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Determination of Chemical Composition and Nutritive Value
of Some Vegetables Leaves for Ruminant Animals
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ABSTRACT: The current experiment was carried out to determine the chemical composition and nutritive value
of leaves of some vegetables for ruminant animals. The species significantly (P<0.001) affected the chemical
composition of vegetable leaves. The dry matter (DM), crude ash (CA) crude protein (CP), neutral detergent fiber
(NDF) and acid detergent fiber (ADF) of vegetables leaves varied between 8.29 and 20.89%, 17.78 and 26.36%,
13.55 and 22.51%, 24.84 and 35.72%, and 16.18 and 25.93% respectively. The CP contents of leaves from Raphinus
radicula and Raphinus sativus were significantly (P<0.001) higher than the other vegetables. The NDF content of
leaves from Beta vulgaris was significantly (P<0.001) higher than the others. The ADF content of Raphinus sativus
was significantly (P<0.001) higher than the others. The species significantly (P<0.001) affected the gas production,
metabolisable energy and methane production although OMD of vegetable leaves was not significantly (P>0.05)
affected by species. The gas production of vegetable leaves varied between 37.93 and 45.25 ml. The gas production
of Daucus carota var atrorubens and Apium graveolens were significantly (P<0.001) higher than the others. The
metabolisable energy ranged from 8.90 to 10.16 MJ/kg DM. The methane production (ml) varied between 6.67
ml to 11.13 ml. The methane production of Beta vulgaris was significantly (P<0.001) higher than the others. The
percentage of methane production ranged from 17.60 to 25.46%. Leaves of vegetables from Daucus carota var
atrorubens, Daucus carota, Raphinus radicula, Raphinus sativus, Apium graveolens and Beta vulgaris have a
significant potential to provide considerable amount of energy and protein for ruminant animals. However high
level of methane production potential of leaves of Befa vulgaris should be taken into consideration when included
into ruminant diets.
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Baz1 Sebze Yapraklarin Kimyasal Kompozisyonlar: ve Ruminant
Hayvanlar icin Besleme Degerinin Belirlenmesi

OZET: Bu calisma baz1 sebze yapraklarmin kimyasal kompozisyonunu ve ruminantlar icin besleme degerini
belirlemek i¢in yiiriitiilmiistiir. Sebzenin tiiri yapraklarin kimyasal kompozisyonunu énemli (P<0.001) derecede
etkilemistir. Sebzelerin kuru madde, ham kiil, ham protein, nétral deterjan fiber, asit deterjan fiber icerikleri
strastyla %8.29 ile 20.89, %17.78 ile 26.36, %13.55 ile 22.51, %24.84 ile 35.72 ve %16.18 ile 25.93 arasinda
degismistir. Kirmiz1 ve beyaz turp yapraginin ham protein iceri diger sebzelerin ham protein igeriginden dnemli
derecede (P<0.001) daha yiliksek bulunmustur. Seker pancar1 yapraginin nétral deterjan fiber icerigi diger sebzelerin
notral deterjan fiber iceriginden dnemli derecede (P<0.001) daha yiiksek bulunmustur. Sebze tiirii sebzelerin gaz
iiretimini, metabolik enerji ve metan liretimini 6nemli derecede (P<0.001) etkilerken sebzelerin organik madde
sindirim derecesini 6nemli derecede (P>0.05) etkilememistir. Sebzelerin gaz iiretimi 37.93 ile 45.25 ml arasinda
degismistir. Siyah havug ve kereviz yapragindan iiretilen gaz miktar1 diger sebzelerden 6nemli derecede (P<0.001)
daha yiiksek bulunmustur. Sebzelerin metabolik enerji icerigi 8.90 ile 10.16 MJ/kg arasinda degigsmistir. Sebzelerin
metan {iretimi 6.67 ml ile 11.13 ml arasinda degismistir. Seker pancar1 yapraginin metan iiretimi diger sebzelerin
metan tretiminden daha yiiksek bulunmustur. Metan gazi {iretiminin yilizdesel olarak 17.60 ile 25.46 arasinda
degismistir. Siyah havug, beyaz havug, kirmizi turp, beyaz turp, kereviz ve seker pancari yapragi ruminant
hayvanlara enerji ve protein saglamada dnemli bir potansiyele sahiptir. Bununla birlikte seker pancarinin ruminant
hayvanlarin rasyonlarina katilmasi durumunda seker pancarmin yiiksek miktarda metan iiretim potansiyeli goz
ontine alinmalidir.

