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Abstract

The application of n-alkanes as faecal markers to estimate diet composition of equines and cattle was
studied. Twelve mature crossbreed mares (385 =47 kg live weight — LW) and six adult non-lactating
cows (499 £ 36 kg LW) of Asturiana de los Valles breed were divided in groups of three animals (H1,
H2, H3 and H4 in equines and C1 and C2 in cattle) and housed in individual stalls. Animals received a
daily total amount of 1.0kg DM/100kg LW of different experimental diets composed of herbaceous
(Lolium perenne L.) and woody species (Ulex gallii Planchon and heather: Erica spp. and Calluna
vulgaris L.). Diet composition varied among treatments: H1 and C1 — L. perenne as sole component;
H2 and C2 - L. perenne (0.70) and heather (0.30); H3 — L. perenne (0.70) and U. gallii (0.30); H4 —
L. perenne (0.40), heather (0.30) and U. gallii (0.30).

Diet composition was estimated from the alkane concentrations (Cy7, Cy9, C3; and Cs3) in diet
and faeces by least-squares procedures. Furthermore, the effect of using different sets of alkane

Abbreviations: ADF, acid detergent fibre; AFR, alkane faecal recovery; CP, crude protein; DM, dry matter;
DMD ap, apparent dry matter digestibility; F, total faecal output; I, intake; LW, live weight; NDF, neutral detergent
fibre
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faecal recovery, without no faecal recovery correction (R1), applying mean diet faecal recoveries
(R2) or applying mean faecal recoveries across all diets (R3) was evaluated. The results showed
that in equines the alkane faecal recovery was unrelated with carbon chain length. In contrast, in
cattle, the alkane faecal recoveries increased with alkane chain length. The results obtained in equines
suggested a negative association between diet digestibility (ranging from 0.39 to 0.58) and alkane
faecal recoveries (ranging from 0.84 to 1.08) for the alkanes Cy; (”*=0.701,P<0.001), Ca9 (+* =0.580,
P<0.01), C3; (* =0.604, P<0.01) and Cs; (r*> =0.742, P<0.001). Accurate diet composition estimates
were obtained in equines using alkane faecal concentrations corrected or not for their incomplete
faecal recovery.

The results obtained in this study confirmed the usefulness of the n-alkane markers to estimate
diet composition of equines and cattle grazing these type vegetation communities with very different
components. However, in cattle these diet composition markers needed proper adjustment of their
faecal concentrations prior to their application.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In many mountain and marginal areas around the world equines graze together with
sheep, cattle, goats and also with wild herbivores in a multi-species herd, with different
levels of competition between them. One of the main objectives of landscape conservation
is the maintenance of high levels of biodiversity. It is clear that biodiversity is highly
dependent on the management of natural resources (Rook et al., 2004). Therefore it is
essential to know the diet selection of the herbivores in order to establish the appropriate
type of herd (proportion of different animal species) and management to achieve high levels
of biodiversity and the sustainability of livestock and ecosystems.

Different studies have shown the differences in grazing behaviour between cattle and
horses grazing in different conditions such as Pyrenees (Aldezabal, 2001) and Savannah
(Lechner-Doll et al., 1995). The ability of equines for grazing a shorter grass than that
needed by cattle for maintenance, and also the intake capacity of equines for shrub species
as Ulex spp. when the availability of grassy species is very low (Osoro et al., 2005) made
equines highly competitive against cattle. The competition for the management of grassy
areas seems to be very high. However, the complementarily for the management of marginal
vegetation communities dominated by certain woody species as Ulex spp. could also be high.
Sequential grazing could be one of the management strategies for grass-woody vegetation
communities. Nevertheless, we need to know the behaviour of these two herbivores species
under certain vegetation conditions and the level of utilization and intake.

The objective of the present work was to validate the n-alkane technique to estimate diet
composition in equines and cattle feeding with herbaceous (Lolium perenne L.) and woody
species. For this purpose, different diets composed of herbaceous (L. perenne L.) and woody
species (Ulex gallii Planchon and heather: Erica spp., Calluna vulgaris L.) were offered
to horses and cows in a metabolic crate study in order to allow total faecal collection and
sampling of feeds.
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2. Materials and methods
2.1. Experimental site and design

This study was conducted at Carbayal Research Station, situated at 900-1000 m above
sea level, at San Isidro’s Mountain, Asturias, Spain (longitude —6° 53’, latitude 43° 21"),
where the vegetation is dominated by a mosaic of gorse-heathland interspersed with small
areas of improved pastures (Lolium perenne L.).

