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Acornweight, size, shape and composition vary a great deal among evergreen oaks (Quercus ilex
rotundifolia); however these characteristics remain constant for a tree throughout the fruiting
period. The number of consumed acorns under the canopy of a tree could be an indicator of
preference for its acorn characteristics. This paper analyses the characteristics of the acorns
selected by free-ranging Iberian pigs at the start (November) and end (February) of the
montanera or acorn mast-feeding season, when these are sustained fattened. At these two
stages, acorn samples were taken from 20 oak trees (Q. ilex rotundifolia) that had been rejected
by the pigs (only eating between 2 and 9 acorns from the ground underneath the tree) and from
20 oak trees that were actively sought out by the pigs (eating at least 40 acorns). The differences
observed between the sought out and rejected acorns at the start and end of the montanera
season are too great to be only a matter of chance, suggesting that Iberian pigs must form
associations betweenvariableswhen choosing to eat or reject the acorns froma specific oak tree.
The results show that pigs tend to select heavier acorns at the start of the montanera season,
while at the end their selection is based more on the composition of the acorns. The greatest
number of significant differences between the groups of acorns were found in the sought out
acorns in November and February, owing to all the variables relatedwith the composition of the
acorns: crude fat (10.8±0.3 vs. 7.4±0.3), starch (58.3±1.0 vs. 50.3±0.4), sugars (6.8±0.4 vs.
13.2±0.3); most of the fatty acids; dimensions: length (38.1±0.8 vs. 31.9±0.7) and diameter
(16.6±0.4 vs. 13.9±0.1); acorn weights: fresh whole acorn (6.9±0.3 vs. 3.4±0.1) and kernel
DM (2.5±0.2 vs. 1.7±0.1). Pigs prefer acorns with larger kernel. This selective consume goes
along with the theory of Optimal Foraging and suggest that pigs learn to use visual stimuli when
grazing. In conclusion, this study shows a constant selective acorn consumption and a variation
in acorn preferences throughout themontanera period; consequently it is proven that acorn diet
is not homogeneous and varies over the fattening period.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The traditional system of Iberian pig farming is linked to
the sustained use of the dehesa pasturelands of Quercus ilex
rotundifolia and Q. suber in the southwestern part of the
Iberian Peninsula; acorns are used to fatten the pigs during
the montanera or acorn mast-feeding season, which runs
from early November to late February.
tévez).

All rights reserved.
During the montanera season, the pigs feed exclusively on
fallen acorns and grass. Rodríguez-Estévez et al. (in press)
suggest a daily DM intake of 3.1–3.6 kg of acorn kernel and
0.38–0.49±0.04 kg of grass, which is achieved thanks to the
functional characteristics of this breed as well as its ability to
select and shell acorns (Aparicio Macarro, 1988; García et al.,
2003). Studies that assess the quality of the products derived
from Iberian pork using the fatty acid profile of subcutaneous
and muscle fat (for example, Rey et al., 2006) assume that the
pigs' diet is homogeneous throughout the montanera season,
and that the acorns have similar characteristics, disregarding
variations between trees and species of Quercus (Rodríguez-
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Estévez et al., 2007). Even the controls that are carried out to
determine the feeding regime and the end quality of the
process and Iberian pork products are based on the achieve-
ment of a pre-established standard fatty acid profile of sub-
cutaneus fat at slaughter (MAPA, 2007).

Traditionally, pigs are thought to prefer larger and sweeter
acorns (Aparicio Macarro, 1988; Acosta et al., 2001); but the
characteristics that most influence their preferences are
unknown. AparicioMacarro (1988), Vázquez (1998) andGarcía
et al. (2003) indicate that pigs eat larger acorns first; this goes
alongwith the theory ofOptimal Foraging (Emlen,1966), which
states that animals try to maximise their net rate of energy
intake per unit time through the selection of their food intake.

Also it is well known that protein is scarce in montanera
diet due to the low protein content in acorns (Nieto et al.,
2002). So, according to Emmans (1981), who suggests that it
is better to replace the statement “animals eat for energy”
with an alternative one: “animals attempt to eat for the first
limiting feed resource”, pigs would choose acorns with the
highest protein level.

