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a b s t r a c t

Natural grasslands play an important role in sheep production in Southern Portugal. The
increase of browse species (e.g., Cistus spp. shrubs) supplies green material to grazing ani-
mals and can be the only source of nutrients during some periods of the year, particularly
when there is a shortage of conventional feedstuffs.

The aim of this study was to characterize leaves, flower buds and fruits from Cistus salv-
ifolius shrubs, harvested at different maturity stages in the Alentejo region of Portugal, by
phenological, gas production methods.

C. salvifolius shrubs presented leaves during the entire year, with a continuous increase
of leaves from November until March. Fruits were found from November to May and flower
buds were observed from April to June. Stems constituted the highest dry weight (DW40◦C;
weight after drying at 40 ◦C) proportion of the plant (545 g/kg DW40◦C), followed by the
leaves (370 g/kg DW40◦C) and reproductive organs (85 g/kg DW40◦C).

The neutral detergent fibre (NDF) and lignin (sa) contents of the leaves ranged from 267
to 350 g/kg DM and 68 to 148 g/kg DM, respectively.

Leaf CP and total phenolics levels decreased linearly with time. Linear regressions resulted
in R2 of 0.961 (P=0.00002) and 0.825 (P=0.0128), respectively. Levels in leaves and flower
bud fractions reached levels as high as 120 and 85 g/kg DM, respectively.

In the fitted models for gas production rates, the maximum rates for the November,
December, January and June harvests were approximately one half of those in February,
March, April and May.

The highest fitted levels of total leaf gas production were in November (31.66 ml/200 mg
DM) and the lowest in March (13.35 ml/200 mg DM). The highest fitted gas production
levels were for fruits (40.29 ml/200 mg DM) and flower buds (30.74 ml/200 mg DM), which
also had the lowest total phenolic contents (44.0 g/kg DM – fruits and 65.0 g/kg DM – flower
buds).

It is concluded that the use of C. salvifolius shrub (including the leaves) as a feed source for
small ruminants in the farming system when there is a shortage of conventional feedstuffs,
requires careful monitoring during the flower bud stage, when high TP levels are observed.
The potential for metabolic disorders associated with high TP levels implies that diets based

only on this shrub should be avoided.

© 2011 Elsevier B.V. All rights reserved.

Abbreviations: ADF, acid detergent fibre; CP, crude protein; CT, condensed tannins; DM, dry matter; lignin(sa), sulfuric acid lignin; NDF, neutral detergent
bre; TP, total phenolic content.
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1. Introduction

Natural grasslands have an important role in extensive sheep production in Southern Portugal. Sheep production in this
region consists mainly in the maintenance of livestock with Mediterranean pastures.

Browse species supply green material for grazing animals and can be the only source of nutrients during some periods
of the year, particularly when there is a shortage of conventional feedstuffs.

Consequently, some browse species, many of which are already of considerable importance as forage resources in exten-
sive production systems, have been investigated. Studies by Hove et al. (2001) showed that tree legumes in southern Africa,
which persist during seasons of pasture scarcity, are an important source of supplementary protein, vitamins and minerals
for livestock nutrition.

However, there are a number of constraints in using browse plants as animal feeds, such as their high fibre fraction and
also high levels of phenol compounds in their foliage (Lefroy et al., 1992). In addition, results from studies on the use of
tanniniferous forages are complex due to the effect of the maturity stage on the tannin concentration. Understanding this
effect is fundamental in terms of the safety and of the optimal use of these resources as feed for ruminants.

The increase of browse species in extensive areas of montado such as the spread of Cistaceae shrubs and the palatability
of the leaves of these plants, particularly in the case of Cistus salvifolius, makes them very attractive for animal consumption.

However, some studies with Cistus ladanifer and C. salvifolius carried out with sheep flocks, showed that different intoxica-
tion symptoms occurred in certain periods (Soler et al., 1997; Louzã et al., 1999). Other studies using Merino rams nourished
with C. salvifolius leaves (at no more than 300 g/kg of the diet) did not show remarkable alterations in their behaviour, nor
in the blood parameters that were observed (Bruno-Soares et al., 1999).

For an initial screening of the nutritive value of feedstuffs it is relevant to assess their chemical composition and gas pro-
duction. Both attributes have been shown to be greatly affected by plant species, plant morphological fraction, environmental
factors and maturity stage (Lambert et al., 1989; Papachristou and Papanastasis, 1994).

