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Sensory-specific satiety (SSS) could negatively affect pigs’ feed intake, even when 
diets satisfy their nutritional requirements. We evaluated the short-term effects 
of SSS on feed intake and palatability. Thirty-two nursery pigs (tested in pairs) 
were exposed to short-term feeding trials for 6  days. In Trial 1, animals received 
for 90  min over three consecutive days three feeders: with different flavours 
(VAR); the same flavour (MON); or a mixture of the three flavours (MIX) in a 3  ×  3 
Latin square design. In Trial 2, with the same animals and different flavours, the 
three feeders were delivered successively (1 feeder every 30  min). In Trial 1, there 
was a day-by-diet interaction (F 4,36  =  2.98; p  =  0.032), where the VAR diet was 
least consumed on the first day but most consumed subsequently. In Trial 2 a 
triple interaction between diet, day and delivery order modified pig’s intake (F 
12,15  =  3.33; p  =  0.015), and consumption patterns (F 12,15  =  3.52; p  =  0.012); 
where VAR diet presented the highest values in the last delivery order on the third 
experimental day. Flavour variety may decrease the effect of SSS, increasing feed 
intake and hedonic value in nursery pigs when there was a previous experience 
with those flavours.
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1. Introduction

Pigs in a natural environment are opportunistic and omnivorous feeders that during most 
of their active time search and consume an extensive variety of foods (1). Their specialized 
oro-nasal system allows them to search above and below the ground for a wide range of foods 
including plants, seeds, tubers, insects, fruits, small mammals, and even reptiles in order to 
satisfy their nutritional needs (2, 3). In contrast, pigs raised in conventional farming do not have 
the opportunity to search for different food resources, although the pig industry offers a 
complete diet according to their specific nutritional requirements at their different productive 
stages (4). Depending on their local availability and price these diets include several ingredients 
and additives. Nevertheless, even though feeds may contain additives that contribute to 
increasing palatability, a mixed diet has the potential to create a unified flavour experience (5). 
Moreover, the organoleptic properties of feed differ little between and within production 
periods, which can generate problems of sensory-specific satiety (6).
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Sensory-specific satiety (SSS) is a physiological phenomenon, 
associated with the decrease in the specific hedonic value of the sensory 
properties of food after being continuously exposed during a feeding 
episode, and which recovers after time (6, 7). As an example, if someone 
allowed us to consume only our favourite food for several days, the 
sensation of pleasure when eating that food would diminish with the 
increased exposure. Thereby, sensory-specific satiety would be expressed 
as a decrease in the pleasantness of taste and a reduction in consumption 
relative to other foods that differ in one or more sensory properties, 
even if they have the same nutritional composition (8, 9).

Animals typically need to eat a varied diet to obtain all their 
required nutrients (10) and food macronutrients are associated with 
different sensorial qualities (11). Therefore, the SSS is considered an 
adaptive mechanism, one that ensures animals search the environment 
to obtain different nutrients through a varied diet to fit their 
physiological needs (12). The role of SSS and the adverse effects of 
feed’s sensory monotony has been studied mainly in humans (7) and 
rats (13, 14), but also in other domestic animals like sheep (15), where 
the absence of sensory variety over days can lead animals to reduce 
their intake, thus affecting their performance and welfare (16). 
However, when the humans or animals have the opportunity to eat 
diets whose sensory properties have been varied, they start increasing 
their intake again, even during the same consumption episode (17–
19). In addition, a feed environment with a wide sensory variety 
allows the animal to express their feed preferences and natural feeding 
behaviour, potentially having an important effect on animal welfare 
(20). Such improvements in the performance and welfare of animals 
are the desired outcomes in animal production, such as pig farming.

The positive effect of the dietary sensory variety has been little 
addressed in pigs. Recent experiments suggest that during the suckling 
period, creep feed with sensory variety or dietary variety increases 
feed intake and exploratory behaviour in piglets compared to a 
sensory monotonous diet. However, no effect of diet variety was found 
in the performance parameters of piglets where similar weights and 
weight gain were observed at weaning (21, 22). Nevertheless, the 
maternal presence, with the constant availability of milk and the 
marginal consumption of solid feed could mask positive results of 
sensory variety in animals at this production stage. Therefore, it is 
necessary to understand the effect of sensory variety on pig feeding 
behaviour in other production stages. The objective of the present 
study was to evaluate the short-term effect of specific-sensory satiety 
on the consumption and palatability of flavoured feed in nursery pigs.

2. Materials and methods

Experiments were conducted at the swine experimental facility of 
the Centro de Investigación, Innovación Tecnológica y Capacitación 
para la Industria Porcina Nacional (CICAP), belonging to the 
Pontificia Universidad Católica de Chile (PUC) in Santiago, Chile. All 
experimental procedures were approved by the Ethical Committee on 
Animal Experimentation of PUC (No. 190531007).

2.1. Animals and housing

A total of 32 castrated male and female nursery pigs (PIC 
Genetics), 42 days-old (13.2 ± 1.2 kg) at the start of experiments, 

