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Abstract

Commercial pigs display an innate attraction foesistaste compounds. However, the impact of
long-term availability to supplementary carbohydraplutions on their general feeding behaviour
has not been examined. In this work we assesdféw of 12-days exposure to 16% sucrose and
16% maltodextrin solutions on the feed intake ardvth performance of piglets, and on their
preference and appetence for sweet or proteinisoBitThe innate preference of piglets was
assessed by an initial choice test between 2% sei@ed 2% animal plasma solutions for a period
of three minutes. Piglets showed higher intake@eterence for 2% sucrose than for 2% animal
plasma. In Experiment 1, piglets were then freerel a 16% sucrose solution as a supplement to
the diet, showing a higher intake of it than wated a reduction in feed intake and weight gain. A
similar situation occurred during the last day$reé-exposure to a 16% maltodextrin solution in
Experiment 2. The choice test between 2% sucras@%nanimal plasma solution was repeated
after the exposure to the concentrated solutiansoth experiments, a reduction in the initial
preference for 2% sucrose was observed. Similpidyets that had previous access to the 16%
sucrose and 16% maltodextrin solutions showed eedse in the appetence for 2% sucrose in
comparison with that for 2% animal plasma, as meakhy a one-pan test at the end of the
experiments. It is concluded that long-term expesarconcentrated sucrose and maltodextrin
solutions reduces feed intake and growth in wegriglets, and also reverses their innate

preference and appetence for dilute sweet oveejorsblutions.
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1. Introduction

The omnivorous diet of the pig in wild conditiortgases significant similarities with human dietary
habits not seen in other omnivorous species, ssithearat or the mouse [1]. Dietary preferences
are intimately linked to taste perception mechasismhich are also shared and similar between
pigs and humans [2]. Among the currently acceptsidtastes, sweet and umami compounds are
strongly pleasurable for pigs. Sugars, includirféedent types of carbohydrates, polyols and
sweeteners, are recognized by the T1R2/T1R3 heteeoid receptor into the oral cavity and
gastrointestinal tract of pigs [3,4]. Pigs showiramate attraction and preference for solutions of
sucrose, glucose, lactose and sodium saccharin edrepared in short-term preference tests
against water [5,6]. The attraction is similarliattshowed by humans, reflecting a trait that has
probably evolved through years to signal highlyodalcarbohydrate-rich nutrients [7]. From
Glaser et al. (2000), it is known that sucrose fanctose response intensities are identical in both
species, sucrose being the most strongly prefeadubhydrate for pigs [8]. These compounds
added in-feed at levels of around 50 g/kg alsceiased feed intake and weight gain of weanling
animals [9]. However, there is no conclusive litara concerning how and in which intensity pigs
sense other oligosaccharides or more complex cadoates, such as maltodextrin. In a recent
study [10], Roura et al. (2013) showed that theohezdintensity of maltodextrin solutions in pigs is
lower than that reported for sucrose, becausertfengnce threshold for maltodextrin (3%) was
higher than that for sucrose (0.5% - 1%) when teatainst plain water. This is potentially
important because humans report far lower tasémgities for maltodextrin solutions than for sugar
solutions [11]. This is in stark contrast to ratsieh show a preference for maltodextrin over
sucrose-solutions at low concentrations and alsectienaltodextrin at lower concentrations than

sucrose [12].

Kennedy and Baldwin (1972) observed in a 12-howoiaehtest against water that young pigs
showed increases in sucrose solution intake oferdnations of approximately 0.3% to 7.7% with

concomitant decreases in water intake — but thaen® assessment of sucrose availability on feed
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intake [13]. Since that study, no other report éaasuated the possible effects of a long-term
availability to a highly hedonic and more concetatdasupplementary carbohydrate solution on the
feeding behaviour of pigs. In humans, there isreege concern about the detrimental impact on
public health of a long-term consumption of calahrmks [14-16]. This phenomenon has been
well studied in laboratory rodents. Thus, when i&fiea highly palatable 32% sucrose solution as a
supplement to their nutritionally complete dietukdats overeat and gain excessive weight, which
has been described as obesity by choice [17-18helpresent work, in order to further explore the
hedonic motivation of piglets we used a concentratecrose solution (16%, Experiment 1) to
expose the animals with a highly hedonic sweet @amg which also has considerable caloric
post-ingestive effects. The aim was to assess whatlong-term exposure (12 days) might alter
feed intake and growth of piglets, as well as motheir preference and appetence for sweet (2%
sucrose) and protein (2% animal plasma) solutiSabsequently, in order to discriminate between
the influence of sweetness and the contributioth@fcaloric load on the response, a low dextrose
equivalent 16% maltodextrin solution was used (Expent 2). It was hypothesized that, similar to
rodents, pigs may show a high-affinity pattern todgaa palatable solution if it is freely offeredaas
supplement to the diet, based on their innatectithrawith sweet taste compounds. In addition, the
long-term exposure to solutions that are hedonjiqakferred to the growing feed may have a
negative effect on the feed intake of the aninmaatsl may also reduce their preference for less

