SEMINA ——
ARTICLES / ARTIGOS [[ciencias Agrerias

DOI: 10.5433/1679-0359.2023v44n1p73

Performance and behavior of piglets fed diets with
different metabolizable energy levels

Desempenho e comportamento de leitoes alimentados
com dietas com diferentes niveis de energia
metabolizavel
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Highlights

The number visit and duration feed is influenced of level energy metabolizable diet.
Level 3.3 to 3.6 Mcal.kg™ ME do not affect piglet-weaned performance.
The energy metabolizable of the diet influenced the ingestive behavior.

Abstract

This study evaluated the effect of different metabolizable energy (ME) levels in diets on digestibility,
performance, and feeding behavior of weaned piglets. A digestibility study to determine ME levels was
performed using 12 male piglets with 11.5 + 0.5 kg body weight (BW), in a cross-over design fed with
different ME levels (treatments). In the performance study were used 64 female piglets with 7.5 + 0.8 kg
BW, in a randomized block design with four treatments (3.30, 3.40, 3.50, and 3.60 Mcal.kg™" ME levels), and
feeding program with three phases (pre-initial |, pre-initial I, and initial). For feeding behavior, four pens
of each treatment were monitored with cameras. The crude-protein digestibility coefficient reduced as
dietary ME level increased (P <0.05). In pre-initial | animal performance was not influenced (P <0.05) by ME
diet levels, and in the pre-initial Il and initial phases, increases in ME caused quadratic (r2 0.99) and linear (r2
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0.99) effects on daily feed intake, respectively. When ME levels increased, feed conversion ratio decreased
linearly in the pre-initial Il phase (r2 =0.98), and quadratically in the initial phase (r2= 0.99). The number and
duration of feeder visits linearly decreased as the diet energy levels increased (P <0.05). Weaned piglets
can regulate feed intake according to dietary ME levels. The performance of weaned piglets can be
maintained using diets containing metabolizable energy levels between 3.30 at 3.60 Mcal.ME.kg™ if the
ratio of nutrients to energy is maintained constant.The feed intake behavior of weaned piglets is influenced
by increases in dietary metabolizable energy levels evaluated, resulting in fewer and shorter visits to the
feeder.

Key words: Dietary energy. Feed regulation. Nutrition. Swine.

Resumo

Este estudo avaliou o efeito de diferentes niveis de energia metabolizavel (EM) em dietas sobre a
digestibilidade, desempenho e comportamento alimentar de leitdes desmamados. Um estudo de
digestibilidade para determinagado dos niveis de EM foi realizado com 12 leitbes machos com 11,5 £ 0,5
kg de peso corporal, em delineamento cruzado, alimentados com diferentes niveis de EM (tratamentos).
No estudo de desempenho foram utilizadas 64 leitdes fémeas com peso corporal de 7,5 + 0,8 kg, em
delineamento de blocos casualizados com quatro tratamentos (niveis de 3,30, 3,40, 3,50 e 3,60 Mcal.kg™'
ME), e programa de alimentacao com trés fases (pré- inicial |, pré-inicial Il e inicial). Para o comportamento
alimentar, quatro baias de cada tratamento foram monitorados com cameras. O coeficiente de
digestibilidade da proteina bruta diminuiu com o aumento do nivel de EM da dieta (P <0,05). No pré-inicial
| o desempenho dos animais nao foi influenciado (P <0,05) pelos niveis da dieta de EM, e nas fases pré-
inicial Il e inicial, o aumento de EM causou efeitos quadraticos (r2 0,99) e lineares (r2 0,99) na alimentagao
diaria ingestao, respectivamente. Quando os niveis de EM aumentaram, a conversao alimentar diminuiu
linearmente na fase pré-inicial Il (r2 = 0,98), e quadraticamente na fase inicial (r2 = 0,99). O nimero € a
duracao das visitas aos comedouros diminuiram linearmente a medida que os niveis de energia da dieta
aumentaram (P <0,05). Leitdes desmamados podem regular o consumo de ragao de acordo com os niveis
de EM da dieta, o desempenho de leitdes desmamados pode ser mantido usando dietas contendo niveis
de energia metabolizavel entre 3.30 a 3.60 Mcal.EM.kg™" se a propor¢cdo de nutrientes para energia for
mantida constante. O comportamento de consumo de racao de leitdes desmamados é influenciado pelo
aumento nos niveis de energia metabolizavel da dieta avaliados, resultando em menos e mais curtas visitas
ao comedouro.

