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Feed cost represents approximately 65% of the cost production of a pig kg deadweight. Therefore, the search for
strategies to improve the utilisation rate of nutrients during the growing-finishing period is of permanent interest. One of
the important factors influencing the performance and carcass quality of growing-finishing pigs is feeding behaviour habits
(FBHSs), which can be described not only by average daily feed intake (ADFI), but also by other criteria such as the daily
number of feeder visits, the daily time spent eating, the feed consumed per feeder visit or the rhythm of ingesta, among
others. These can be registered and calculated thanks to the availability in the market of automatic feeding systems.
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1. Internal Factors That Influence Feeding Behaviour Habits of Growing-
Finishing Pigs

1.1. Age

A summary of the effect of age on the FBHs of growing-finishing pigs is shown in Table 1. As pigs grow, the ADFI
increases; however, the magnitude of the ADFI increase is variable among studies. Labroue et al. X! and Andretta et al. [&
reported an increase in the ADFI of around 60% in pigs of similar BW, from 35 to 95-100 kg BW and from 30 to 100 kg
BW, respectively; whereas Carco et al. 31 reported a smaller quadratic increase in the ADFI in pigs from 47 to 145 kg BW
and Hyun et al.  obtained an increase in the ADFI of 23% in pigs from 27 to 82 kg BW. On the other hand, pigs eat their
ADFI from frequent feeder visits in weaned pigs to few and larger feeder visits in sows together with an increase in the FR
[BI€], The changes in the TV and VS may be due to larger stomach size as pigs grow. In fact, stomach size increases from
30 mL to 3.5 L from birth to a finishing pig . Therefore, it can be hypothesized that 20 kg BW pigs ingesta could be
limited by their stomach capacity and as a consequence, carry out a higher number of small feeder visits to achieve the
desired ADFI. For instance, as growing-finishing pigs grow, ADFI, VS, MS, and FR increase, whereas small variations or
even decreases in the TV, TM, and TD have been reported LIEIBI4I8 However, a large variability in the percentage of
increase or decrease in all FBHs exists between studies. In terms of TV or TM, Labroue et al. I reported an increase in
TV of 28% in pigs from 40 to 60 kg BW and a reduction of 11% in pigs from 60 to 90 kg BW; whereas Hyun et al. 4 and
Gonyou and Lou & obtained a reduction of 17% in the TM and of 24% in the TV, respectively, in pigs of similar BW. In
addition, Andretta et al. & and Carco et al. B reported small variations in terms of TM and TV as pigs grew, respectively.
On the other hand, reductions from five to 45% in the TD [LI2IEIEl and increases from 45 to 123% in the VS or MS L2l
together with increases from 22 to 133% in the FR as pigs grow have been reported [HI2I4IE].

Table 1. Effect of age on the feeding behaviour habits of growing-finishing pigs.
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1 ADFI (average daily feed intake). 2 TV (number of feeder visits per pig and day). 3 TM (number of meals per pig and day
according to each paper methodology; where a meal is the successive feeder visits within two minutes I the successive
visits within 28.3 min intervals ¥l and the successive feeder visits within one minute 2. Gonyou and Lou, & reported the
number of entrances into the feeder. 4 TD (total minutes spent eating per pig and day). ® VS (feed consumed per feeder
visit). ® MS (feed consumed per meal). 7 FR (feed intake per minute spent eating). ** Predicted values from a model.

1.2. Sex

The contradictory results regarding the effect of sex on the FBHs shown in several studies could be due to the different
level of competition access to the feeder WAKISILOLLILANLS] Ng differences between sex in terms of the FBHs of growing-
finishing pigs were found in the meta-analysis of Averés et al. . Similarly, Hyun et al. [ only found differences between
sexes in terms of TM, being higher for castrated males than for entire males and females; whereas Andretta et al. &
reported no differences in terms of TM between castrated males and females. On the other hand, Cross et al. 19
observed that females spent an average of 6.2 min per day less in the feeder than castrated males, a result in line with
the findings of Brown-Brandl et al. 131, Moreover, Pichler et al. 1Y observed bigger and longer meals for growing-finishing
entire males than for females with no other FBHs showing differences between sex. In contrast, Young and Lawrence 12
observed a tendency for smaller and shorter feeder visits in entire males than females. In addition, Andretta et al. &
reported a 19.23% smaller MS for females compared to castrated males. Furthermore, Labroue et al. & reported lower
MS, ADFI, and TD in entire males than in castrated males with no significant differences in terms of TM, TV, and FR
between both groups. Furthermore, Andretta et al. [ indicated that females had a 6.6% lower FR than castrated males
(39.9 vs. 42.7 g/min, females and castrated males, respectively).