The olfactory capacity of pigs is well known (Ewbank et al.,
1974; McGlone et al., 1987; Jensen, 2002) as well as their sense
of taste (Hellekant and Danilova, 1999); for example, they can
select food with the right nutritional contents to meet their
needs in terms of crude protein (Kyriazakis et al., 1990, 1991;
Bradford and Gous,1992; Nam et al., 1995), lysine (Henry,1987,
1993; Fairley et al., 1993; Kirchgessner et al., 1999), threonine
(Ettle and Roth, 2005), methionine (Roth et al., 2006) and
tryptophan (Rose and Fuller, 1995; Ettle and Roth, 2006), and
detect the presence of anti-nutritional compounds such as
glucosinolates (Lee et al., 1984; Kyriazakis and Emmans, 1993).
Therefore these sensorial capacities should enable pigs to
differentiate and select acorns from different oak trees.

Acornweight, size, shape and compositionvarya great deal
among evergreen oaks (Q. ilex rotundifolia) (Gea-Izquierdo
et al., 2006; Rodríguez-Estévez et al., 2008); however,
according to most authors (Carbonero et al., 2003; García
et al., 2003; López-Carrasco et al., 2004), throughout the
fruiting period, these characteristics and acorn pulp composi-
tion remain constant for a tree. Furthermore Carbonero et al.
(2002, 2003) did not detect size differences in crown position
and several authors find no variation in the protein, fibre and
fat content of the acorns collected from the ground throughout
the montanera fruiting period (Almeida and Baptista, 1992;
Fernández et al., 2004; López-Carrasco et al., 2004; Olea et al.,
2004); as well as the effect of freezing does not seem to affect
the acorn chemical composition (López-Carrasco et al., 2004).

Therefore, assuming that the number of consumed acorns
under an evergreen oak could be proof of pigs' preference for
its fruits, when the number of acorns under its canopy is not a
limiting factor; the aim of this paper is to determine the
possible role of the acorn size, composition and conservation
on the acorn feeding preferences of pigs throughout the
montanera season. By looking at the characteristics of acorns,
we could approach the selection processed by pigs during
traditional finishing period.

2. Materials and methods

By observing the selection made by pigs when grazing,
two samples of acorns were obtained at the start and end of
the montanera season: one sample from oak trees whose
acorns were not sought out by the pigs (only eating between
2 and 9 acorns per tree) and one sample from trees whose
acorns were highly sought out (at least 40 acorns consumed
per oak tree). Then the dimensions, bitterness, nutritional
composition and fatty acid profile of the acorns were studied.

2.1. Study area

The study was performed during the montanera or acorn
mast-feeding season of 2004–2005, starting in November, in
111 ha of pastureland with a density of 27.4 adult evergreen
oak trees/ha (Q. ilex rotundifolia), located in the district of
Fuente Obejuna (38°12′N, 5°35′W), in the North West of the
province of Cordoba (Southern Spain).

The resources available were those of the pastureland
itself, estimated at 8–14 kg acorns/tree (Rodríguez-Estévez
et al., 2007) and 200–500 kg dry matter (DM) of the autumn
grass production per hectare of pastureland (Medina, 1956;
Escribano and Pulido, 1998).

A stocking rate of 0.76 pigs/ha was established so that the
supply of acorns would not run out before the end of the
fattening period (Rodríguez-Estévez et al., 2007) and in order
to comply with the requirements of the Iberian Pig Quality
Regulations (MAPA, 2007).

2.2. Animals

The evening before the two observation days, while the
animals were resting in the night pen, 10 animals were
randomly spray-marked from a herd of Iberian pigs, weighing
110.2±1.3 kg at the start of the experiment.

2.3. Pre-study preparation of the animals

So that the animals would become accustomed to the
presence of an observer, from the time they weighed 20 kg
until the start of the study, a handler would scatter
commercial growth feed on the ground, walking in and out
between the animals.

For the last 30 d before the observation period, the herd
grazed in a 10 ha adaptation pen, very similar to and right
next to the experimental plot of land, where the animals were
fed commercial growth feed (500 g per head and day).

2.4. Shelter, feeding and handling during the study

In the experimental plot of land there was a 1 ha pen,
called a night pen, with two tunnels with straw bedding
(1.5 m2/pig), where the pigs would stay at night, which was
open during the day allowing freedom of movement and so
that the pigs could rest in the tunnels.