hedonically valuable low-concentration sweet solias compared to protein solutions.

2. Material and methods

All procedures described in this study were coneldiett the animal research facilities of the
Universitat Autonoma de Barcelona (UAB). Experinaprocedures were approved by the Ethical

Committee on Animal Experimentation of the UAB (C&IA 1406).

2.1. Animals, diets and housing



In total, 108 male and female piglets (Pietrainandrace x Large White]) from 14 to 35 days

post-weaning were selected to be used in threeiexpats, with 36 piglets in each.

During lactation, piglets were supplemented withikk replacer feed from 10 days of age until
weaning in order to familiarize the animals withiddeed as early as possible. Then, piglets were
weaned at 28 days of age. In Experiments 1 anttBedeginning of the starter period on Day 14
after weaning piglets were distributed accordinth&r body weight and were further allocated into
12 pens of three piglets per pen. In Experimeninday 35 after weaning piglets were similarly
allocated into 12 pens of three piglets per pemlllexperiments, piglets were fed a single,
commercial starter diet (Table 1) formulated tovle a complete and equilibrated nutrient content
in order to maximize growth potential of animalsgcarding to NRC [20]. This diet was offered ad

libitum in mash form.

The weaning room had automatic, forced ventilatiod completely slatted flooring. Each pen (3.2
m? in floor area) was equipped with a feeder witleénfeeding spaces and an independent and

automatic water supply to ensure ad libitum feeaind freshwater access.
2.2. Experimental designs
2.2.1. Experiments 1 and 2: Long-term solution exjpe in piglets

These experiments were designed to evaluate teeteff a long-term free availability of an extra
sucrose or maltodextrin solution on the prefereara appetence of piglets for sweet and protein
solutions, and also on their feed intake and grqeettiormance. The experimental design included
an initial choice test on Day 14 after weaningadnibitum solution exposure period from Days 14
to 26 during which feed intake and growth were rded, a final choice test on Day 26, and one-

pan test on Days 27 and 28 after weaning.

2.2.1.1. Initial and final choice test



During the first two weeks after weaning, pigletsre/familiarized to the weanling room and pre-
trained with two pans containing 800 mL of tap-wateeach pen for 30 minutes. The preference of
piglets for sweet or protein water-based solutiwas assessed at the beginning of the experimental
period (Day 14 after weaning) by using a singleiodtest for 3 minutes. This test was also
repeated at the end of the experimental period @Bagfter weaning). The test was performed for
the 3 piglets of each pen, with 2 pans placederfithnt of the pens containing 800 mL of either 2%
of porcine animal plasma (AP820, APC; Ankeny, U%8)protein solution (0.014 g crude protein,
0.324 kJ digestible energy/mL) or 2% of commersiatrose as carbohydrate solution (0.335 kJ
digestible energy/mL). The rationale was to studhetler pigs may adapt their dietary preference
for protein or carbohydrate solutions dependingh@nnutritional status, in this case, after theglon
term exposure to the supplementary solutions. Re@nimal plasma is a high-quality protein
source commonly used in swine diets (700 g crudeepr, 16213 kJ digestible energy/kg),
composed of albumin and globulin proteins. Its aanid composition mainly contains a great
amount of glutamic acid (10.5%) which is the maibstance eliciting umami taste, in addition to
aspartic acid (7.1%), leucine (7.0%), lysine (6.198)ine (4.8%) and threonine (4.3%). To control
for side preference during tests, solution positn@ide the pen was counterbalanced between pens,
i.e., the protein solution was offered on the $&fie of the pen and the carbohydrate solution en th

right side for half the pens and vice versa.

