained in grass pea cell
wall, recovered in acid detergent residue as
ADIN.
The experimental plant contained a high
level of ODAP (11.8 g kg-1 DM), higher
than the level reported by Hanbury et al.
(1999) (0.4-7.6 g kg-1 DM). Recent studies
have demonstrated that ODAP concentration
can vary widely, however environmental
conditions are not as important as genotype
(Hanbury et al., 1999). Nonetheless, stresses
such as salinity and drought have been found
to increase ODAP concentration but are
little understood. Mineral contents of grass
pea are given in Table 3. Zn and Fe contents
of grass pea were respectively lower and
higher than those reported in other
literatures. According to Lambein et al.
(1994), ODAP is hypothesized to function as
a carrier molecule for zinc ions. Soils
depleted in micronutrients or high in iron
content may be responsible for a high level
of neurotoxins. Therefore, the level of zinc
in soil can be the cause of high level of
ODAP in grass pea tested in this study.
CT content of grass pea (0.2 g kg-1 DM)
was reported as lower than the level
obtained by Deshpande and Campbell
(1992). They found that CT of grass pea was
approximately 1.2 g kg-1 DM. Differences in
CT content can be attributed to difference in

variety, preservation, and extraction and as
well to analysis method. Terrill et al. (1992)
reported that only 30-35% of extractable
condensed tannin could be extracted from
low CT content plants. Therefore, it seems
that low concentration of CT in GPHP can
be attributed to this phenomenon.
RFV index is employed to assess the
quality of forage and is determined by ADF
and NDF contents. High RFV index of
GPHP (153.43) showed a high quality of
grass pea as compared with alfalfa (142.4)
(Mirzaei-Aghsaghali et al., 2008). Forages
with higher quality attain values greater than
100 (Canbolat et al., 2006). Dairy producers
handling large numbers of cattle and/or
dairy cows often aim to 150 or greater RFV
values (Mirzaei-Aghsaghali et al., 2008).
Gas Production and Estimated
Parameters
In vitro gas production is a rapid, simple
and little time consuming method, closely
correlated with In Vitro Digestibility (IVD)
and forage quality. Therefore, this method
has been successfully used to evaluate the
Dry Matter (DM) degradability, Organic
Matter
Digestibility
(OMD)
or
Metabolizable Energy (ME) of roughage hay
(Lee et al., 2000). In contrast with these
points of view and according to a Cone et al.
(1999) study, due to the accumulation of gas
in syringe, the in vitro gas production is not
a suitable method to estimate ME in the rich
protein content plants. So another method is
being recommended for an estimation of ME
in grass pea. In the present study, low
contents of OMD and ME were obtained
through in vitro gas production as compared
with other methods, as confirmed by Cone et
al. (1999) results. In vitro gas production in
GPHP was the same as that in alfalfa gas
production reported by Taghizadeh et al.
(2008) have.
CNCPS Fractioning of Protein and
Metabolizable Protein System
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High B2 and low C fractions can be
attributed to low concentrations of CT in
grass pea hay. On the other hand, tanninprotein complexes can be recovered in
ADIN or C fraction (Sniffen et al., 1992).
Thus, the authors suggested that low
concentrations of CT, following low tanninprotein complexes in protein fractions,
reduce the influence of this compound, and
may be insufficient to affect the protein
fractions.
UDP measurement of feeds alone is not
sufficient in evaluating nutritive value,
because UDP may be partly indigestible in
the small intestine (Haugen et al., 2006).
The presence of tannin-protein complexes in
fiber fractions, both in vitro and in vivo,
suggest that not all tannin-protein complexes
would get dissociated in the post-rumen
leading to higher availability of feed protein
in the intestine (Makkar, 2003). The
reversibility of the tannin-protein complex
fraction would depend on the binding
affinity of tannins to protein and other
macromolecules. To the best of our
knowledge, the present study is the first to
report CNCPS protein fractions and MP
system components of grass pea hay with
seedpods, so no data was available to
authors for a comparison of the obtained
results.