The experiment (11 days) was carried out between November and December of 2004,
at the end of the grazing and vegetation growth season, and consisted of a 7-day period
for adaptation of the animals to the diets and experimental conditions followed by 4 days
of faeces collection. Samples of each of the diet components were collected daily for
chemical and alkane analysis (from day 1 to 11) and sub-sampled for dry matter (DM)
determination.

During the study, daily total faecal output was recorded individually. For total fae-
cal output determination, faeces were removed from the floor, retained in individual
containers and weighted. After homogenization, one sample of total faeces from each ani-
mal was collected for DM determination and another sample was prepared for alkane
analysis.

Prior to the trial, the animals were grazing on the type of vegetation described for these
marginal areas, which was used in the experimental diets.

2.2. Animals and diets

Twelve mature crossbreed mares (385 £47 kg live weight — LW) and six adult non-
lactating cows (499 + 36 kg LW) of Asturiana de los Valles breed, housed individually in
metabolic crates, were randomly distributed in groups of three animals for each animal
species (H1, H2, H3 and H4 for horses and C1 and C2 for cows). H1 and C1 received a
diet composed only by ryegrass (Lolium perenne L.) and H2 and C2 were fed on a diet
composed of ryegrass (0.70) and heather (0.30). H3 was fed on a diet of ryegrass (0.70) and
gorse (Ulex gallii Planchon, 0.30) and H4 received ryegrass (0.40), gorse (0.30) and heather
(0.30). During the study animals were offered a daily total amount of 1.0 kg DM/100 kg LW.
The species composition of the diets reflected the grazing behaviour of cattle and equines
on these vegetation communities observed in previous studies (Osoro et al., 2005).

Gorse was only included as a diet component in the equine treatments (H3 and H4),
since previous studies showed that this plant species is rejected by cattle (Osoro et al.,
2003). Gorse is a thorny legume, characteristic of these marginal vegetation communities,
mixed with Erica spp. and C. vulgaris, which can be selected by equines in situations where
the grass availability is low.

Freshly cut vegetation components (ryegrass and green shoots of gorse and heather)
were harvested daily from random sites within the experimental field and were offered
in individual mangers along the day in an attempt to prevent loss of diet components.
The botanical composition of the vegetation component called “heather” represents the
field proportions of different plant species of heathland, namely Erica umbellata L., Erica
cinerea L. and Calluna vulgaris L., in this experimental period.
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2.3. Chemical analysis

Samples of diet components (ryegrass, gorse and heather) and faeces were immediately
dried on the day of collection, using a forced-air oven at 60 °C for 72 h, for DM deter-
mination. The samples for alkane analyses were immediately frozen at —20 °C and then
freeze-dried and milled through a 1 mm screen.

Ground samples were analyzed for ash (no. 942.05, AOAC, 1990) and total N as Kjeldahl
N (no. 954.01, AOAC, 1990). Crude protein (CP) was calculated as Kjeldahl N x 6.25.
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed by the method
of Van Soest et al. (1991) and expressed inclusive of residual ash. Sodium sulfite and heat
stable amylase were not added. Lignin (sa) was determined by solubilization of cellulose
with sulphuric acid (Van Soest et al., 1991). Hemicellulose and cellulose were calculated
as the difference between NDF and ADF and ADF and lignin (sa), respectively.

2.4. Alkane analysis

Alkane concentration of individual samples of diet components and faeces were analysed
in duplicate according to the methods of Mayes et al. (1986), modified by Olivan and Osoro
(1999).