2.2.1.2. Ad libitum solution exposure

Pens were randomly assigned to a control or exgertiah group after the initial choice test, and
each one was provided with an extra container aiibtal capacity of 5 L placed on the middle of
the pen as a supplement to the diet and normaksapply. As stated before, each pen was
equipped with an automatic supply that providedil@itim freshwater access to the animals. Thus,
the control group (six pens) was provided with ammasupply of tap-water, while the experimental

group (six pens) was provided with one of the chylioate solutions used for 12 consecutive days.



During this period, containers were regularly cleztknd refilled at least daily in order to provide

an ad libitum exposure to the additional solutions.

In Experiment 1, 16% of commercial sucrose wasreff¢o the piglets in order to expose them to a
highly hedonic sweet solution which also providessiderable caloric post-ingestive effects (2.678
kJ digestible energy/mL). The same concentratiéfrp,lof spray-dried maltodextrin (C*Dry MD
01910, Cargill Inc.; Minneapolis, USA) was suppliedhe animals in experimental group in
Experiment 2. The maltodextrin product used haaadextrose equivalent value (12 to 16),
providing similar caloric effects than those of 62 sucrose solution (2.678 kJ digestible energy
/mL) without the same hedonic effects of the swaste of a similarly concentrated sucrose

solution. Therefore, maltodextrin solution focuseshe post-ingestive effects of that solution.

Animals were individually weighed in each experirnen Days 14, 21 and 26 after weaning, and
the depletion from the feeders was also monitorethe same days in order to calculate the
average daily feed intake, average daily gain aredggy:gain ratio of piglets during these
experimental periods. It was not possible to hameasure of the group water consumption from

the normal supply in each pen.

2.2.1.3. One-pan test

The appetence of piglets for the sweet and prat@iutions was assessed after the ad libitum
period, and the final preference test, in the @r@nd experimental group of each experiment by
using a one-pan test, over two consecutive daysngle pan containing 800 mL of the 2% animal
plasma or the 2% sucrose solutions was offereldeiglets for 3 minutes each day. The order of
testing first the protein or carbohydrate solutionsDays 27 or 28 after weaning was

counterbalanced across pens of each group.

2.2.2. Experiment 3: Piglets innate preferencecéwbohydrate solutions



Experiment 3 was conducted in order to better wstdrd the innate preference values of piglets for
the solutions used in Experiments 1 and 2 (16%0osecand 16% maltodextrin) when tested against

2% sucrose solution as reference.

Naive piglets were fed the same commercial stdit#rthan in prior experiments and had no
previous contact with any additional solution dated flavour all across the nursery period in this
experiment. On Day 35 after weaning, the threeepsgbf each pen were offered two pans placed in
the front of the pens containing 800 mL of the 8ohs tested for three minutes, in a single choice
test procedure as described for the previous exigartis. Two comparisons were conducted, with
six randomly assigned pens for each: (i) 16% swcvss 2% sucrose, and (i) 16% maltodextrin vs.

2% sucrose. Piglets were individually weighed ditgshing the choice test.

2.3. Calculations and statistical analysis

Solution intakes measured for each pen duringhloice and one-pan test were averaged for the
number of piglets that performed each test (3 Byl@and were standardized to the different
weights of the animals in each group and experirbgmtividing by the registered body weight on
the test days. The standardization aimed to makedhution intake registered for animals with
different body weight comparable; therefore, it hiishes differences in consumption due to

different ingestive capacities of the animals.

Choice-test data were analyzed for the initial tamal tests separately with a two-way ANOVA by
using the GLM procedure of SAS (version 9.2, SASitate; Cary, USA), taking into account a
within-subject factor of solution (2% animal plaskig 2% sucrose), a between-subject
manipulation of solution exposure (control, water @xperimental, 16% sucrose/16%
maltodextrin), and their interaction as main fast@nly included when significant). The pen of
three piglets was considered the experimental Tihi. same statistical model was used for the
analysis of one-pan test data. Preference valudbd@rotein solution in the initial and final ¢be

test of Experiments 1 and 2; and for 16% sucrogel&®o maltodextrin solutions in Experiment 3



were measured as the percentage that each tahggbis@omprised of the total fluid intake and
were compared between each treatment and testriEbgres 1 and 2) and to the neutral value of

50% of preference (Experiment 3) by using a Studeéest.

