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Abstract

The nutritive value of cardoon (Cynara cardunculu.s L.) green forage (GF), dry leaves
(S) was studied from chemical composition analyses and from voluntary intake,
digestibility and rumen degradability estimations obtained using adult wethers. Aptitude for being
ensiled according to the wilting period was also evaluated making silages with fresh forage and after
24 and 94 hours of wilting. Green forage had a high nutritive value, as shown by low levels of fibre
and lignin and its very high digestibility (86 % for OM). Nevertheless, its voluntary intake was relL ,
.
O
)
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W although very variable among animals. Fermentation characatively low (64 g DM.kg!’ 5
teristics of the GF silages were good and wilting reduced silage losses and improved the quality of
silages. Nutritive value of DL was high, but limited only by a moderate crude protein content. Supplemented with urea, it had an OM digestibility similar to a medium-good quality hay (65.9 % aver). Finally, S was
5
7
age) and a voluntary intake equivalent to a good quality grass (75.9 g DM.kg!’ LW(
a typical fibrous and low protein forage, but when supplemented with urea, it had an intake and a
digestibility higher than those of cereal straws. Variations in digestibility for OM and energy among
the different non-preserved Cynara cardunculus forages showed close relationships with fibre fractions, especially with the acid detergent lignin content. (&copy; Elsevier / Inra).
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Résumé &mdash; Valeur nutritive du fourrage vert et des sous-produits de culture de Cynara cardunculus. La valeur nutritive du fourrage vert, des feuilles sèches et de « la paille» de Cardon
(Cynara cardunculus L.) a été étudiée à partir des analyses de composition chimique, et des estimations
de digestibilité, de dégradabilité et d’ingestion volontaire chez le mouton. La valeur énergétique des
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fourrages a également été déterminée ainsi que l’aptitude du fourrage vert à être ensilé (soit directement,
soit après 24 et 94 h de préfanage). La valeur nutritive du fourrage vert à été élevée en relation avec
ses faibles teneurs en parois cellulaires et en lignine, et sa forte digestibilité (86 % pour la matière orga75),
,
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nique (MO)). En revanche, son ingestion volontaire a été relativement faible (64 g de MS.kget très variable entre les animaux. Malgré un pouvoir tampon élevé, le fourrage s’est très bien ensilé
grâce à sa teneur élevée en glucides solubles. Les caractéristiques fermentaires des ensilages ont été
bonnes, le préfanage entraînant une diminution importante des pertes totales et une augmentation de
la qualité de l’ensilage. Les feuilles sèches ont eu une valeur nutritive élevée mais une teneur en
matières azotées modérée. Complémentées avec de l’urée, elles ont eu une digestibilité de la MO (valeur
moyenne 65.9 %) similaire à celle d’un foin de moyenne ou de bonne qualité et une ingestibilité égale
à celle d’une bonne herbe de pâturage (75.9 g de MS.kg75). La paille, fourrage riche en parois
.
1 po
cellulaires et pauvre en matières azotées, complémentée avec de l’urée a eu une digestibilité et une
ingestibilité très supérieure à celles des pailles de céréales. Pour la MO et l’énergie, les variations des
valeurs de digestibilité entre les différents fourrages de Cynara cardunculus ont été reliées aux fractions des parois cellulaires, et plus particuliérement à la teneur en lignine. Celles des digestibilités des
parois cellulaires et de la lignocellulose ont été principalement liées aux teneurs en parois.
=
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1. INTRODUCTION
The cardoon (Cynara cardunculus L.),
perennial herbaceous species, is a kind of
thistle that belongs to the same genus as the
artichoke and grows naturally in Mediterranean countries, where the petioles of its
lower leaves have been traditionally used
for human food. During the first natural
cycle of the plant, a rosette of leaves develops in winter and the stalk begins to elongate
in spring. In early summer, a corym type is
produced at the top of the stalk with capitules that contain the seeds. During summer,
the aerial part of the plant becomes dry,
leaving underground buds in a latent stage.
At the beginning of autumn, leaves sprout
from the stump, beginning a new cycle
which can be repeated over an eight year
period [7, 8].
This plant is well adapted to semi-arid
conditions with high bio-mass production
per ha. According to previous studies [8, 9],
when the cycle is completed in summer,
about 20 to 30 t-haI of dry matter (DM)
a