1.3. Breed

Breed modifies the FBHs of growing-finishing pigs L4867 Ferpnandez et al. 24 classified Large White and Pietrain
pigs as nibbler pigs due to more frequent and smaller feeder visits per day than Duroc and Landrace pigs. These results
are in keeping with the findings of Labroue et al. 13!, who reported more frequent smaller feeder visits for Large White
than for Landrace pigs. Likewise, Baumung et al. X8 observed that Large White pigs ate their ADFI in more TV, with less
TD and lower FR, whereas Landrace pigs tended to eat their ADFI in fewer and larger feeder visits. In addition, Quiniou et
al. 17 concluded that Pietrain pigs could be characterised by eating their ADFI in more frequent, smaller meals than
Meishan pigs, with Large White pigs in an intermediate position. On the other hand, Landrace and Large White pigs were
classified as fast eater pigs due to the fact that they spent less TD with higher FR than Duroc and Pietrain pigs 241, In
agreement with those results, Labroue et al. 23] reported smaller differences in terms of FR with an average of 39.9 g/min
for Large White and 41.5 g/min for Landrace pigs. In fact, Fernandez et al. 14 suggested that each breed could be
described as follows: Duroc pigs as meal and slow eaters, Landrace pigs as meal and fast eaters, Large White pigs as
nibblers and fast eaters, and Pietrain pigs as nibblers and slow eaters.

Despite the inconsistencies among studies of the impact of age, sex, and breed on the FBHSs, all of them indicate that the
three factors influence FBH. Although different intervals of BW were evaluated in the cited studies, it was found that as
pigs grow, ADFI, MS, and FR increase, while decreases or small variations in TD, TV, and TM occur. The results
concerning the sex effect on FBHs are confusing, suggesting that the external conditions such as housing conditions or
internal factors such as age or breed used could modify FBHs. In fact, most of the authors observed different FBHs when
comparing different breeds. Therefore, when comparing the FBH results of different scientific data sources, these factors
must be considered.



