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Abstract. Plants growable in rangelands play an important role in the feeding of
ruminants; hence, the nutritive value of four plants (Falcaria vulgaris, Malva neglecta,
Chenopodium album, and Polygonum aviculare) was determined by different laboratory
methods. The plant samples were randomly collected in vegetative phase from different
rangelands of Torbat-e Jam, Iran in spring 2018. The range of dry matter (125 to 184 g/kg),
neutral detergent fiber (252 to 358 g/kgDM), acid detergent fiber (155 to 258 g/kgDM),
crude protein (172 to 275 g/kgDM), ether extract (9 to 41 g/kgDM), crude fiber (135 to
185 g/kgDM), ash (140 to 252 g/kgDM), acid detergent lignin (41 to 123 g/kgDM),
nitrogen-free extract (300 to 496 g/kgDM), and non-fiber carbohydrates (183 to 356
g/kgDM) were different between the studied plants. The mineral composition was also
different between treatments and they were containing reasonable minerals as compared to
some other plants commonly used as forage feed. The highest in vitro Organic Matter
Digestibility (OMD: 876 g/kgDM) and in vitro Dry Matter Digestibility (DMD: 828
g/kgDM) were observed in Polygonum aviculare. The other fermentation parameters
(NHs-N, total volatile fatty acids: TVFA, and pH) were also different among the plant
species when incubated in the laboratory medium. There was a strong positive correlation
between 24 h gas production with OMD, DMD and TVFA and negative correlation
between 24 h gas production with crude protein, NH3-N and ether extract. The results
showed that each of the four studied plants can be considered as a potential source of
feedstuff for the alleviation of problems associated with lack of forage in Iran. According
to these reported data, it seems that the nutritional value of Falcaria vulgaris and
Polygonum aviculare is higher than the other two plants.
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Introduction

Traditionally, more than 60% of the
ruminant feeds in Iran come from annual
forages, rangelands, and pastures. On the
other hand, there were a lot of range plants
that their nutritional value is still unknown
to most animal husbandries. Several
studies have shown that range plants have
a high potential nutritional value for
ruminants (Kazemi et al., 2009; Kazemi et
al., 2012; Ezzat et al., 2018; Dehghani
Bidgoli, 2018). Dry matter and organic
matter digestibility of some range plants
were determined by other researchers
(Shadnoush, 2014; Naseri et al., 2017).
Compared to the in vitro techniques,
measurement of digestibility of forage
according to in vivo procedure is time-
consuming and more expensive, thus
replacing in vivo with other common
laboratory methods (in vitro) can be more
efficient and less expensive. Less-costly In
Vitro Gas Production (IVGP) and the
ANKOM methods can be used as a rapid
evaluation to assess the nutritional value of
forages (Getachew et al., 2004). Many
researchers have used the IVGP technique
to evaluate the nutritional value of feeds
and forages (Al-Masri, 2009; Abdalla et
al., 2012). The total surface area of Iran is
about 1.6x106 km? which is situated
within the dry belt of Asia and it has a rich
botanical flora (Noroozi et al., 2008).
Many of these plants are traditionally used
as forage feed for ruminants. Falcaria
vulgaris (with a local name of Ghazzyaghi
or Poghazeh), a member of Umbelliferae
family, grows like a weed forage in some
zones of Iran (Khazaei and Salehi, 2006).
Turan et al. (2003) reported that Falcaria
vulgaris is rich in minerals (phosphorus,
magnesium, calcium, sulfur, and sodium)
and ash. Malva neglecta
(Malvaceae family) is mostly used as a
medicinal plant to cure common cold in
Iran (Seyyednejad et al., 2010). The
amount of zinc (as an immune system
booster) available in Malva neglecta is
abundant  (Turan et al, 2003).
Chenopodium album is an annually weed
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plant which belongs to the Amaranthaceae
(Adedapo et al., 2011). Both young shoots
and mature parts of Chenopodium album
are rich in major minerals (Ggaza et al.,
2013). It has been reported that the leaves
of Chenopodium album have an acceptable
percentage of protein, carbohydrates,
minerals, and fiber; and its toxic
substances are low (Adedapo et al., 2011).
Polygonum  aviculare  (Polygonaceae
family) is an annual plant also grazed by
livestock in Iran. Forage plants belonging
to Polygonaceae family are known to
produce a lot of secondary metabolites
such as steroids, anthraquinones, alkaloids,
and flavonoids (Marjorie, 1999). Due to
lack of sufficient information about the
nutritional value of the four range plants
(Polygonum  aviculare, Chenopodium
album, Falcaria vulgaris and Malva
neglecta), several laboratory methods are
useful in collecting the formulation of
ruminant diet, hence the aim of this
experiment was to determine the mineral
and chemical compounds, dry matter and
organic matter digestibility, and several
fermentation parameters. The relationship
between IVGP parameters, in vitro dry
matter digestibility (DMD) and in vitro
organic matter digestibility (OMD) as well
as relationships among some chemical
composition, IVGP, NHs-N, and TVFA
were also determined.

