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Chemical Composition, In vitro Organic Matter Digestibility and
Kinetics of Rumen Dry Matter Degradability of
Morphological Fractions of Stinging Nettle (Urtica simensis)
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Abstract: Chemical composition, in vitro organic matter digestibility (IVOMD) and DM degradability (DMD)
of morphological fractions (leaf, flower, stem and whole forage) of stinging nettle (Utrica simensis) forage was
evaluated through chemical analyses, in vitro and in sacco studies. Flower had highest (p< 0.05) DM (18.6%)
and IVOMD (85.5%) but stem showed the lowest (15.2%DM and 75.5%IVOMD) percentages. Leaf contained
highest CP (29.5%) and ash (23.9%) content. Stem had highest NDFom (52.2%), ADFom (36.4%) and ADL
(8.2%) content of all morphological fractions. All morphological fractions had sufficient levels of calcium (from
0.44 to 1.43%DM) and phosphorus (from 0.08 to 0.46%DM). The in sacco DMD after 96h of incubation was
highest for flower followed by leaf, whole forage and stem in decreasing order. Flower had highest (p<0.05)
washing loss (A), potentially degradability (PD) and effective degradability(ED) fractions but stem had the
lowest (p<0.05). Stem had lowest (p<0.05) insoluble but slowly degradable fraction (B) of all the other
morphological fractions. ADFom and NDFom were negatively correlated (p<0.05) with CP content (= -0.95 and
-0.89 respectively), [IVOMD (r’=-0.72 and -0.82 respectively) and DMD (r’=-0.69 and -0.82 respectively). CP was
positively correlated (p<0.05) with IVOMD (r’=0.5) and DMD (r=0.47). The CP, fiber contents, DMD and
IVOMD values indicated that leaf and flower have potentials to be used as feed supplements for ruminant.

However further animal experiment is needed to validate this conclusion.
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INTRODUCTION

Livestock feed resources in Ethiopia are mainly
natural pasture, crop residues and agro-industrial
by-products. In Ethiopia, livestock have low productivity
because they are fed almost entirely on natural pasture
and crop residues. Natural pasture that is estimated to
contribute to 80-90% of livestock feeds and whose
quality is seasonally variable, is the main source of feed
in arid and semi-arid pastoral areas, while crop residues
contribute up to 50% of the feed supply in mixed-farming
system [1]. Overgrazing and seasonal feed shortage are
evident in the country. As the grazing area is heavily
populated and as there has been virtually no effort to limit
the livestock population, the natural pasture are over
stocked and over grazed. Thus animals are not even able
to meet their maintenance energy requirement and as a
rule lose a substantial amount of weight [2, 3].

The chemical composition and digestibility of forages
are influenced by plant species, environmental factors,
plant morphological fractions and stage of maturity at
harvest. Stage of maturity at harvest is the major factor
affecting morphology and forage quality. As plants
advance in maturity the leaf-stem ratio decreases thereby
increases cell wall concentration with in stems and usually
also in leaves. As a result the proportion of cell soluble
components decrease. This indirectly decreases the
digestibility of total herbage [4].

In smallholder livestock production system, under cut
and carry forages feeding system practices, leaves are
commonly used as feed for small ruminants. However leaf
loss is quite common during harvesting, transporting and
storage of forages. Hence studying the nutritive value of
each morphological fraction of forages is more
appropriate in addition to studying the entire whole plant
[5].
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Earlier it was reported that stages of maturity at
harvest had effect on biomass production, chemical
composition and in vitro organic matter digestibility of
cultivated stinging nettle forage [6]. In the same report the
chemical composition (CP and fiber fractions) and IVOMD
of stinging nettle were influenced as advancing stages of
maturity.

The chemical composition and digestibility of
different varieties of stinging nettle have been reported by
several authors [6-10]. However adequate studies
on the nutrient concentration and nutritive value of
different morphological fractions of stinging nettle
(Urtica simensis) are not available. This study was thus
designed to determine the chemical composition,
in sacco DM degradability and in vitro organic matter
digestibility of morphological fractions of stinging nettle
(Urtica simensis).