2. External Factors That Influence Feeding Behaviour Habits of Growing-
Finishing Pigs

2.1. Group Size and Feeder Space Allowance

The EU Directive 2008/120/EC 28! determines the minimum stocking density for growing-finishing pigs at different BWs,
which is an important factor, as it is demonstrated that it affects the stress levels of growing-finishing pigs 2. In addition,
later studies have observed that increasing group size in growing-finishing pigs in an adequate pen floor space and feeder
ratio does not impact their welfare and growth performance 29, These results suggest that an important factor is feeder
access competency. In fact, it has been observed that individually housed pigs eat their ADFI in smaller, more frequent
meals, spending more TD on account of a lower FR than group-housed pigs 2122 Moreover, when increasing the group
size from two to 12 growing pigs per pen (from 27 to 48 kg BW) with the same stocking density of 0.9 m%/pig and with a
single-space feeder, pigs reduced the TD and increased the FR with lower ADFI and ADG with no effect on the feed
conversion ratio (FCR) [23. When increasing the group size from five to 20 pigs per pen in 34 kg BW pigs for 29 days
keeping the same stocking density of 1.06 m2/pig with a single-space feeder, pigs ate their DFI in fewer and larger feeder
visits with higher FR with no impact on performance results (no differences in ADFI, ADG, and FCR) 24, In finishing pigs,
the increase from two to 12 pigs in group size increased the TD, MS, and FR and reduced the TV with no effect on ADFI,
ADG, or FCR [23. Therefore, these results suggest that growing-finishing pigs may modify their FBHs due to the feeder-
space restricted situation rather than due to the increase in group size. In fact, Averés et al. [& predicted that pigs fed
under feeder space-restricted conditions increase their FR, make shorter feeder visits, and reduce the TD, results in
agreement with Gonyou and Brumm 28], |n fact, Nielsen et al. 24 suggested that the FR may be used as an indicator of
social constraint. Therefore, not only is pen floor space important, but it is also important to have the correct feeder ratio.
In fact, an insufficient ratio of feeders in group-housed growing-finishing pigs may limit the nutritional requirements of the
pigs. However, what does an adequate feeder ratio mean? Linear feeder space is defined as “the linear cm of feeder
available per pig within a pen” (total feeder length per pen/total pigs per pen). PIC 28 recommends a minimum between
4.7 and 5.0 cm per pig for dry feeders and between 2.9 and 3.1 cm for wet—dry feeders in pigs from 27 kg BW to target
BW to minimize feed waste without decreasing the ADFI of pigs. In fact, Smit et al. 22 observed that 3.4 cm of linear
feeder space per pig in wet—dry feeders was enough as they obtained the same growth and final BW with lower ADFI than
pigs with one more extra feeder, suggesting that the extra feeder allowed pigs to waste feed. Moreover, Morrison et al. B9
compared growing entire males pigs housed in deep-litter (pen of 200 pigs with 1 m?/pig and 8.3 pigs/feeding space) vs.
pigs housed in conventional system (pen of 45 pigs with 0.70 m?/pig and 8.5 pigs/feeding space) from 20 to 22 weeks of
age and observed that pigs housed in deep-litter spent less TD, with fewer and larger feeder visits, with a lower frequency
of social interactions around the feeder compared to pigs in conventional treatment, concluding that the competency
between pigs in the conventional system may be responsible for the shorter and more frequent feeder visits and that pigs
are able to modify their FBHs in order to maintain performance under limitations in feeder space. In this sense,
Rodriguez-Estévez et al. 31 found that free range pigs modified their foraging group size depending on the grazed
resource, with 5.0 animals/group when pigs were grazing in an open pasture versus 5.8 when they were eating acorns
under an oak crown because they were conditioned by the crown space to avoid competition when foraging, sharing a
mean grazing surface to forage acorns of 8.9 m?/pig.

On the other hand, growing-finishing pigs showed two peaks of feed intake throughout the day (one in the morning and
another in the afternoon) @422 \hich has also been observed in free range finishing pigs grazing natural resources 22,
During these two peaks, which are accentuated under heat stress conditions 19, the competition access to the feeder
increases. In fact, increasing the group size from 10 to 30 pigs increased the feeder occupancy rates due to increased
feeding activity during the night and at midday 3], whereas increasing group size from 18 to 22 with an extra feeder
allowed pigs to eat according to their preferent diurnal pattern instead of eating at other moments of the day [29.
Moreover, the hierarchy within a pen also influences the FBHs with fewer and larger visits for the high-ranking pigs than
the low-ranking pigs B4l Therefore, under feeder space restrictions, the hierarchy may distinctly modify FBH. These
results highlight the importance of analysing the FBH at an individual level.

2.2. Automatic Feeding Systems Used to Record Feeding Behaviour Habits

Different types of automatic feeding systems exist in the market to record the FBH of group-housed growing-finishing
pigs. In these systems, pigs are individually identified with a data-carrying transponder with a unique code per pig
detected by the reader system installed in the trough B3, Most of the systems record the start and end time, the duration
and the amount of feed intake of each feeder visit, and the pig BW can be registered by the installation of a load cell; from
these data, the different FBH parameters can be calculated.



Figure 1. IVOG—A station for individual feed intake recording in group housing (Instentec B.V., Marknesse, the
Netherlands) used in the studies of De Haer and Merks, [21], De Haer et al. 8], De Haer and de Vries, 4, Georgsson and

Svendsen, B8BY Rauw et al. #%, and Fernandez et al. 14,

(b)

Figure 2. Compident MLP (Schauer Agrotonic GmbH, Austria) used in the study of Garrido-Izard et al. 1, (a) Weighing

scale. (b) Feeding station used during the experiment.