The objective of this study was to assess, throughout a major part of the vegetative cycle of C. salvifolius shrubs: (i)
their phenological and morphological composition and (ii) their nutritive value by assessing chemical composition and gas
production kinetics using the Menke technique on feed aerial parts of C. salvifolius shrubs (leaves, flower buds and fruits).

2. Materials and methods

2.1. Sampling and preparation of plant material

The study was conducted in a low density montado in the region of Alentejo (Southern Portugal) with a 10 ha parcel of
land covered with C. salvifolius shrubs as the predominant vegetation. This land cover had emerged in a spontaneus way,
three years before the study began, after the land had ceased to be used for cereal crops.

The shrubs’ physiognomy did not change much throughout the year. The flower bud stage was the main reference point
for the biological development of the shrubs. In the Portuguese region of Alentejo, flower buds usually occur around April.
This study covered a period beginning approximately 5 months prior to this reference point, in mid-November.

Samples were randomly collected in the morning during a total period of 8 months, from November to June. The samples
for each month were manually harvested and consisted of two types: (a) six entire shrubs of C. salvifolius (with roots) to
assess the phenological and morphological characterization (Section 2.2) and (b) the branches from the upper third part of six
shrubs (with about 1 cm of diameter) to assess the chemical composition and the gas production of different morphological
shrub fractions (leaves, flower buds and fruits – Section 2.3).

Since sheep tend to avoid eating fruits, their chemical composition and subsequent gas production was only studied
during the first month of observations (November). The small number of flowers observed during the study period did not
justify their inclusion in this study.

2.2. Phenological and morphological composition

Each entire C. salvifolius plant (6 replications of type (a) samples, for each harvesting date) was used to assess the pheno-
logical characterization. Subsequently, each sample was separated into leaves, stems and reproductive organs (fruits, flower
buds and flowers) and dried at 40 ◦C with ventilation until a constant weight was reached. Dry weights of these morpho-
logical fractions, for each plant, were expressed as a proportion of the total sample dry weight (DW40◦C) according to Abreu
et al. (2000).

2.3. Chemical composition
The material harvested from aerial parts of the shrubs (type (b) samples) was split into leaves, stems and reproductive
organs. For each morphological fraction and date of collection, the material from the six plants was pooled, dried at 40 ◦C
and milled (1 mm mesh) for analysis. For each fraction’s pool, three composite samples (replications) were selected and
the chemical compositions of C. salvifolius leaves, fruits and flower buds were assessed. Results from all replicate analysis
were averaged. The samples were then assessed for dry matter (DM) after drying at 100–105 ◦C (24 h); ash by combustion at
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50 ◦C (24 h) and crude protein (CP) using the Kjeldahl method (N × 6.25). Neutral detergent fibre (NDF) and acid detergent
bre (ADF) analyses were assayed in the same sample in a sequential manner according to Van Soest et al. (1991) without
mylase or sodium sulfite. Both NDF and ADF are expressed inclusive of residual ash. Sulfuric acid lignin(sa) was determined
ccording to Van Soest (1981). Total phenolics (TP) and condensed tannins (CT) were determined according to Julkunen-Titto
1985) and Broadhurst and Jones (1978), respectively.

.4. Gas production

Three castrated male rumen cannulated rams (3 years old, 59 kg average live weight, Merino breed, housed in metabolic
ages) were used. Each animal received 700 g of chopped Avena sativa–Vicia sativa hay and 300 g of a concentrate meal
500 g/kg barley grain, 250 g/kg soybean meal, 210 g/kg soybean hulls and 40 g/kg minerals and vitamins) in two identical

eals, every day at 08:30 and 16:30 h. The CP and NDF levels were 118 and 553 g/kg DM for hay and 270 and 153 g/kg DM,
espectively.

The volume of gas produced by the studied material was evaluated using the Menke technique (Menke et al., 1979)
dapted to local laboratory conditions.

The rumen fluid (mixing the liquor from three animals) was taken using a suction bottle before the morning feed and
ucked through 3 layers of cheese cloth into a warm flask (39 ◦C and filled with CO2). The incubation system used was
hromatography syringes (24) at 100 ml placed in a shaking water bath at 39 ◦C.

Leaves, flower buds and fruits were milled to pass a 1 mm mesh and a sample of about 200 mg of DM was used in
ach syringe. For each harvesting, the volume of gas was measured at 2, 4, 6, 8, 24, 32, 48 and 72 h after incubation. Six
easurements (3 tubes × 2 trial replicates) were performed at each of these incubation times. The gas production observation
as averaged over replicates (3 × 2).