MATERIALS AND METHODS

Study Site and Sample Collection: The study area is
located in the southern Ethiopia (7°06'-9°38'N and 38°25'-
35°53'E) with an elevation range of 1851-2759 masl.
The annual rainfall range of the area is between 1000 and
1200 mm. The whole stinging nettle plants were randomly
collected from naturally grown plants. Forage samples
were taken approximately when three fourth of the plant
stand was flowered. Fresh sample was separated into
leaves, flower, stem and whole forage representing
fractions, were separately weighed fresh on the field.
Samples were oven-dried in a forced air to constant
weight at 65°C for 48h. A portion of each dried sample
was ground through 1.0 mm sieve using a Wiley mill
(Thomas-Wiley, Laboratory Mill Model 4, Arthur H.
Thomas Company, Philadelphia, PA, USA) for chemical
analysis and in vitro organic matter digestibility (IVOMD)
while the remaining portion was ground through 2.0 mm
sieve for in sacco DM degradability.

Chemical Analysis: Dry matter (DM), ash and ether
extract (EE) were determined using AOAC [I1].
Nitrogen (N) content was determined by the
Kjeldahl method and crude protein (CP) was calculated as
N x 6.25. Neutral detergent fiber (NDFom) was determined
by procedures described by Van Soest et al. [12] and
Sulfite and «-amylase were not used as reagents.
Acid detergent fiber (ADFom) and acid detergent lignin
(ADL) were analyzed using the procedures described by
Van Soest and Robertson [13]. Both NDFom and ADFom
were reported exclusive of residual ash. Phosphorous and
calcium were analyzed using atomic absorption
spectrophotometer.
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In sacco DM Degradability: The in sacco DM
degradability of the sample was evaluated using three
fistulated steers with rumen cannula. Samples from each
of the four morphological fractions were ground at 2 mm
sieve size. Three replicate samples, weighing about 2.5g,
were packed and sealed with nylon bags. The bags were
put into the rumen of fistulated steers and were removed
at an interval of 3, 6, 12, 24, 48, 72 and 96 hrs. All bags
were inserted at the same time, just before the morning
feeding. The zero hour was obtained by soaking the bags
in a water bath maintained at 39°C for 1 hour. After the
incubation period, the bags were withdrawn then were
hand washed under running tap water until the water
coming out of the bags was clear. The washed bags and
contents were then dried for 48 hours at 65°C in a draught
oven to determine DM disappearance. Washing loss was
determined by similarly washing duplicate bags
containing samples that were not incubated in the rumen.
Duplicate bags were dried in the same way to determine
the DM content of the samples.

The degradability constants were determined using
the exponential equation:

P =a+b(1-¢*) as described by @rskov and McDonald [14],
using the Neway Excel program [15], where P =% DM
degradability at time t. The lag time was estimated by
fitting the modelp=A fort=t, p=a+b (l-e*) fort>t,
[16]. The degradation characteristics of the feeds was
defined as A = washing loss (readily soluble fraction);
B = (atb)-A, representing the insoluble but fermentable
fraction; ¢ = the rate of degradation of B and the lag phase
(L) =(1/c) log[b/(at+b-A)] [17]. Potential degradation (PD)
was estimated as (A+B), while effective degradability (ED)
of DM was calculated according to Dhanoa [18] using the
formula ED = A +[Bc/(ctk)] at rumen outflow rates (k) of
0.05h™".