L-.;—.._

2em

—— - ale
/ 175 em \ [ 30em | !
4

5

Figure 3. Electronic feeding station referred to as ACEMA “48” used in the study of Labroue et al. L. (1) Access door to
the feeder. (2) Access corridor to the trough. (3) Adjustable side. (4) Trough door. (5) Feed hopper. (6) Mechanism to fill up

the trough (Source: &),
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Figure 4. Schema of the panel and a photo of the panel after installation.

One of the available automatic feeding systems is the IVOG-Station (Individual feed intake recording in group housing,
Instentec B.V., Marknesse, the Netherlands; Figure 1). This system consists of a dry-single space feeder placed on load
cells with an adjustable fence that provides head and neck protection for the pig in front of the feeder. This system has
been used in the studies of De Haer and Merks, (2, De Haer et al. 38, De Haer and de Vries, B4, Georgsson and
Svendsen, 2889 Rauw et al. % and Fernandez et al. [14],

Another type of automatic feeding system is the Compident Pig-MLP (Schauer Agrotonic, Austria; Figure 2), which can
feed growing-finishing pigs ad libitum and ration up to four different feeds at the same time and was used in the study of
Carco et al. B! with lateral barriers to avoid competition among the pigs during the feeder visit together with a gate placed
in front of the trough that permits only one pig inside the feeder. In the study of Garrido-Izard et al. 41, the Compident
MLP (Schauer Agrotonic GmbH, Austria) was also used and equipped with an individual animal scale with lateral barriers
to determine individual animal weight from 35 to 120 kg BW by measuring the weight of the front and back parts of the

pig.

Labroue et al. & used a system referred to as “ACEMA 48" (Figure 3). This system consists of a trough, which allowed
them to weigh the feed and a gate to avoid the entrance of more than one pig into the trough at the same time. Feed is
weighed before and after each feeder visit and if the amount of feed after the visit of a pig is below 400 g, the hopper is
refilled up to 1200 g.

Hyun et al. ¥ used recording equipment (F.I.R.E., Hunday Electronics, Newcastle-upon-Tyne, UK) consisting of a trough
connected to a load cell equipped with a full-length protective crate to prevent the entrance of more than one pig at any
time. Hyun and Ellis 23123 ysed a similar feed intake recording system with a crate in front of the trough (Osborne
Industries, Osborne, KS). On the other hand, Brown-Brandl et al. 13! developed a system to record the TD per pig in a
commercial trough by a radio frequency identification system in growing-finishing pigs (Figure 4).

It is known that the type of automatic feeding system used influences FBH of growing-finishing pigs 2242l Therefore, due
to the existence or not of lateral barriers to protect the head and neck while the pig is eating, or due to the presence or not
of a gate to prevent the access of more than one pig to the feeder, the FBHSs differ. In fact, the model of the meta-analysis
of Averés et al. @ predicted that the use of protection barriers within individual feeders increased the TD and reduced the
TV, FR, and FCR compared to when using feeders without protection barriers. Moreover, Bruininx et al. 43, comparing
weaning pigs allotted in the IVOG feeding station versus pigs allotted in commercial single-space dry feeders for 34 days,
obtained higher ADFI during the first 13 days for the pigs reared in the IVOG system, but during the remaining 21 days
and overall, the ADG and the FCR did not differ between systems. In growing-finishing pigs, a higher ADFI and poorer
FCR were obtained in pigs allotted in IVOG stations compared to conventional feeders 28, whereas similar ADG but lower
ADFI and FCR were reported in growing- 28 and finishing pigs (2 fed by electronic feeders compared to those pigs fed
by conventional feeders. The reasons for the lower ADFI or improved FCR in pigs fed by electronic feeders compared to
conventional feeders may be a consequence of the lower feed waste due to the design of the feeder or because only one
pig can access the trough of the automatic feeding systems at any one time, reducing the competency in the feeder if it is
compared to conventional feeders.