The first stage involved the saponification of 0.5 g of faeces or 1.5 g of vegetation com-
ponents for 14 h in 7 ml ethanolic KOH 1M at 90 °C in a dry-block heater (Techne DB-3,
Techne Ltd., Duxford, Cambridge, UK). Afterwards, a hot extraction was performed with
n-heptane at 65 °C (Olivan and Osoro, 1999). After the extraction, the sample was passed
through a silica-gel column (bed volume 5ml), to separate the alkanes from pigments,
sterols and alcohols. Samples eluted from the columns were evaporated to dryness, and
then redissolved in 500 w1 of heptane for chromatographic analysis.

Quantification of the alkanes was carried out by gas chromatography, using a VAR-
TAN 3400 GC, equipped with flame ionisation detector (FID), an 8200 autosampler and a
temperature-programmable injector.

Alkane extracts were injected (0.5 ul) by on-column injection on a 15-metre col-
umn DB-1 megabore of 0.530 mm internal diameter and 1.5 wm film thickness. Helium
was used as carrier gas at a constant flow of 15 ml/min. Gradients of temperature were
used for the injector (80 °C for 0.2 min; 200 °C/min to 380 °C) and the column (200 °C
for 1 min; 6 °C/min to 300°C; 6 min at 300 °C). The detector oven was maintained at
350°C.

Gas chromatographic method was calibrated with a standard solution containing a mix-
ture of synthetic alkanes (from Cy3 to C3g) with concentrations similar to those found in
extracts. The response factors for individual alkanes were calculated from peak areas and
the known concentrations. The detector response to different concentrations of each solute
was linear throughout the range of concentrations found in the injected samples. Alkane
concentrations were quantified relative to known amounts of the internal standards Cj;
(n-docosane) and C34 (n-tetratriacontane), added at the beginning of the extraction process.
The use of two internal standards enabled the evaluation of the effectiveness of the extrac-
tion process and the correction of the peak areas for any discrimination detected during the
solvent-extraction step (Olivan and Osoro, 1999).
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2.5. Calculations

The faecal recovery of each n-alkane (AFR) was calculated for each animal as the
proportion of alkane consumed in the diet which was recovered in the faeces (Eq. (1)):
F x Fi

AFR; = (1)
RxRi+G x G;+ H x H;

where AFR; is the faecal recovery of i alkane, F is the faccal DM output, F; the faecal
concentration of the i alkane. R, G and H are the mean amounts of the diet components R
(ryegrass), G (gorse) and H (heather) consumed over the entire period and R;, G; and H; the
i alkane concentrations in R, G and H, respectively.

Individual diet composition estimates were obtained using an optimization procedure
which minimises the sum of squared discrepancies between the actual (A) alkane pro-
portions in faeces (adjusted for the incomplete faecal recoveries) and the estimated (E)
proportions (different combinations of diet components), as follows (Salt et al., 1994; Olivan
etal., 1999):

Ri +h x Hi Gi
Z[A EP Z Fi _ rxRithxHitgxGil .l )
Ft  rxRt+hxHt+gxGt

where r, h and g are the proportions of components R, H and G in the diet; Fi, Ri, Hi and
Gi are the concentrations of alkane 7 in faeces (corrected for incomplete faecal recovery)
and components R, H and G; Ft, Rt, Ht to Gt are total alkane concentrations in faeces and
components R, H and G. For diet composition calculations it was assumed that all animals
had potential access to all vegetation components (L. perenne, heather and U. gallii) in order
to test the capability of the alkane technique in estimating feeds which are not part of the
diet but are available for consumption.

Diet composition calculations were performed using only the long chain alkanes (C»7,
Cy9, C31 and Cz3) with higher concentration in diet and faeces applying three different
alkane faecal recovery corrections:

- R1, without any correction for incomplete faecal recovery;

- R2, alkane faecal concentrations were corrected using the mean recovery of the dietary
treatment that the animal belonged to;

- R3, alkane faecal concentrations were corrected using the mean recovery across all
experimental diets.

Apparent in vivo dry matter digestibility (DMD,p) was calculated from total faecal
collection using the equation DMDy;, = (I — F)/I, where 1 is the total intake and F the total
faecal output.