In vitro Organic Matter Digestibility: /n vitro ruminal
organic matter digestibility was determined according to
the procedure of Tilley and Terry [19]. Ruminal fluid was
collected using rumen tubes from local breed (Arsi-Bale)
rams early in the morning. Rumen digesta was collected
into a pre-warmed thermos flask. McDougall’s buffer
(based on the composition of sheep saliva) was prepared.
Approximately 0.5g of milled forage samples were weighed
into 50 ml centrifuge tubes. McDougall’s buffer (based on
the composition of sheep saliva) and ruminal fluid were
added and tubes were incubated in water bath for 48h at
39°C. Four blank tubes containing ruminal fluid and buffer
without feed sample were included. Centrifuge tubes were
agitated manually three times per day. Fermentation was
stopped after 48h and acidified pepsin was added.
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Then tubes were incubated in water bath for another 48h
at 39°C. The contents were then filtered and the residue
dried and weighed. After drying, residue was ashed.
In vitro ruminal organic matter digestibility was
determined as the quantity of OM lost during
fermentation and subsequent pepsin digestion.

Statistical Analysis: Statistical analyses were performed
using the general linear model (GLM) procedure of the
Statistical Analysis System [20]. Significance between
individual means was identified using Fishers Least
Significant Difference (LSD) and significance was
declared at P < 0.05. Pearson's correlation coefficient was
used to determine the relationship among chemical
composition, [IVOMD and DM degradability.

RESULTS

Chemical Composition and in vitro Organic Matter
Digestibility: Chemical composition and in vitro organic
matter digestibility (IVOMD) of morphological fractions of
stinging nettle forage is presented in Table 1. The DM
and EE content were significantly highest (p < 0.05) in
flower than in the other morphological fractions and the
least was for stem. Leaf showed highest (p < 0.05) crude
protein (CP) content followed by whole plant and flower
and the least was for stem. Ash content was highest
(p<0.05) for leaf and least for stem. Stem showed highest
(p<0.05) cell wall fractions (NDFom, ADFom and ADL)
and leaf had lowest. Highest fiber and lowest CP content
was in stem and the vice versa in leaf. Highest Ca and P
contents were observed in flower which was significantly
higher (P<0.05) than stem, leaf and whole plant.
The highest IVOMD was recorded in flower followed by
leaf and whole forage and the least was for stem.
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Fig. 1: In sacco DM degradability of morphological parts
of stinging nettle forage

In Sacco DM Degradability: The in sacco DM
degradability (DMD) of morphological fractions of
stinging nettle forage is presented in Table 2 and Figure
1. The overall in sacco DMD tended to be higher in flower
and lower in stem than in the other morphological
fractions. Flower showed highest (P<0.05) DMD at all time
of incubation. However the DMD after 3, 6 and 48h of
incubation were similar for flower and leaf parts. On the
other hand stem part showed lowest (P<0.05) DMD than
all other morphological fractions at all incubation time.
The in sacco degradability parameters of different
morphological fractions of stinging nettle forage is
presented in Table 2. The highest (P<0.05) washing loss
(A) was for flower followed by leaf part, whole forage and
stem. The insoluble but slowly degradable fraction (B)
was significantly (P<0.05) lower for stem than the other
morphological fractions. However it was similar among
flower, whole forage and leaf despite observed numerical
differences. The potentially degradable (PD) fraction was
highest (P<0.05) for flower. Leaf and whole forage showed
higher (P<0.05) potentially degradable (PD) value over
stem which exhibited the least among all morphological
fractions. The degradation rate (c) was lower (P<0.05) for

Table 1: Chemical composition and in vitro organic matter digestibility of morphological fractions of stinging nettle forage

Leaf Flower Stem Whole SEM P value
DM (%) 17.6° 18.6 15.2¢ 16.7° 0.22 <0.0001
CP (%DM) 29.5° 22.7¢ 12.74 25.5° 0.82 <0.0001
EE (%DM) 2.1° 2.5 1.3¢ 2.20 0.07 <0.0001
ADFom (%DM) 13.3¢ 18.3¢ 36.4 21.5° 0.20 <0.0001
NDFom (%DM) 31.8¢ 33.0° 448 39.5° 0.63 <0.0001
ADL (%DM) 3.64 7.6° 8.2 4.3 0.22 <0.0001
Ash (%DM) 23.9° 12.8¢ 16.2¢ 21.6° 0.39 <0.0001
TVOMD (%) 80.7° 85.5° 75.5¢ 78.5¢ 0.62 <0.0001
Ca (mg/100gDM) 805.7° 1432.0° 444.7¢ 738.0° 17.09 <0.0001
P (mg/100gDM) 136.6° 462.7° 83.6° 126.3° 13.50 <0.0001