.5. Biometric analysis

In this study the values of total gas volume produced at incubation times 2, 4, 6, 8, 10, 24, 32, 48 and 72 h were fitted,
sing non-linear regression, to the Gompertz model Y(t) = � exp(−exp(−ˇ(t − �))) where t is the time elapsed since the
eginning of the incubation. Curves were fitted using both the Marquardt method of the PROC NLIN procedure with S-PLUS
000 Release 3 (Math Soft Inc.) and the nls procedure of the open source R software (R Development Core Team, 2010). In
he Gompertz model, parameters have biological interpretations: � is the time at which the maximum instantaneous rate
f gas production Y′(t) is observed. At this point in time, the instantaneous production of gas is Y′(�) = �ˇ/e and the total
as produced so far is Y(�) = �/e. Parameter ˇ > 0 is the relative rate of gas production at time t = �, that is, ˇ = Y′(�)/Y(�).
arameter � is the limiting total gas volume produced when incubation time tends to infinity (approximately at t = 72 h).

The degree of association between chemical composition and gas volume produced at 2, 4, 6, 24, and 72 h, and between
hemical composition and fitted model parameters, was assessed using linear correlation coefficients.

Linear and quadratic regressions were fitted to describe the variation of some chemical parameters over time (0–208 days),
ccompanying the development stages of C. salvifolius. These analyses were carried out using 2002–2003 SAS Institute Inc.,
ary, North Carolina, USA software.

. Results

.1. Phenological development and morphological composition

During the study period the following development stages of C. salvifolius shrubs were observed: (i) stems fructified
rom November to May; (ii) flower bud formation began in April (stems presented flower buds separated from the terminal
eaves); and (iii) flowering stage (a small number of stems presented some inflorescences with open flowers) in April.

In this study (Table 1), leaves as a proportion of total dry weight, were most relevant in March (521 g/kg DW40◦C), after
hich there was a decrease coinciding with the flower bud forming stage. The morphological component with higher

xpression in the C. salvifolius shrubs was almost predominantly the stem fraction, with a maximum value of 772 g/kg
W40◦C, in November. Reproductive organs, namely fruits, presented their highest expression in December and January

about 30 g/kg DW40◦C).
This study confirmed that the most important shrub fractions were: stems (mean values of 545 g/kg DW40◦C), followed

y the leaves (mean values of 370 g/kg DW40◦C) and the reproductive organs (mean values of 85 g/kg DW40◦C).

.2. Chemical composition
The evolution of leaves DM content (Fig. 1) showed a generally upward trend over time with a good fit to a quadratic
egression model, with R2 = 0.950 (P=0.00055).

C. salvifolius leaves presented levels of DM between 327 and 553 g/kg (Table 2). For the same harvest period (April, May
nd June) the DM level of the flower buds was slightly lower than that of the leaves.
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Table 1
Mean morphological composition (g/kg DW40◦C) of Cistus salvifolius shrubs for the different harvesting dates.

Harvesting dates Leaves Stems Reproductive organs

Fruits Flower buds

November 216 772 12 0
December 497 467 36 0
January 442 523 35 0
February 482 500 18 0
March 521 469 10 0
April 332 561 9 92
May 245 492 1 255
June 217 576 0 207

DW40◦C, dried weight at 40 ◦C with ventilation until a constant weight.
When the total of morphological composition is less than 1000, presence of flowers should be considered (April and May).
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Fig. 1. Dry matter (DM) content of Cistus salvifolius leaves for the different harvesting dates (t).

Table 2
Chemical composition (g/kg DM) of Cistus salvifolius leaves, flower buds and fruit for the different harvesting dates.

Harvesting dates DM Ash CP NDF ADF Lignin TP CT

Leaves
November 336 53 137 300 198 79 111 35
December 330 54 135 285 212 148 120 66
January 327 54 127 298 215 123 88 74
February 345 52 118 305 235 133 65 46
March 343 60 105 267 183 90 42 37
April 365 67 84 350 236 120 43 28
May 410 67 85 307 221 77 58 33
June 553 51 73 329 218 68 104 66
Flower buds
April 306 43 82 261 164 58 65 9
May 318 37 63 490 333 90 85 25
June – 30 65 517 347 109 79 21
Fruits
November 845 31 74 569 390 124 44 12
DM, dry matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre; TP, total phenolics; CT, condensed tannins.