2.6. Statistical analysis
Statistical analyses were carried out using the JMP program (2003). The effect of treat-

ment, n-alkane (Cy7, Ca9, C31 and C33) and their interaction on the recovery of the alkanes
in faeces of each animal species (equines and cattle) was examined by two-way analysis
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of variance (ANOVA). The effect of diet digestibility on the AFR was analysed by linear
regression. The effect of using different sets of AFR (R1, R2 and R3) on the estimates of
each individual vegetation component within each treatment (H1, H2, H3, H4, C1 and C2)
was analysed by one-way analysis of variance (ANOVA). Within each diet, all the estimates
of individual components were compared using the Tukey test (P<0.05).

3. Results and discussion

The chemical composition of the vegetation components offered to the animals in this
study is summarized in Table 1. Cell wall components represented the highest fraction in
all feeds. The browse vegetation components (heather and gorse) showed high levels of
lignin (sa). The level of CP presented by U. gallii was higher than that presented by heather.
As stated before, gorse is a thorny legume, characteristic of these marginal vegetation
communities and presents high levels of CP (217 g CP/kg DM, Ferreira et al., 2005) in
early stages of development, decreasing to a minimum of 87 g CP/kg DM in the end of
the grazing season (Osoro et al., in press). Evident differences between the woody species
(heather and U. gallii) were also observed in the cellulose content.

The n-alkane content of the plant species used as possible diet components in this study
is showed in Table 2. The concentrations of C»; and Cz4 are not shown as they were used
as internal standards in GC analyses.

The alkane profile varied between plant species and was similar to those found for these
vegetation species in previous reports (Olivan and Osoro, 1997; Dove and Mayes, 2005;
Ferreira et al., 2005, 2006). The odd-chain alkanes comprised the highest fraction in the
vegetation components, varying between 0.87 and 0.93 of the total alkane concentration.
The predominant alkanes in the L. perenne and heather were Cy9, C31 and Cs3.

Heather was the plant species with the highest concentrations in all alkanes, except for
C»s. The alkane concentrations presented by U. gallii were higher than 10 mg/kg DM for the
alkanes Cj7, Cp3, Cp9 and C31. Alkanes with concentrations lower than 10 mg/kg DM were
observed in the L. perenne (Ca3, Ca4, Cog, Cag, C3z and Cs¢) and heather (Ca3, Ca4, Cas, Cog
and C3¢). The very low concentration of alkanes is important as it could limit their use in diet
composition calculations. In this study, we decided to use only the alkanes C;7, Cp9, C31 and

Table 1
Chemical composition (g/kg DM) of the diet components consumed by the animals during the study

L. perenne Heather U. gallii
Organic matter 934 £ 4.1 976 + 8.3 975 £ 1.5
Crude protein 163 £ 11.2 53 + 4.6 93 £ 6.7
NDF 532 £ 248 628 + 37.1 681 £ 23.5
ADF 269 + 15.5 519 £ 239 520 + 19.9
Lignin (sa) 53 £83 341 £ 64.3 217 £ 64
Cellulose 205 + 26.3 178 £ 57.9 303 + 209
Hemicellulose 263 £ 17.5 121 £ 7.5 161 £ 11.5

NDF: neutral detergent fibre.
ADF: acid detergent fibre.
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Table 2
Mean (+standard deviation) n-alkane content (mg/kg DM) of the plant species used as possible components of
the diet of equines and cattle

L. perenne Heather U. gallii

Cp3 32 4+ 0.55 5.5 40.83 0.9 £ 0.25
Cos 22 +£0.33 3.6 + 0.68 1.7 £ 0.35
Cos 11.3 £ 1.05 9.9 £ 1.37 3.3+ 0.62
Cae 2.8 £0.54 6.4 £ 0.73 2.3 +0.31
Cyy 19.3 £ 1.51 329 + 6.55 20.8 £+ 2.47
Cog 6.5 £ 0.83 17.0 £ 6.25 11.0 + 1.41
(&) 78.2 £ 6.35 108.9 £+ 19.70 554 £ 5.54
Cso 10.1 &+ 1.46 27.2 £ 4.38 8.0 £ 0.83
Cs3; 161.4 £+ 10.69 654.2 + 123.65 106.1 + 10.29
Cs 75+ 1.16 54.8 £ 5.54 3.0+ 0.33
Cs33 93.0 + 9.68 518.7 + 84.71 44 + 1.34
Css 10.8 £+ 1.58 13.8 £ 5.87 04 £ 0.24
Cse 1.4+0.14 1.5+£0.23 1.2+0.18
Total 411.6 £ 24.52 1454.2 £ 162.51 218.4 + 20.52
Total odd-chain 380.8 £+ 22.39 1343.9 £+ 152.74 191.3 £+ 18.19