*Means within a row with different superscripts differ significantly (p < 0.05); DM= Dry matter, CP= Crude protein, EE= Ether extract, ADFom= Acid

detergent fiber, NDFom= Neutral detergent fiber, ADL= Acid detergent lignin, [VOMD= In vitro organic matter digestibility
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Table 2: In sacco DM degradability and degradability characteristics of the morphological fractions of stinging nettle forage

Plant parts
Parameters Flower Leaf Stem Whole P value MSE
Incubation time (hrs)
24 61.8° 60.4° 449 59.3° <0.0001 0.51
48 68.7° 67.5° 53.1¢ 65.8° <0.0001 0.63
72 72.1° 70.4° 60.1¢ 69.4° <0.0001 0.53
96 77.6* 75.9° 64.5¢ 75.5° <0.0001 0.52
Degradability parameters
A (%) 23.9° 23.7° 20.3¢ 22.3¢ <0.0001 0.46
B (%) 51.9° 50.6 45.8° 50.6° <0.0001 0.52
PD (%) 75.8° 74.3° 66.1° 73.2° <0.0001 0.54
c(h) 0.049* 0.048* 0.029° 0.048* <0.0001 0.001
L (h) 1.7° 1.9 0.1° 2.1¢ <0.0001 0.11
ED (%) 47.8 46.8% 37.3¢ 45.1° <0.0001 0.71
RSD 2.7° 2.9 1.6° 3.1° <0.0001 0.12

*Means within a row with different superscripts differ significantly (p < 0.05).

A= Washing loss, B= insoluble but slowly degradable, PD= potential degradability, ¢ =degradation rate, L= lag time, ED= effective degradability, RSD =

residual standard deviation).

Table 3: Pearson correlation coefficient (r) matrix of chemical composition, IVOMD and DM degradability of of stinging nettle forage

ADFom NDFom ADL CP IVOMD PD ED DMD
ADFom 1.00
NDFom 0.98* 1.00
ADL 0.70* 0.57* 1.00
CP -0.95* -0.89* -0.86* 1.00
IVOMD -0.72* -0.82* -0.03 0.50* 1.00
PD -0.83* -0.86* -0.49* 0.84* 0.86* 1.00
ED -0.84" -0.76" -0.52% 0.85* 0.84* 0.87* 1.00
DMD -0.69* -0.82° 0.01 0.47 0.97* 0.81" 0.68" 1.00

*Significant difference (p<0.05)

ADFom= Acid detergent fiber, NDFom= Neutral detergent fiber, ADL= Acid detergent lignin, VOMD= [In vitro organic matter digestibility, PD= Potential

degradability, ED= Effective degradability, DMD= Dry matter degradability

stem. However there was no significant difference
(P<0.05) among flower, leaf and whole forage which
exhibited higher rate of degradation (c) over stem.
The highest (P<0.05) lag time (L) was recorded in whole
forage and leaf followed by flower. Leaf showed
intermediate lag time (L) between whole plant and flower.
However stem showed the least (P<0.05) lag time (L)
among all morphological fractions. The effective
degradability (ED) was higher (P<0.05) for flower and leaf
followed by whole forage, whereas there was no
significant difference between leaf and whole forage as
the latter was intermediate between the former and flower.
The least (P<0.05) effective degradability (ED) was
observed in stem.