Materials and Methods

Plant sampling, chemical and
mineral compositions

The plants samples (Polygonum aviculare,
Chenopodium album, Falcaria vulgaris,
and Malva neglecta) were randomly
collected in vegetative phase from natural
rangelands of Torbat-e Jam (Iran) in spring
2018. Whole samples of plants after
collecting were immediately transferred to
the laboratory, dried in an oven (Behdad
Co.) at 60° C for 48 h, ground through a 1-
mm mesh screen in a Wiley Mill and were
used for chemical analysis, in vitro gas
production (IVGP), in vitro organic matter
digestibility (OMD) and in vitro dry matter
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(DMD) digestibility (Getachew et al.,
2004). The Kjeldahl method (AOAC,
1999, ID 984.13) is applied to crude
protein (CP) determination. For Dry Matter
(DM) determination, a sample of each
plant was oven dried at 135°C for 4 h
(AOAC, 1999, ID 930.5). The crude fiber
(CF; Komarek et al., 1996), Acid
Detergent  Lignin  (ADL),  Neutral
Detergent Fiber (NDF) and Acid Detergent
Fiber (ADF) contents were measured by
the ANKOM technology (ANKOM
Technology, 2005; ANKOM Technology,
2006a; ANKOM Technology, 2006b)
using solutions described by Van Soest et
al. (1991). Fat content was determined
using ether extraction in the Soxhlet device
(AOAC, 1999, ID 954.02). The Markham
device (1942) based on steam distillation
was used for Total Volatile Fatty Acids
(TVFA) determination according to the
protocol described by Barnett and Reid
(1957). The Non-Fiber Carbohydrate
(NFC) content of samples was calculated
by subtracting CP, NDF, fat, and ash from
total DM (Sniffen et al., 1992). The
Nitrogen-Free  Extract (NFE) was
determined by Arshadullah et al. (2009)
calculated

as NFE = 100 — (CP + EE + Ash + CF),
Some of the minerals (S, Mg, Fe, and Zn)
were measured by atomic absorption
spectrometry (AOAC, 1990). Phosphorus
was determined using the molybdate-
vanadate method (spectrophotometer).
Other macro elements (Calcium, Sodium,
and potassium) were measured by a flame
photometer.