Palavras-chave: Energia da dieta. Nutricdo. Regulacao alimentar. Suinos.
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Introduction

Voluntaryfeedintake byfarmanimalsis
one of the main determinants of performance
and body composition. Among the factors
regulating swine feed intake are genetic
background, health status, environment,
and diet characteristics (National Research
Council [NRC], 2012). Pigs can regulate feed
intake within certain limits, aiming to meet
their nutritional demands (Ndou et al., 2013).

The ability to adjust feed intake by
dietary energy levels is well documented for
pigs in growing and finishing phases (Li &
Patience, 2017), however, this association is
poorly understood in young animals. Some
studies support the theory that dietary
energy levels modulate voluntary feed intake
in piglets (Vieira et al., 2015; Ribeiro et al.,
2016).

It is possible that some divergences
in responses of piglet to energy of diet are
because of variations in characteristics of
experimental diets, including the energy
levels. For example, itis known that a constant
nutrient/energy ratio in diets are important
to correctly evaluate the effects of dietary
energy levels on animal performance (Quiniou
& Noblet, 2012). In this sense, a proper
adjustment between the levels of energy
and amino acids in a diet is indispensable,
especially regarding the performance and
behavior of piglets. Knowing whether piglets
can adjust feed intake according to the
energetic level of the diet is also important
to define the optimal energy level using
economic criteria, for example. On the other
hand, the voluntary feed intake of piglets
may be limited by the physical capacity of
the intestine and preference should be given

to a diet with a high energy level (Quiniou &
Noblet, 2012; Kim et al., 2020).

Furthermore, there is an association
between the amount of consumed diet and
feeding intake behavior variables, such as
the number and duration of visits to the
feeder (Andretta et al., 2016), but this has not
been fully established. Knowing the feeding
patterns of pigs helps to clarify performance-
related factors, such as feed efficiency, diet
digestibility, and protein deposition (Carco et
al., 2018).

The aim of this study was to evaluate
the effect of different dietary metabolizable
energy levels on the performance and feed
intake behavior in weaned piglets, by keeping
constant ME and ratio of other dietary
components.

Material and Methods

The procedures adopted to conduct
this experiment were in accordance with
the provisions of Federal Law No. 11,794, of
October 08, 2008, and Decree No. 6899, of
July 15, 2009, under case n° 8391090720 on
the local Ethics Committee at Use of Animals
(CEUA) of Universidade Federal de Santa
Maria.

Digestibility test

To validate dietary energy levels,
only the pre-initial Il diet digestibility was
determined, because the amounts of
ingredients used in other phases diets were
similar. We assumed that these represent
a relation between the calculated and the
determined energy level of other phases.
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Twelve 36-day-old male piglets, with
11.5 + 0.5 kg average body weight (BW),
were housed in metabolic cages (0.65 x 0.55
x 0.41m) equipped with apparatuses for
collecting feces and urine separately. Animals
were assigned to a changeover design, with
six replications per treatment. Two evaluation
periods of seven days (each with four days
for adaptation to the diets and three days for
feces collection) were used. Iron oxide (2.0
g.kg") was used to determine the beginning
and end of the collection period according
to the method described by Schirmann et
al. (2018). Treatments consisted of four diets
with different ME levels (3.30, 3.40, 3.50, and
3.60 Mcal.ME.kg™) for the pre-initial phase II,
maintaining constant the ME and nutrients
ratio (Table 1) to meet the recommendations
(Rostagno et al., 2017).

The daily amount of feed supply was
calculated based on average feed intake
during the adaptation period and adjusted
based on metabolic body weight of animals
(BWO0.75) (Sakomura & Rostagno, 2016). Diet
was provided moistened at a proportion
of 50:50 (50% feed and 50% water), three
times a day (08, 11, and 16 h). Leftovers were
weighed and subtracted from the amount
supplied.