C33 in the diet composition calculations as they are normally present in high concentrations
in the feeds and faeces, except for U. gallii which presented very low concentrations of C33.
Laredo et al. (1991) considered 50 mg/kg DM to be the minimum concentration that any
n-alkane must have to be used as a marker. However, this minimum recommended value
should be carefully considered as it will depend on the analytical precision of laboratory
procedures (Laredo et al., 1991; Ferreira et al., 2004).

It should be pointed out that heather showed high dispersion of the mean alkane concen-
trations, which could be due to different proportions of plant species of the heather group
(E. umbellata, E. cinerea and C. vulgaris) or different proportions of plant parts (leaf, stem
and inflorescence) in the samples collected daily, across the experiment (Dove et al., 1996;
Ferreira et al., 2005).

The faecal recoveries of the alkanes (Cy7, Cag9, C31 and C33) used in the estimation of diet
composition are presented in Table 3. Data show that the AFR values observed in equines
seem to be unrelated with the carbon chain length.

These findings are in agreement with those obtained by Ordakowski et al. (2001) who
did not observe any relationship between AFR and carbon chain length in equines fed
on diets composed of tall fescue (Festuca arundinacea)/alfalfa (Medicago sativa) hay and
orchardgrass (Dactylis glomerata)/alfalfa hay, offered alone or supplemented with a fat/fibre
feed or a starch/sugar concentrate. In contrast, Gudmundsson and Thohallsdottir (1998)
in Icelandic equines fed on hays and Vouzela (2002) in donkeys fed on pastures mainly
containing ryegrass (L. perenne) and white clover (Trifolium repens), observed a decrease
of the AFR with the length of the carbon chain. However, this negative relationship may
have resulted from the high values of faecal recovery of the alkanes with lower carbon chain
length, which had very low concentrations in feeds and faeces and, for that reason, were
more prone to measurement errors (Brosh et al., 2003). In fact, if we only consider the
data regarding the longest odd-chain alkanes (C»7, Co9, C31 and Cs33) this tendency is not
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Table 3
Mean (+standard deviation) n-alkane faecal recoveries (AFR) observed in equines and cattle in the experimental
trial

Treatment (T) Alkane (A) Equines Cattle
AFR DMD,, AFR DMD,,
HI Cy7 0.86 £0.04 0.58 £0.05 0.79 £0.02 0.59+£0.01
Cao 0.88 £0.03 0.90 £0.02
Cs 0.87 £0.04 0.95+£0.01
Cs3 0.84 £0.02 0.98 £0.02
H2 Cy7y 1.04 +0.06 0.424+0.05 0.89+0.01 0.50+0.02
Cao 0.99 £0.04 0.89 £0.02
Csy 1.02 +£0.02 0.96 £0.03
Cs3 1.08 +0.05 1.14+0.03
H3 Cy7 0.95+£0.08 0.55+0.04
Cao 0.93£0.08
Cs 0.93 £0.07
Cs3 0.91£0.05
H4 Cy7 0.99 £0.04 0.39£0.02
Ca9 0.95£0.02
Cs3; 0.95+£0.03
Cs3 0.99 £0.05
Effects (P) T 0.0001 0.0010 0.0001 0.0034
A 0.6306 0.0001
TxA 0.6051 0.0001

DMD,;,: apparent in vivo dry matter digestibility; H1 and Cl1: L. perenne; H2 and C2: 0.70 L. perenne +0.30
heather; H3: 0.70 L. perenne +0.30 U. gallii, H4: 0.40 L. perenne +0.30 U. gallii + 0.30 heather.

so clear. The absence of any systematic relationship between chain length and the faecal
recovery was also observed in previous studies performed with other non-ruminant species
such as sows (Wilson et al., 1999; Sehested et al., 1999).