In vitro gas production, DMD and
OMD

Rumen fluid was collected before the
morning feed from three fistulated Baluchi
male sheep fed by alfalfa hay and corn
silage twice (7:30 and 18:30 h) a day. The
taken rumen fluid via fistula was filtered
through four layers of cheesecloth, flushed
with CO,, transferred into pre-warmed
thermos flask and then transferred to the
laboratory for the next experiments. Plant
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samples of 200 mg were weighed into 120
ml glass bottles. Before filling the bottles,
the buffered-mineral solution was kept in a
water bath at 39 'C under anaerobic
conditions with CO, infusion. By the use
of a dispenser, the glass bottles were filled
with rumen fluid and artificial saliva
solution (V: V, 1:2) prepared (30 ml) by
Menke and Steingass (1988) procedure.
Afterward, each glass bottle was plumped
with rubber and aluminum caps, then
gently shaken and placed in a water bath at
39 °C. The pressure and volume of gas
production were recorded simultaneously
ato, 3,6,9, 12, 24, 48, 72, 96 and 120 h of
incubation (Theodorou et al., 1994). The
gas produced during 24 h incubation was
used to estimate the Metabolizable Energy
(ME) and Net Energy for Lactation (NEL)
according to equations of Menke and
Steingass (1988). A medium similar to one
developed for gas production was used to
measure TVFA, pH, and NH3-N. About 10
ml from bottle content were centrifuged at
1000xg for 20 min. Also, 5ml of the
supernatant was transferred into a 10 ml
plastic tube containing 1 ml of 25%
metaphosphoric  acid, centrifuged at
1000xg and then conserved in 18 °C until
VFA determination (Getachew et al.,
2004). The pH of the media was measured
by a pH meter after 24 h incubation. After
24 h incubation, the contents of each glass
bottle were discharged, and strained
through four layers of cheesecloth and then
10 ml of strained rumen fluid was acidified
by 10 ml of 0.2 N HCI for determination of
NHs-N using the distillation method
(Komolong et al., 2001). The technology
of ANKOM (F57 filter bag) was used for
determination of DMD and OMD
(Getachew et al., 2004). Before incubation,
the polyester bags were rinsed with
acetone and then oven-dried at 60 ~C for
48 h. The amount of 500 mg sample was
transferred to each bag (50 mmx55 mm)
heat sealed and then inserted in the
incubation jars. After 24 h incubation, the
bags were removed, rinsed with distilled
water and oven-dried at 60 °C for 48 h.
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The residual sample in each bag was used
for OMD. The protocol of Menke and
steingass (1988) was wused to the
preparation of the incubation media.

Gas test equation and statistical
analysis

All data were subjected to one-way
analysis of variance using the GLM of
SAS (2002). Duncan’s multiple-range test
was used to compare means (Kazemi et al.,
2012). Correlation coefficient among
chemical composition, IVGP parameters
and other fermentation parameters was
calculated using SAS (2002). Constant rate
(c) and potential gas production (b) was
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1979) where Y is the volume of gas
produced at time t, b is the potential gas
production (ml/200 mg DM), and c is the
constant rate of gas production (ml/h).

Results

Chemical compound

The results indicated that the chemical
compositions of four plants were different.
The highest ADF (258 g/kgDM), NFC
(356 g/kgDM), ADL (123 g/kgDM) and
NFE (496 g/kgDM) also belonged to
Falcaria vulgaris and the lowest NDF (252
g/kgDM) and ADF (155 g/kgDM) were
both related to Chenopodium album. The
highest CP (275 g/kgDM) and EE (41

determined for each plant by fitting gas g/kgDM)  were also related to
production data to the nonlinear equation Chenopodium album (Table 1).

¥ =b(1—e") (Drskov and Mcdonald,

Table 1. Dry matter (g/kg) and chemical compound (g/kgDM) of Four different plants

Plant DM NDF ADF CcP EE CF Ash  ADL  NFE NFC
Falcaria vulgaris 140° 279° 258° 172° 24P 168® 140° 123° 496° 356°
Malva neglecta 184° 307° 237° 225° 15° 144" 252° 114% 364° 201°
Chenopodium album ~ 125° 252¢ 155° 275° 41° 135° 249° 41° 300¢ 183¢
Polygonum aviculare ~ 164° 358° 256° 186° o 185° 191° 81° 429 255°
SEM 5.22 2.98 2.05 2.00 284  7.77 2.71 6.16 5.20 5.06
P value <0.0001  <0.0001 <0.0001 <0.0001 0.0002 0.007 <0.0001 0.004 <0.0001 <0.0001

Means within columns followed by the different letter are significantly different (P<0.05).
DM: dry matter; NDF: neutral detergent fiber; ADF: acid detergent fiber; CP: Crude Protein; EE: Ether Extract; CF:
Crude Fiber; ADL.: acid detergent lignin; NFE: nitrogen-free extract; NFC: non-fiber carbohydrate.