NDF and ADF fractions exhibited a small variation (80 and 50 g/kg DM, respectively). The cell wall contents ranged from
267 to 350 g/kg DM. The hemicellulose (as the difference between NDF and ADF) and the cellulose (as the difference between
ADF and lignin(sa)) contents were obtained through sequential analyses on the same sample of the C. salvifolius leaves and
represented 95 and 110 g/kg DM, respectively, of the cell wall fraction.

The fibre fraction of the flower buds increased particularly in NDF (from 261 to 517 g/kg DM), throughout the three

harvesting periods studied. These levels were higher than those observed for leaves for any of the harvesting periods. Fruits
presented fibre levels higher than those observed for leaves and flower buds, in all the harvesting periods (569 g/kg DM).

CP levels decreased during the shrubs’ vegetative development from values of 137 to 73 g/kg DM.
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Table 3
Adjustment degree and parameters of gas production from Cistus salvifolius leaves, flower buds and fruit to the Gompertz model for the different harvesting
dates.

Harvesting dates � ˇ � �ˇ/e RSD

Leaves
November 31.66 0.091 9.43 1.059 1.05
December 23.63 0.102 4.50 0.887 1.17
January 19.48 0.080 7.17 0.573 0.99
February 27.83 0.433 2.58 4.433 1.72
March 13.35 0.381 3.29 1.871 1.52
April 19.98 0.276 2.58 2.029 1.42
May 28.20 0.308 3.93 3.195 1.27
June 19.18 0.093 3.48 0.656 1.37
Flower buds
April 30.74 0.148 2.57 1.674 2.78
May 24.22 0.225 4.29 2.005 2.35
June 21.37 0.0670 6.87 0.527 1.41
Fruits
November 40.29 0.0626 4.38 0.928 3.76
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, ˇ and � are the parameters of Gompertz model; � is the limiting total gas volume produced when incubation time tends to infinity (approximately at
= −72 h); ˇ is the relative rate of gas production at time t; � is the time at which the maximum instantaneous rate of gas production; �ˇ/e, maximum
nstantaneous rate of gas production; RSD, Residual Standard Deviation.

For the same harvesting period (April, May and June) the leaves’ and flower buds’ CP levels were also similar. Nonetheless,
he fruits presented a CP value of 74 g/kg DM corresponding to roughly half the value observed for leaves in the same
arvesting period (November).

The total phenolic content of leaves varied over time according to the polynomial (quadratic) regression model which
haracterized this evolution (R2 = 0.825; P=0.0128). There was a gradual decreasing tendency in TP from November until
arch/April, with the lowest observed values of 42 g/kg DM. From here onwards, TP tended to grow with time.
Leaves’ CT content tended to increase from November (35 g/kg DM) onwards, reaching their highest level in January

74 g/kg DM). Afterwards, contents decreased until April (28 g/kg DM) and again grew to 66 g/kg DM in June.
Reproductive organs presented lower CT levels (12 g/kg DM) than the leaves, for all the harvesting periods.

.3. Gas volume production

The fitted Gompertz model parameters for the gas production of leaves and reproductive organs are given in Table 3. The
eaves’ gas productions during the study period had a more satisfactory fit to the Gompertz model (the residual standard
eviation – RSD – which is an overall indicative of lack-of-fit, varied between 0.95 and 1.72) than flower buds (RSD between
.41 and 2.78) or fruits (RSD = 3.76), although the latter result is based on a single month of observations.

As with the leaves’ fraction, the average level of gas produced from all plant material was higher in the initial 24 h
han afterwards (up to 72 h). This finding seems to be more evident throughout the shrub flower bud stages, which can be
elated to the TP level acting as a fermentation inhibiter. The highest levels were registered in November, February and May
� = 31.66, � = 27.83 and � = 28.20 ml/200 mg DM, respectively) and the lowest in January (� = 19.48 ml/200 mg DM), March
� = 13.35 ml/200 mg DM), April (� = 19.98 ml/200 mg DM) and June (� = 19.18 ml/200 mg DM).

For flower buds, the lowest total gas production (� = 21.37 ml/200 mg DM) occurred in June, together with the lowest
elative gas production rate (ˇ = 0.0670 ml/200 mg DM) after � = 6.87 h of fermentation. The highest total gas production
as observed in April (� = 30.74 ml/200 mg DM) with a relative rate of gas production of ˇ = 0.148 ml/200 mg DM after 2.57 h

f fermentation.