characteristics. Here, in vitro techniques
would be superior. Van Soest (1994)
reported the tannins may include a group of
cellulase inhibitors; reported in many wild
plants browsed by ruminants. So the low
degradation of cell wall could be explained
by these effects of the tannins.
In Vitro Digestibility and OMD
Comparison
Only few studies have attempted to
determine the in vitro DM and OM
digestibility in grass pea. Mlambo et al.
(2008) have demonstrated that for high
tanniferous materials, rapid passing of
phenols through filter paper, leads to their
take part in the digestible fraction, causing
an overestimation of digestibility in in vitro
trials. This effect can be further examined by
tannin deactivation and a comparison of the
results with those of in vivo experiments.
The in vivo results (AIA, 789.2 g kg-1 DM)
confirmed the in vitro OM digestibility
(772.8 g kg-1 DM) ones. However, in the
present study, estimated ME of grass pea, of
low concentrations of CT, was higher than
those in the other methods. So the estimated
ME through this method must be compared
with those of the other methods to have one
of them suggested.

In Situ Disappearance
In Vivo Digestibility Experiment and
Palatability

There was no comparable data for
disappearance of the nutrients in grass pea
hay in literature. High disappearance of CP
and soluble fraction (a), in grass pea hay can
probably be attributed to the high
concentration of CP vs. low concentration of
NDIN and ADIN, based on CNCPS protein
fractioning. According to Ørskov (2000),
(c.f. Givens et al., 2000a), in situ technique
is not ideal for the assessment of feeds
containing ANFs, because the very small
amount of ANFs among the sample contents
in the bag will have either little or no effect
on the environment of the rumen and so will
not affect the sample’s degradation

The estimated digestibilities of nutrients,
through AIA were higher than those through
the total fecal method. However, the
significance was only true for OM and CF
digestibilities. Rymer (2000) reported
adequate recoveries of AIA and close
agreement between in vivo OMD and the
predicted digestibility (c.f. Givens et al.,
2000b).
Palatability is defined as a result of the
physical and chemical characteristics that
evoke appetite (Baumont, 1996). In addition,
ruminants do select feeds based on flavor
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and color (Van Soest, 1994). As mentioned
above, palatability of grass pea was 87% as
compared with that of alfalfa. Therefore, it
seems that the existence of an excess of wild
plant components in L. sativus had
negatively affected the palatability index,
reducing the palatability of grass pea hay as
compared with alfalfa hay. It should be
mentioned that the chemical properties of
the CT might be decisive in a limitation of
CT content as regards palatability.
Nevertheless, Poland et al. (2003) have
demonstrated that, as their data suggested,
no overt problems from feeding grass pea
hay to sheep had arised, and that grass pea
hay is comparable with alfalfa hay to be
used in gestating ewe diets.

determine the nutritive value of grass pea at
its different stages of growth and carry out
more research as regards the effects of
different ANFs in L. lathyrus, on
performance of ruminants.
Abbreviations
ADF: Acid Detergent Fiber; ANFs: AntiNutritional Factors; β-ODAP: β-N-Oxalyl L- α, β-DiAminoPropionic acid; CP: Crude
Protein; CT: Condensed Tannin; DM: Dry
Matter; DMI: Dry Matter Intake; ME:
Metabolizable Energy; NDF: Neutral
Detergent Fiber; OM: Organic Matter;
OMD: Organic dry Matter Digestibility.
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As demonstrated before, estimated ME
based upon gas production models resulted
in the lowest figures among the methods. It
seems that, accumulation of gas in the
syringe, causes the in vitro gas production
method to be introduced as an unsuitable
one for an estimation of ME in rich protein
containing plants (Cone et al., 1999). It
should be noted that, there is no significant
difference observed between total fecal
collection, as an index, and the first gas
production model. So this model
accompanied by chemical composition
method can be used as superior to in vitro
techniques.

REFERENCES
1.

2.

CONCLUSIONS
In conclusion, a high CP content, and
high digestibility of nutrients followed by
low CT content, with a high ME, introduced
L. lathyrus as a good alternative forage for
ruminant nutrition, specially in dry and
adverse environmental conditions. It seems
that grass pea hay can be introduced as a
practically
effective
replacement
or
alternative for alfalfa, as a rich protein plant,
especially in arid regions. It is necessary to

3.

4.
5.