Mineral compound
The highest and the lowest Ca were related
to Malva neglecta (355.4 mg/100gDM)

and Chenopodium album
mg/100gDM), respectively (Table 2).

(30.1

Table 2. Mineral compound of four different plants (mg/100gDM)

Plant

Ca P K Mg Na S Fe Zn
Falcaria vulgaris 48.5° 45.1° 881.7° 151.7° 7.1° 61.0° 6.4° 2.3°
Malva neglecta 355.4% 9.1¢ 657.2° 196.0° 49.3? 453" 9.9° 3.6°
Chenopodium album 30.1¢ 17.8° 333.0¢ 20.57¢ 11.8° 47.3° 2.3 0.5
Polygonum aviculare 318.2° 171.7° 1635.0° 96.8° 7.3° 24.8° 67.7° 4.8°
SEM 2.7 3.2 7.7 3.0 0.6 1.6 0.7 0.1
P value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Means, within columns, followed by the different letter are significantly different (P<0.05).
Ca: Calcium; P: Phosphorus; K: Potassium; Mg: magnesium; Na: Sodium; S: Sulfur; Fe: Iron; Zn: Zinc.

The amount of P, K, Fe, and Zn in
Polygonum aviculare (171.7, 1635.0, 67.7,
4.8 mg/100gDM, respectively) was the
highest; however, Malva neglecta had
higher Mg (196.0 mg/100gDM) and Na
(49.3 mg/100gDM) contents than other
plants. The amount of S for Falcaria

vulgaris (61 mg/100gDM) was also higher
than other plants.

In vitro gas test and other
fermentation parameters
The IVGP after 24, 48 and 72 h of

incubation as well as potential gas
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production (bgas) and constant rate of gas other plats, there was also no significant
production (cgas) changed when four difference for these parameters between
different plants were incubated in the Falcaria wvulgaris and  Polygonum
media (Table 3). Despite having a higher aviculare.

bgas, gasl2, 24, 48 and 72 h compared to

Table 3. The cumulative gas production after 12, 24, 48 and 72 h of incubation and estimated gas (b and c)

parameters
Plant

bgas cgas gas 12 h gas24h gas 48 h gas72h

(ml/200mgDM) (ml/h) (ml/200mgDM)  (ml/200mgDM)  (ml/200mgDM)  (mI/200mgDM)

Falcaria vulgaris 64.5° 0.08? 41.3° 53.5% 59.7% 64.1%
Malva neglecta 52.3 0.07° 30.5° 41.3° 473 51.4°
Chenopodium 35.1° 0.03° 11.0¢ 21.0° 24 .5° 29.7°
album
Polygonum 65.6° 0.07° 39.6% 52.5°% 60.5% 64.4°
aviculare
SEM 2.1 0.002 15 1.9 2.1 2.0
P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Means within columns followed by the different letter are significantly different (P<0.05).
bgas: potential gas production; cgas: constant rate of gas production; gas 12, 24, 48 and 72 h: in vitro gas
production after 12, 24, 48 and 72 h incubation.