Solution intakes from the extra container during 12-day ad libitum period were monitored daily
in order to establish a net balance of energy efa kg of body weight. Intake values were
averaged for the number of piglets that consumenhffand their contribution on the daily energy
intake of piglets was considered. These data, #sawéeed intake and growth performance data
(body weight, weight gain and energy:gain ratioyevenalyzed with a one-way ANOVA
considering the exposure to water or the experiataaiutions as the main factor, by using the
GLM procedure of SAS. For all of the analysis, ager values were compared by least-squares
means with the Tukey adjustment for multiple congmars. The alpha level used for the

determination of significance was 0.05, and tengsnior 0.05€<0.1 are also presented.

3. Results

3.1. Experiments 1 and 2

3.1.1. Ad libitum solution exposure

The effect of a 12-day free availability of an exti6% sucrose (Experiment 1) and 16%
maltodextrin (Experiment 2) solution on the solatintake, feed intake and growth performance of
piglets in periods Days 1 to 7 and Days 7 to 1shiswn in Tables 2 and 3, respectively. Piglets
with free access to the 16% sucrose solution sh@\@dher intake of it in comparison with water
intake of piglets in the control group during trexipd Days 1 to 7H(1,10)=7.74P=0.019]. A

lower feed intake and body weight was registeregigiets with access to the 16% sucrose solution
during the periods Days 1 to F([L,10)=19.01P=0.001 and-(1,34)=8.19P=0.007 for feed intake
and body weight, respectively] and Days 7 toB@[10)=15.06P=0.003 and-(1,34)=8.03,

P=0.008 for feed intake and body weight, respecjivéiccordingly, a lower weight gain was

observed in this group of animals during the pebegs 1 to 7f(1,34)=19.79P<0.001]. When
9



considering the total of energy ingested by bo#dfand solution, piglets supplemented with the
carbohydrate solution showed a less efficient cosiwe of energy into body weight as observed by
a higher energy:gain ratio in period Days 1 t¢-{[9)=31.48P<0.001] and a trend to a higher

ratio in Days 7 to 12H(1,10)=4.87P=0.052], as compared than those of control pigs.

Piglets with free access to the 16% maltodextriatsan showed no significantly higher intake of
this solution in comparison with water intake aflpts in the control group during periods Days 1
to 7 [F(1,10)=0.26 P=0.624] and Days 7 to 1F(1,10)=1.11P=0.317]. Nevertheless, a numerical
increase of 25% in maltodextrin solution consumpti@s observed during the period Days 7 to 12.
A lower feed intakeH(1,10)=10.65P=0.009] and energy intake due to feed consumption
[F(1,10)=10.65P=0.009] was registered in those animals supplerdentii the carbohydrate
solution during the period Days 7 to 12, withoginsiicant differences in the body weight between
both groups of piglets after the solution exposaliepver the experiment[1,34)=0.85P>0.364].
Nonetheless, the weight gain of maltodextrin pgleas lower than that of control piglets during
the period Days 7 to 1F(1,34)=7.23P=0.011], affecting the way that animals convertrggento

weight gain as observed by a higher energy:gaia mathis period F(1,10)=11.36P=0.007].

3.1.2. Initial and final choice test

Figure 1 shows a summary of consumption in theepegice tests before and after the free access to
the additional solutions in Experiments 1 and Zhkse, a higher intake and preference for the 2%
sucrose solution in comparison with the 2% anintadipa solution was observed in the initial

choice test conducted at the beginning of the exyartal period F(2,21)=5.05P=0.005 in
Experiment 1; an#(2,15)=7.05P=0.016 in Experiment 2]. Subsequently, after reogian extra
supply of water for 12 days, piglets in controlgps, in general, maintained their solution sel@ctio
pattern despite the fact that no significantly eliént intakes were observed in the final choice tes

at the end of the experimental period in these alsinimportantly, the preference values observed

for the 2% animal plasma solution were not sigatfity different with those observed at the onset
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of the experiments in the initial choice test, i3% vs. 27% in Experiment t=[L..07,df=16,

P=0.299], and 37% vs. 29% in Experiment20.72,df=13,P=0.483].