served as subjects. After weaning at 28 days-old, animals were 
individually identified by using numbered plastic ear tags, weighed 
and randomly allocated in pairs to 16 nursery pens 
(1.80 m × 1.28 m × 0.7 m, fully slatted floor), maintaining similar 
weights between pens (p > 0.05). The nursery room temperature (29°C 
lowering 1°C per week) was controlled with a heater and automatically 
forced ventilation. Each pen had one feeder with three feeding spaces 
and an individual water supply. Pigs were ad-libitum fed with an 
unflavoured standard commercial diet according to their nutritional 
requirements (4) and they had constant access to fresh water 
throughout the experimental procedure (except for the removal of 
unflavoured food during the period 1 h before and after each 
experimental session). The commercial formulation of feed was 
confidential but based mainly on Maize (611 g/kg), soy bean products 
(168 g/kg), fish meal (80 g/kg), sweet milk whey (89 g/kg) and a 
complete premix with vitamins-aminoacids-minerals and other 
additives to enhance feed digestibility. Environmental enrichment was 
not added to the pens. Animals were tested in two trials of three 
consecutive days each between 10 AM–12 PM, and the two trials were 
separated by a rest week. During the second trial, the feeding 
behaviour of animals was recorded with 8 video cameras (IR exterior 
1/3 Sony® 700tvl cmos; SENKO S.A, Santiago, Chile) distributed every 
two pens in the ceiling of the nursery room. The videos were 
downloaded at the end of the experimental period and were analyzed 
by a trained observer. Behavioural observations were analyzed using 
the Behavioural Observation Research Interactive Software [BORIS, 
http://www.boris.unito.it/ (23)].

2.2. Experimental procedure

Before the beginning of trials pigs were acclimated to housing and 
experimental conditions (28–41 days-old). Experimental schematic 
representation and procedures are summarized in Figures  1, 2, 
respectively. Two feeding trials were performed with the same animals. 
Each trial had a duration of 3 days, during which animals were 
exposed in the morning for 90 min to three pan-feeders with 
commercial feed that contained either: (1) different flavours (VAR); 
(2) the same flavour (MON); or (3) a mixture of the three flavours in 
each feeder (MIX). All animals experienced each of the three 
experimental conditions with the order counterbalanced in a 3 × 3 
Latin square design. In Trial 1, the feeders were given simultaneously 
during the 90 min of the trial. Flavours added to the feed were lemon, 
coffee and cherry at 0.075% [(24); Floramatic®, Santiago, Chile], 
where lemon was used in the MON diet. A similar procedure was 
conducted in the second trial, but feeders were rotated every 30 min 
until the 90 min were completed and the flavours used were orange, 
chocolate and grape (Floramatic® Santiago, Chile, 0.075%), where 
chocolate was used in the MON diet. Flavours used in both trials were 
selected based in previous unpublished trials and in the company 
recommendations, considering similar preferences and intake 
between them. Flavours used in Trial 1 and 2 were different to ensure 
that test flavours were novel at the start of each of Trial 1 and Trial 2. 
Their commercial unflavoured feed was removed 1 h before the start 
of each test and was returned to each pen 1 h after the end of the tests. 
Feed intake was measured by weighing the pan-feeders at the 
beginning and end of each test (spillage was not measured). During 
Trial 2 consumption time (time eating at the pan-feeder; CT) and 
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approaches (number of times the pan-feeder was approached with a 
consumption result; A) were assessed from the video recordings by 
focal continuous sampling over the 90 min tests. Palatability was 
estimated through consumption patterns (CT/A) (25, 26), analogous 
to the licks/bout measure used in rats in lick cluster size analysis 
(27, 28).

2.3. Statistical analysis

Feed intake and consumption patterns were analyzed with 
ANOVA by using mixed linear models with the MIXED procedure of 
statistical package SAS® (SAS Inst. Inc., Cary, NC, United States), 
considering the effect of the diet (MON, VAR or MIX), experimental 
day (1, 2 or 3), delivery order of the given diet during Trial 2 (first, 
second or third) and the interaction between variables. The pen was 
considered as a repeated measure in the mixed model. Before ANOVA 

analysis, the normality and homoscedasticity of the dataset were 
analyzed by using the UNIVARIATE procedure with the Shapiro–
Wilk and O’Brien’s tests, respectively. The mean values are presented 
as least square means adjusted by Tukey. The experimental unit was 
the pen with results expressed as the average of both pigs’ data. 
Differences at p < 0.05 were considered statistically significant and 
differences at 0.05 ≤ p < 0.10 were considered a trend.

3. Results

3.1. Trial 1: simultaneous exposure to 
flavoured feed

No intake differences were observed in nursery pigs during Trial 
1 according to the experimental day (F 2,36 = 0.90; p = 0.416) or diet 
(F 2,36 = 1.34; p = 0.276). However, a significant interaction between 

FIGURE 1

Schematic representation of the pen (front view) during Trial 1 and Trial 2 sessions.

FIGURE 2

Schematic representation of monotonous (MON), varied (VAR), and mixed (MIX) diets delivered in both trials. In Trial 1, three pan-feeders were offered 
at the same time for 90  min. Lemon, coffee, and cherry flavours were used as added artificial flavours on feed. In Trial 2, one pan-feeder was offered 
every 30  min until completing 90  min. Orange, chocolate, and grape flavours were used.
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FIGURE 5

Feed intake (mean  ±  SEM) of nursery pigs during a consecutive 
exposure of three feeders (for 30  min each) containing feed with 
different flavours (orange, chocolate, or grape; VAR), with the same 
flavour (chocolate; MON) and with a mixture of the three flavours 
(orange  +  chocolate  +  grape; MIX). Results are expressed by pig and 
diet delivery order (1st, 2nd, or 3rd).

the experimental day and diet was found (F 4,36 = 2.98; p = 0.032), 
where the VAR diet showed the lowest intake on day one and the 
highest intake on days 2 and 3 compared to the other diets (Figure 3). 
By analysing separately, the effect of the day in each diet consumed, 
the intake of VAR diet varied between days (F 2,13 = 6.27; p = 0.012), 
presenting a significant increase in its intake between day 1 and 2 
(p = 0.022) and from day 1 to 3 (p = 0.021) with no significant 
differences between day 2 and 3 (p = 0.990). Pigs equally consumed 
MIX diet (F 2,13 = 0.98; p = 0.403) or MON diets (F 2,10 = 0.36; 
p = 0.709) across days.