The cgas was the highest for Falcaria lowest NH3-N (11.8 mg/dL) and pH (6.6)
vulgaris. The amounts of TVFA (34.2 were produced when Falcaria vulgaris
mmol/L), ME (9.6 MJ/kgDM) and NEL was incubated in the media. The lowest
(5.7 MJ/kgDM) were the highest in OMD (765 g/kgbM) and DMD (711
Falcaria wvulgaris and lowest in g/kgDM)  were both  observed in
Chenopodium album (26.6 mmol/L, 5.2 Chenopodium album (Table 4).

and 2.7 MJ/kgDM, respectively). The

Table 4. In vitro dry matter digestibility (DMD), in vitro organic matter digestibility (OMD), metabolizable
energy (ME), net energy for lactation (NEL) and fermentation parameters of different plants measured in the
culturemedia

Plant NHsN  TVFA H OMD ME NEL DMD
(mg/dL)  (mmol/L) P (g/kgDM)  (MJ/kgDM)  (MJ/kgDM)  (g/kgDM)
Falcaria vulgaris 11.8° 3428 6.6" 849.0° 9.6° 5.7% 825.0°
Malva neglecta 13.9° 28.1° 6.7  803.0° 7.9° 4.6° 789.0°
Chenopodium album 16.0% 26.6° 6.7  765.0° 5.2° 2.7° 711.0°
Polygonum aviculare 12.3° 33.7% 6.8% 876.0° 9.4 5.6% 828.0%
SEM 0.2 0.8 0.03 8.0 0.2 0.2 9.0
P value <0.0001  0.0002  0.06  <0.0001 <0.0001 <0.0001 <0.0001

Means within columns followed by the different letter are significantly different (P<0.05).
NH;-N: Ammonia nitrogen; TVFA: total volatile fatty acid; OMD: in vitro organic matter digestibility; ME:
metabolizable energy; NEL: net energy for lactation; DMD: in vitro dry matter digestibility.

Correlation  coefficient  between
different parameters

The IVGP after 12, 24 and 48 h as well as
b and c were positively correlated with
OMD, DMD, TVFA, NFE and NFC and
they were negatively correlated with NH3-
N, CP, and EE (Table 5).
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Table 5. Correlation coefficient among some chemical compositions, in vitro gas production (IVGP) parameters and other fermentation products

gas 12 h gas 24 h gas 48 h B c OMD DMD TVFA NH;-N CP EE NFE NFC
gas12h 1.0 0.99**** 0.99**** 0.98**** 0.96**** 0.93**** 0.99**** 0.89**** -0.99%*** -0.97** -0.73** 0.93**** 0.72**
gas24h 1.0 0.99**** 0.99**** 0.94**** 0.94**** 0.99**** 0.90**** -1.0%*x* -0.97%*** -0.72** 0.92%*** 0.72**
gas48h 1.0 0.99**** 0.93**** 0.93**** 0.99**** 0.90**** -0.99%*** -0.96**** -0.75** 0.92%*** 0.69**
bgas 1.0 0.91**** 0.93**** 0.98**** 0.92%*** -0.99%*** -0.95%*** -0.72** 0.89**** 0.70**
cgas 1.0 0.85*** 0.94%*** 0.76** -0.94%x*** -0.93%*** -0.71** 0.95%*** 0.70**
OMD 1.0 0.94**** 0.94 %= -0.94%x*** -0.95%*** -0.50* 0.85*** 0.87***
DMD 1.0 0.90***= -0.99%*** -0.96%*** -0.69** 0.91%*** 0.74**
TVFA 1.0 -0.90%*** -0.90%**** -0.50 0.74** 0.74**
NH;-N 1.0 0.96**** 0.72** -0.92%*** -0.72**
CpP 1.0 0.66* -0.90**** -0.82***
EE 1.0 -0.70** -0.19
NFE 1.0 0.66*
NFC 1.0

Gas 12, 24 and 48 h: In vitro gas production after 12, 24 and 48 h incubation (mI/200mgDM); bgas: Potential gas production (ml/200mgDM); cgas: Constant rate of gas production
(ml/h); OMD: in vitro organic matter digestibility (g/kgDM); DMD: in vitro dry matter digestibility (g/kgDM); TVFA: total volatile fatty acid (mmol/L); NH3-N: ammonia nitrogen
(mg/dL); CP: crude protein (g/kgDM); EE: ether extract (g/kgDM); NFE: nitrogen-free extract(g/kgDM); NFC: non-fiber carbohydrate (g/kgDM). *P<0.05; **P<0.01; ***P<0.001;
****P<0.0001.
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Discussion