Fecal and diet samples were collected
and stored in a freezer (- 18 °C). For the
analysis, sampleswere thawed, homogenized,
and 120 g aliquots were taken from each
replication per treatment. Dry matter (DM)
contentwas obtainedinanovenat 105 °C, and
crude protein (CP) content was determined
by the Kjeldahl method (Association of
Official Analytical Chemists [AOAC], 1995).
Gross energy (GE) was determined using an
adiabatic calorimetric pump, and digestibility
coefficients were determined according to
the method described by (Matterson et al.,
1965).

Performance test and feed intake behavior

For the performance study, 64
weaned female piglets, 24 days-old, with 7.5
+ 0.8 kg BW, were used tree diet: pre-initial |
(1-7 days), pre-initial Il (8-21 days), and initial
(22-35 days) post weaning (PW). Animals
were housed in a nursery facility, under
controlled temperature and, 1.0 m2 elevated
pens equipped with feeders and ball-bite
drinkers. This experiment was performed in
a completely randomized block design, with
four treatments (3.30, 3.40, 3.50, and 3.60
Mcal.kg' ME levels) and eight replications
of two animals per pen. Animals were given
food and water ad libitum throughout the
experimental period (35 days).
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Table 1
Composition of experimental diets for pre-initial 1 (1-7 days), pre-initial Il (8 to 21 days), and initial (22
to 35 days) post-weaning phases

PRE-INITIAL I (1-7 days) PRE-INITIAL Il (8-21 days) INITIAL (22-35 days)

(ME levelsinMcal.kg”) 330 340 350 360 330 340 350 360 330 340 350 360
Ingredients (%)

Corn 9.71 10.00 10.30 1057 9.71 10.00 10.30 10.58 49.00 49.45 51.00 52.00
Rice residue 22.33 23.00 23.67 24.32 2233 23.00 2368 2435 0.00 0.00 0.00 0.00
Soybean meal 2427 25.00 25.74 26.47 28.15 29.00 29.86 30.71 29.30 30.20 31.09 32.00
Whey 1456 15.00 1544 1587 7.77 800 824 847 0.00 0.00 0.00 0.00
Starch 1480 10.00 5.10 0.40 19.74 15.00 10.28 5.69 15.74 12.00 6.72 234
Sugar 388 400 4.15 425 388 400 412 424 000 0.00 0.00 0.00
Blood plasma 486 500 515 532 243 250 258 265 101 104 107 1.10
Soy oil 067 290 520 740 090 320 550 770 135 360 630 860
L lysine 038 039 040 041 040 041 042 043 000 0.00 0.00 0.00
DL methionine 021 021 022 022 021 021 022 023 054 055 056 0.58
L threonine 009 009 010 0.0 011 012 012 013 021 022 022 024

L tryptophan 000 0.00 000 0.00 000 000 O0.00 000 017 0.8 0.19 0.19

Limestone 051 052 054 055 048 050 053 055 000 000 0.00 0.00
Dicalcium phosphate 173 180 185 190 165 175 180 185 0.00 000 0.00 0.00
Salt 020 020 021 021 049 050 052 053 068 068 070 0.73

Zinc oxide 031 032 033 034 031 032 033 034 128 133 136 1.40
Palatability agent 039 040 041 042 039 040 041 043 054 056 059 0.61

Acidifier 058 060 062 064 051 053 054 055 000 000 0.00 0.00

Mycotoxin Adsorbent 029 030 031 032 032 030 031 032 000 000 0.00 0.00
Micromineral Premix? 0.15 0.15 016 0.16 015 0.15 0.16 016 0.09 0.10 0.10 0.11