In cattle, the alkane faecal recoveries increased with the increase of the carbon chain
length. These results are consistent with those reported in previous studies performed in
cattle (Hendricksen et al., 2002, 2003; Brosh et al., 2003; Olivan et al., 2007) and in other
ruminant species, like sheep (Mayes et al., 1986; Elwert et al., 2004) and goats (Brosh et
al., 2003). The comparison of alkane recoveries obtained in equines and in cattle (Table 3)
indicated that the n-alkanes behave differently in the gastro-intestinal tract of ruminant and
non-ruminant species.

Previous studies carried out with goats (Ferreira et al., 2005) and sheep (Ferreira et al.,
2006) fed on the same vegetation components used in this trial, indicated a effect of diet
composition and its digestibility on alkane faecal recoveries. It should be noted that this
effect can be specific for each situation, depending on the particular species comprising the
diets (Ferreira et al., 20006).

In the present study, the results indicated that the faecal recoveries were affected
(P<0.001) by diet composition (Table 3) in both animal species, showing a general tendency
for higher faecal recoveries in diets with lower digestibility. The effect of diet digestibility
on alkane faecal recoveries was only evaluated in equines as the range of diets digestibility
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Fig. 1. Relationship between diet digestibility and faecal recovery of the n-alkane C»7, Ca9, C3; and C33 observed
in the equine treatments.

in cattle was small (0.50 to 0.59). Fig. 1 illustrates the relationship between diet digestibility
and the faecal recovery of the alkanes (Cy7, Ca9, C31 and C33) observed in equines.

As expected, the data on the digestibility of the experimental diets showed that the
inclusion of a less digestible feed (gorse and heather) in the diet resulted in a decrease of
the whole diet digestibility. These results and others obtained in our laboratory with goats
(Ferreira et al., 2005) and sheep (Ferreira et al., 2006), and those observed in brushtail
possum (Trichosurus vulpecula) by Monks et al. (2005) suggest that a decrease in the diet
digestibility can result in a increase of the recovery of the alkane markers in the faeces.

The effect of applying different faecal recoveries (R1, R2 and R3) to the alkane faecal
concentrations on the accuracy of the estimates of diet composition was distinct for both
animal species (Tables 4 and 5). In equines, this effect did not have a significant impact on
the estimates of all diet components. In contrast, in cattle this effect was significant for all
dietary feeds.

The estimates obtained by each set of faecal recoveries (R1, R2 and R3) were individually
compared to the known values (those statistically different (P<0.05) are marked in bold
in Tables 4 and 5). In general, for both animal species the best estimates were obtained
when faecal concentrations were adjusted for incomplete faecal recovery using the mean
diet faecal recoveries (R2). In equines the use of uncorrected alkane faecal concentrations



Table 4
Effect of using different methods of alkane faecal recovery adjustments (R1, R2 and R3) on diet composition estimates obtained in the equine groups

H1 H2 H3 H4

L. perenne Heather U. gallii L. perenne Heather U. gallii L. perenne Heather U. gallii L. perenne Heather U. gallii
R1 0.967 0.003 0.030 0.646 0.354 0 0.684 0.003 0.313 0.509 0.306 0.185
R2 0.979 0.008 0.013 0.604 0.306 0.090 0.708 0.003 0.289 0.371 0.302 0.328
R3 0.956 0.002 0.042 0.650 0.341 0.009 0.675 0.002 0.323 0.472 0.300 0.228
P 0.7757 0.1964 0.6344 0.4978 0.1109 0.1143 0.1205 0.7965 0.1433 0.4382 0.6363 0.4192
SEM  0.023 0.002 0.021 0.029 0.014 0.028 0.010 0.001 0.011 0.075 0.004 0.073

H1: L. perenne; H2: 0.70 L. perenne +0.30 heather; H3: 0.70 L. perenne +0.30 U. gallii; H4: 0.40 L. perenne +0.30 U. gallii+0.30 heather; R1: without recovery
correction; R2: corrected with treatment mean AFR; R3: corrected with study mean AFR; SEM: standard error of mean. Values in the same column for each group with
different letters are significantly different (P<0.05).
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Table 5
Effect of using different methods of alkane faecal recovery adjustments (R1, R2 and R3) on diet composition
estimates obtained in the cattle groups