Chemical compound

This article has provided valuable
information on the nutritive value of four
plants for use as the feedstuff in
ruminants. The obtained data may be
useful for animal nutritionists in
preparing an appropriate forage feed for
ruminants in Iran. Some weed plants in
good growth conditions usually supply a
good nutritional value for livestock
(Kazemi et al.,, 2009; Kazemi et al.,
2012). The results indicated the evaluated
four plants had different chemical
compositions. The contents of OM, CP,
EE, NDF, and ADF were reported as 870,
151.9, 24.6, 311.6 and 283.7 g/kgDM,
respectively (Kulivand and Kafilzadeh,
2015) which are almost close to those
reported for Falcaria vulgaris in the
present study. The results of Ggaza et al.
(2013) indicated that young shoots and
mature plants of Chenopodium album
have good nutritional value. The higher
CP was founded in the young shoots (322
o/kgDM) and mature plants (292
g/kgDM) of  Chenopodium  album
compared to the present study (275
g/kgDM). Adedapo et al. (2011) reported
that Chenopodium album had relatively
high ash (232.5 g/kgDM) and CP (264.4
o/kgDM) contents which are in
agreement with our results. The ash
(1149 g/kgbM) and ADF (300.2
o/kgDM)  contents of  Polygonum
aviculare reported by Kamalak (2010)
were respectively lower and higher than
those of present study. Some nutrients
may be transported through the soil to the
plant tissue which will produce plants
with different chemical and nutrient
components (Cook and Stubbendieck,
1986). Different plants may also vary in
susceptibility to leaching or may be
consisted of different proportions of
stems, leaves, and flower stalks at various
stages of maturity which will be effective
in the nutritional value of the plant when
harvesting (Arzani et al., 2004). The
Chenopodium album (275 g/kgDM) and
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Malva neglecta (225 g/kgDM) were high
in CP, and they can be compared with
alfalfa as forage feed. Generally, all four
plants had high CP (172-275 g/kgDM),
more above the requirement for optimal
rumen function (Van Soest, 1994).

Mineral compound

One of the goals of this study was to
assess and compare the mineral
composition of four common plants that
are widely consumed by the livestock in
Iran. Most of the plants analyzed in this
study were containing of suitable
minerals. Present data show that four
plants had a very high nutritional value,
and their mineral content was greater
than common vegetable plants reported
by Turan et al. (2003). For example,
calcium which is essential for skeletal
system and muscle development was the
maximum in Malva neglecta (355.4
mg/100g DM). Regarding that, the daily
requirement of calcium is 5500 mg
(NRC, 2007) for a non-lactating ewe (40
kg), the consumption of approximately
1.55 kg DM of Malva neglecta per day
can meet their calcium requirements. Iron
is needed for hemoglobin formation and
many cellular  processes, but its
deficiency can cause anemia (Kaya and
Incekara, 2000). Therefore, Polygonum
aviculare with the appropriate level of
iron (67.7 mg/100g DM) can prevent
from anemia during feeding. Zinc, a trace
mineral that is especially important for
the normal immune response, was also
abundant in Polygonum aviculare (4.8
mg/100g DM). The data about the
magnesium (Mg) requirement of sheep is
limited; however, its deficiency can lead
to grass tetany in grazing and lactating
ewes (McGrath et al., 2015). Hence, the
existence of high levels of magnesium in
Malva neglecta (196 mg/100g DM) may
reduce the problems of magnesium
deficiency in the animals. It is reported
the mineral component of Chenopodium
album indicated high amounts of
macro/microelements (Ggaza et al.,
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2013) which is inconsistent with the
present study. The consumption of
Chenopodium album as vegetarian food
in the diets of children and women can be
useful in alleviating the problem of iron
deficiency anemia in South Africa
(Ggazaet al., 2013).