. Discussion

.1. Phenological development

The observed phenological stages did not always coincide with those reported by others authors. Cabezudo et al. (1992)
eported the same blooming period, but a longer period with shrub flowers (from April to June). These comparisons reveal
wide variety of phenological patterns which can be explained according to the phenophase sequence index – PSI (Castro-
íez and Montserrat-Martí, 1998). According to these authors, this index quantifies the degree of superposition between
egetative growth, flower bud forming and flowering and it constitutes the basis for phenological classification patterns.
It is important to highlight that flower buds were the reproductive organs with the highest proportion of total dry weight
DW40◦C), as can be seen in Table 1.

C. salvifolius shrubs presented leaves all year round and a continuous increase of leaves from November until March. The
ighest dry weight (DW40◦C) proportion of leaves was observed in March, which is in accordance with the above authors.
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Fig. 2. Crude protein (CP) content of Cistus salvifolius leaves for the different harvesting dates (t).
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Fig. 3. Total phenolic (TP) content of Cistus salvifolius leaves for the different harvesting dates (t) fitted using all (n1 = 8) observations, and fitted using only
the last seven (n2 = 7) observations (excluding t = 0 days).

4.2. Chemical composition

Regarding fibre fraction (NDF and ADF) some oscillation was observed during the study but no relevant time trend was
found. In general, their levels were low when compared to conventional feedstuffs such as hays, silage, forage or straws
(Abreu et al., 2000; Bruno-Soares et al., 2010). In most cases lignin (sa) contents were higher (>68 g/kg DM) than those
recorded for Lucerne hay (Ramirez et al., 1998), barley, oats, ryegrass or Lucerne forage (in different development stages
and cycles) (Abreu et al., 2000). The high lignin(sa) of the cell walls is a consequence of other phenol compounds (Van Soest,
1981).

The leaves’ CP levels showed an approximately linearly decreasing trend with time (Fig. 2). This trend was also observed
by Bruno-Soares et al. (2004) when studying the evolution of C. salvifolius leaves in five consecutive months. In most cases,
CP contents were similar to those of conventional feedstuffs such as silage, hays and forage (Abreu et al., 2000; Bruno-Soares
et al., 2010).

C. salvifolius leaves can be a considerable protein supplement for low quality roughages, such as cereal straw stub-
bles, whose protein contents are often as low as 45 g/kg DM (Abreu et al., 2000). However, CP content per se should not
be the only criterion for assessing the relative importance of a particular feedstuff. Many studies have shown that in
roughages, namely in browse species, CP cannot be considered as an uniform fraction, as some nitrogen can be found
either as soluble non-protein nitrogen or bounded to cell walls (Fall-Toure and Michalet-Doreau, 1995; Sahyo and Udén,

1999). Moreover, the digestive utilization of nitrogenous compounds depends on the presence of phenol compounds,
namely tannins which are commonly present in certain browse species (Woodward and Reed, 1989; Rittner and Reed,
1992).

The leaves’ TP content varied over time (Fig. 3). The first observation (November 18, t = 0) presents unlikely values, which
were not registered in similar studies (Bruno-Soares et al., 2004). However, it has not been possible to confirm whether
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ig. 4. Cumulative gas produced after 2–72 h of incubation from Cistus salvifolius leaves harvested in November, December, January and June (Group I).

here is a problem with this value. If this observation were excluded, the coefficient of determination R2 of the quadratic
egression model for the remaining n = 7 points would grow to 0.971 (P=0.00085).

The quantity of TP observed in Cistus leaves was close to levels observed in non-conventional feedstuffs such as African
cacia leaves studied by Abdulrazak et al. (2000) and as Acacia brevispica (59 mg/g DM), A. nubica (56 mg/g DM) or A. melífera

104 mg/g DM) but larger than the values presented in Gleditsia triacanthos pods (35 g/kg DM) according to Bruno-Soares
nd Abreu (2003).

The CT contents of C. salvifolius leaves were higher than those of the African Acacia leaves referred in Abdulrazak et al.
2000) (A. brevispica – 1.1 mg/g DM, A. nubica – 0.2 mg/g DM; A. nilotica – 11 mg/g DM and A. melífera – 20 mg/g DM), but similar
o other non-conventional feedstuffs such as Calianda calothyrus (64.8 g/kg DM), Leucaena leucocephala cv. Cunningham
34.6 g/kg DM) or Acacia boliviana (43.2 g/kg DM) studied by Jackson and Barry (1996). These results were obtained with the

ethodology of Broadhurst and Jones (1978) and Julkunen-Titto (1985). Comparisons with results obtained using different
ethodologies are not given, because they would be questionable.
Previous studies (Bruno-Soares et al., 2004) have shown that amongst the three morphological components of the C.

alvifolius shrubs, sheep preferred to eat the leaves. However, the ingestion of flower buds by small ruminants cannot be
xcluded, particularly when these exist in the shrubs together with leaves, as occurs during the flowering stage (from April
o June).