3.2. Trial 2: consecutive exposure to 
flavoured feed

The experimental day and delivery order of the feed influenced 
pig’s intake, observing a lower consumption of the flavoured feed as 
the days go by (F 2,15 = 4.40; p = 0.031) and as the delivery order 
progresses (F 2,15 = 63.37; p < 0.001) respectively. No intake differences 
were observed in Trial 2 according to experimental diets (F 2,15 = 0.87; 
p = 0.441). The interaction between the diet and day is presented in 
Figure  4. Although it is observed that the VAR diet was the less 
consumed on day one but the highest on day 3, the interaction was not 
significant (F 4,15 = 1.91; p = 0.161). By analysing separately, the effect 
of the day in each diet consumed, pigs equally consumed the VAR diet 
(F 2,13 = 0.25; p = 0.779) across days. The intake of the MIX diet varied 
between days (F 2,12 = 6.23; p = 0.014), observing that animals 
decrease its consumption between days 1 and 2 (p = 0.041) and 
between days 1 and 3 (p = 0.021) with no differences between days 2 
and 3 (p = 0.984). Finally, the intake of the MON diet did not 
significantly differ between days (p > 0.1). A significant interaction 
between diet and delivery order of feed was found (F 4,15 = 5.17; 
p = 0.008), observing that the MON diet presented the highest intake 
on the first exposure compared with the other treatments but the 
lowest intake on the last exposure (Figure  5). Finally, a triple 
interaction between diet, day and delivery order was observed (F 
12,15 = 3.33; p = 0.015), where the variety diet presented the lowest 
intake during the last delivery on the first day, but the highest intake 

during the last delivery on the last experimental day (Figure 6): that 
is, the decrease in intake across the session was lowest in the VAR 
condition once all flavours were familiar at the end of testing.

The experimental day influenced the pig’s consumption patterns 
(F 2,15 = 16.29; p < 0.001), observing a lower consumption pattern on 
the second day. No differences between diets were observed in the 
pig’s consumption patterns (F 2,15 = 0.26; p = 0.778). The delivery 
order of feed tended to affect consumption patterns (F 2,15 = 2.69; 
p = 0.1), where feed presented the highest hedonic value during its first 
exposure. The interaction between the treatment and day is presented 
in Figure 7. Although it is observed that the variety group showed the 
least consumption pattern on day one and the highest on day 3, the 
interaction was not significant (F 4,15 = 1.27; p = 0.324). The 
interaction between the diet and delivery order is presented in 
Figure 8. Although this interaction was not significant (F 4,15 = 1.52; 
p = 0.245), it is the case that the VAR diet showed the lowest 

FIGURE 3

Total feed intake (mean  ±  SEM) of nursery pigs during a simultaneous 
exposure (90  min) of three feeders containing feed of different 
flavours (lemon, coffee, or cherry; VAR), with the same flavour 
(lemon; MON) and with a MIX of the three flavours 
(lemon  +  coffee  +  cherry). Results are expressed by pig and 
experimental day (1, 2, or 3).

FIGURE 4

Total feed intake (mean  ±  SEM) of nursery pigs during a consecutive 
exposure of three feeders (for 30  min each) containing feed with 
different flavours (orange, chocolate, or grape; VAR), with the same 
flavour (chocolate; MON) and with a mixture of the three flavours 
(orange  +  chocolate  +  grape; MIX). Results are expressed by pig and 
experimental day (1, 2, or 3).
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consumption pattern with the first feed delivery and the highest with 
the last one. Finally, a triple interaction between diet, day and delivery 
order was observed (F 12,15 = 3.52; p = 0.012), where the VAR diet 
presented the lowest consumption pattern during the last delivery on 
the first day but the highest consumption pattern during the last 
delivery on the second and the last experimental day (Figure 9): that 
is, the palatability responses were maintained across the session most 
clearly in the VAR condition once the flavours were familiar.

4. Discussion

Sensory variety could reduce the effect of sensory-specific satiety 
by increasing the hedonic value of food during animal’s intake (29, 

30). However, there is a paucity of information about the effect of 
flavour variety on the feeding behaviour of nursery pigs. Previous 
research demonstrated that suckling piglets increased feed exploration 
and intake when sensory variety was implemented in their diets, by 
changing multiple sensory properties of the feed, however, no effects 
on animals’ performance were observed and animals presented no 
differences in their body weight at weaning (22). Here, we investigated 
the short-term effect of flavour variety on feed intake and feed 
palatability in nursery pigs. It was observed that pigs presented an 
improve in feed intake and perceived palatability when different 
flavoured feeds were delivered simultaneously or at the end of a 
consecutive delivery compared with monotonous flavoured diets. A 
significant interaction between day and diet was found, observing the 
importance of familiarity of flavours cues to reduce neophobia when 

FIGURE 6

Feed intake (mean  ±  SEM) of nursery pigs during a consecutive exposure of three feeders (for 30  min each) containing feed with different flavours 
(orange, chocolate, or grape; VAR), with the same flavour (chocolate; MON) and with a mixture of the three flavours (orange  +  chocolate  +  grape; MIX). 
Results are expressed by pig, diet delivery order (1st, 2nd, or 3rd) and day (1, 2, or 3).

FIGURE 7

Means (±SEM) of consumption patterns [consumption time (CT)/
approaches (A)] of nursery pigs during a consecutive exposure of 
three feeders (for 30  min each) containing feed with different 
flavours (orange, chocolate, or grape; VAR), with the same flavour 
(chocolate; MON) and with a mixture of the three flavours 
(orange  +  chocolate  +  grape; MIX). Results are expressed by pig and 
experimental day (1, 2, or 3).