In vitro gas test and other
fermentation parameters

The parameter estimated from the gas test
was significantly different (P<0.05)
among the plants. IVGP after 24 h
incubation from Falcaria vulgaris was
lower (53.5 ml/200mgDM) than that
reported by Kulivand and Kkafilzadeh
(2015); however, 24 h IVGP from
Polygonum aviculare was similar to that
reported by Kamalak (2010). It has been
reported that gas production can be
affected by external factors such as
animal  donor of rumen  fluid,
temperature, pH, sufficient buffering
capacity and movement of gas production
bottles (Getachew et al.,, 1998).
Therefore, the difference in the gas
reported from various experiments may
be related to these issues. The gas
production information for Malva
neglecta and Chenopodium album is
limited. Among the four plants,
Polygonum aviculare (65.6
ml/200mgDM) and Falcaria vulgaris
(64.5 ml/200mgDM) had the highest gas
production potential compared to two
other plants. The constant rate of gas
production, metabolism energy and
organic matter digestibility of Polygonum
aviculare reported by Kamalak (2010)
during pre-flowering were 0.09%, 12.33
MJ/kgDM, and 8318 g/kgDM,
respectively. The potential gas production
for Polygonum aviculare was lower than
that reported by kamalak (2010), which
could be due to differences in chemical
composition during harvesting or in the
method of gas production measurement.
For example, instead of measuring the
gas pressure used in the current study,
Kamalak (2010) recorded directly gas
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volume by the means of glass syringes.
Two dominant gases (CO, and CHy),
VFA and microbial biomass 3were
produced mainly in the 1IVGP technique
(Mauricio et al., 2001). Neutralization of
VFA by buffers can affect the produced
gas (Van Soest, 1994). Therefore, as well
as fermentation substrates via
incorporating to microorganisms, organic
matter digestibility can also affect the gas
production (Mauricio et al., 2001). In line
with previous assumptions, both Falcaria
vulgaris and Polygonum aviculare
produced higher IVGP as well as having
higher OMD. At the present study, the
ANKOM method has also caused
different results (876 g/kgDM) to that of
conventional in vitro methods in
determining OMD (831.8 g/kgDM for
Polygonum aviculare; Kamalak, 2010).
Having a significantly higher TVFA in
Falcaria wvulgaris (34.2 mmol/L) or
Polygonum aviculare (33.7 mmol/L)
compared to Chenopodium album or
Malva neglecta reflects basic differences
in chemical composition of them. This
may be due to higher OMD in Falcaria
vulgaris (34.2 mmol/L) or polygonum
aviculare as VFA is a by-product arising
mainly from microbial fermentation of
carbohydrates (France and Siddons,
1993). The OMD for Polygonum
aviculare (876 g/kgDM), Falcaria
vulgaris (849 g/kgDM), Malva neglecta
(803 g/kgDM) and Chenopodium album
(765 g/kgDM) was higher than that
reported for different varieties of alfalfa
(561.5 to 663.3 g/kgDM) by kamalak et
al. (2005). A strong positive correlation
(P<0.001) between 24 h IVGP and NFC
was reported (Getachew et al., 2004),
hence higher 24 h IVGP found in
Falcaria vulgaris (53.5 ml/200mgDM)
and  Polygonum  aviculare  (52.5
ml/200mgDM) seems to be associated
with its higher content of NFC. It has
been reported that true protein of feed can
produce both peptides and amino acids in
the rumen which they can produce
ammonia nitrogen after deamination
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(Bach et al., 2005). The higher ammonia
nitrogen for Chenopodium album in the
media may be due to its higher crude
protein content (275 g/kgDM). The VFA
and lactic acid are principal metabolic
intermediates  produced from feed
fermentation in the rumen (Dijkstra et al.,
2012). If rumen buffering cannot
confront with the accumulation of these
acids, they can accumulate and reduce
ruminal pH (Plaizier et al., 2009). It
seems likely that higher value in TVFA
of Falcaria vulgaris represents the pH
reduction in the media.