I of
be obtained and also 2 to 3 t-haseeds with high contents of proteins and
lipids. As a consequence, industrial possibilities for this crop are being studied, such
can

the use of the bio-mass for energy production or in the paper industry, and the
extraction of oil from the seeds [8, 9]. Up
till now, cardoon is of low agronomic importance, but its use for ruminants could be
considered. For this reason, it would be
interesting to study the nutritive value for
ruminants of different products derived from
this crop.
as

According to Ferndndez et al. [9], 5 to
71
t DM.ha- of green forage can be produced
in autumn and winter, when forage resources
are scarce in the south of Europe. Romero
et al. [25] estimated higher values (from 8.2
to 9.6 t DM-ha
) during a period of three
1
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use of green forage as animal feed
years.
at this moment is compatible with the industrial uses of final biomass, as root reserves
support the development of new leaves during winter and spring, allowing the plant to
complete its cycle, even with a decrease in
the final biomass production [8, 9]. In addition, several by-products can be used as feeds
for livestock. These are the aerial bio-mass
resulting from seed harvest, a lignocellulosic
material which includes mainly stalks (called
straw in this work), and the basal leaves that
remain on the field after harvest because they
are under the sward level.

The information concerning the nutritive
value of materials from Cynara cardunculus
is very limited. Therefore, the aim of the
present work was to investigate the nutritive value of green forage, straw and dry
basal leaves of Cynara cardunculus, studying their chemical composition and their
digestibility, and also to evaluate the potential of green forage to be ensiled in relation
with the degree of wilting.

2. MATERIALS AND METHODS
2.1.

Forages

Green forage (GF): this material is composed
of the leaves of the rosette developed in winter
(vegetative stage). The forage for this work was
obtained from experimental crops located at
Madrid (Spain), cutting the plants approximately
5 cm above the ground. Two harvests were made:
GF (December, 1994, 5.7 t DM!ha used for
nutritive value evaluations, and GF2 (February,
1996, 5 t DM.ha)used only for ensiling trials.
1

Dry leaves (DL): these are the basal leaves
that remain on the field after dry biomass harvest.
This material had the same origin as GF and was
obtained by manual raking, so it contained a considerable amount of soil contamination. Forage
from two harvests was obtained: DLl (August,
1994) and DL2 (August, 1995).).
Straw (S): this forage is the crop residue of
the seed harvest and included mainly stalks, and
also stem-leaves and capitula residues. It was
obtained in August 1994 from a commercial crop
(province of Seville, Spain).
All these forages were analysed for their
chemical composition and were used in voluntary
intake, digestibility, degradability and rate of
passage through the digestive tract trials.

2.2. Chemical
Chemical

composition

composition analysis included dry

(DM), organic matter (OM), crude protein (CP), ether extract (EE), crude fibre (CF)
[3], neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent lignin
(ADL) [24]. Also, neutral detergent insoluble
nitrogen (NDIN) and acid detergent insoluble
nitrogen (ADIN) were obtained by Kjeldahl analmatter

on NDF and ADF residues, respectively.
NDIN and ADIN contents were expressed as °lo
of total nitrogen. Fibre fractions were calculated
as ash-free. Ash contents of NDF and ADF fractions were determined burning the respective
residues at 550 °C. GF was dehydrated by

ysis

lyophilisation to perform chemical composition
analysis.
2.3.

Voluntary intake and digestibility

These measurements were carried out on six
adult wethers (four in the case of GF1) of the
Manchega breed. Animals were fed the evaluated forage ad libitum, and allowed for 10 %
feed refusal (25 % in the case of DL, because of
the soil contamination). Dry leaves and straw
were respectively supplemented with 1 and 2.5 °r’o
(in DM) of urea in solution, which was sprayed
daily. All the trials were carried out during winter
and consisted in an adaptation period of 15 days
followed by 10 days of intake measure. In the
last seven days of this period, faeces were collected to determine digestibility of dry matter
(DMD), organic matter (OMD), crude protein
(CPD), neutral detergent fibre (NDFD), acid
detergent fibre (ADFD) and gross energy (GED).
Energy value of the forages was determined as
gross energy (GE) and digestible energy (DE)
by measuring heat production from the offered
forage, refusals and faeces in an adiabatic
calorimeter bomb. Metabolisable energy (ME)
and net energy expressed as feed units (UFL and
UFV) were estimated following the Inra procedure [33].