Throughout the experiment, no additional feed or mineral
supplements were provided; the pigs fed exclusively on
natural resources, mainly fallen acorns and grass.

2.5. Data collection

2.5.1. Observation of individual behaviour when grazing
Observations of the pigs' grazing habits and sampling

of the acorns were conducted at the start, on day 11 of the
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montanera season (11th November 2004), and at the end of
the season, 3 months after the initial samples were taken (9th
February 2005). Each observation session began at 8:30 a.m.,
when the gate of the night pen was opened, having been
closed the previous evening in order to guarantee that the
animals' grazing habits were monitored right from the start.

Each observer had a manual counting device and followed
one of the previous marked pigs, remaining at the animal's
side (at a distance of approximately 0.5–2 m) to observe its
snout and listen to and identify its consumption without
impeding its movements.

2.5.2. Sampling the oak trees and recording the acorns consumed
In order to use acorns size and weight from the farm as a

reference in comparing the sought out acorns with the re-
jected ones, the day before the start of the montanera season,
in a linear transect, randomly chosen samples of around 300 g
of acorns were obtained from under the canopy of each tree
from 100 non-adjacent trees about 50 m apart from each
other.

Considering that Iberian pigs eat acorns one by one
(Aparicio Macarro, 1988), the consumption of an acorn by a
pig was detected through four consecutive acts (Rodríguez-
Estévez et al., in press): 1) an acorn is taken and is no longer
seen on the ground; 2) the pig cracks the acorn and crunching
is heard; 3) the animal stops snuffling around and chews; 4) it
spits out the shell and continues chewing.

The observers began recording the animals' intake of
acorns at 9:00 a.m., after following the pigs for 30 min and
getting them used to being observed. From the oak trees that
presented a supply of N50 acorns/m2 (in accordance with a
previously established visual scale), for each pig, the first two
non-consecutive oak trees were selected at which the animal
consumed ≥40 acorns (sought out) along with the first two
non-consecutive oak trees with a consumption of between 2
and 9 acorns (rejected). From each of them, a randomly
chosen sample of around 300 g acorns was obtained from
under the canopy, giving a total of 20 samples of sought out
acorns and 20 samples of rejected acorns in November, and
the same again in February.
Table 1
Statistical description of the physical characteristics and the state of conservation o

Farm November

Rejected

Whole fresh acorn (g) 5.7±0.19 (0.34) b 5.73±0.37 (0.29)
Pulp (g) 4.36±0.17 (0.4) b 4.45±0.31 (0.31)
Shell (g) 1.33±0.04 (0.31) a 1.27±0.09 (0.33)
Pulp/shell 3.49±0.17 (0.48) ab 3.74±0.32 (0.38)
Shell % 21.51±1.19 (0.22) ab 22.79±1.44 (0.28
Pulp (g DM) 2.47±0.11 (0.43) b 2.54±0.19 (0.34)
Length (mm) 36.31±0.44 (0.12) ab 34.73±1 (0.13) b
Maximum transversal diameter (mm) 15.61±0.22 (0.14) ab 14.76±0.53 (0.16
Length/diameter 2.36±0.04 (0.16) a 2.39±0.08 (0.15)
Healthy acorns % – 87.5±5.92 (0.3)
Rotten acorns % – 5.83±4.02 (3.08)
Perforated acorns % – 6.33±4.12 (2.91)
Germinated acorns % – 0 (0) a
Cracked acorns % – 1.33±1.04 (3.49)

The descriptive statistics are presented in terms of the mean ±S.D (CV).
Mean values with the same letters (a,b,c) indicate homogeneous subsets for ∝=0.
2.5.3. Analysis of the acorns
20 acorns were chosen at random from underneath each

tree, and using a gauge (accuracy of ±0.1 mm), the length,
maximum diameter, and length/diameter ratio were mea-
sured; then, each acorn was weighed (accuracy of ±0.01 g)
and the weights of the fresh kernel and shell were calculated.
Using the kernel from all the acorns from each sample, the dry
matter (DM) was determined (103 °C with forced ventilation
for 24 h).

Using a sample of the acorns from each oak tree, which
had been conveniently chopped, a sensorial analysis was
performed in a tasting room in accordance with the pro-
cedure defined by Costell (2002), by 4 expert tasters, who
assessed the bitterness of the acorns on a scale from 0 to 10
(0=not bitter, and 10=very bitter).