In Experiment 1 (Figure 1(a)), a significant intetran among the within-subject factor of test
solution type and the between-subject factor afitsmh exposure was observe€e(3,20)=2.69,
P=0.019]. Piglets offered the 16% sucrose solut@rlP consecutive days showed a significant
higher intake of 2% animal plasma solution in corgma with animals in control group previously
exposed to wate1,10)=5.22P=0.046]. The intake of the protein solution alsoded to be

higher than the intake of 2% sucrose solution enfthal choice test of piglets pre-offered the

highly concentrated carbohydrate solutiéi],10)=3.60P=0.087]. In addition, the 2% animal
plasma preference of 64% was significantly difféfeom the 37% of protein preference showed by
the animals in the control group={2.27,df=10,P=0.047] and the 27% of preference displayed in

the initial choice testt£3.47,df=16,P=0.003].

In Experiment 2 (Figure 1(b)), a similar interactiiman that in Experiment 1 between test solution
type and solution exposure was obsenf@,[18)=2.23P=0.030]. A tendency towards a higher
intake of 2% animal plasma solution was observaalgtets which had previously been offered
free access to the 16% maltodextrin solution, mgarison with piglets in control group
[F(1,9)=3.34P=0.101]. The protein solution consumption in thrafichoice test of maltodextrin
piglets was also significantly higher than thaP®$ sucrose solutiori-[1,8)=5.85P=0.042]. The
preference for the protein solution was 68% in tlaise and was significantly different from the
37% of protein preference showed by piglets inawtrol group {=-2.27,df=9, P=0.050] and the

29% of preference in the initial choice test3.43,df=12,P=0.005].

3.1.3. One-pan test

The appetence of piglets for 2% animal plasma &badacrose solutions in the control and
experimental groups in both experiments is showkiguire 2. After receiving only the extra supply

of water, piglets in the control groups in Expentgel and 2 exhibited a higher appetence for the
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2% sucrose than for the 2% animal plasma soluiemeasured by the one-pan access during two
alternate daysH(1,34)=6.52P=0.015]. In contrast, no significant differencesppetence for the
protein or carbohydrate sources were observectiexperimental groups after the 12-day exposure
to their respective experimental solutioR$1,10)=2.90P>0.120]. However, it is important to note
that a significant interactior[3,20)=1.85P=0.033] and a tendency to the same interaction
[F(3,20)=0.99P=0.107] between test solution type and solutioroskpe were observed in
Experiments 1 and 2, respectively. Thus, pigletgiterm offered 16% sucrose and 16%
maltodextrin solutions numerically reversed thestonption pattern observed in control groups. In
fact, a tendency to a higher appetence for 2% drpfasma solution was observed after the
exposure to 16% sucrose when compared with theiprappetence of piglets in control groups

[F(7,64)=2.40P=0.051].

3.2. Experiment 3

Figure 3 shows the results of the two comparisamslgcted in this experiment. In the first, naive
piglets showed a higher intake of 16% sucrose ti&%6 sucrose solutiori-[1,8)=8.06,P=0.022;
Figure 3(a)]. Indeed, the 66% preference obseroed§% sucrose solution was significantly

higher than the neutral value of 50863.79,df=4, P=0.019]. In the second comparison, a statistical
tendency towards higher intake of 2% sucrose wasrgbd when it was tested against 16%
maltodextrin solutionf(1,10)=4.07P=0.071; Figure 3(b)]. The 27% preference for 16%
maltodextrin displays no evidence that concentratatlodextrin has a more preferred taste to 2%
sucrose, indeed there was a trend for the ratie toelow the neutral value of 50%{2.52,df=5,

P=0.054].

4. Discussion

In humans, the widespread availability of tastgxipensive, energy-dense foods, typically rich in
fat and sugar, is thought to contribute to theeasing prevalence of eating disorders [15]. The

present work illustrates for the first time theda® behaviour of post-weaned piglets when they
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offered long-term access to highly hedonic andaborac compounds in their diet. Similar to the
response observed in adult rats [17-19], weanligigis exhibited a high-affinity pattern towards a
concentrated sweet and caloric 16% sucrose soluti@m it was freely offered as a supplement to
the nutritionally complete diet (Experiment 1). letg did not initially show the same ingestive
behaviour when offered an almost tasteless (to hsjrfaut densely caloric 16% maltodextrin
solution, although an increase in maltodextrin sotuconsumption was observed during the later

exposure days (Experiment 2).