FIGURE 8

Means (±SEM) of consumption patterns [consumption time (CT)/
approaches (A)] (mean  ±  SEM) of nursery pigs during a consecutive 
exposure of three feeders (for 30  min each) containing feed with 
different flavours (orange, chocolate, or grape; VAR), with the same 
flavour (chocolate; MON) and with a mixture of the three flavours 
(orange  +  chocolate  +  grape; MIX). Results are expressed by pig and 
diet delivery order (1st, 2nd, or 3rd).
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FIGURE 9

Means (±SEM) of consumption patterns [consumption time (CT)/approaches (A)] (mean  ±  SEM) of nursery pigs during a consecutive exposure of three 
feeders (for 30  min each) containing feed with different flavours (orange, chocolate, or grape; VAR), with the same flavour (chocolate; MON) and with a 
mixture of the three flavours (orange  +  chocolate  +  grape; MIX). Results are expressed by pig and diet delivery order (1st, 2nd, or 3rd) and day (1, 2, or 3).

sensory variety is implemented to increase voluntary feed intake in 
nursery pigs. These results could encourage the swine industry to 
change the way animals are feed, and could improve animal welfare 
by allowing pigs to express their natural feeding behaviour (20) and 
increase their perceived palatability (26) by consuming sensory variety 
diets. Thus, presenting both a challenge and opportunity for the pig 
industry in terms of animal welfare and sustainability.

4.1. Trial 1: simultaneous exposure to 
flavoured feed

In a natural environment, there are a variety of foods with 
different nutritional, chemical and physical characteristics available 
for pigs. These animals are able to select between different 
consumption options to meet their nutritional requirements even in 
commercial facilities (20). In Trial 1, no overall differences were 
observed in pigs’ feed intake when they were offered three pan feeders 
with different flavoured feeds (VAR) vs. three pan feeders containing 
the same flavoured feed (MON) or three mixed flavours (MIX) during 
the test (276 g vs. 234 g vs. 258 g, p = 0.276) respectively. However, a 
clear interaction between the experimental day and treatment was 
found, whereby the consumption of the variety diet (VAR) increased 
as the days went on compared to the other diets. It was observed an 
increase of 64% of feed intake between experimental day 1 and 2 for 
diet VAR in contrast with only a 7% of increase and a 17% of decrease 
in feed intake for MON and MIX diets. In agreement with Miller and 
Holzman (31), it is possible that the animals have experienced fear of 
consuming different flavours when they were exposed to the sensory 
cues for the first time. Animals may develop behavioural 
predispositions oriented to rejecting the consumption of food, whose 
post-ingestive consequences are unknown, thus avoiding possible 
toxic effects (32, 33). Pigs without previous experience with particular 
feeds and its related flavours may display neophobia resulting in a 

higher latency time to approach novel feeds and a decrease in their 
intake (34). The negative effects of neophobia are greater at weaning 
or when new ingredients or additives are added to commercial diets 
(35). In the present experiment, the animals were not previously 
exposed to the flavours. Therefore, the effect of neophobia could 
explain the non-significant difference observed in animals´ 
consumption between treatments at the start of testing. Similar results 
were reported by Middelkoop et al. (22), where pigs exposed to novel 
flavours decrease their feed intake during the first exposures. Although 
feed neophobia causes pigs to eat small amounts of feed, this behaviour 
can dissipate with repeated exposure to that feed and its related 
sensory cues. Thus, animals can verify that the consumption of that 
feed does not cause negative post-ingestive effects (36). Strategies to 
increase the familiarity of flavours cues has been reported in suckling 
and nursery pigs. Probably the most practical strategy is to include 
those flavours into the gestational diets of sows and prenatally expose 
pigs to them, generating benefits because of familiarity and associative 
learning between flavours and the positive effects of aminiotic fluid 
(35, 37). Another option is to include those flavours in high digestive 
and palatable diets at the beginning of solid feed consumption.

4.2. Trial 2: consecutive exposure to 
flavoured feed

In addition to the effects of neophobia, a different intake of the 
flavoured feed was observed related to delivering order (i.e., 1st, 2nd 
or 3rd delivered pan feeder). In this experiment, pigs’ feed intake 
decreased considerably in the second pan feeder delivered, and a little 
more in the third pan feeder delivered (thus, intake was reduced 
across the session overall). These intake differences were more 
pronounced in MON treatments, observing an interaction between 
delivery order and treatment. This lower feed intake as feed exposure 
increases could be considered a direct consequence of the SSS (9). In 
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the VAR diet, the feed intake was the one that decreased the least, 
compared with MON and MIX diets. As with Trial 1, this effect was 
most apparent in the later testing days once the flavours were familiar 
which decreases neophobia. These results suggest that flavour diversity 
modifies feed intake in pigs and that they prefer varied diets instead 
of consuming a diet with similar sensory cues to the one that they 
experienced before (22). Our findings are in concordance with studies 
carried out in humans, where the access to a varied diet increases food 
intake compared to a monotonous one (38–41).

In addition to changes observed in feed intake, the SSS also could 
affect the pleasure perception, as was observed in the significant effect 
of delivery order, where the consumption pattern of flavoured feed 
decreased as the delivery order progressed. This has been previously 
seen as an effect of repetitive exposure to food in humans (42). The 
results are consistent with the investigation of the mechanism of SSS, 
where pleasure perception decreases until consumption stops and, 
thus, concludes an eating episode (43). Moreover, consumption 
patterns in VAR treatment were highest in the last feed delivery than 
in the first one, unlike MON and MIX treatments where the 
consumption pattern was lower in the last delivery than in the first 
one. However, only a tendency was observed in the interaction 
between treatment and delivery order. Results obtained in the VAR 
treatment show that the effect of SSS was reduced due to sensory 
changes that produced the delivery of different flavours (8).