2.4. Ruminal degradability
and passage rate
These studies were performed on GF1, DL1I
and S samples using three rumen cannulated
wethers. They were fed at an intake level of 40 g
, in two equal meals per day,
5
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DM.kgwith a diet composed (on DM) of 66.6 % Cynara
cardunculus forages (33.3 % GF1, 22.2 % DL1I
and 11.l % S) and 33.4 % commercial concentrate. The CP content of this ration was 121 g.kg-I
(on DM). Forages were incubated in nylon bags
(ref. 120 T, Tissages Tissues Techniques, France,
46 !m pore size), of 11 x 7 cm (inner dimensions) made by heat-sealing and filled with
approximately 3 g of feed samples (air dry basis).
Previously, GFI was dehydrated by lyophilisation
and all the forages were ground to pass a 2 mm
screen. The bags were incubated in the rumen

of each wether at times of 2, 4, 8, 16, 24, 48 and
72 hours for GFI and 3, 6, 12, 24, 48, 72 and
96 h for DL1 and S. Two replications were performed for each incubation time in different days.
After collecting bags from the rumen they were
washed with tap water and stored frozen. Once
thawed for analysis, bags were washed three
times for 5 minutes in a turbine washing machine,
dried at 80 °C for 48 h, and analysed for DM
and OM and also for nitrogen for GF1. Additionally, three bags of each feed were reserved for
zero incubation, which involved the washing
procedure without prior rumen incubation. Degradation characteristics of OM and nitrogen were
described using the model proposed by 0rskov
and McDonald [18], d = a + b (I - e -k! where
d (%) is disappearance at time t, a (%) is the soluble fraction,b ( %) is the potentially degradable fraction and kd (h-’) is the fractional rate of
degradation of fraction b. Ruminal undegradable
fraction (u; %) was calculated as 100 - (a + b).
Ruminal effective degradability (D; %) was estimated as a + (b x kd / (kd + kp)) according to
the rate of passage through the rumen (kp; h-’)
obtained for each forage.
To obtain kp values determinations were carried out in 2 trials, using as markers Eu (DLI)
and Yb (S) in trial 1 and Eu (GFI) in trial 2. Previously, forages were washed at 90 °C with
sodium lauryl sulphate and dried in an air forced
oven (70 °C). Then, they were marked by immersion for 24 h in acid solutions of YbCl
3 or EuCl
,
3
using a concentration of 5 mg of rare earth gI of
dry residue. The technique was performed
according to the recommendations of Ellis and
Beever [6] and had been described by Gonzdlez
et al. [10]. Each forage was offered to the animals in a single dose (40 g) and samples were
collected in faeces. Collection of faeces was
made through a period of 154 hours post-doses in
trial I and 145 hours in trial 2. A resting period
of seven days was introduced between both trials.
The samples collected were ashed at 550 °C and
digested by boiling with a solution of 1.5 M
3 and KCI (3.81 g-L-’). Concentration of
HN0
markers in the solutions was analysed for Yb by
atomic absorption spectrometry (7! 398.8 nm)
and for Eu by atomic emission spectrometry
(X= 459.4 nm), using pre-dosed samples of faeces to prepare common-matrix standards. The
evolution of the concentration of the marker in
faeces according to the time was established for
each animal using the model proposed by Dhanoa
et al. [5] and mean retention time in the digestive
tract (MRT) was calculated as: kll + k21 + T. In
accord with these authors, the smallest rate constant (kl; h) was assumed as the rumen out1
=

flow rate (kp), whereas k2 (h) represents prob1
ably the caecal outflow rate and T the retention
time in the remainder digestive compartments.

2.5.