Correlation among Chemical Composition, [IVOMD and
DMD: Relationship among chemical composition,
IVOMD and rumen DM degradability (DMD) parameters

(ED and PD) is presented in Table 3. Fiber fractions
(ADFom and NDFom) were negatively correlated (p<0.05)
with CP content, [VOMD and DMD parameters (PD and
ED). Similarly lignin content (ADL) showed the same
trend as fiber fractions. On the other hand CP showed
positive correlation (p<0.05) with IVOMD and DMD
parameters.

DISCUSSION

Chemical composition of forages could be affected
by several factors including stages of maturity,
environmental conditions and morphological fractions.
In the current study different morphological fractions of
stinging nettle showed differences in chemical
composition. The protein content of all fractions was
different, with highest in leaf and lowest in stem. The CP
content in leaf, flower and whole forage was above 20
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percent, which could be used as protein supplement for
poor quality roughages fed to small ruminants [21].
The protein content of leaf obtained in the current study
is comparable with reports of previous studies [22, 23].
It is higher than the results of Getachew et al. [24] and
Rafajlovska et al. [25] who found the protein content of
leaf ranged between 25-26 and 18-26 percent respectively.
It is also lower than the results (33%) of Rutto et al. [26]
and Adhikari et al. [27]. The protein content of stem
found in the current study is in agreement with the results
of Rafajlovska et al. [25].

Leaf showed highest CP and lowest fiber fractions
(NDFom, ADFom and ADL). This result is in agreement
with previous studies in leguminous trees and cereal
crops. Debela and Tolera [28] reported highest CP and
lowest fiber (NDFom, ADFom and ADL) contents in
leaves than pods and whole forage part in
Moringa oleifera and Moringa stenopetala. Debela et al.
[5] also found that leaves of Sesbania sesban and
Desmodium intortum had highest CP and lowest fiber
(NDFom, ADFom and ADL) content compared to twigs,
pods and whole forage. Leiber et al. [29] also reported
that highest CP and lowest NDFom contents were in leaf
of buck wheat compared to flower, stem, grain and whole
plant fractions.

Tolera et al. [30] also reported highest CP and lower
fiber (NDFom, ADFom and ADL) content in vegetative
parts (leaf blade and leaf) compared to stem of maize
forage. Similarly, Nurfeta et al. [31] reported that leaf
lamina and midrib had higher CP content compared with
pseudostem of enset (Ensete ventricosum). Tolera et al.
[32] described leaf portion of cowpea and silver-leaf
desmodium forage legumes had higher CP and lower
NDFom and ADFom contents compared to stem.

The IVOMD of whole stinging nettle forage obtained
in the current study is comparable with previous findings
[6, 33]. The highest IVOMD in flower and leaf would be
related to lower fiber and lignin content of these fractions.
On the other hand lowest IVOMD in stem might be
associated with high lignin content of this fraction [5].
Yeheyis et al. [34] reported that stem fraction had
significant effect on decline of CP content and IVOMD in
berseem clover. This indicates that an increase in stem
fraction in forages usually leads to low value of IVOMD
and CP and high fiber. The quantity and quality of the leaf
fraction may be more important than the total amount of
forage. Under some grazing conditions, where large
quality differences available between leaves and stems,
animals prefer to eat the leaf than the stem [4].

The calcium (Ca) and phosphorous (P) contents
obtained in this study are comparable with the results of
Getachew et al. [24] but higher than the results reported
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by Rutto et al. [26], Pradhan et al. [22] and Civelek and
Balkaya [23]. These variations might be attributed with the
differences in stinging nettle varieties studied, as the
latter are temperate varieties. In the present study all
fractions had adequate content of Ca and P which meet
the recommended requirements for different classes of
livestock [35]. However the ratio of Ca to P obtained in the
current study were 3.0:1.0 (in leaf), 5.3:1.0 (in stem) and
5.8:1.0 (in the flower and whole forage). All morphological
fractions were out of the normal recommended ratio of 2:1.
Under such condition if stinging nettle is fed to animals as
single ration, supplementation of P might be needed to
adjust to recommended ratio and for proper utilization in
the animal system [36].