Considering the results in Trial 1, an interaction between 
treatment and day was expected because of neophobia and flavour 
variety. However, no effects of this interaction were observed on feed 
intake or consumption patterns. In line with previous studies, where 
consumption increases when several feed options have been offered 
throughout the days (44), and similar to the results in Trial 1 where 
flavours were simultaneously exposed, VAR treatment presented the 
highest feed intake and consumption pattern on the last experimental 
day compared to MON and MIX treatments, but the lowest intake and 
consumption patterns on the first experimental day. Moreover, it is 
observed that in the third pan feeder delivered, animals had a higher 
satiety due to continuous exposure to feed. However, VAR treatment 
in the last pan-feeder delivered presented a smaller decrease in 
consumption and a higher consumption pattern than MON and MIX 
compared to the first delivery order.

A triple interaction was observed between treatment, day, and 
delivery order on feed intake and consumption patterns, where the 
VAR treatment showed the highest consumption patterns and feed 
intake on the last day and last delivery order, differing from MON and 
MIX treatments, which presented lower feed intake and consumption 
patterns. This could be explained by the neophobia effects on the first 
day. As the days go by, there is greater exposure to the VAR treatment; 
the feed became more familiar and consequently, the order effect is 
higher on the last day. Therefore, the VAR treatment had a better 
response when satiety occurs during continuous exposure to flavoured 
feeds, but only when the pigs had a previous experience with those 
flavours, avoiding neophobia effects.

It appears that if Trial 1, where the feeding options were 
delivered at the same time, had lasted only 30 min, the interaction 
between treatment and day would not have been observed. This 
result contrast with previous research by Ackroff et al. (45) in rats, 
where no differences were found in solution intake when bottles of 
sucrose solution with different flavours were offered simultaneously, 
compared to unflavoured sucrose solutions. Rolls et al. (6) observed 

that offering a variety of foods to rats successively did not have the 
same significant positive effects as simultaneous exposure to a 
variety of food. Nevertheless, this could be explained by the low 
frequency of the food’s rotation (12 h intervals) on successive 
exposition. Furthermore, a varied diet treatment has a better 
response in the SSS when animals are exposed to different food for 
less than 2 h (39).

Flavours are usually used in the pig industry to enhance feed 
intake because of their palatability (22) and their sensory continuity 
effect when milky flavours are incorporated after weaning (25, 46). 
The present results demonstrated that the variety of flavours, between 
or within consumption episodes, improved feed intake and palatability 
in nursery pigs. However, neophobia should be considered (35) when 
flavours are included for the first time. By repeating the rotation of 
flavours, we could take advantage of both variety and familiarity. In 
the present study, flavours were used to generate feed variety since 
they are easily detected by pigs due to their developed oro-nasal 
system and because the nutritional content of the diets does not 
change. However, other sensory stimuli may be  used to generate 
sensory variety in the feed. In humans, it has been shown that 
presenting the same food in a second dish with different condiments 
could restore the hedonic value of foods (38). Moreover, SSS can even 
occur in a simulated feeding where participants chew food but do not 
swallow it (47). Moreover, it has been shown in humans that the 
colour and shape of food also have affect SSS (42). Therefore, the SSS 
is specific to the sensory modality (48). In pigs, studies have shown 
that feeds that are more diverse in terms of sensory properties increase 
feed intake (22). Considering this, it is possible that not only flavour 
could produce effects on the SSS of pigs, but also taste, texture, or 
colour. It would be important to identify which sensory modality is 
the most effective in avoiding the effects of SSS.

Dietary variety studies in pigs conducted by Middelkoop et al. 
(22) have focused on the suckling period, where an improvement in 
animal welfare but not in the performance of suckling piglets has been 
reported. Specifically, the animals had an increase in exploratory 
behaviour, but not in growth performance (22). This last may be due 
to the number of non-controlled factors during this productive 
period, such as the presence of the mother and the choice of 
consumption between milk and feed. Other studies carried out during 
the rearing period with lambs (49), showed that animals exposed to a 
multi-forage diet had higher performance (e.g., greater daily gain and 
dry matter intake) and better welfare parameters (e.g., fewer 
stereotyped behaviours) compared to animals exposed to single 
forage. These simple and innovative feeding strategies could 
be replicated in weaning or fattening pigs. In both productive stages, 
the feed provided to pigs is often solid and invariant from a point of 
view of its sensorial properties, generating SSS with its potential 
negative consequences on performance and welfare. Therefore, a 
varied diet, that could be rotated weekly or when diet formulation 
change according to productive stages, could have a positive impact, 
considering that in the present study there were positive results in 
terms of palatability and feed intake. Moreover, having a variety of 
flavours pigs can express their exploratory behaviour at the time of 
feed consumption. However, it is necessary to complement with 
behavioural and/or physiological indicators, to determine whether 
effectively there is an increase in animal welfare, for instance, through 
the expression of positive affective states by varying the sensory 
properties of the feed.
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5. Conclusion

The variety of flavours, between or within consumption episodes 
may improve feed intake and palatability in nursery pigs. However, 
is important to consider the effect of neophobia when pigs are 
exposed to a novel flavour to prevent a possible decrease in their feed 
intake. The results of this study suggest that sensory varied diets 
might be  used as a strategy to reduce SSS in nursery pigs in 
conventional industry. Future research must be done to investigate 
whether a periodic rotation (weekly or when formulation is changed) 
of feeds that differ in sensory proprieties could be  a practical 
management for pig’s industry to try to increase intake and 
performance during growing (nursery and/or fattening periods) as 
has been found in other production systems. Moreover, the increase 
in perceived feed palatability could improve animal welfare since pigs 
would increase their pleasure perception for feed when have the 
opportunity to “choose” (simultaneous exposure) or to received 
(continuously exposure) different flavoured cues, expressing, 
somehow, their natural feeding behaviours. Finally, that variety of 
other sensory properties like taste, texture or colour on sensory 
specific satiety could be explored in growing animals in order to see 
the most effective way to reduce the negative effects of sensory 
monotony in pigs.