Vitamin Premix® 012 013 013 014 012 013 013 014 009 010 010 0.11
ME (Mcal.kg™) 330 340 350 360 330 340 350 360 330 340 350 3.60
Digestible CP (%) 1891 19.48 20.06 20.64 1810 1865 19.20 19.74 17.88 1834 1889 19.40
Calcium (%) 083 086 088 091 075 079 082 085 068 070 072 074
ﬁ;ao’;‘:)ak:gzzd(o/o) 044 046 047 048 039 041 042 043 032 032 033 034
Sodium (%) 035 037 038 039 034 035 036 037 026 027 028 0.29
Lysine (%) 141 146 150 154 131 135 139 143 132 135 139 143
Methionine (%) 046 047 049 050 045 046 047 049 045 046 048 050

Methionine+Cystine
(%)

Threonine (%) 082 08 088 091 077 079 082 084 078 080 083 0.85
Tryptophan (%) 024 025 026 026 022 023 024 025 020 021 022 0.22

Added per kilogram: selenium, 450 mg; iron, 100g; copper, 15 g; zinc, 150g; cobalt, 500mg; manganese, 70 g; and iodine
14,000 mg. Added per kilogram®, vitamin A, 9,500,00 IU; vitamin D3, 1,400,000 IU; vitamin E, 55,000 mg; vitamin K, 1900
mg; vitamin B1, 950 mg; vitamin B2, 3,300 mg; vitamin B6, 1,400 mg; vitamin B12, 9,500 mg; pantothenic acid, 9,500 mg;
niacin, 14 g; folic acid, 700 mg; and biotin, 38 mg.

078 080 082 084 072 075 077 079 072 074 076 0.79
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Average daily feed intake (ADFI)
was obtained by subtracting the leftovers
collected weekly from feeders from total
amount of offered feed. The average daily
gain (ADG) was measured weekly, weighing
piglets after 12-hour fasting, and calculating
the difference between initial BW and the
weekly finish BW divided by seven days. Feed
intake and weight gain were expressed as
grams per day. Feed conversion ratio (FCR)
was calculated by dividing ADFI by ADG. The
values obtained for metabolizable energy
intake (MEIl, Mcal.kg.d') were expressed
concerning the average body weight (BW,
kg.d') (Ndou et al., 2013).

Eight animals of each treatment were
monitored with cameras, to evaluate feed
intake behavior in the pre-initial | and pre-
initial Il phases; the analyzed variables were
the number of individual visits to the feeders
(NVF) and duration of visits to the feeder (DVF)
in seconds. The analysis consisted of 10 daily
observations, eight minutes each, between 6
and 18 h by a single observer (Weiler et al.,
2013).

Statistical analysis

The digestibility test data were tested
by analysis of variance (ANOVA) using a cross-
over experimental design with piglets as
covariableWhen differences were detected
(P <0.05), treatment means were compared
by Tukey's test (using 5% significance
level). Animal performance and feed intake
behavior data were ananalised by a ANOVA
using completely randomized block design.
Subsequently, regression procedures were
used to fit models explaining the behavior of
variables as a function of dietary ME levels.

Results and Discussion

Diet digestibility

In the digestibility test, it was
considered a basis pre-initial Il diet data
because support a similar assumption
regarding the calculated energy values in pre-
initial and initial diets. Dry matter digestibility
coefficient (DMDC) and gross energy
digestibility coefficient (GEDC) showed no
difference in ME levels (P> 0.05), with an
average digestibility of 87.8% and 88.8%,
respectively (Table 2). Digestibility coefficient
(DC) and energy values of the pre-initial Il
diets, which were supplied between days 8
and 21 after weaning, were experimentally
determined to verify if their energy levels
were similar to those calculated. Higher ME
levels on the diet affected the crude protein
digestibility coefficient (CPDC) (P <0.05) Yu et
al.(2017)andAdebowaleetal.(2019)observed
similar results, explained by a decrease in the
amino acids blood serum levels, indicating
that increasing the diet energy density may
reduce protein digestibility and affect amino
acid absorption.