547

Agricultural and Food Research Council,
(AFRC). 1992. Nutrition Requirements of
Ruminant Animals: Protein. Technical
Committee on Responses to Nutrients.
Report No: 10, Nutrition Abstracts and
Reviews, Series B, 62(2): 787-835.
Agricultural and Food Research Council,
(AFRC). 1995. Energy and Protein
Requirements of Ruminants. Technical
Committee on Responses to Nutrients,
Walingford, UK, CAB International.
Ahmadi, J., Vaezi, B., Shaabani, A. and
Khademi, K. 2012. Multi-environment Yield
Trials of Grass Pea (Lathyrus sativus L.) in
Iran Using AMMI and SREG GGE.
J. Agr. Sci. Tech., 14: 1075-1085.
AOAC. 2000. Official Methods of Analysis
of the AOAC International. 17th Edition,
Gaitherburg, MD: AOAC International.

______________________________________________________________________ Vahdani et al.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Baumont, R. 1996. Palatability and Feeding
Behaviour in Ruminants: A Review.
Annales de Zootechnie, 45: 385-400.
Ben Salem, H., Nefzaoui, A. and Abdouli,
H. 1994. Palatability of Shrubs and Fodder
Trees Measured on Sheep and Dromedaries.
1. Methodological Approach. Anim. Feed
Sci. Technol., 46: 143-153.
Blümmel, M. and Ørskov, E. R. 1993.
Comparison of In vitro Gas Production and
Nylon Bag Degradability of Roughages in
Predicting Feed Intake in Cattle. Anim. Feed
Sci. Technol., 40: 109-119.
Canbolat, O., Kamalak, A., zkan, E. O.,
Erol, A., Sabin, M., Karakas, E. and Ozkose,
E. 2006. Prediction of Relative Feed Value
of Alfalfa Hays Harvested at Different
Maturity Stages Using In vitro Gas
Production. Livestock Res. Rural Dev.,
18(2).
Cone, W. J., Anthonie, H. and Gelder, V.
1999. Influence of Protein Fermentation on
Gas Production Profiles. Anim. Feed Sci.
Technol., 76: 251-264.
Deshpande, S. S. and Campbell, C. G. 1992.
Genotype Variation in BOAA, Condensed
Tannins, Phenolics and Enzyme Inhibitors
of Grass Pea (Lathyrus sativus). Can. J.
Plant Sci., 72: 1037-1047.
Givens, D. I., Owen, E., Axford, R. F. E.
and Omed, H. M. 2000a. Forage Evaluation
in Ruminant Nutrition. In: "The In situ
Technique for the Estimating of Forage
Degradability in Ruminant Nutrition", (Ed.):
Ørskov,
E.
R..
CAB
International,Wallingford, UK, 185 PP.
Givens, D. I., Owen, E., Axford, R. F. E.
and Omed, H. M. 2000b. Forage Evaluation
in
Ruminant
Nutrition.
In:
"The
Measurement of Forage Digestibility In
vivo", (Ed.): Rymer, C.. CAB International,
Wallingford, UK, 127 PP.
Givens, D. I., Owen, E., Axford, R. F. E.
and Omed, H. M. 2000c. Forage Evaluation
in Ruminant Nutrition. In: "Characterization
of Forages by Chemical Analysis", (Ed.):
Cherney, D. J. R. . CAB International,
Wallingford, UK, 286 PP.
Hanbury, C. D., White, C. L., Mullan, B. P.
and Siddique, K. H. M. 2000. A Review of
the Potential of Lathyrus sativus L. and L.
cicera L. Grain for Use as Animal Feed.
Anim. Feed Sci. Technol., 87: 1–27.
Hanbury, C. D., Siddique, K. H. M.,
Galwey, N. W. and Cocks, P. S. 1999.

17.

18.

19.

20.

21.

22.

23.

24.

25.