Data availability statement

The raw data supporting the conclusions of this article will 
be  made available by the authors, without undue reser 
vation.

Ethics statement

All experimental procedures were approved by the Ethical 
Committee on Animal Experimentation of PUC (No. 190531007). 
The study was conducted in accordance with the local legislation and 
institutional requirements.

Author contributions

JF and DD: conceptualization. JF and LS: methodology, 
investigation, and supervision. JF, LS, DF, and MV: data curation. JF, 
EH, and MV: formal analysis. JF: funding acquisition, methodology, 
project administration, resources, and visualization. EH and JF: 
writing original draft. JF, DL, and DD: writing review and editing. All 
authors contributed to the article and approved the submitted version.

Funding

This research was funded by the National Research and 
Development Agency (ANID) through the Programme FONDECYT 
Regular grant number 1200643.

Acknowledgments

The authors want to thank CICAP animal caretakers for their 
excellent job regarding animal feeding, animal health management 
and collaboration during experimental procedures.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Pinna W, Nieddu G, Moniello G, Cappai MG. Vegetable and animal food sorts 

found in the gastric content of Sardinian wild boar (Sus scrofa meridionalis). J Anim 
Physiol Anim Nutr. (2007) 91:252–5. doi: 10.1111/j.1439-0396.2007.00700.x

 2. Ballari SA, Barrios-García MNA. Review of wild boar Sus scrofa diet and factors 
affecting food selection in native and introduced ranges. Mamm Rev. (2013) 44:124–34. 
doi: 10.1111/mam.12015

 3. Graves HB. Behaviour and ecology of wild and feral swine (Sus scrofa). J Anim Sci. 
(1984) 58:482–92. doi: 10.2527/jas1984.582482x

 4. NRC. Nutrient requirements of swine. 11th ed. Washington, DC: National 
Academies Press (2012).

 5. Weiss T, Snitz K, Yablonka A, Khan RM, Gafsou D, Schneidman E, et al. Perceptual 
convergence of multi-component mixtures in olfaction implies an olfactory white. Proc 
Natl Acad Sci U S A. (2012) 109:19959–64. doi: 10.1073/pnas.1208110109

 6. Rolls BJ, Van Duijvenvoorde PM, Rowe EA. Variety in the diet enhances intake in 
a meal and contributes to the development of obesity in the rat. Physiol Behav. (1983) 
31:21–7. doi: 10.1016/0031-9384(83)90091-4

 7. Rolls BJ, Rolls ET, Rowe EA, Sweeney K. Sensory specific satiety in man. Physiol 
Behav. (1981) 27:137–42. doi: 10.1016/0031-9384(81)90310-3

 8. Rolls ET, Rolls JH. Olfactory sensory-specific satiety in humans. Physiol Behav. 
(1997) 61:461–73. doi: 10.1016/S0031-9384(96)00464-7

 9. Smeets AJ, Westerterp-Plantenga MS. Oral exposure and sensory-specific satiety. 
Physiol Behav. (2006) 89:281–6. doi: 10.1016/j.physbeh.2006.06.011

 10. Ahn S, Phillips AG. Repeated cycles of restricted food intake and binge feeding 
disrupt sensory-specific satiety in the rat. Behav Brain Res. (2012) 231:279–85. doi: 
10.1016/j.bbr.2012.02.017

 11. Westerterp-Plantenga M, Ijedema M, Wijckmans-Duijsens N. The role of 
macronutrient selection in determining patterns of food intake in obese and non-obese 
women. Eur J Clin Nutr. (1996) 50:580–91.

 12. Raynor HA, Epstein LH. Dietary variety, energy regulation, and obesity. Psychol 
Bull. (2001) 127:325–41. doi: 10.1037/0033-2909.127.3.325

 13. Berridge KC. Modulation of taste affect by hunger, caloric satiety, and 
sensory-specific satiety in the rat. Appetite. (1991) 16:103–20. doi: 
10.1016/0195-6663(91)90036-r

 14. Shafat A, Murray B, Rumsey D. Energy density in cafeteria diet induced 
hyperphagia in the rat. Appetite. (2009) 52:34–8. doi: 10.1016/j.appet.2008.07.004

 15. Villalba JJ, Provenza FD, Catanese F, Distel RA. Understanding and 
manipulating diet choice in grazing animals. Anim Prod Sci. (2015) 55:261–71. doi: 
10.1071/AN14449

 16. Villalba JJ, Provenza FD, Manteca X. Links between ruminants’ food preference 
and their welfare. Animal. (2010) 4:1240–7. doi: 10.1017/S1751731110000467

https://doi.org/10.3389/fvets.2023.1218198
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/j.1439-0396.2007.00700.x
https://doi.org/10.1111/mam.12015
https://doi.org/10.2527/jas1984.582482x
https://doi.org/10.1073/pnas.1208110109
https://doi.org/10.1016/0031-9384(83)90091-4
https://doi.org/10.1016/0031-9384(81)90310-3
https://doi.org/10.1016/S0031-9384(96)00464-7
https://doi.org/10.1016/j.physbeh.2006.06.011
https://doi.org/10.1016/j.bbr.2012.02.017
https://doi.org/10.1037/0033-2909.127.3.325
https://doi.org/10.1016/0195-6663(91)90036-r
https://doi.org/10.1016/j.appet.2008.07.004
https://doi.org/10.1071/AN14449
https://doi.org/10.1017/S1751731110000467