Anahtar kelimeler: Metabolik enerji, in vitro gaz iiretimi, organik madde sindirim derecesi, sebze yapraklari
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INTRODUCTION

Forages are very important components of ruminant
diets, which provide energy, protein and minerals.
There is a considerable shortage of high quality forage
availability in Turkey as in many parts of world.

Therefore the non-conventional feed resources
such as byproducts from vegetable farming have been
used in ruminant diets to overcome the forage shortages
(Karkoodi et al., 2012; Akinfemi, 2012; Azevedo et al.,
2012; Ezeldin et al., 2016).

Although every year, considerable amount of
vegetable byproducts has been produced in Turkey,
the vegetable byproducts have not used effectively in
ruminant diets due to lack of information about chemical
composition and nutritive value such as metabolisable
energy and digestibility. It is well known that the major
constraint of inclusion of vegetable by products into
ruminant diets is the available information about the
vegetable by products.

Therefore the aim of the current experiment was to
obtain some information about chemical composition
and nutritive value such as metabolisable energy and
digestibility using approximate analysis and in vitro gas
production technique.

MATERIAL AND METHOD

After harvesting, the leaves of vegetables from
Daucus carota var atrorubens, Daucus carota, Raphinus
radicula, Raphinus sativus, Apium graveolens and Beta
vulgaris were collected and dried in the laboratory. Dry
matter (DM), crude ash (CA), Crude protein contents
of leave samples were determined by method of AOAC
(1990). Neutral and acid detergent fibers were analyzed
by the method of Van Soest et al. (1991).

In vitro gas and methane production

Approximately 0.200 gram of vegetable leaves
were incubated with buffered rumen fluid for 24 h in
a water bath at 39 °C in triplicate using the methods
of Menke et al. (1979). Rumen fluid was obtained
from three fistulated sheep fed twice daily with a diet
containing alfalfa hay (60 %) and concentrate (40 %).

Methane contents (%) of total gas produced at
24 h fermentation of samples were measured using
an infrared methane analyzer (Sensor Europe GmbH,
Erkrath, Germany) (Goel et al., 2008).

The metabolisable energy (MJ/kg DM) and OMD
of vegetable leaves were estimated with equations of
Menke and Steingass (1988) as follows:

ME (MJ/kg DM) =2.20 + 0.1357 GP + 0.057 CP + 0.0028597 EE* (1)
OMD (%) =15.38 + 0.8453 GP + 0.595 CP + 0.675CA 2)
Where,

GP is 24 h net gas production (ml/200 mg),
CP = Crude protein (%)

EE: Ether extract (%)

CA: Crude ash (%)

Statistical analysis

Data of vegetable leaves were evaluated using one-
way analysis of variance. Differences among means
were determined with Tukey’s multiple range tests.

RESULTS AND DISCUSSION

The effect of species on the chemical composition
of vegetable leaves is given in Table 1. The species
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significantly = (P<0.001) affected the chemical
composition of vegetables leaves. The DM contents
of vegetable leaves varied between 8.29 and 20.89%.
The DM contents of leaves from Daucus carota and
Beta vulgaris were significantly (P<0.001) higher than
the others. The DM contents of leaves from Raphinus
radicula and Raphinus sativus were consistent with the
findings of Islam et al. (2004), AbdEl-Fattah (2014)

and Wadhwa and Bakshi (2013). The DM contents of
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Daucus carota var atrorubens and Daucus carota were
consistent with that reported by Azevedo et al. (2012)
but higher than that reported by Wadhwa and Bakshi
(2013). The DM content of leave of Beta vulgaris was
consistent with that reported by Carter (2015) and Ak
and Uzatici, (2011) but higher than that reported by
Islam et al. (2004) and Gurbuz and Kaplan (2008). The
DM content of Apium graveolens was in agreement
with that reported by AbdEl-Fattah (2014) but lower
than that reported by Carter (2015).