Performance

The hypothesis of this study is that
weaned piglets, similarly to growing and
finishing pigs, regulate feed intake within
certain limits to meet energy requirements.
This implies that, if necessary, the energy
level in diets for piglets can be manipulated
with no influence on animal performance if
nutrient/energy ratio is maintained constant.
In the first 7 days after weaning (pre-initial
phase 1), ME level had no effect (P >0.05)
on performance (Table 3). The fact that DFI
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was not influenced by dietary ME levels in
the first week of the experiment (pre-initial 1)
may have been due to the variability in feed
intake data (Kim et al., 2020). In the first days
after weaning, piglets go through a delicate

Table 2

period, in which their physiological and
immunological aspects are affected (Li &
Patience, 2017). Each animal reacts uniquely
to this situation, which increases variability in
performance responses during this period.

Digestibility coefficients of pre-initial Il phase (8-21 days post-weaning)

Metabolizable Energy Level (Mcal.kg™)

3.30 3.40
Piglets, n 6 6
DMDC (%) 88.5 88.5
CPDC (%) 90.0° 89.9%
GEDC (%) 88.9 89.0
DE (Mcal.kg™) 3.42¢ 3.52¢
ME* (Mcal.kg™) 3.29¢ 3.38°

3.50 3.60
6 6
87.2 86.9 0.51 0.093
89.1 88.8° 0.11 0.022
88.7 88.6 0.03 0.110
3.65° 3.732 0.02 <0.001
3.49° 3.58° 0.02 <0.001

DMDC = dry matter digestibility coefficient, CPDC = crude protein digestibility coefficient,

GEDC = gross energy digestibility coefficient, DE = digestible energy, ME = metabolizable energy.
abed Means, on the same lineg, followed by different letters, differ by Tukey's test (5%).

*Calculated according to methodology Matterson et al. (1965).

The increase in ME level in the pre-
initial 1l diet (8 to 21 days PW) caused a
quadratic decrease in ADFI (1.325 x ME2 -
9.3855 x ME + 17.353, g.d", r2 = 0.99), but did
not influence ADG (P>0.05), with an average
of 560 g.d™". Resulting in FCR reduced linearly
(-0.4 + 2.735 x ME, g.g”, r2 =0.98) due to ME
levels, while ingested ME (IME) per kg BW did
not differ between treatments (P >0.05), with
an average of 187 kcal.kg.BW-'. Based on this
information we can assume, piglets could
regulate energy intake to meet a determined
demand, regardless of the ME content of

the evaluated diets (Schneider et al., 2010).
The absence of differences in IME, not only
corroborated the previous proposition, but
also explained the quadratic effect of ADFI
as a function of dietary ME levels reduction.
This is because the intake of ME was similar
between treatments, ranging from 0.185 to
0.190 Mcal.kg'. Applying the model cited
by the NRC (2012), of energy partitioning
to experimental data, were obtained a ME
requirement of 200 Mcal.kg™, which is slightly
higher than those found in this study.
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Table 3

Performance of piglets subjected to different levels of metabolizable energy in the pre-initial | (1-7
days), pre-initial Il (8-21 days), and initial (22-35 days) post-weaning phases

Metabolizable Energy Level (Mcal.kg™)

3.30 3.40

3.50 3.60

Piglets, n 16 16 16 16

Pre-initial | (1-7 days)

Initial BW, kg 7.49 7.39
Final B, kg 10.20 10.10
ADG, g.d 387 387
ADFI, g.d 458 445
FCR, g.g™ 1.18 1.15

IME(Mcal.kg.d™) 0.171 0.173

Pre-initial Il (8-21 days)

Initial BW, kg 10.20 10.10
Final B, kg 18.23 17.83
ADG, g.d"’ 573 552

2ADFI, g.d"' 810 761
1FCR, g.g"' 1.41 1.38

IME (Mcal.kg.d"") 0.190 0.186

Initial (22-35 days)

Initial BW, kg 18.23 17.83
Final B, kg 27.63 27.35
ADG, gd" 672 680

1ADFI, g.d" 1113 1061
2FCR, g.g" 1.66 1.56
IME (Mcal.kg.d™") 0.160 0.160

BW = body weight, ADG = Average daily gain, ADFI

7.41 7.37 0.01 0.998
9.88 10.03 0.03 0.963
353 380 253 0.751
422 432 0.01 0.621
1.19 1.13 0.02 0.294
0.170 0.176 6.27 0.940
9.88 10.03 0.03 0.963
17.52 18.00 0.53 0.805
546 569 13.7 0.401
734 738 0.01 0.002
1.34 1.29 0.00 <0.001
0.185 0.189 2.42 0.427
17.52 18.00 0.53 0.805
27.11 27.22 0.05 0.874
685 666 18.0 0.850
1035 990 0.02 0.036
1.52 1.49 0.01 <0.001
0.162 0.157 3.80 0.785