Previous studies conducted by Kennedy and Bald¥giZ) [13] and Glaser et al. (2000) [8] in
naive pigs have reported preferences for sweetisnhiwhen they are tested against water in short-
(2 minutes) or mid-term (12 hours) preference tédtese findings, together with those obtained by
Kare et al. (1965) [21] and McLaughlin et al. (1982], have supported the concept that pigs have
an innate preference for sweet taste compoundg, Mertested a sweet solution (2% sucrose)
against a protein solution (2% animal plasma) aitfitial choice tests for Experiments 1 and 2. In
both experiments we observed a higher intake agfé@nce for sweet when animals had no
previous contact with the solutions. These resuksn line with our previous observations in

which, without a previous learning period, growjigs preferred sucrose solutions over protein
sources even under conditions of protein-deficid@8y24]. The innate sweet preference of piglets
observed in the 3-minute choice test set the stapoint to investigate the effect of the long-term

exposure to concentrated carbohydrate solutions.

In Experiment 1, giving piglets ad libitum accesgle additional 16% sucrose solution reduced
feed intake and weight of the animals at Days 7Xhdf exposure, in comparison with piglets
supplied only with additional water. The effectsgrowth were severe, with a 38% of weight gain
reduction in the animals supplemented with carbadied In contrast to adult rats, which become
obese when offered free access to additional se¢ids-19], weanling piglets did not increase their
total energy intake but consumed, on average, 44%eo calories from the additional solution.

This response is similar to that observed in nemégned rats, which ingested nearly 50% of their
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energy from a supplementary 40% sucrose solutibh [the absence of additional calorie
consumption suggests that piglets regulated teenl tonsumption in response to the calories
ingested from the solution in order to avoid exoasesnergy intake. Although the situation is a
complex one, these results are consistent witlthiery of energy control of feed intake described

in previous studies in pigs [26,27].

In Experiment 2, we observed a 25% of increasé%b inaltodextrin solution consumption during
Days 7 to 12 of the exposure period. The mechanisrdsrlying maltodextrin perception in pigs

are not yet known: In rats, maltodextrin is pereédias a palatable taste and can be detected at very
low concentrations [12,28,29], while for humanpribduces taste sensations of only a weak
intensity even at the relatively high concentrasion 10% [11]. Pigs do prefer maltodextrin
solutions above the concentration of 6% - 7% wiestet against water [10], but it is not clear if

the preference is due to a specific taste sensatitre physicochemical properties of the solution
although it is noteworthy that the preference thoéds for sweet sucrose solutions are far lower
[8,13]. In the current Experiment 3 a concentrét@% maltodextrin solution was not preferred to a
much less concentrated 2% sucrose solution. Infimpat 2, an increment observed in
maltodextrin consumption was observed later inetkgosure phase which generated a reduction on
the feed intake of the animals, and thus a redactiotheir weight gain, presumably due to the
caloric load provided by the solution. Based os tlinsumption pattern, it could be suggested that
the low dextrose equivalent maltodextrin soluticaswmot initially hedonically positive to the

piglets but that the animals increased the intalee dhey have learned about the positive post-

ingestive consequences of the consumption (caluia&e).

Piglets provided with the extra supply of water mained their innate sweet preference for 2%
sucrose over 2% animal plasma in the final chasedt the end of the experiments. In contrast,
long-term exposure to 16% sucrose or 16% maltoohestiutions reversed this initial preference.
One possible explanation of this change could barbgnhancing of the value of the protein

solution. As discussed, 16% sucrose and 16% mattodentakes generated a reduction in the feed
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intake of the animals. While piglets reached andeoed their energy needs with the caloric load
provided by the solution consumption, the intaketbier nutrients, such as amino acids, were not
fully covered meaning that the animals self-gereetat protein-deficiency status. We have
previously investigated this topic by submittinglpts to a protein-deficiency condition through
varying diet composition, either by lowering théalacrude protein content or increasing the
digestible energy content of the diet (by incregdire fat content). It was observed that piglets
were unable to select and prefer a protein soussedexclusively on its intrinsic flavour, and that
in order to perform an appropriate selection pattelearning process in which the sensory
properties of the source solution is associatel thié post-ingestive consequences of its
consumption is needed [23,24]. In the current erpants, the simultaneous short-term offer of 2%
sucrose and 2% animal plasma solutions duringnitialichoice test did probably not generate this
learning memory in the piglets. Therefore, althodghbo sucrose and 16% maltodextrin exposure
probably did produce a protein deficiency, thesegm of 2% sucrose in the subsequent choice
tests is unlikely to be exclusively due to an iasein the value of the alternative protein plasma

solution.