Huenul et al. 10.3389/fvets.2023.1218198

Frontiers in Veterinary Science 09 frontiersin.org

 17. Romer M, Lehrner J, Van Wymelbeke V, Jiang T, Deecke L, Brondel L. Does 
modification of olfacto-gustatory stimulation diminish sensory-specific satiety in 
humans? Physiol Behav. (2006) 87:469–77. doi: 10.1016/j.physbeh.2005.11.015

 18. Scott LL, Provenza FD. Variety of foods and flavours affects selection of foraging 
location by sheep. Appl Anim Behav Sci. (1998) 61:113–22. doi: 10.1016/
S0168-1591(98)00093-8

 19. Wilkinson LL, Brunstrom JM. Sensory specific satiety: more than ‘just’ 
habituation? Appetite. (2016) 103:221–8. doi: 10.1016/j.appet.2016.04.019

 20. Manteca X, Villalba JJ, Atwood SB, Dziba L, Provenza FD. Is dietary choice 
important to animal welfare? J Vet Behav. (2008) 3:229–39. doi: 10.1016/j.
jveb.2008.05.005

 21. Adeleye OO, Guy JH, Edwards SA. Exploratory behaviour and performance of 
piglets fed novel flavoured creep in two housing systems. Anim Feed Sci Technol. (2014) 
191:91–7. doi: 10.1016/j.anifeedsci.2014.02.001

 22. Middelkoop A, Choudhury R, Gerrits WJ, Kemp B, Kleerebezem M, Bolhuis JE. 
Dietary diversity affects feeding behaviour of suckling piglets. Appl Anim Behav Sci. 
(2018) 205:151–8. doi: 10.1016/j.applanim.2018.05.006

 23. Friard O, Gamba M. BORIS: a free, versatile open-source event-logging software 
for video/audio coding and live observations. Methods Ecol Evol. (2016) 7:1325–30. doi: 
10.1111/2041-210X.12584

 24. Figueroa J, Luna D, Salazar LC, Morales P, Valdivia C, Müller M, et al. Effects of 
trial and error and social learning on flavour palatability in nursery pigs. Appl Anim 
Behav Sci. (2021) 236:105265. doi: 10.1016/j.applanim.2021.105265

 25. Figueroa J, Frias D, Solà-Oriol D, Tadich T, Franco Rosellò R, Nunez V, et al. 
Palatability in pigs, the pleasure of consumption. J Anim Sci. (2019) 97:2165–74. doi: 
10.1093/jas/skz085

 26. Frías D, Tadich T, Franco-Rosselló R, Dwyer DM, Figueroa J. Consumption 
patterns: a proposed model for measurement of solution palatability in pigs. Anim Sci. 
(2016) 94:103–5. doi: 10.2527/jas.2015-9699

 27. Davis JD, Smith GP. Analysis of the microstructure of the rhythmic tongue 
movements of rats ingesting maltose and sucrose solutions. Behav Neurosci. (1992) 
106:217–28. doi: 10.1037/0735-7044.106.1.217

 28. Dwyer DM. Licking and liking: the assessment of hedonic responses in rodents. 
Q J Exp Psychol. (2012) 65:371–94. doi: 10.1080/17470218.2011.652969

 29. Distel RA, Iglesias RMR, Arroquy J, Merino J. A note on increased intake in lambs 
through diversity in food flavour. Appl Anim Behav Sci. (2007) 105:232–7. doi: 10.1016/j.
applanim.2006.06.002

 30. González A, Recio SA, Sánchez J, Gil M, de Brugada I. Effect of exposure to similar 
flavours in sensory specific satiety: implications for eating behaviour. Appetite. (2018) 
127:289–95. doi: 10.1016/j.appet.2018.05.015

 31. Miller RR, Holzman AD. Neophobia: generality and function. Behav Neural Biol. 
(1981) 33:17–44. doi: 10.1016/S0163-1047(81)92202-0

 32. Catanese F, Distel R, Provenza F, Villalba J. Early experience with diverse foods 
increases intake of nonfamiliar flavours and feeds in sheep. J Anim Sci. (2012) 
90:2763–73. doi: 10.2527/jas.2011-4703

 33. Villalba JJ, Manteca X, Provenza FD. Relationship between reluctance to eat novel 
foods and open-field behaviour in sheep. Physiol Behav. (2009) 96:276–81. doi: 10.1016/j.
physbeh.2008.10.010

 34. Callon MC, Cargo-Froom C, DeVries TJ, Shoveller AK. Canine food preference 
assessment of animal and vegetable ingredient-based diets using single-pan tests and 
behavioural observation. Front Vet Sci. (2017) 4:154. doi: 10.3389/fvets.2017.00154

 35. Figueroa J, Solà-Oriol D, Vinokurovas L, Manteca X, Pérez JF. Prenatal flavour 
exposure through maternal diets influences flavour preference in piglets before and after 
weaning. Anim Feed Sci Technol. (2013) 183:160–7. doi: 10.1016/j.anifeedsci.2013. 
04.023

 36. Clouard C, Chataignier M, Meunier-Salaün M, Val-Laillet D. Flavour preference 
acquired via a beverage-induced conditioning and its transposition to solid food: 
sucrose but not maltodextrin or saccharin induced significant flavour preferences in 
pigs. Appl Anim Behav Sci. (2012) 136:26–36. doi: 10.1016/j.applanim.2011.11.007

 37. Oostindjer M, Bolhuis J, Van den Brand H, Roura E, Kemp B. Prenatal flavour 
exposure affects growth, health and behaviour of newly weaned piglets. Physiol Behav. 
(2010) 99:579–86. doi: 10.1016/j.physbeh.2010.01.031

 38. Brondel L, Romer M, Van Wymelbeke V, Pineau N, Jiang T, Hanus C, et al. Variety 
enhances food intake in humans: role of sensory specific satiety. Physiol Behav. (2009) 
97:44–51. doi: 10.1016/j.physbeh.2009.01.019