= Average daily feed intake, FCR = feed conversion ratio, IME (Mcal.

kg.d') = metabolizable energy intake (kg) expressed concerning the average body weight (BW); 'Linear effect; 2Quadratic

effect.

In the initial phase (22-35 days after
weaning), dietary ME levels had no effect (P
>0.05) on ADG, which averaged 675 g.d™", and
in IME with a daily calculated average of 0.160
Mcal.kg' BW. However, ADFl| decreased
linearly (- 0.395 x ME + 2.4125, g.d”, r2 0.99)
with increasing ME levels. This means that
increase in dietary energy levels reduce diet
intake, but without any effect on BW gain

(Vieira et al., 2015). Conversely, other studies
in the literature have shown that increases
in dietary ME intensify BW gain in weaned
piglets (Quiniou & Noblet, 2012; Silva et al.,
2020). Differences found in these studies, are
likely related to variations in the composition
of dietary ingredients and manipulation of
nutrient densities.
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FCR showed a quadratic response
(1.8385xME2-13.247 xME +25.349,9.9, r2=
0.99) to treatments. As this variable expresses
the relationship between consumption unit
per weight gain unit, were already expected
this is results. Such findings indicate that
high-energy diets are beneficial to piglets.
However, a detailed economic analysis,
which is beyond the scope of this study,
should be conducted to determine the best
cost-benefit ratio regarding the ideal dietary
energy level. The expectation was that higher
ME levels result in lower ADFl and FCR, which
was detected in the initial phase (22 to 35
days after weaning). The lack of differences
in weight gain or IME between treatments
demonstrates that piglets could adapt to the
energy levels in diets (Fang et al., 2019).

Feed intake behavior

The number of individual visits to the
feeder (NVF) in the first 7 days after weaning
(Table 4) had a linear effect with increasing ME
levels (-0.021 xME +81.7,r2=0.98), the same
was observed for the duration of visits to the

Table 4

feeder in seconds (-1.491 x ME + 5848.7, r?
= 0.98). In the pre-initial phase I, dietary ME
levels influenced linearly NVF (0.011 x ME +
51.2, r2 = 0.89) and DVF in seconds (-0.742
x ME + 3155.9, r2=0.98). These findings on
the effect of dietary ME levels on feed intake
behavior corroborate those of Noblet and
van Milgen (2013), who evaluated growing
pigs, and suggested that pigs tend to make
a greater or lesser number of visits to the
feeder as a function of diet energy density.

Bruininx et al. (2001) analyzed
the behavior of weaned piglets housed
individually and fed a 3.0 Mcal.ME.kg" diet,
and observed an average number of visits to
the feeder of 12.5 day'. This value support
with thisresultfoundinthis study, for the same
evaluation period (1-7 days), at ME levels of
3.30 and 3.40 Mcal.ME.kg™. Based on this
information, weaned piglets modulated their
feeding behavior as a function of dietary ME
levels. However, studies aimed at clarifying
how ME influences the feed intake behavior of
weaned piglets are scarce. Being necessary,
more research to evaluate this variable that is
directly linked to animal performance.

Feed intake behavior of piglets submitted to different pre-initial metabolic energy levels (1-7 days), and

pre-initial (8-21 days) post-weaning

Metabolizable Energy Level (Mcal.kg™)

3.30 3.40 3.50 3.60
Piglets, n 8 8 8 8
NVE 12 11 8 6 0.65 <0.001
DVF, s’ 982 757 500 456 113 0.008
NVF ' 15 14 12 12 0.64 0.001
DVF, s’ 711 636 542 495 60 0.009

NVF = number of individual visits to the feeder; DVF = duration of visits to the feeder in seconds; 'Linear Effect.
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Conclusion

Weaned piglets can regulate the feed
intake according to dietary metabolizable
energy levels, except in the first week after
weaning. The performance of weaned piglets
can be maintained using diets containing
metabolizable energy levels between 3.30 at
3.60 Mcal.ME.kg™" if the ratio of nutrients to
energyismaintained constant. Thefeedintake
behavior of weaned piglets is influenced by
increases in dietary metabolizable energy
levels evaluated, resulting in fewer and
shorter visits to the feeder.