Ensiling trials

All the forage (GF2) was cut the same day
and nine silages were made immediately or after
24 and 94 hours wilting on the field, using three
replicates per treatment. For silage making, forage was chopped at 5-10 cm and then introduced
and pressed into 30 1 drums provided with an
effluent drainpipe. Before ensiling, the forage of
each treatment was analysed for DM, water-soluble carbohydrates (WSC) [14], buffering capacity [19] and OM enzymatic digestibility (EDOM)
[23]. After 60 days, silos were opened and silages
were analysed for pH, DM, OM, CP, NDF, CF,
EDOM, soluble nitrogen (N-Kjeldahl on pressure extracted juice), ammonia nitrogen (colorimetry on pressure extracted juice using the
Merck test, ref. 1.14752), WSC, and acetic,
propionic, butyric and lactic acids (gas chromatography: Perkin Elmer 8500, Carbopack

80/120 column).
2.6. Statistical

analysis

All the data were analysed using the statistipackage SAS version 6.08 (SAS Institute
Inc., North Carolina, USA). The different kinetics associated with the indicated models (ruminal
degradability and passage rate) were fitted to a
non-linear regression [22], using the DUD
method of the NLIN procedure of SAS software
[26]. Comparison of ruminal degradation parameters of OM among forages were performed by
analyses of variance considering animals as
blocks and the means were compared by protected LSD test. Comparisons of OM and N
degradation parameters of GFI were made by
the paired t-test. Differences among forages for
the digestive transit parameters (kJ, k2, T and
MRT) were studied by variance analyses and
orthogonal contrasts, also considering animal
effects. The stepwise regression method was used
to predict digestibility of the studied forages from
chemical composition. Effects of length of wilting periods on silage fermentation parameters
were studied by variance analyses and orthogonal contrasts. In addition, linear and quadratic
regressions were used to fit fermentation parameters to the length of the wilting period.
cal

3. RESULTS
3.1. Chemical

composition,
voluntary intake and digestibility

Table I shows chemical

composition of

GF, DL and S samples. The chemical com-

position of GF reflects a high quality. This
material had a high proportion of cellular
(749 g.kgI DM on average for
GFland GF2, calculated as 1000 - NDF), an
acceptable CP content (144 g.kg!1 DM as
average of GFI and GF2) and low levels of
fibre (NDF and ADF), especially lignin,
because more than 55 % of ADL is represented by cutin. The development of the
vegetative cycle involves important variations in the chemical composition of this
material. So, DL samples show higher contents of fibre (CF, NDF and ADF) and ADL
than GF samples, without an evident variation of the cutin content. In addition, DL
samples show lower contents of CP, associated with an important increase of the
NDIN and especially ADIN proportions.
For both forages, differences in the chemical composition between samples obtained
in different harvests are probably a consequence of different climatic conditions. The
chemical composition of S is typical of a
fibrous and low protein forage.
contents

Green forage and especially DL presented low contents of OM, with considerable variation between samples of different
years. This could be due to a high soil contamination of these materials, as consequence of the contact of the basal leaves
with the ground surface. According to Van
Soest et al. [29], ash contents in NDF and
ADF fractions are respectively good estimations of contamination silica and total
silica (biogenic + contamination) contents in
forages. In this work, total silica was high for
GF and DL (ash content in ADF was 4.6 %
for GF1and 11.2% for DL1, on dry basis)
mainly corresponding to contamination of
silica (ash content in NDF was 4 % for GF1
and 9.0 % for DL1, on dry basis). However,
silica content was low in S (1.2 % ash in
ADF and 1.0 % in NDF, on dry basis),
which is probably related to the erect nature
of the latter material.

Voluntary intake, digestibility coefficients and energy values for GF1, DL (DLlI
and DL2 average) and S are presented in
table II. Intake of GF1was lower than the
value obtained for the same material after
the maturation process (DL samples),
although it was very variable among
wethers. GF1presented very high digestibility coefficients for all the analysed fractions.

The DMD of DL was low, even lower than
that of S. However, the OMD of DL was
higher, which should be in relation to the
soil contamination of the material. The
DMD and OMD of DL were influenced by
the year of harvest. So, DMD of DLI
(56.6 %) was higher than DL2 (50.9 %)
(SEM 0.42, P 0.003). The same occurred
with OMD, which was 68.6 % for DL1and
63.2 % for DL2 (SEM 0.41, P 0.003).
These differences are in agreement with the
chemical composition of the two samples,
presenting DL2 higher contents in fibre
(NDF and ADF) and lignin. Nevertheless,
this sample had more CP, even though
NDIN and ADIN percentages were also
higher. The CPD values of DL are biased
by the urea supplementation. Assuming that
urea digestibility is 100 %, CPD values for
DL are nearer 3S--4S % for these two samples. The CPD values of S were also distorted by urea supplementation. If urea
digestibility is assumed to be 100 %, the
CPD of S could be near 58 %. Differences
between DL and S for urea corrected CPD
are in agreement with the differences of
=