2.3. Feed Form and Feed Distribution

Growing-finishing pigs can be fed with different feed forms (mash or pelleted feed), with different water level availability in
the feeder (dry feeders or wet—dry feeders) and by different feed distribution systems (ad libitum or restricted). MacDonald
and Gonyou 44 reported that growing-pigs (35-45 kg BW pigs) and finishing-pigs (90—100 kg BW) spent more time eating
when feed was in dry mash than in dry pellet form. On average, pelleted fed pigs spent 11.5% less time eating than mash
fed pigs. Those results are in agreement with Li et al. % who reported a 23.5% and a 37.1% reduction in the TD in



growing and finishing pigs, respectively, with pigs fed with pellets compared to pigs fed with mash; furthermore, the pigs
fed with pelleted feed had a higher FR and a lower feeder occupancy rate. These results are in concordance with Laitat et
al. 481 who observed that weaned pigs needed more time to achieve the same ADFI when feeding a mash diet than a
pelleted diet due to lower FR.

MacDonald and Gonyou 44! and Li et al. 43 analysed the combined effect of feed form (mash vs. pellet) and water
availability (dry vs. wet—dry feeders) in growing-finishing pigs. In both growing (20 to 60 kg BW) and finishing (60 to 100
kg BW) pigs, Li et al. 43 observed an interactive effect of feed form and water availability with the dry-mash fed pigs
spending a longer time eating due to their lower FR than any other treatment. These results are consistent with the
previous findings of MacDonald and Gonyou 241, In addition, Gonyou and Lou & also observed that growing-finishing pigs
fed ad libitum by wet-dry feeders spent 17% less time eating than pigs fed by dry feeders, suggesting that growing-
finishing pigs prefer wet—dry to dry feeders 2; furthermore, pigs fed by wet—dry feeders had higher ADFI and ADG and
pigs were less lean. In the study of Li et al. 3], the effect of feed form and water availability on performance was analysed
in growing and in finishing pigs. In both phases, water availability did not influence FCR, the most efficient pigs being
those fed a pelleted diet. Additionally, FBHs of growing-finishing pigs differed when the same feed was offered: dry or dry
feed diluted with water (88.6 vs. 27.8% dry matter, dry and dry-feed diluted, respectively) twice per day; growing-finishing
pigs fed with dry feed diluted with water spent around 50% less time than pigs fed with dry feed with no differences in
terms of performance 424,

On the other hand, the meta-analysis of Averés et al. & reported that pigs fed restrictively ate in longer feeder visits and
were more active, perhaps because the pigs visited the feeder to check whether there was feed available, than pigs fed
ad libitum. On extensive farms, in which pigs have access to restricted feed together with ad libitum access to fodder and
grass, the feeding behaviour of pigs depends on a large number of factors such as the dietary supplementation, grazing
management, and grass quality, among others 8],

2.4. Diet Composition

Several studies have evaluated the effect of diet composition on the FBHs of growing-finishing pigs. The main factor that
modifies the ADFI of a pig is the energy content of the diet; a pig fed with a low energy diet eats more feed per day
compared to a pig fed with a high energy diet in order to achieve the required daily energy 2. In fact, the dilution of the
energy concentration of the diet can be carried out by increasing the dietary fibre level, which may be used as a strategy
to reduce stereotypic behaviour and to enhance welfare by its satiety effect after a meal by reducing feed motivation 42
(391 |n fact, pigs fed with a low nutrient density spent longer eating per day and per feeder visit compared to pigs fed with
a higher nutrient density diet 4. In addition, Quemeneur et al. B concluded that the inclusion of fibre (a mix of wheat,
soy, and sugar beet pulp fibres) decreased meal frequency, increased MS, whereas the supplementation of aleurone
decreased the TM with no effect on MS. On the other hand, lysine content in the diet reduced the number and increased
the length and size of feeder visits . Carco et al. 2 observed that pigs increased ADFI and tended to increase the FR
with reduced amino acid content in the diet to achieve nutritional requirements. Furthermore, the flavour and the
palatability of feed may stimulate the appetite of pigs. In fact, the inclusion of flavouring additives such as dextrose
increases the ADFI of pigs, although there are discrepancies about this fact in the literature 531, On the other hand, Iberian
finishing pigs under extensive conditions depending on natural resources without compound feed remain active, foraging
acorns and grass an average of 369 min per day, which is approximately 60% of winter daylight hours; this kind of slow
eating would be very dependent on the natural diet (541,