 39. McCrory MA, Burke A, Roberts SB. Dietary (sensory) variety and energy balance. 
Physiol Behav. (2012) 107:576–83. doi: 10.1016/j.physbeh.2012.06.012

 40. Raynor H, Wing R. Effect of limiting snack food variety across days on hedonics 
and consumption. Appetite. (2006) 46:168–76. doi: 10.1016/j.appet.2005.12.001

 41. Roe L, Meengs J, Birch L, Rolls B. Serving a variety of vegetables and fruit as a 
snack increased intake in preschool children. Am J Clin Nutr. (2013) 98:693–9. doi: 
10.3945/ajcn.113.062901

 42. Rolls B, Rowe E, Rolls E. How sensory properties of foods affect human feeding 
behaviour. Physiol Behav. (1982) 29:409–17. doi: 10.1016/0031-9384(82)90259-1

 43. Hetherington MM, Foster R, Newman T, Anderson AS, Norton G. Understanding 
variety: tasting different foods delays satiation. Physiol Behav. (2006) 87:263–71. doi: 
10.1016/j.physbeh.2005.10.012

 44. Meiselman HL, deGraaf C, Lesher LL. The effects of variety and monotony on food 
acceptance and intake at a midday meal. Physiol Behav. (2000) 70:119–25. doi: 10.1016/
s0031-9384(00)00268-7

 45. Ackroff K, Bonacchi K, Magee M, Yiin YM, Graves JV, Sclafani A. Obesity by 
choice revisited: effects of food availability, flavour variety and nutrient composition on 
energy intake. Physiol Behav. (2007) 92:468–78. doi: 10.1016/j.physbeh.2007.04.021

 46. Villalba JJ, Catanese F, Provenza FD, Distel RA. Relationships between early 
experience to dietary diversity, acceptance of novel flavours, and open field behaviour 
in sheep. Physiol Behav. (2012) 105:181–7. doi: 10.1016/j.physbeh.2011.08.031

 47. Nolan LJ, Hetherington MM. The effects of sham feeding-induced sensory specific 
satiation and food variety on subsequent food intake in humans. Appetite. (2009) 
52:720–5. doi: 10.1016/j.appet.2009.03.012

 48. Havermans RC, Mallach AT. Sensory-specific satiation with a pinched nose and 
eyes closed: testing the sensory modality specificity of satiation. Chem Senses. (2013) 
39:177–82. doi: 10.1093/chemse/bjt071

 49. Konagh G, Beck MR, Marshall CJ, Fleming AE, Logan CM, Maxwell TM, et al. 
Functional diversity vs. monotony: the effect of a multiforage diet as opposed to a single 
forage diet on animal intake, performance, welfare, and urinary nitrogen excretion. J 
Anim Sci. (2021) 99:skab058. doi: 10.1093/jas/skab058

https://doi.org/10.3389/fvets.2023.1218198
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.physbeh.2005.11.015
https://doi.org/10.1016/S0168-1591(98)00093-8
https://doi.org/10.1016/S0168-1591(98)00093-8
https://doi.org/10.1016/j.appet.2016.04.019
https://doi.org/10.1016/j.jveb.2008.05.005
https://doi.org/10.1016/j.jveb.2008.05.005
https://doi.org/10.1016/j.anifeedsci.2014.02.001
https://doi.org/10.1016/j.applanim.2018.05.006
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1016/j.applanim.2021.105265
https://doi.org/10.1093/jas/skz085
https://doi.org/10.2527/jas.2015-9699
https://doi.org/10.1037/0735-7044.106.1.217
https://doi.org/10.1080/17470218.2011.652969
https://doi.org/10.1016/j.applanim.2006.06.002
https://doi.org/10.1016/j.applanim.2006.06.002
https://doi.org/10.1016/j.appet.2018.05.015
https://doi.org/10.1016/S0163-1047(81)92202-0
https://doi.org/10.2527/jas.2011-4703
https://doi.org/10.1016/j.physbeh.2008.10.010
https://doi.org/10.1016/j.physbeh.2008.10.010
https://doi.org/10.3389/fvets.2017.00154
https://doi.org/10.1016/j.anifeedsci.2013.04.023
https://doi.org/10.1016/j.anifeedsci.2013.04.023
https://doi.org/10.1016/j.applanim.2011.11.007
https://doi.org/10.1016/j.physbeh.2010.01.031
https://doi.org/10.1016/j.physbeh.2009.01.019
https://doi.org/10.1016/j.physbeh.2012.06.012
https://doi.org/10.1016/j.appet.2005.12.001
https://doi.org/10.3945/ajcn.113.062901
https://doi.org/10.1016/0031-9384(82)90259-1
https://doi.org/10.1016/j.physbeh.2005.10.012
https://doi.org/10.1016/s0031-9384(00)00268-7
https://doi.org/10.1016/s0031-9384(00)00268-7
https://doi.org/10.1016/j.physbeh.2007.04.021
https://doi.org/10.1016/j.physbeh.2011.08.031
https://doi.org/10.1016/j.appet.2009.03.012
https://doi.org/10.1093/chemse/bjt071
https://doi.org/10.1093/jas/skab058

	Effects of flavour variety on the intake and palatability of commercial feed in nursery pigs
	1. Introduction
	2. Materials and methods
	2.1. Animals and housing
	2.2. Experimental procedure
	2.3. Statistical analysis

	3. Results
	3.1. Trial 1: simultaneous exposure to flavoured feed
	3.2. Trial 2: consecutive exposure to flavoured feed

	4. Discussion
	4.1. Trial 1: simultaneous exposure to flavoured feed
	4.2. Trial 2: consecutive exposure to flavoured feed

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