Given that the choice behaviour of pigs exposezbtwentrated sucrose or maltodextrin was
presumably not only due to an increase in the vafudke protein solution, it must instead be also
due to a decline in the value of the 2% sucrosatisnl after the long-term 16% sucrose or 16%
maltodextrin solution exposure. Critically, thepesse to a particular stimulus is not a fixed
function of that stimulus, but instead is partiajlyverned by previous and current exposure to other
similar stimuli [30]. In this way, the reduction ithe 2% sucrose preference in the final choice test
might be due to a successive negative contrastteffevhich this solution seemed less valuable to
the piglets than 16% sucrose after the 12 dayssexppand as a result the consumption of 2%
sucrose was reduced. This hypothesis is suppoytétetresults of Experiment 3, where, as
expected, a higher intake and preference for 168@sa than for 2% sucrose solution was

observed. The importance of taste similarity isststent with previous results where, despite a
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protein deficiency generated by the incorporatibaaybean oil in the diet (60 g/kg), piglets
preferred 2% sucrose solution over a protein smhuth a 3-minute choice test [23]. In this case, th
nutritional imbalance was not produced by a compawith the same basic taste as that tested
(soybean oil vs. sucrose, i.e., fatty vs. sweeit), $0 the value of 2% sucrose was not reduceckin th
subsequent choice test. Moreover, simultaneousimegantrast could also have contributed to the
reduction in feed consumption observed when pidlatsconcurrent access to a more palatable
sucrose solution. In the case of 16% maltodextrinas less preferred than 2% sucrose in
Experiment 3, supporting the idea that naive psgtkt not show an innate preference for
maltodextrin if it is tested against an innatelgfprred solution such as sucrose. However, when
increasing maltodextrin solution concentrationsentessted against water, concentrations higher
than 6% - 7% were significantly preferred [10]. Trezlonic value of 16% maltodextrin might have
been enhanced during the long-term exposure orcanimals become familiar with the solution,
and its post-ingestive consequences. Once thiehlyrdonic value for maltodextrin is established
by experience it could then have reduced the aitteaeess for 2% sucrose due to a contrast effect

after the long-term exposure.

Results obtained in the appetence tests werenergk in line with those from the preference tests
That is, we observed significantly higher appetednc@% sucrose than for 2% animal plasma
solution in control piglets, a difference which wast present, and partially reversed, in animals
with access to the 16% sucrose and 16% maltodesdtutions. In fact, a tendency to a higher
appetence for the protein source was observedjlatpiwith long-term access to the 16% sucrose

solution when compared with the appetence for prateanimals in control groups.

5. Conclusion

The feeding behaviour of post-weaned piglets iscéfd by long-term exposure to concentrated
carbohydrate solutions, either 16% sucrose or 1@&#toatextrin. The effects include reductions in

feed intake and growth performance when the solgtare freely offered as a supplement to the
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growing diet. In addition, the exposure reducesthate preference and appetence of the animals
for sweet over protein solutions. These data spgaknst the practicality of highly caloric solution
supplementation in pig nutrition, and suggest fhglets may represent an alternative animal model

for the study of carbohydrate appetite in young maafs.
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Table 1. Composition and estimated nutrient content ofstiaeter diet used in the experiments.

g/kg DM
Ingredients
Maize 350.0
Barley 187.1
Wheat 180.0
Extruded soybean 109.0
Soybean meal 44% crude protein 58.9
Fishmeal LT 50.0
Whey powder 50% fat 25.0
Commercial nucleds 10.0
Monocalcium phosphate 8.8
Calcium carbonate 7.0
L-Lysine-HCI 5.2
L-Threonine 2.2
DL-Methionine 1.8
L-Tryptophan 0.5
Salt 4.5
Estimated nutrient content
Dry matter 890.6
Net energy (MJ/kg) 10.4
Crude protein 179.8
Crude Fibre 315
Fat 59.3
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@ Supplied per kg of feed: 306 of retinol, 52.5ug of cholecalciferol, 39.9 mg eftocopherol, 3
mg of menadione, 2 mg of thiamin, 3 mg of ribofta8 mg of pyridoxine, 0.025 mg of

cyanocobalamin, 20 mg of calcium pantothenate, §@fmicotinic acid, 0.1 mg of biotin, 0.5 mg
of folic acid, 150 mg of Fe, 156 mg of Cu, 0.5 nigCo, 120 mg of Zn, 49.8 mg of Mn, 2 mg of |,

0.3 mg of Se.
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Table 2. Solution intake, feed intake and growth perforneaotpiglets with access to an extra

supply of water (control) or 16% sucrose solutioni2 consecutive days (Experiment 1).