Using another sample of acorns from each rejected or
sought out oak tree, the kernel was extracted, then desiccated
(in a stove at 103 °C with forced ventilation for 24 h) and
ground in order to determine the content of: ash, crude
protein, crude fat, starch, total sugars and crude fibre, as well
as the fatty acid profile of the crude fat, following the AOAC
(2000).

2.6. Calculations and statistical analysis

For statistical analysis, the statistics software package
SPSS® was used. Results are expressed as mean±SE (and
CV). The comparison between the sought out and rejected
acorns, and the average acorn, was carried out using Tukey's
HSD multiple comparisons test for a confidence interval of
95%. The bivariate correlations among the different factors
that might be associated with the characteristics of the acorns
were calculated using Pearson coefficients.

3. Results and discussion

The number of acorns consumed from the evergreen oak
trees sampled in November for their acceptance or rejection
was 128.8±24.0 (0.83) and 3.2±0.4 (0.58) and in February
117.3±22.9 (0.87) and 3.7±0.5 (0.56) respectively.
f the rejected and sought out acorns in November and February.

February

Sought out Rejected Sought out

b 6.93±0.28 (0.18) a 3.18±0.2 (0.29) c 3.44±0.11 (0.14) c
b 5.56±0.23 (0.18) a 2.38±0.17 (0.32) c 2.66±0.1 (0.18) c
a 1.36±0.1 (0.32) a 0.8±0.05 (0.26) b 0.77±0.04 (0.23) b
ab 4.72±0.64 (0.6) a 2.99±0.17 (0.26) b 3.62±0.21 (0.26) ab
) ab 19.55±1.12 (0.26) b 25.96±1.18 (0.2) a 22.6±1.14 (0.23) ab
b 3.37±0.15 (0.2) a 1.54±0.12 (0.35) c 1.69±0.07 (0.18) c
c 38.06±0.77 (0.09) a 32.52±0.8 (0.11) bc 31.92±0.75 (0.1) c
) bc 16.57±0.4 (0.11) a 13.25±0.34 (0.12) c 13.91±0.15 (0.05) bc
a 2.31±0.05 (0.1) a 2.47±0.06 (0.11) a 2.3±0.05 (0.11) a

a 93.33±2.71 (0.13) a 68.67±4.59 (0.3) b 87.17±2.81 (0.14) a
a 0.33±0.33 (4.51) a 2.17±0.97 (2.01) a 0.83±0.41 (2.2) a
a 0.5±0.5 (2.24) a 17.83±4.53 (0.12) b 3.83±1.48 (1.72) a

0 (0) a 0.83±0.41 (2.2) a 7.5±1.41 (0.84) b
b 5.83±2.55 (1.95) ab 11.5±2.68 (1.04) a 8.17±2.15 (1.18) ab

05 according to Tukey's HSD test.
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3.1. Variables associatedwith acorn size: weights and dimensions

Table 1 shows the mean values of the physical variables
associated with the size of the acorns. The values for size and
weight are similar to those observed by Fernández et al.
(2004) in a nearby area (Valle de Los Pedroches, Cordoba);
the percentage of shell is between 18 and 20.3%, in line with
the findings of Mazuelos Vela et al. (1966); and as indicated
by Afzal-Rafii et al. (1992) and Rodríguez-Estévez et al.
(2008), there is a high degree of variation between the acorns
from different oak trees in terms of weight and size.

In November, the pigs can show their selective tendencies
and preferences without being limited in terms of the number
of available acorns. The diversity of this supply is shown by
the high variation coefficients recorded for the weights of the
acorns and the pulp. In February (end of the montanera
season), the supply has dwindled following three months of
grazing. The differences between the acorns consumed in
November and February are indicative of the pigs' preferences
and the variability of the acorns consumed throughout the
montanera season.

As Table 1 shows, at the start of themontanera season, the
pigs prefer larger (longer and with a greater diameter),
heavier acorns, with more kernel than the average acorn from
the farm, and a higher pulp/shell ratio; at the end of the
montanera season, due to lack of large, heavy acorns, they
eat acorns that weigh less and reject those that have a lower
length/diameter ratio (more spherical) (Fig. 1). Acorns with a
lower percentage of kernel also tend to be rejected.