Correlation  coefficient  between
different parameters
The  strong  correlation  between

cumulative gas production after 24 h
incubation and chemical composition is
inconsistent with Kazemi et al. (2012),
Nsahlai et al. (1994) and Getachew et al.
(2004). There was a strong negative
correlation between CP and gas
production parameters which is not
agreed with the previous studies (Ndlovu
and Nherera, 1997; Larbi et al., 1998) but
it is consistent with Getachew et al.
(2004). A poor correlation between gas
produced after 24 h and in vitro true
digestibility of DM was reported by
Getachew et al. (2004) that may be due to
different feed compositions such as
protein and fat, which play a little role in
gas produced but are degraded in the
media.  The  positive  significant
correlation (r=0.74, P<0.01) between
NFC and TVFA production indicates that
NFC fermentation contributes to VFA
production. The positive correlation
between 24 h gas production and VFA
production (r=0.76) was strongly higher
than that reported in a previous study on
feed species (Getachew et al., 2004). The
VFA production will be effective in gas
production. The truly digested substrate
is incorporated to VFA, gas, and
microbial biomass so gas measurements
only account for the substrate that is
consumed for VFA and gas production,
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not for substrate utilized for microbial
growth (Getachew et al., 2004). Although
there was a correlation between gas
production and amount of substrate used
for VFA production, it has also been
reported that gas production is positively
related to microbial protein synthesis
(Krishnamoorthy et al., 1991) and feed
intake (Blummel and @rskov, 1993). The
cause of correlation between 24 h gas and
the VFA may be related to the production
of more propionate as a result of the
incubation of NFC-rich feed which is
agreed with Getachew et al. (2004). A
strong positive relationship was reported
between Short Chain Fatty Acids (SCFA)
and gas production (Blummel and
@rskov, 1993). There was a strong
negative  correlation  between  gas
production parameters and NHs-N
(p<0.0001). Cone and Van Gelder (1999)
found that high NH3-N concentration due
to its highly basic nature might prevent
from the release of gas in the media.
There was a positive correlation between
DMD (r=0.98) and/or OMD (r=0.93)
with potential gas production. Parissi et
al. (2005) also reported a positive
correlation (P<0.01) between gas 12, 24
and 48 h with OMD. Unlike of Kazemi et
al. (2012), the CP was negatively
correlated with 24 and 48 h gas
production. It is reported the gas
production from protein fermentation is
relatively small rather than carbohydrate
fermentation (Wolin, 1960). The amount
of fat contribution in gas production is
very low when 200 mg of coconut oil,
palm kernel and/or soybean oil were
added to the media, only 2.0 to 2.8 ml of
gas was produced; however, when
carbohydrates such as casein and
cellulose were incubated, 23.4 and 80 ml
gas were produced, respectively (Menke
and Steingass, 1988; Getachew et al.,
1998). The negative correlation (P<0.01)
was observed between EE and IVGP
parameters. Unlike our report, a positive
correlation was reported between NH3-N
and NFC by Tylutki et al. (2008).
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Conclusion

Having knowledge about the ME, NE,
chemical  composition and  other
nutritional values of different plants can
also help the nutritionists to provide a
suitable diet for ruminants. The present
study showed that four plants had a very
high nutritional value, and their
nutritional value was equal or greater
than that of other plants commonly used
as forage in ruminants. In addition to
being rich in nutrients, these low-cost
plants can provide a good source of
macro and micro minerals for ruminants.
Generally, P, K, Fe and Zn contents in
Polygonum aviculare, Ca, Mg and Na in
Malva neglecta and S in the Falcaria
vulgaris were the highest. According to
fermentation parameters, it seems that
Falcaria wvulgaris and Polygonum
aviculare have the highest nutritional
value than the other plants. Generally,
more in vivo and in vitro studies are
required to assess the other nutritive
values and their effects on animal
performance.
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