Cl 2
L. perenne Heather U. gallii L. perenne Heather U. gallii
R1 0.9692P 0.0312 ob 0.489P 0.5112 0
R2 0.990? 0.002° 0.008° 0.6612 0.2994 0.040
R3 0.913¢ 0.003° 0.084? 0.654? 0.346¢ 0
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0497
SEM 0.005 0.002 0.006 0.011 0.004 0.010

Cl: L. perenne; C2: 0.70 L. perenne +0.30 heather; R1: without recovery correction; R2: corrected with treatment
mean AFR; R3: corrected with study mean AFR; SEM: standard error of mean. Values in the same column with
different letters are significantly different (P<0.05).

or concentrations corrected by the study mean faecal recoveries also produced accurate
estimates of diet composition, except for L. perenne and heather in the H2 treatment.

In these cases there was an overestimation of the plant species with higher concentration
of long carbon-chain n-alkanes. These results showed that correction procedures are unnec-
essary when recovery is unaffected by chain length due to the importance of the relative
concentration of the alkanes, rather than the absolute recoveries (Dove and Mayes, 2005).

The use of uncorrected faecal alkane concentrations in cattle (R1) led to the overestima-
tion of the feed (heather) with higher concentration of long carbon-chain n-alkanes (Cag to
C33). Therefore, in the case of cattle we needed to correct the alkane faecal concentrations
for their incomplete faecal recovery in order to avoid bias in the diet composition estimates,
as suggested in previous studies conducted with cattle (Brosh et al., 2003), sheep (Elwert
et al., 2004; Ferreira et al., 2006) and goats (Ferreira et al., 2005).

The same overestimation of heather was observed when using alkane faecal concentra-
tions adjusted with the mean faecal recoveries across all diets (R3). However, this was a
result of a discrepancy between these recovery values (R3) and the actual ones. It is obvious
that the best agreement between the known and estimated proportions of the vegetation
components would be that obtained using alkane faecal concentrations corrected with the
recoveries of each animal. However, in grazing studies this determination is impracticable,
leading to the currently utilized sets of faecal recovery obtained in studies with animals
housed in metabolic cages and fed on different diets.

As referred by Ferreira et al. (2006) for sheep, the utilization of alkane faecal concentra-
tions corrected with the mean recovery of the dietary treatment (R2) or mean alkane faecal
recoveries across all experimental diets (R3) in the diet composition calculations will likely
decrease the accuracy of the estimates. The degree to which this decrease may occur will
depend on the deviation of these sets of faecal recovery from the actual ones, as a result of
the individual variability between animals within the same dietary treatment, as well as due
to variation between diets (diet composition effect).

In fact, Valiente et al. (2003) observed in Rasa Aragonesa ewes fed on different propor-
tions of barley grain and straw that the variation between individuals accounted for 0.85 of
total variability. The results obtained in goats (Ferreira et al., 2005) and sheep (Ferreira et
al., 2006), showed the relationship between individual variability and alkane chain length,
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being higher for the alkanes Cy5 to Cag (0.17 and 0.31 in goats and sheep, respectively)
when compared to those obtained for the alkanes Cp9 to C33 (0.10 and 0.19 in goats and
sheep, respectively).

As stated before, the diet composition effect can be specific for each situation, depending
on the particular species comprising the diets (Ferreira et al., 2006). There are studies
indicating a diet effect on the alkane faecal recoveries while others suggest the absence of
such effect. Hendricksen et al. (2002) observed a high variation of alkane faecal recoveries
between diets composed of tropical grass and lucerne hays offered to steers. Opposite results
were obtained in sheep fed on different proportions of barley grain and straw (Valiente et
al., 2003) and sheep fed on pelleted alfalfa and ground wheat grain (Elwert et al., 2004).

4. Conclusions

The results obtained in this study show that the n-alkane markers can be used to estimate
diet composition of equines and cattle fed on herbaceous and woody species. The results
suggest that the application of this technique in cattle should be preceded by a previous
adjustment of alkane faecal concentrations to incomplete faecal recovery. In contrast, diet
composition of equines can be accurately estimated, even without a previous correction of
the alkane faecal concentrations.
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