According to Croney et al. (2003), the efficiency of pigs
when it comes to choosing between a large number of options
on the basis of olfactory and visual stimuli ismuch higher than
could be explained bychance alone. Hence, on both dates, they
Fig. 1. Comparison of the kernel DMweight from farm, rejected and sought out
acorns of November and February. Farm, average acorn of the farm; re Nov,
acorns from evergreen oaks rejected in November; so Nov, acorns from
evergreen oaks sought out in November; re Feb, Acorns from evergreen oaks
rejected in February; so Feb, Acorns fromevergreen oaks sought out in February.
showed a preference for heavier acorns with a higher pulp
content; variables that display a higher significant intercorre-
lation (r=0.96; pb0.01); although in February, the differ-
ences in weight between the sought out and rejected acorns
are not statistically significant. This selective consumption,
favouring larger acorns, coincides with the preferences
displayed by other animals that consume acorns from Quer-
cus ilex: wild boar (Sus scrofa) and the field mouse (Apodemos
sylvaticus) (Gómez, 2004); it also confirms breeders' knowl-
edge of the selective behaviour of Iberian pigs (Acosta et al.,
2001) and the observations of García et al. (2003), and is in
line with the theory of Optimal Foraging (Emlen, 1966).

Vázquez (1998) indicates that animals consume larger
acorns first because that way they get more food with less
effort, and also states that these acorns should be sweeter and
easier to digest owing to their higher water content.
Furthermore, Robbins et al. (1987) indicate that thicker
acorns usually have a higher moisture content and therefore
would be easier to digest and more appetising to the animals
(García et al., 2003) and that also they have a higher aqueous
dilution of the tannins responsible for the bitter taste (Raffi
et al., 1992). However, in this study, at the start of the mon-
tanera season, a positive correlation was found between the
percentage of pulp DM and the diameter (r=0.35; Pb0.05)
and the weight of the fresh pulp (r=0.34; Pb0.05); which
contradicts the hypothesis of Vázquez (1998) and Robbins
et al. (1987); no correlation was found between bitterness
and the percentage of kernel DM.

Bearing in mind that the Iberian pig shells acorns (Aparicio
Macarro, 1988), the fact that the sought out acorns at the start of
the seasonwere thosewith a higher kernel/shell ratio or a lower
percentage of shell, and that the rejected acorns at the end of the
seasonwere those with a higher percentage of shell, would also
support the theory of Optimal Foraging (Emlen, 1966).

Considering that acorns from both dates have a significant
correlation between their dimensions (length and diameter)
(r=0.50; Pb0.01 in November vs. r=0.40; Pb0.05 in February)
and their weights (whole acorn and pulp) (r=0.97; Pb0.01),
the pigs might use their sense of sight to select heavier acorns.
This opposes Klopfer's theory (1966), which suggests that pigs
do not learn to use visual stimuli when grazing.

However, at the end of themontanera season, although the
heavier acorns are more sought out, there are no significant
differences with the rejected acorns, but those rejected are
longer than those sought out; this could be because acorn
weight variability diminishes and there is a decreasing
number of acorns available throughout themontanera season.
Other variables come into play at the end of the montanera
season, such as the composition and state of conservation of
the acorns. Also, according to Croney (1999) and Croney et al.
(2003), who found that pigs aremore effective discriminators
when given olfactory rather than visual stimuli, pigs could be
less efficient when choosing among February acorns with few
size and weight differences.

3.2. Variables associated with acorn composition

Table 2 shows the mean values for the variables associated
with nutritional composition. Higher percentages of moisture
in the kernel are found in the rejected acorns at the start.
However, the kernel DM of the acorns consumed at the start



Table 2
Statistical description of the chemical–nutritional characteristics and bitterness of the rejected and sought out acorns in November and February.