548

Genotype-environment Interaction for Seed
Yield and ODAP Concentration of Lathyrus
sativus L. and L. cicera L. in Mediterraneantype Environments. Euphytica, 110: 45-60.
Haugen, H. L., Ivan, S. K., MacDonald, J. C.
and Klopfenstein, T. J. 2006. Determination
of Undegradable Intake Protein Digestibility
of Forages Using the Mobile Nylon Bag
Technique. J. Anim. Sci., 84: 886-893.
Lambein, F., Haque, R., Khan, J. K.,
Kebede, N. and Kuo, Y-H. 1994. From Soil
to Brain: Zinc Deficiency Increases the
Nurotoxicity of Lathyrus sativus and May
Affect
the
Susceptibility
for
the
Motorneurone Disease Neurolathyrism.
Toxicon, 32: 461–466.
Lee, M-J., Hwang, S-Y. and Chiou, P. W-S.
2000. Metabolizable Energy of Roughage in
Taiwan. Small Rum. Res., 36: 251-259.
Licitra, G., Hernandez, T. M. and Van Soest,
P. J. 1996. Standardization of Procedures for
Nitrogen Fractionation of Ruminant Feeds.
Anim. Feed Sci. Technol., 57: 347-358.
Makkar, H. P. S. 2003. Effects and Fate of
Tannins in Ruminant Animals, Adaptation
to Tannins, and Strategies to Overcome
Detrimental Effects of Feeding Tannin-rich
Feeds. Small Rum. Res., 49: 241–256.
Makkar, H. P. S. 2000. Quantification of
Tannins in Tree Foliage: A Laboratory
Manual for the FAO/IAEA Co-ordinated
Research Project on ‘Use of Nuclear and
Related Techniques to Develop Simple
Tannin Assays for Predicting and Improving
the Safety and Efficiency of Feeding
Ruminants on Tanniniferous Tree Foliage’.
IAEA, VIENNA.
Menke, K. H. and Steingass, H. 1988.
Estimation of the Energetic Feed Value
Obtained from Chemical Analysis and In
vitro Gas Production Using Rumen Fluid.
Anim. Res. Dev., 28: 7–55.
Menke, K. H., Raab, L., Salewski, A.,
Steingass, H., Fritz, D. and Schneider, W.
1979. The Estimation of the Digestibility
and Metabolizable Energy Content of
Ruminant Feedstuffs from the Gas
Production When They Are Incubated with
Rumen Liquor. J. Agri. Sci., 93: 217–222.
Miles, P. H., Wilkinson, N. S. and
Mcdowell, L. R. 2001. Analysis of Minerals
for Animal Nutrition Research. 3rd Edition,
Department of Animal Sciences, University
of Florida USDA/T-STAR Res. Rep.,
Gainesville, FL, USA, PP. 2–91.

Grass Pea Hay as an Alternative Forage for Sheep ________________________________

26. Mirzaei-Aghsaghali, A., Maheri-Sis, N. and
Aghazadeh, A. M. 2008. Nutritional Value
of Alfalfa Varieties for Ruminants with
Emphasis on Different Measuring Methods:
A Review. Res. J. Bio. Sci., 3(10): 12271241.
27. Mlambo, V., Mould, F. L., Sikosana, J. L.
N., Smith, T., Owen, E. and MuellerHarvey, I. 2008. Chemical Composition and
In vitro Fermentation of Tannin-rich tree
Fruits. Anim. Feed Sci. Technol., 140: 402417.
28. Moore, J. E. and Undersander, D. L. 2002.
Relative Forage Quality: An Alternative to
Relative Feed Value and Quality Index.
Proceedings 13th Annual Florida Ruminant
Nutrition Symposium, Florida, 2002. PP. 1632.
29. Ørskov, E. R. and McDonald, I. 1979. The
Estimation of Protein Degradability in the
Rumen from Incubation Measurements
Weighted According to Rate of Passage. J.
Agri. Sci., 92: 499–503.
30. Poland, C., Faller, T. and Tisor, L. 2003.
Effect of Chickling Vetch (Lathyrus sativus
L.) or Alfalfa (Medicago sativa) Hay in
Gestating Ewe Diets. Originally published
in the 2003 Sheep Day Report, North
Dakota State University.
31. Praveen, U., Gabay, R. and Cohen, O. 1994.
Cloning and Expression of OX-DAPRO
Degrading Genes from Soil Microbe. J.
Plant Bioch. Biotech., 3: 25-29.
32. SAS. 2002. SAS/STAT User`s Guide:
Version 9.1. Statistical Analysis Systems
Institute, Cary, NC, USA.
33. Scharenberg, A., Arrigo, Y., Gutzwiller, A.,
Soliva, C. R., Wyss, U., Kreuzer, M. and
Dohme, F. 2007. Palatability in Sheep and
In vitro Nutritional Value of Dried and
Ensiled Sainfoin (Onobrychis viciifolia)
Birdsfoot Trefoil (Lotus corniculatus), and
Chicory (Cichorium intybus). Archives
Anim. Nutr., 61: 481 – 496.
34. Sniffen, C. J., O`Connor, J. D., Van soest, P.
J., Fox, D. G. and Russell, J. B. 1992. A Net
Carbohydrate and Protein System for
Evaluating Cattle Diets. II. Carbohydrate