=

=

=

NDIN and ADIN

proportions

in these

by-

products.
Gross energy of GF I was lower than the
usual values for forages because of its high
ash content. In spite of this, and mainly as a
consequence of its high digestibility, the net
energy content resulted quite high. Energy
values of DL were strongly affected by the
high soil contamination of the material, and
appeared quite low. Variation between years
was important. Net energy contents of DL1I
(UFL 0.74 ± 0.12, UFV 0.70 ± 0.14)
0.61 ± 0.03,
were higher than DL2 (UFL
UFV = 0.55 ± 0.04), in agreement with
higher values in OMD and gross energy of
DL 1.
=

=

=

Table III shows the best predictions found
for digestibility values from chemical components of the studied forages. Crude protein
digestibility was not analysed because assays
for DL and S were performed with urea supplementation. Good predictions of the
digestibility of global fractions (OM and
energy) can be obtained from ADL or ADF
contents. Nevertheless, the use of this last

parameter for GED allows

a

better predic-

tion, with the introduction of the NDIN proas a second independent variable.
On the contrary, the digestibility of fibre
fractions (NDF or ADF) was basically determined by the fibre content of these forages.

portion

3.2. Rate of passage through the digestive
tract and ruminal degradability
Table IV presents the kinetic parameters
of marker faecal excretion (kl , k2 and 1)
and mean retention time (MRT) in the digestive tract of GF 1, DLand S. The klvalue
of GF1was higher than the average of byproducts. Between these, DLI had a higher

value than S. On the other hand, no differobserved for k2 values and only
a higher T value was observed for GFI in
relation with by-products.
ences were

Table V shows the comparison of OM
degradation kinetics between forages.
Organic matter degradation of GFI is characterised by a high degradability (79.9 %)
and a low undegradable fraction (6.6 %).
Degradation kinetics and effective degradability of nitrogen of GFI was almost iden-

tical to that of the OM, without any differbetween parameters. Thus, the soluble
and rapidly degradable (a), potentially
degradable (b) and undegradable (u) fractions showed values of 45.9, 47.4 and
ence

respectively, with respective SED
(paired t test) in relation to OM
degradation values (table V) of 0.99, 0.95
6.7 %,
values

and 0.26. The fractional rate of N degrada1 (SED 0.30).
tion (kd) was of 7.77 %-hNitrogen effective degradability (79.7 %)
was similar to that of OM (SED
0.7 1). As
expected, maturation of the leaves and
development of the stems resulted in important decreases of effective degradability of
these materials. Effective degradability of
OM in DLI was considerably lower than in
GF I, as a consequence of an increase of the
undegradable fraction and an important
reduction of the soluble fraction as well as
the fractional degradation rate. Meanwhile,
degradability of S was characteristic of a
poor forage, with a high proportion of
undegradable components and low proportions of soluble and degradable components
and, as a result, a poor OM effective degrad=

=

ability.
3.3. Green

Values of EDOM obtained for GF2 are in
agreement with the in vivo digestibility of
OM observed for GFI sample. All the
silages had pH levels lower than 4.5, imperceptible contents of butyric acid, high levels
of lactic acid - that were 3 to 5 times higher
than those of acetic acid - and ammonia
contents lower than 0.3 % (on DM). The
final parameters of silages showed some
variations according to wilting period. Concentration of fibre (NDF and CF) was lower
for wilted silages. Total losses were high
for the fresh forage silage ( 19.8 % of the
weight), but decreased according the wilting
period until 4.6 % for silages with 94 h wilting. The increase of the wilting period produced a linear increase of pH (R
2 0.82,
P < 0.001) and a linear decrease of lactic
acid concentration (R
2
= 0.60, P 0.014).
This increase also produced a decrease of
ammonia concentration and, in contrast, an
increase in propionic acid, but this is of
small quantitative importance.
=

=

forage silage
4. DISCUSSION

Table Vl shows initial composition of
Cynara cardunculus green forage (GF2)
according to wilting period and the main
parameters of resulting silages. This forage
presents high values of buffering capacity,
moisture and WSC. In addition, this forage
was easy to compact, as shown the high initial densities of the silages, which increase
(P = 0.008) with wilting of the material.