Some of the differences in DM contents of leaves
are likely associated with harvesting stage of vegetables.
It is well known that harvesting stage is the most
important factor affecting the DM contents of plants.
The DM contents of plants increased with advancing
maturity (Kamalak 2010; Kamalak et al., 2011).

The CP contents of vegetable leaves varied
between 13.55 and 22.51%. Some of the differences in

CP contents of vegetables leaves are likely associated
with harvesting stage of plant. It is well known that
harvesting stage is the most important factor affecting
the CP content of plant. The CP content of plants
decreased with advancing maturity (Kamalak 2010;
Kamalak et al., 2011).

The CP contents of Raphinus radicula and
Raphinus sativus were higher than the other vegetables.
It seems to be likely that all vegetables leaves studied in
the current experiment will meet the CP requirements of
ewes for maintenance and lactation since the CP content
of vegetables leaves studied in this experiment higher
than those requested for maintenance and lactation of
sheep.

El-Shatnawi and Mohawesh (2000) indicated
that the level of CP for ewes at maintenance and
lactation should be higher than 7-9% and 10-12%
respectively.

Table 1. The effect of species on the chemical composition of vegetable leaves

Vegetable Species DM CA Cp NDF ADF EE
Daucus carota var 19.38° 21.93 13.55° 27.58 24.88" 6.17¢
atrorubens
Daucus carota 20.89° 24.19® 18.36¢ 28.21° 21.95% 5.14¢
Raphinus radicula 8.29¢ 26.36° 20.87° 24.84° 22.9]8be 19.79°
Raphinus sativus 9.14¢ 22.95%® 22.51* 27.78° 25.93q 13.55°
Apium graveolens 10.92¢ 17.78° 19.46° 29.57° 19.95¢ 15.74°
Beta vulgaris 20.45%® 19.42° 17.30¢ 35.72¢ 16.18¢ 18.02*
SEM 0.436 2.014 0.164 0.841 0.900 0.654
Sig sk sk ok sk sk sk

2be Column means with common superscripts do not differ (P<0.05); S.E.M. — standard error mean; Sig. — significance level; DM — Dry matter %, CA: crude
ash %, CP — Crude protein%, NDF — Neutral detergent fiber %, ADF — Acid detergent fiber%, EE: Ether extract (%), ***P<0.001

The CA contents of vegetable leaves varied
between 17.78 and 26.36%. The CA contents of
Daucus carota var atrorubens and Daucus carota
were in agreement with that reported by Ezeldin et
al. (2016). The CA content of Raphinus radicula and
Raphinus sativus were consistent with those reported
by Wadhwa and Bakshi (2013). The CA content of
Beta vulgaris was in agreement with that reported by
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Gurbuz and Kaplan (2008) and Wadhwa and Bakshi
(2013) but lower than that Ezeldin et al. (2016). Some
of the differences in CA contents of leaves are likely
associated with harvesting stage of plants. It is well
known that harvesting stage is the most important
factor affecting the CA contents of plants. The CA
content of plants decreased with advancing maturity
(Kamalak 2010; Kamalak et al., 2011).
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The NDF contents of vegetable leaves varied
between 24.84 and 35.72%. The NDF content of Beta
vulgaris was significantly (P<0.001) higher than the
others. The NDF content of Apium graveolens was
consistent with that reported by Carter (2015) but
higher than that reported by Marino et al. (2010). The
NDF content of Raphinus radicula was in agreement
with that reported by Wadhwa and Bakshi (2013) but
lower than that reported by Islam et al. (2004). The NDF
contents of Daucus carota var atrorubens and Daucus
carota were significantly lower than that reported by
Islam et al. (2004). The NDF content of Beta vulgaris
is higher than that reported by Carter (2015). Some of
the differences in NDF contents of leaves are likely
associated with harvesting stage of plant. It is well
known that harvesting stage is the most important factor
affecting the NDF contents of plants. The NDF content
of plants increased with advancing maturity (Kamalak
2010; Kamalak et al., 2011).