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

549

and Protein Availability. J. Anim. Sci., 70:
3562-3577.
Taghizadeh, A., Palangi, V. and Safamehr,
A. 2008. Determining Nutritive Values of
Alfalfa Cuts Using In situ and Gas
Production Techniques. Am. J. Anim. Vet.
Sci., 3(3): 85-90.
Tarade, K. M., Singhal, R. S., Jayram, R. V.
and Pandit, A. B. 2007. Kinetics of
Degradation of ODAP in Lathyrus sativus L.
Flour during Food Processing. Food Chem.,
104: 643–649.
Terrill, T. H., Rowan, A. M., Douglas, G. B.
and Barry, T. N. 1992. Determination of
Extractable and Bound Condensed Tannin
Concentrations in Forage Plants, Protein
Concentrate Meals and Cereal Grains. J. Sci.
Food Agric., 58: 321.
Tilley, J. M. A. and Terry, R. A. 1963. A
Two Stage Technique for the In vitro
Digestion of Forage Crops. J. Brit.
Grassland Soc., 18: 104-111.
Tuna, C., Coskuntuna, L. and Koc, F. 2004.
Detennination of Nutritional Value of Some
Legume and Grasses. Pakistan J. Biol. Sci.,
7(10): 1750-1753.
Van-Keulen, J. and Young, B. A. 1977.
Evaluation of Acid-insoluble Ash as a
Natural Marker in Ruminant Digestibility
Studies. J. Anim. Sci., 44: 282-287.
Van Soest, P. J. 1994. Nutritional Ecology of
the Ruminant. 2nd Edition, Cornell
University Press, Ithaca, New York, USA,
PP. 9, 10, 201 and 338.
Van Soest, P. J., Robinson, J. B. and Lewis,
B. A. 1991. Methods for Dietary Fiber,
Neutral Detergent Fiber and Non-starch
Polysaccharides in Relation to Animal
Nutrition. J. Dairy Sci., 74: 3583–3597.
Vanzant, E. S., Cochran, R. C. and
Titgemeyer, E. C. 1998. Standardization of
In Situ Techniques for Ruminant Feedstuff
Evaluation. J. Anim. Sci., 76: 2717–2729.
Yan, Z. Y., Spencer, P. S., Li , Z. X., Liang,
Y. M., Wang, Y. F., Wang, C. Y. and Li, F.
M. 2006. Lathyrus sativus (Grass Pea) and
Its Neurotoxin ODAP: Review. Phytochem.,
67: 107–121.