November February

Rejected Sought out Rejected Sought out

Pulp DM (%) 56.72±1.26 (0.1) a 60.57±0.81 (0.06) ab 64.52±1.04 (0.07) b 63.45±1.23 (0.09) b
Ash (%)1 1.99±0.05 (0.11) bc 1.89±0.03 (0.07) c 2.24±0.03 (0.06) a 2.12±0.04 (0.08) ab
crude protein (%)1 4.48±0.26 (0.26) a 4.8±0.17 (0.16) ab 5.12±0.19 (0.17) ab 5.4±0.16 (0.13) b
crude fibre (%)1 2.71±0.1 (0.16) a 2.92±0.13 (0.19) a 3.67±0.12 (0.15) b 3.87±0.1 (0.12) b
Starch (%)1 59.73±0.7 (0.05) a 58.28±1.03 (0.08) a 50.46±0.65 (0.06) b 50.26±0.45 (0.04) b
Sugars (%)1 5.89±0.27 (0.21) a 6.84±0.42 (0.27) a 12.89±0.43 (0.15) b 13.17±0.29 (0.1) b
crude fat (%)1 10.05±0.42 (0.19) a 10.76±0.34 (0.14) a 7.65±0.29 (0.17) b 7.36±0.31 (0.19) b
C16 (%)2 13.97±0.34 (0.11) a 14.28±0.21 (0.07) a 14.07±0.26 (0.08) a 13.62±0.24 (0.08) a
C16:1 (%)2 0.12±0.01 (0.33) a 0.11±0.01 (0.36) a 0.23±0.02 (0.35) b 0.17±0.01 (0.35) c
C17 (%)2 0.1±0 (0.2) a 0.1±0 (0.2) a 0.1±0 (0) a 0.09±0 (0.11) a
C17:1 (%)2 0.09±0 (0.22) a 0.1±0 (0) a 0.1±0 (0) a 0.09±0 (0.22) a
C18 (%)2 3.15±0.12 (0.17) ab 3.28±0.12 (0.16) b 2.77±0.06 (0.1) a 2.9±0.09 (0.13) ab
C18:1 (%)2 65.45±0.8 (0.05) a 64.99±0.4 (0.03) ab 63.08±0.47 (0.03) b 64.44±0.5 (0.03) ab
C18:2 (%)2 15.21±0.62 (0.18) a 15.31±0.38 (0.11) a 17.32±0.37 (0.1) b 16.52±0.29 (0.08) ab
C18:3 (%)2 0.81±0.05 (0.3) a 0.73±0.02 (0.14) a 1.2±0.05 (0.18) b 1.1±0.06 (0.24) b
C20 (%)2 0.44±0.01 (0.11) ab 0.46±0.01 (0.11) a 0.42±0.01 (0.09) b 0.42±0.01 (0.14) b
C20:1 (%)2 0.56±0.02 (0.16) a 0.57±0.02 (0.14) a 0.51±0.02 (0.14) a 0.56±0.02 (0.14) a
Bitterness 6.4±0.7 (0.48) a 4.0±0.6 (0.71) a 5.1±0.8 (0.68) a 5.1±0.7 (0.62) a

1As percent of pulp DM; 2As percent of crude fat (ether extract); mean values with the same letters (a,b,c) indicate homogeneous subsets for∝=0.05 according to
Tukey's HSD test.
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has a higher starch, crude fat and arachidonic acid (C20:0)
content than those in February, and lower levels of crude
protein, crude fibre, sugars, linoleic acid (C18:3) and ash; no
significant differences were found in either of the two dates
between the sought out and rejected acorns in terms of any of
these components. At the start of the montanera season, the
percentage of ash in the pulp DM is negatively correlated to
the number of acorns consumed (r=−0.36; Pb0.05); and at
the end, there are positive correlations between the number
of acorns consumed and the percentage of crude protein in
the pulp (r=0.33; Pb0.05). Considering that a montanera
diet is deficient in protein (Nieto et al., 2002), only this final
preference for acorns with a higher protein content would be
in accordance with Emmans (1981), who suggests that
animals attempt to eat for the first limiting feed resource.

The results also indicate significantly that acorns are eaten
earlier and are more sought out when their percentages of
oleic (C18:1) and stearic (C18:0) fatty acids are higher and
when their percentages of linoleic (C18:2) and palmitoleic
(C16:1) fatty acids are lower, although this latter fatty acid is
found in very low concentrations.