In certain periods of the year the presence of both leaves and flower buds in the bush can imply high CT levels, as was
bserved in the current study in May and June (58 and 87 g/kg DM, respectively).

In fact, high values of CT could inhibit microbial activity, depress dry matter digestibility (Kumar and Vaithiyanathan,
990), reduce voluntary intake (Waghorn et al., 1990) and consequently can instigate metabolic disorders (Yeruham et al.,
002; Bruno-Soares et al., 2004). Vogt and Gulz (1994) described the total phenolic contents in Cistus spp. as responsible for
he convulsive syndrome in small ruminants.

.3. Gas volume production

For this study, correlation coefficients between the chemical components of leaves and gas productions at 2, 4, 6, 24 and
2 h were generally lower than 0.50 with the exception of ADF content at incubation times h = 2 (r = 0.71), h = 4 (r = 0.74) and
= 6 (r = 0.69). A more interesting relation is the fairly important correlation coefficient (r = −0.83) between the TP contents
f leaves and the relative rate of gas production at time t = � (as measured by the fitted value of parameter ˇ in the Gompertz
odel). This suggests that high TP levels depress the maximum gas production rates, and may explain the kinetic differences

etween the November, December, January and June harvestings, on the one hand (Group I, Fig. 4), and those of February,
arch, April and May (Group II, Fig. 5), on the other. The relative gas production rates ˇ for Group I were less than half of

hose for Group II (Table 3), whilst TP levels in the former group were substantially higher (Table 2).
These findings are congruent with those of numerous authors including Apori et al. (1998) which reported a higher rate of
as production with Ghanaian leaves containing a relatively low concentration of condensed tannins. Moreover, Abdulrazak
t al. (2000) attributed the higher gas production rate in A. nubica to a relatively low condensed tannin contents.

In all harvesting dates, gas production rates were initially low and then increased sharply during the first hours of
ermentation (between 2 and 10 h), as shown by the initially steep derivatives of the fitted Gompertz curves for total gas
roduction in each month (Fig. 6).
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Fig. 5. Cumulative gas produced after 2–72 h of incubation from Cistus salvifolius leaves harvested in February, March, April and May (Group II).
Fig. 6. Gas production rate of Cistus salvifolius leaves for different harvesting dates. The curves are the derivatives of the Gompertz function using the fitted
parameter values for each month. The symbols were used to distinguish the curves for each month.

As expected, gas production rates were negligible after 24 h of incubation (Fig. 6). This is due to the presence of high
amounts of fermentable substrate at the beginning of the incubation, which will be metabolized during the first 24 h.

In fact, in samples from Group II, the maximum gas production rates were reached in the first hours of incubation
(2.58 h ≤ � ≤ 3.93 h) whilst in Group I initial fermentation was slower and the maximum rate of gas production was usually
reached after a longer period of time (4.50 h ≤ � ≤ 9.43 h), with the exception of June (� = 3.48 h). The corresponding rates
of gas production at time � (��/e) are also larger for the Group II months (Fig. 6).

The small value of CP in June could explain the low value of � for that month. Linear correlation coefficients of the
fitted parameter � with chemical components do not produce very large values, but are noteworthy for CP (r = 0.64) and
TP (r = 0.59). Scatterplots suggest that there may be interesting non-linear relations between � and these two chemical
parameters, but the relatively small number of observations (n = 8 months) makes it difficult to explore this hypothesis
further.
However, the highest levels of gas production from the leaves are not associated with one specific group of months.
In the current study and in a similar incubation period (0–72 h) the gas production from C. salvifolius leaves was higher

than that observed by Bruno-Soares et al. (2004) in December (6.0–25.2 ml/200 mg DM vs 1.5–13. 3 ml/200 mg DM) and
in June (4.3–20.4 ml/200 mg DM vs 0.3–7.9 ml/200 mg DM). These values may be associated with different factors, such as
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ifferences in the shrub phenological development, since the TP levels varied with the shrub vegetative state (Fig. 3), and
ifferences in sampling methods for the collection of leaves, amongst others.

. Conclusions

C. salvifolius shrub may be used as a feed source for small ruminants in farming systems in Portugal. However, the high
evels of the total phenol compounds (in particularly condensed tannins) in some summer months, when conventional
eedstuffs are scarce, will require a careful animal management during this period.
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