______________________________________________________________________ Vahdani et al.

ارزﻳﺎﺑﻲ ارزش ﻏﺬاﻳﻲ ﻋﻠﻮﻓﻪ ﺧﻠﺮ در ﺗﻐﺬﻳﻪ ﮔﻮﺳﻔﻨﺪ و ﺗﻌﻴﻴﻦ ﺧﻮش ﺧﻮراﻛﻲ آن
ﻧﺴﺒﺖ ﺑﻪ ﻳﻮﻧﺠﻪ

ن .وﺣﺪاﻧﻲ ،ح .ﻣﺮوج ،ك .رﺿﺎﻳﺰدي ،و م .دﻫﻘﺎن ﺑﻨﺎرﻛﻲ
ﭼﻜﻴﺪه
ارزش ﻏﺬاﻳﻲ ﻋﻠﻮﻓﻪ ﺧﻠﺮ ﺑﻪ وﺳﻴﻠﻪ ﺗﻌﻴﻴﻦ ﺗﺮﻛﻴﺒﺎت ﺷﻴﻤﻴﺎﻳﻲ ،ﺣﺠﻢ ﮔﺎز ﺗﻮﻟﻴﺪي ،ﺑﺨﺶ ﻫﺎ ي ﻣﺨﺘﻠﻒ
ﭘﺮوﺗﺌﻴﻦ در ﺳﻴﺴﺘﻢ ﻫﺎي  CNCPSو  ، AFRCاﻧﺮژي ﻗﺎﺑﻞ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ،ﻣﻴﺰان ﺗﺠﺰﻳﻪ ﭘﺬﻳﺮي در ﺷﻜﻤﺒﻪ
ﮔﻮﺳﻔﻨﺪان ﻓﻴﺴﺘﻮﻻدار ﺑﺎ اﺳﺘﻔﺎده از روش ﻛﻴﺴﻪ ﻫﺎي ﻧﺎﻳﻠﻮﻧﻲ و ﻗﺎﺑﻠﻴﺖ ﻫﻀﻢ در ﺷﺮاﻳﻂ ﺑﺮون ﺗﻨﻲ ﻣﻮرد
ﻣﻄﺎﻟﻌﻪ ﻗﺮار ﮔﺮﻓﺖ .ﻣﻘﺪار ﭘﺮوﺗﺌﻴﻦ ﺧﺎم ،دﻳﻮاره ﺳﻠﻮﻟﻲ و دﻳﻮاره ﺳﻠﻮﻟﻲ ﺑﺪون ﻫﻤﻲ ﺳﻠﻮﻟﺰ ﻋﻠﻮﻓﻪ ﺧﻠﺮ ﺑﻪ
ﺗﺮﺗﻴﺐ  397 ، 232/4و ) 300/6ﮔﺮم در ﻛﻴﻠﻮﮔﺮم ﻣﺎده ﺧﺸﻚ( ﺑﻮد .ﻣﻘﺪار ﺗﺎﻧﻦ ﻣﺘﺮاﻛﻢ و ﺑﺘﺎ اﮔﺰاﻟﻴﻞ دي
آﻣﻴﻨﻮ ﭘﺮوﭘﻴﻮﻧﻴﻚ اﺳﻴﺪ ﻫﻢ ﺑﻪ ﺗﺮﺗﻴﺐ  0/2و ) 11/8ﮔﺮم در ﻛﻴﻠﻮﮔﺮم( ﺑﻮد .ﺑﺮاﺳﺎس روش ﻫﺎي ﻣﺨﺘﻠﻒ
ﻣﻴﺰان اﻧﺮژي ﻗﺎﺑﻞ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ﻋﻠﻮﻓﻪ ﺧﻠﺮ ﺑﻴﻦ  6/86ﺗﺎ ) 12/03ﻣﮕﺎژول در ﻛﻴﻠﻮﮔﺮم ﻣﺎده ﺧﺸﻚ( ﺑﺮآورد
ﺷﺪ .ﻣﻘﺪار ﭘﺮوﺗﺌﻴﻦ ﻗﺎﺑﻞ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ﻋﻠﻮﻓﻪ ﺧﻠﺮ ) 534/7ﮔﺮم در ﻛﻴﻠﻮﮔﺮم ﭘﺮوﺗﺌﻴﻦ ﺧﺎم( ﺑﻮد .ﺑﺎﻻ ﺑﻮدن
ﻏﻠﻈﺖ ﭘﺮوﺗﺌﻴﻦ ﺧﺎم و ﻣﻘﺪار ﭘﺮوﺗﺌﻴﻦ ﻗﺎﺑﻞ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ﺑﻪ ﻫﻤﺮاه ﻣﻘﺪار اﻧﺮژي ﻗﺎﺑﻞ ﻣﺘﺎﺑﻮﻟﻴﺴﻢ ﺑﺎﻻ و
ﺧﻮﺷﺨﻮراﻛﻲ ﻣﻄﻠﻮب ﺳﺒﺐ ﻣﻲ ﺷﻮد ﺗﺎ ﺑﺘﻮان ﻋﻠﻮﻓﻪ ﺧﻠﺮ را ﺑﻪ ﻋﻨﻮان ﻳﻚ ﻋﻠﻮﻓﻪ ﺟﺎﻳﮕﺰﻳﻦ در ﺷﺮاﻳﻂ
ﺧﺸﻜﺴﺎﻟﻲ و ﻧﺎ ﻣﻄﻠﻮب آب و ﻫﻮاﻳﻲ ﺑﺮاي ﺗﻐﺬﻳﻪ ﮔﻮﺳﻔﻨﺪ ﻣﻌﺮﻓﻲ ﻛﺮد.
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