At the start, the sought out acorns are less bitter, but the
differences found between the different groups of appetis-
ingness and the date are not significant. This would support
the theory of Aparicio Macarro (1988), who indicates that
pigs look for oak trees that produce the tastiest acorns for
them, which does not coincide with what humans consider
“sweet”. Hellekant and Danilova (1999) indicate that there
are major interspecific differences for sweet substances.
Glaser et al. (2000) find that the response of pigs to lactose,
maltose, D-glucose and D-galactose is two times less efficient
than in humans, and that out a total of 12 sweeteners, pigs
showed no response to 7 of them, whereas for the other 5, the
response was lower than in humans.

3.3. Variables associatedwith the state of conservation of the acorns

Table 2 shows the mean values of the variables related to
the state of conservation of the acorns. The lowest percentage
of healthy acorns (neither rotten nor perforated) can be found
among those rejected by the pigs at the end of the montanera
season, owing to the higher percentage of perforated acorns
that can be found in this group. On both dates, the pigs tended
to reject trees with a higher percentage of rotten acorns,
although the difference is not statistically significant. The
highest percentage of germinated acorns can be found among
those that are sought out at the end of the season, since
logically they only germinate at the end and they are the best
conserved acorns. The highest percentage of cracked acorns
can be found among those rejected at the end, and the lowest
corresponds to those rejected at the beginning; the acorns
that are sought out by the pigs on both dates are at a midway
point.

A poor state of conservation (pest attacks and rotting)
woulddetermine the rejection of the acorns, as is the casewith
those rejected at the end of the montanera season. Studies on
other acorn-eating animals, such as squirrels, suggest that the
state of conservation determines preference (Hadj-Chikh
et al., 1996; Steele et al., 1996). Furthermore, it is well known
that plagues of Curculio and Cydia affect the quality of acorns
once theyare ripe (Vázquez 1998; Siscart,1999); in addition to
the loss of integrity of the pericarpium, they leave openings for
damp and fungus to penetrate (Vázquez 1998; Bonilla and
Arias, 2001).

Pests also affect the composition of acorns; López-
Carrasco et al. (2004) indicate that in ripe acorns attacked
by Curculio, the crude fat of the kernel DM is reduced by
20.9%. This coincides with the negative correlation found in
November between the percentage of perforated acorns and
the crude fat of the pulp DM; a correlation that was not found
in February. In line with these results, Daza et al. (2007) find
lower percentages of fat and C18:1 in acorns that have been
attacked by Curculio and a higher percentage of 18:3;
however, they find higher percentages of crude protein and
C16:0 in attacked acorns than those found in this study. Daza
et al. (2007) find that Curculio can modify the composition of
the acorn and that the consumption of acorns that have been
attacked by this pest even modifies the final fatty acid profile



174 V. Rodríguez-Estévez et al. / Livestock Science 122 (2009) 169–176
of the pig's subcutaneous fat and the fat on the Longissimus
dorsi muscle.

Bearing inmind that the percentage of perforated or rotten
acorns is very low among the sought out acorns in November
and February, it can be assumed that some of the sought out
acorns in February had been rejected previously owing to their
composition. If this hypothesis is valid, the nutritional
composition that would determine early consumption should
correspond to a higher percentage of starch and crude fat, and
a lower percentage of sugars, crude fiber, C18:3 and C16:1.

For acorns to germinate, they need time and favourable
conditions, and even so some of them never manage to
germinate (Vázquez, 1998); this is why there were no
germinated acorns found in the samples from November.
Logically, the percentage of perforated acorns is negatively
correlated to the percentage of germinated acorns (r=
−0.32; Pb0.05); and for this reason, the percentage of
germinated acorns is higher among the sought out than the
rejected samples in February. At the end of the montanera
season, there are positive correlations between the number of
acorns consumed and the percentages of healthy (r=0.35;
Pb0.05) and germinated acorns (r=0.41; Pb0.01).

However, selection capacity requires learning and response
time (Kyriazakis et al.,1991). For example, in the case of protein
levels, it has beendemonstrated that pigs can detect differences
in 24 h (Kyriazakis et al., 1991; Dalby et al., 1995). Furthermore,
pigs' selective capacity is better when they are fed individually
rather than in groups, since this eliminates the problems of
competition and imitation (Lawlor et al., 2003; Morgan et al.,
2003).