4.1. Chemical composition, voluntary
intake and digestibility
The chemical composition obtained for
GF is similar to that reported by Romero et
al. [25 ], except for NDF, ADF, and ADL
values (384, 251 and 93 g-kgI DM, respectively). Also, results reported by Ferndndez

[9] showed higher contents in cell wall
components of GF (362, 285 and 143 g!k!’
et

al.

DM for NDF, ADF and ADL, respectively).
This disagreement is probably due to the
existence of chemical interference in the
determination of sequential fibre fractions
(NDF, ADF and ADL) when a ’Fibertec’
apparatus is used. So, using this kind of
apparatus in the present assay, the NDF
residue for GF and DL presented a hard
agglomeration, like a stone, and this prevented ADF reagent and sulphuric acid to
act. Therefore, estimates of fibrous fractions
are overvalued using this methodology and
resulting ADL values (129 g.kgI DM for
GFl) are not consistent with the digestibility results. The use of bohemia glasses for
these samples avoids this error, allowing

shaking the contents and crumbling the
residue during the rinse, obtaining the results
presented in table I.
Digestibility values obtained for GF1are
in agreement with the high degradability
observed for this forage (table V) and are
similar to those obtained by Romero et al.
[25] (OMD 85.1 %, CPD 75.7 %),
which also show a high digestibility of CF
(77.4 %). The OMD of GF was higher than
those indicated in Inra tables for forages in
early vegetative stage, for which the greatest value is 84 % [2]. This result can be
explained by the high WSC content of this
forage (table VI) and also by the high
digestibility of fibre fractions (NDF and
ADF), which also is according to the low
lignification level of the cell wall. These
=

=

latter factors also explain the high net energy
of this forage and the similarity in
UFL and UFV values, that is indicative of a
high propionate yield during ruminal fermentation [32]. Mean voluntary intake of
GFI was low for a low fibre fresh forage
and does not agree with the other observed
nutritive parameters. This low intake could
be related to the high moisture content of
this forage (87.7 %), since the excess water
entrapped in the forage cell structure can
produce a physical limitation of intake [4,
3 1The higher intake of this material after
the maturation process (DL samples),
despite its higher cell wall and lignin contents, agrees with this hypothesis. However,
the presence of any component that could
affect the palatability of the fresh leaves
cannot be discarded, since the present work
did not include this type of study. Intake of
the tested feeds can not be affected by a seasonal effect because the experiments were
carried out in the same season (winter).
Moreover, the Manchega breed does not
present seasonal effects except a lower
intake in summer, as consequence of the
content

high temperatures [21].] .
When the vegetative cycle is finished this
material still maintains a high nutritive
value. So, when soil contamination was not
considered, energy value of DL samples
supplemented with urea was similar to that
of a medium or good quality hay [2]. Nevertheless, the digestive availability of its CP
results limited, perhaps as a consequence
of a high proportion of N-fibre bound
(ADIN and NDIN). On the contrary, its voluntary intake is high, similar to that of a
fresh grass of good quality [15].
The chemical composition of Cynara
cardunculus S is typical of a fibrous and
low protein forage, although with higher
contents in CP and lower in fibrous fractions than a cereal straw [2]. The DMD and
OMD of this by-product were higher than
those indicated for cereal straws supplemented with urea, which are generally below
50 % [2, 16]. This high level of digestibility

be explained by the lower contents of
fibrous fractions of this straw, but also by the
higher digestibilities of its cell wall components. Therefore, energy values and intake
were higher that those indicated in Inra
tables [2] for nitrogen supplemented cereal
can

straws.

4.2. Rate of passage through the digestive
tract and ruminal degradability
Differences among feeds observed for
kl values are in agreement with reports by
other authors who suggest that feeds with
higher fibre content have lower rumen outflow rates, because they have lower initial
densities and more chewing and ruminating needs [20].
Differences observed among feeds for
OM effective degradability are in agreement
with those detected for OMD. For crop byproducts, the most important difference
between DL and S was observed for the
undegradable content. So, although ADL
content of S was only a bit higher than in
DL1, undegradable OM of S was four times
higher than in DL1. Lignin effects are not
only dependent on its concentration, but also
on its distribution in cell wall and vegetable
tissues, which can be more or less efficient
at preventing microbial attack [11]. In this
case, it seems that lignin distribution in S
can prevent microbial attack to more extent
than in DL.
Similar rumen degradation of OM and
N observed for GF1is not common in most