Control 16% sucrose SEM P-value

Days1to7
Initial body weight, kg~ 10.33 10.32 0.169  0.993
Fluid intake, mL/d 65538 1274.9 157.3  0.019
Feed intake, g/d 448.0 255.7 31.2 0.001
Energy intake, MJ/d

Sucrose - 3.35 (SEM 0.38) - -

Feed 6.53 3.72 0.46 0.002
Weight gain, g/d 25422 111.6 22.7  <0.001
Energy:gain ratio, kJ/g  26.04 55.37 3.860 <0.001
Final body weight, kg 12.71 11.17 0.247  0.007
Days7to 12
Fluid intake, mL/d 889.6 1312.9 183.7  0.134
Feed intake, g/d 570.7 367.2 37.1 0.003
Energy intake, MJ/d

Sucrose - 3.43 (SEM 0.42) - -

Feed 8.28 5.36 0.54 0.003
Weight gain, g/d 424.5 327.6 37.9 0.080
Energy:gain ratio, kJ/g ~ 20.86 27.08 1.990  0.052
Final body weight, kg 14.23 12.74 0.370  0.008

2P Mean values within a row with unlike superscrigttérs were significantly differenP(< 0.05).
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Table 3. Solution intake, feed intake and growth perforneaotpiglets with access to an extra

supply of water (control) or 16% maltodextrin s@utfor 12 consecutive days (Experiment 2).

Control  16% maltodextrin  SEM P-value

Days1to7
Initial body weight, kg 10.41 10.43 0.219 0.945
Fluid intake, mL/d 594.2 520.8 102.5 0.624
Feed intake, g/d 493.5 455.2 16.7 0.135
Energy intake, MJ/d

Maltodextrin - 1.38 (SEM 0.21) - -

Feed 7.15 6.61 0.25 0.135
Weight gain, g/d 343.7 335.5 24.8 0.817
Energy:gain ratio, kJ/g 21.38 24.12 1.460 0.214
Final body weight, kg 12.82 12.78 0.321 0.937
Days7to 12
Fluid intake, mL/d 759.0 947.0 126.1 0.317
Feed intake, g/d 617.9 514.0 22.5  0.009
Energy intake, MJ/d

Maltodextrin - 2.47 (SEM 0.29) - -

Feed 9.00 7.49 0.33  0.009
Weight gain, g/d 483% 395.0 23.3 0.011
Energy:gain ratio, kJ/g  18.84 25.4F 1.378  0.007
Final body weight, kg 15.23 14.75 0.368 0.364

2P Mean values within a row with unlike superscrigitérs were significantly differen(< 0.05).
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Figure captions

Figure 1. Intake and preference of piglets for 2% animaspia or 2% sucrose solutions during the
initial or final choice tests, conducted 12 dayeiathe exposure to an extra supply of water (final
control), or 16% sucrose (final sucrose, (a)) dvl@altodextrin (final MTD, (b)) solutions. Error
bars represent the SEM. Clasps indicate differgakis between both solutiod®<€0.1, *P<0.05,

** P<(0.01). Numbers on top of the bars represent penstke of 2% animal plasma.

Figure 2. Intake of piglets of 2% animal plasma and 2% ssesplutions during the one-pan test
conducted 12 days after the exposure to an expyalysof water (control), 16% sucrose (S 16%) or
16% maltodextrin (MTD 16%) solutions. Error barpresent the SEM. Clasps indicate different

intakes between both solutiod®€0.1, *P<0.05).

Figure 3. Intake and preference of piglets for 16% sucr@&§%) vs. 2% sucrose (S 2%, (a)) and
16% maltodextrin (MTD 16%) vs. 2% sucrose (S 2% ifiotwo-pan tests. Error bars represent the
SEM. Clasps indicate different intakes between Isothtions {P<0.1, *P<0.05). Numbers on top

of the bars represent percent intake of the cooredipg solution and its difference from the neutral

value of 50% {P<0.1, *P<0.05).
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