2.5. Environmental Conditions

The effect of high temperature on ADFI, pig activity, and performance has been widely studied RIESI56I57] The meta-
analysis of Renaudeau et al. 58 shows that the reduction in ADFI and ADG under high temperature is higher in heavier
than in lighter growing-finishing pigs (Figure 5).
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Figure 5. The effects of ambient temperature and pig BW on (a) ADFI and (b) ADG.

However, few studies have evaluated the effect of environmental conditions on the FBHs of growing-finishing pigs (Table
2). In growing pigs (from 21 to 30 kg BW), Collin et al. B2 reported a reduction of 30% in ADFI, 32% in MS, and 27% in TD
with a negative impact on BW gain (-37%) after thirteen consecutive days at 33 °C compared to the control group reared



at 23 °C. In heavier pigs (62 kg BW), a decrease of 24% in ADFI, 21% in TV, and 28% in TD were observed when the
temperature was increased from 19 to 29 °C for three or four consecutive days at 19, 22, 25, 27, or 29 °C 55, |n fact,
Cross et al. 1% observed a reduction of approximately four minutes in TD when growing-finishing pigs were under heat
stress conditions. The reduction in ADFI under heat stress is probably a strategy to reduce body heat production €%,
which comes from maintenance, physical activity, and feed intake 58],

Table 2. The effect of environmental conditions on the feeding behaviour habits of growing-finishing pigs.
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1 Duroc (D), Landrace (L), Large White (LW), Pietrain (P), Yorkshire (Y). 2 Individual (I) or Group Housing (GH). 3 ADFI
(average daily feed intake). 4 Quiniou et al. B3 and Collin et al. B2 analysed the number of meals per pig and day;
according to their paper methodology; where a meal is: the successive feeder visits by the same pig within two minutes.
Cross et al. ¥ reported the number of feeder visits per pig and day (TV). 5 TD (total minutes spent eating per pig and
day). & MS (feed consumed per meal: according to each paper’s methodology). 7 FR (feed intake per minute spent
eating). * p < 0.05, ** p < 0.01, ** p < 0.001.

Moreover, the feed intake schedule changes under different environmental conditions. Under hot conditions, pigs reduce
their physical activity B8 and spend more time lying and less time eating 84, Cross et al. 29 observed that under
thermoneutral conditions, most feeder activities were carried out from 6:00 to 17:59 h, while when pigs were suffering heat
stress, a peak feeding activity occurred between 6:00 and 08:59 h, a reduction during midday, and another peak of feeder
activity between 18:00 and 20:59 h in all breeds and genders studied.

The mentioned scientific data regarding the effect of external factors on the FBHs of growing-finishing pigs highlights the
importance of the knowledge of each of the factors explored as all of them impact on the FBHs. In intensive conditions,
pigs are allotted in groups in pens that can differ in terms of size, number, and type of feeders or stocking density, among
others. The mentioned data indicate that growing-finishing pigs are able to adapt their FBHs to achieve the desired ADFI
to maintain growth. Therefore, depending on housing conditions, pigs change their FBHs. On the other hand, feed form
and feed distribution influence the FBHs; pigs fed in dry mash spend more time eating than pigs fed in dry pelleted feed
due to lower FR, whereas when water is available in the feeder, their ADFI and FR increase, but with no influence on
FCR. These results indicate that the feeder occupancy rates are higher when pigs are fed in mash, suggesting that the
stocking density recommended could depend on the feed form offered. Continuing with parameters related with diet, its
composition is of high importance. It is widely known that ADFI depends mainly on diet energy density, with a higher ADFI
in pigs fed with low-density diets than pigs fed with high-density diets. However, the type of fibre used or the amino acid
content can also modify the FBHs of growing-finishing pigs. Finally, the magnitude of the impact of environmental
conditions on ADFI was higher in older than in younger pigs, also distinctly affecting the FBHs depending on the age.
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