The ADF contents of vegetable leaves varied
between 16.18 and 25.93%. The ADF content of
Raphinus sativus was significantly (P<0.001) higher
than the others. Daucus carota, Apium graveolens and

Beta vulgaris. The ADF contents of Daucus carota var
atrorubens and Daucus carota were lower than that
reported by Azevedo et al. (2012). The ADF contents
of Raphinus radicula and Raphinus sativus was in
agreement with those reported by Wadhwa and Bakshi
(2013) and AbdEI-Fattah (2014). The ADF content of
Beta vulgaris was lower than that reported by Wadhwa
and Bakshi (2013). Some of the differences in ADF
contents of leaves are likely associated with harvesting
stage of plant. It is well known that harvesting stage is
the most important factor affecting the NDF contents
of plants. The ADF content increased with advancing
maturity (Kamalak 2010; Kamalak et al., 2011; Kaplan
et al. 2014).

The EE contents of vegetable leaves varied
between 5.14 and 19.79%. The EE contents of Raphinus
radicula and Beta vulgaris were significantly higher
than the others.

The effect of species on the gas production,
metabolisable energy and organic matter digestibility of
vegetables is given in Table 2. The species significantly
affected on all these parameters except for organic
matter digestibility of vegetable leaves.

Table 2. The effect of species on gas production, metabolisable energy, organic matter digestibility and methane production of vegetable

leaves
Vegetable Species GP ME OMD CH, (ml) CH,%
Daucus carota var atrorubens 44.96 9.18° 76.26 8.08° 17.97¢
Daucus carota 41.10% 8.90° 77.38 7.50¢ 18.26¢
Raphinus radicula 40.29« 9.98¢ 76.66 7.15% 17.75¢
Raphinus sativus 37.93¢ 9.16° 76.33 6.67° 17.60¢
Apium graveolens 45258 10.16° 77.20 9.10° 20.11°
Beta vulgaris 43.71% 10.05° 75.74 11.13¢ 25.46*
SEM 0.901 0.056 1.416 0.901 0.284
Sig. ok ok NS *kk *kk

ab¢ Column means with common superscripts do not differ (P<0.05); S.E.M. — standard error mean;

Sig. — significance level; NS: Not significant, GP: Gas

production (ml), ME: Metabolisable energy (MJ /kg DM), OMD: Organic matter digestibility (%),CH4 — Methane emission(ml or %), , ***P<0.001

The gas production of vegetable leaves varied
between 37.93 and 45.25 ml. The gas production of
Daucus carota var atrorubens and Apium graveolens
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were higher than the others. The GP of Beta vulgaris,
Raphinus  radicula and Raphinus sativus were
significantly higher than that reported by Wadhwa

Igdir Uni. Fen Bilimleri Enst. Der. / Igdwr Univ. J. Inst. Sci. & Tech.



Determination of Chemical Composition and Nutritive Value of Some Vegetables Leaves for Ruminant Animals

and Bakshi (2013). Some of the differences in GP
contents of leaves are likely associated with differences
in chemical composition of plant fermented. Gas
production produced during the fermentation decreased
with decrease in the availability of fermentable substrate
with advancing maturity (Kamalak 2010; Kamalak et
al., 2011).

The ME contents of vegetable leaves varied
between 8.90 to 10.16 MJ/kg DM. The ME contents of
Raphinus radicula, Apium graveolens and Beta vulgaris
were significantly (P<0.001) higher than the other
vegetables. The ME contents of Raphinus radicula,
Raphinus sativus and Beta vulgaris were higher than
that reported by Wadhwa and Bakshi (2013). On the
other hand the ME contents of Raphinus radicula,
Raphinus sativus and Beta vulgaris were lower than
that reported by Wadhwa and Bakshi (2013). The ME
content of Apium graveolens was higher than that
reported by Marino et al. (2010) whereas the OMD
of Apium graveolens was lower than that reported by
Marino et al. (2010).

The methane production (ml) of vegetables leaves
varied between 6.67 ml to 11.13 ml. The methane
production of Beta vulgaris was significantly higher
than the others. The percentage of methane ranged
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