The disappearance of feed is a composite of the
different digesting substrates plus passage rate. Soluble
matter ferments rapidly, leaving more slowly available
insoluble matter to dominate the later phases of digestion
[37]. The observed differences in the DM degradation
(DMD) characteristics of morphological fraction of
stinging nettle could be due to the differences in chemical
composition. The difference in DMD among
morphological fractions observed in the current study is
in agreement with the previous studies on other legume
trees and forages [5, 28]. The higher DMD of flower and
leaf fractions reported in our work could be attributed to
the high soluble cell fraction available in these fractions
[37]. The lower DM degradability value in stem fraction
might be related to the higher ADFom, NDFom and ADL
contents of the fraction [5, 28].

The higher washing loss (A) of leaf and flower over
stem shows the presence of more soluble components in
the former fractions than the latter. Moreover the value of
(A), which represents the readily soluble materials,
could affect cell-wall degradation rates through its effect
on the rumen microbial population and enzyme systems,
because it is a source of nutrients for the rumen
microorganisms [38]. Higher values observed in insoluble
but slowly degradable (B), potentially degradable (PD)
and effective degradability (ED) for leaf and flower could
be related to the lower fiber and higher CP content
compared to the stem. In addition the high PD of leaf and
flower fractions reported in the current study could be
associated with the presence of higher quantity of soluble
nutrients (A) in these fractions [30, 39].

Rate of digestion refers to the quantity of feed that
can be digested per unit of time and it is essential function
of the diet. The composition of the diet and its quality
determine the speed of digestion. Generally soluble
components are fermented very rapidly while less
soluble substrates are attacked more slowly. Structural
carbohydrates like cellulose are fermented more slowly



Advan. Biol. Res., 10 (3): 183-190, 2016

than the other insoluble storage carbohydrates such as
starch [37]. Higher rate of degradation (c) obtained in
flower and leaf in the current study could be related to the
availability of soluble cell components in these
morphological fractions. Contrarily lower rate of
degradation (c) in stem fraction, which is the determining
factor for effective degradation, could be associated with
high fiber and lignin content of this fraction. On the other
hand the high protein content, low fiber and lignin
composition and high proportion of readily digestible
materials could maintain high degradation rates in flower
and leaf fractions [31, 32, 40].

Forage materials with high protein content are usually
able to supply fermentable protein which can be used to
enhance digestibility while NDFom and ADFom are
related to poor digestibility. CP and IVOMD were
positively correlated while NDFom, ADFom and ADL and
were negatively correlated with DMD. This is in
accordance with previous reports on other legume forages
[5, 41]. The negative correlation of cell wall components
with DMD could be due to the fact that lignin causes
depression in digestibility by physical encrustation and
chemical bonding with structural carbohydrates which
inhibit the activity of rumen microbial enzymes thereby
lowering down the fermentative rate which in turn causes
a decline in digestibility [36].

CONCLUSION

Forage quality could be affected by several factors
including proportion of morphological fractions.
Producing suitable quality forge for a given situation
requires understanding the factors that govern forage
quality and then implement management accordingly.
Analysing forages through chemical analysis and DM
digestibility and degradability could be used to determine
the quality of the forage.

Morphological fractions varied in chemical
composition, [IVOMD and in sacco DM degradability.
The differences in fiber component and CP content among
different morphological fractions influenced digestibility.
Hence fiber components (NDFom and ADFom) negatively
influenced IVOMD and in sacco DMD, whereas CP
influenced in the reverse way.

The values obtained from the current study attested
that leaf and flower are of high nutritive value and have
potentials to be used as alternate feed supplements for
ruminants. However in order to optimize their use as
animal feed supplements, further animal feeding studies
are needed, so that optimal level of inclusion in the diet
and feeding conditions will be properly defined.
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