forages, and evidence a synchrony in nitrogen and energy-yielding components available for ruminal microbial growth, which
may help explain the high digestive utilisation of this material observed in the
digestibility trial. Comparison of the N
degradability value with the CP digestibility
(CPD, table II) suggests that nitrogenous
components are basically digested in the
rumen, as occurs in most cases with forages
[27]. Degradability of nitrogen was higher
than CPD, but this last measure corresponds

to

apparent digestibility,

of nitrogen should be

4.3. Green

so true

digestibility

higher.

forage silage

amino acids

mentation, according to the classification
of Harrison et al. [12] for grass silages. The
high levels in lactic acid of silages - superior
than those indicated for grass and maize
silages [ 1 ! - and its ratios with other acids
indicate a lactic homofermentative type fermentation. The imperceptible levels of
butyric acid indicate that undesirable microorganisms (clostridia, moulds and yeast)
were under control, since butyrate is an endproduct of metabolisation of sugars by these
organisms [28]. Silages also showed a low
proteolytic activity (according to the moderate contents of ammonia observed), which
is another indicator of low activities of undesirable flora, because they also degrade

ammonia

ages was very high, which could be beneficial for the efficiency of microbial protein
production if this silage was fed to ruminants

This forage has some characteristics that
could hinder the ensiling process. One is
the high buffering capacity, which is higher
than those indicated for alfalfa or clover by
McDonald et al. [17]. The other is the low
DM content, adding to the difficulty of moisture loss during wilting. Thus, the increase
in DM content with wilting was very slow
with sunny but cold weather conditions and
nearly four days were necessary to obtain
a DM content of 22.7 %. This could be
related to morphological characteristics of
the plant, which has thick petioles that are
difficult to dry. According to Henderson
[13], wilting forage until 25-30 % DM is
beneficial for the ensiling process if it is
rapid, but if extended over several days soluble carbohydrates will be lost. In spite of
this, Cynara cardunculus green forage had
a very high content of soluble carbohydrates,
which remained unchanged in the forage
after 94 h wilting. This positive characteristic and the good conditions of anaerobiosis resulting from the high density obtained
with this forage facilitate the ensiling process. So, fermentative parameters indicate
that these silages had undergone a good fer-

producing mainly

[13, 28].The remaining WSC in ensiled for-

[12, 30!.

The reduction of total losses observed
with the wilting period increase agrees with
lower fibre contents (NDF and CF) observed
for wilted silages than for fresh forage
silages. This fact indicates low losses as
effluent of soluble materials in wilted
silages, which were also associated with
higher EDOM values. It is odd that NDF
and CF contents of wilted forage silages
were somewhat lower than in the original
material, but during ensiling, a part of the
hemicellulose fraction may disappear [13].] .
However, losses during the ensiling process
are not only due to effluent, but also by fermentation. According to Henderson l I 31]
and Van Vuuren et al. [30], wilting can
reduce also fermentation losses, which correlates with the linear increase of pH and
the linear reduction of lactic acid concentration observed with the increase of the
wilting period. Thus, wilting tended to moderate the fermentation level, although fermentation was enough to give a correct conservation. These results indicate that wilting
was beneficial to reduce effluent losses and
to moderate fermentation. However, the difficulty in drying this material makes the use
of mechanical treatments during the harvest
important in order to accelerate the wilting
process.

5. CONCLUSIONS
In the vegetative stage, Cy/ta!a cardui
?
culus has the characteristics of a very good
quality forage with very high digestibility
coefficients and, as a consequence, a high
energy value. This material is digested
mainly in the rumen, with a synchrony in
nitrogen and organic matter degradation at
this level. In addition, this forage has good
ensiling qualities, allowing the wilting of

the material to reduce the total silage losses
and to increase the nutritive value for ruminants. Dry leaves are also of high nutritive
value. Supplemented with urea, this material
is well consumed and has an organic matter
digestibility similar to a medium or good
quality hay. Straw of Cynara cardunculus
results in a fibrous and low protein forage
according to its chemical composition and
degradability. However, supplemented with
urea, it has higher digestibility and intake
than a cereal straw.

[8]

Fern
n
á
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