In the case of acorns, the learning process for diet selection
must be very complex for several reasons: pigs graze in herds;
there is a high degree of variability in the supply of acorns,
which is different and limited for each tree (Afzal-Rafii et al.,
1992; Ramírez Lozano and Gómez Castro, 1982; Ramírez
Lozano et al., 1983; Rodríguez-Estévez et al., 2007, 2008); and
acorns drop from the trees progressively, which leads to a
process of renewal in the supply (Carbonero et al., 2002).

Several authors (Almeida and Baptista, 1992; Fernández
et al., 2004; López-Carrasco et al., 2004; Olea et al., 2004) find
no variation in the protein, fibre and fat content of the acorns
collected from the ground throughout the montanera fruiting
period. However, once acorns have fallen to the ground, they
would be subjected to a series of processes, more or less
simultaneously and contrasting in some cases, of ripening,
germination, desiccation, dampening, rotting and attacks by
pests. All these processes could lead to modifications in
organoleptic characteristics (external aspect, smell, flavour),
physical characteristics (weight) and chemical composition of
the acorns, and thus would constantly add new elements of
variability to the acorns affected by these processes especially
at the end of the montanera season.

One of the few studies carried out on the behaviour of this
breed when grazing indicates that during the montanera
season, pigs eat acorns from an average of 97.2±6.7 ever-
green oaks/d, displaying selective behaviour when leaving
oak trees that still have a supply of acorns (Rodríguez-Estévez
et al., 2005). A priori this behaviour could be considered to
contradict the theory of Optimal Foraging; but in all likelihood
it is necessary, as a means of assessing and comparing the
acorns available given the diversity of the supply provided.
The complexity of this study can be better understood by
taking into account that selection studies are usually conducted
between paired diets that only differ in terms of a single
nutrient (for example, Kyriazakis et al.,1990; Fairley et al.,1993;
Dalby et al., 1995; Ettle and Roth, 2006). Rose and Fuller (1995)
and Lawlor et al. (2003) suggest that the selection of diets that
differ in a number of components, the combination of diets or
the selection of a single diet from twoormore in order to obtain
the necessary requirements must be beyond the pigs' selection
capacity. Booth (1985) suggests that animals learn what and
howmuch to eat by associating certain properties of food (such
as the smell, texture, flavour or condition) with nutritional
characteristics.

The existence of these associations and their complexity is
clear from the results of this study.

4. Conclusions

According to the perception of breeders and the Optimal
Foraging theory, pigs prefer larger acorns. However, contrary
to farmers' knowledge, bitterness, in terms of human sensory
perception, does not influence selection. So, when clearing
Mediterranean forest, breeders should identify those trees
which produce the smallest and lightest acorns to cut down,
because the size and weight of the acorns from an oak remain
constant over the years (Rodríguez-Estévez et al., 2008).

The preference for larger acorns and the fact that pigs do not
consume small acorns at the start of the fruiting season would
suggest that pigs learn to use visual stimuli when grazing.

Furthermore, palatability is influenced by variables asso-
ciated with acorn composition and conservation, which
maintain complex intercorrelations that vary over the course
of the montanera season. The differences observed between
the sought out and rejected acorns at the start and end of the
montanera season are too great to be only a matter of chance
and suggest that Iberian pigs must form associations between
variables when deciding to eat or reject the acorns from a
particular tree. Furthermore, it is likely that, as the supply
varies and the supply of initially sought out acorns runs out,
priorities change and with them the associations between
variables. The fact of a constant selective acorn consumption
is supported by the significant differences between sought out
acorns and rejected acorns in November and February.

This entire selection and preference process means that,
although acorn composition does not vary, the composition of
the acorns consumed differs over the course of themontanera
period, and therefore that the duration of this feeding season
and the slaughter date could influence the fatty acid profile of
the pigs' subcutaneous fat. This implies that it is important to
study the possible influence of the duration of the fattening
period and the slaughter date on the fatty acid profile and to
modify the feed system evaluation method.

The differences in acorn composition from different trees
make it difficult to extract clear conclusions about any of the
factors analyzed. Hence the most important conclusion from
this study is the need for longer,more detailed studies to explain
associations between acorn composition variables. The results
of such studies would lead to further advances in the subject.

Finally, the results presented in this paper encourage us to
repeat the experimental procedure to study pigs' selective
capacitywhen grazing individually, since thiswould eliminate
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any problems arising from imitation and competition within
the flock.
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