Acknowledgements

This study was financed in part by
the Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES) -
Finance Code 001

References

Adebowale, T., Shunshun, J., & Yao, K. (2019).
The effect of dietary high energy
density and carbohydrate energy ratio
on digestive enzymes activity, nutrient
digestibility, amino acid utilization and
intestinal morphology of weaned piglets.
Journal of Animal Physiology and
Animal Nutrition, 103(5), 1492-1502. doi:
10.1111/jpn.13123

Andretta, I, Pomar, C., Kipper, M., Hauschild,
L., & Rivest, J. (2016). Feeding behavior
of growing-finishing pigs reared under
precision feeding strategies. Journal of
Animal Science, 94(7), 3042-3050. doi:
10.2527/ jas.2016-0392

Association of Official Analytical Chemists
(1995). Official methods of analysis (16nd
ed.). AOAC International.

Bruininx, E. M. A. M., van der Peet-Schwering,
C. M. C.,, Schrama, J. W., Vereijken, P. G.,
Vesseur, P. C., Everts, H., den Hartog, L.
A., & Beynen, A. C. (2001). Individually
measured feed intake characteristics and
growth performance of group-housed
weanling pigs: effects of sex, initial body
weight,andbodyweightdistribution within
groups. Journal of Animal Science, 79(2),
301-308. doi: 10.2527/2001.792301x

Carco, G., Gallo, L., Dalla Bona, M., Latorre, M.
A., Fondevila, M., & Schiavon, S. (2018).
The influence of feeding behaviour on
growth performance, carcass and meat
characteristics of growing pigs. PloS ONE,
13(10), e0205572. doi: 10.1371/journal.
pone.0205572

Fang, L. H., Jin, Y. H., Do, S. H., Hong, J. S., Kim,
B. 0., Han, T. H., & Kim, Y. Y. (2019). Effects
of dietary energy and crude protein levels
on growth performance, blood profiles,
and nutrient digestibility in weaning pigs.
Asian-Australasian Journal of Animal
Sciences, 32(4), 556-563. doi: 10.5187/
jast.2019.61.4.204

Kim, J. W., Koo, B., & Nyachoti, C. M. (2020). Pigs
weighing less than 20 kg are unable to
adjust feed intake in response to dietary
net energy density regardless of diet
composition. Canadian Journal of Animal
Science, 107(1), 118-125. doi: 10.1139/
cjas-2020-0011

Li, Q., & Patience, J. F. (2017). Factors involved
in the regulation of feed and energy
intake of pigs. Animal Feed Science and
Technology, 233, 22-33. doi: 10.1016/j.
anifeedsci.2016.01.001

82 Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 73-84, jan./fev. 2023



Performance and behavior of piglets fed diets with different metabolizable...

SEMINA ——

Matterson, L. D., Potter, L. M., Stutz, M. W., &
Singsen, E. P. (1965). The metabolizable
energy of feed ingredients for chickens.
Research Report, 7, Storrs Agricultural
Station.

National Research Council (2012). Nutrient
requirements  of  swine. National
Academies Press.

Ndou, S. P., Gous, R. M., & Chimonyo, M. (2013).
Prediction of scaled feed intake in weaner
pigs using physico-chemical properties
of fibrous feeds. British Journal of
Nutrition, 110(4), 774-780. doi: 10.1017/
S0007114512005624

Noblet, J., & van Milgen, J. (2013). Energy and
energy metabolism in swine. In L. |. Chiba
(Ed), Sustainable swine nutrition (Chap.2,
pp. 23-57). Auburn: Wiley-Blackwell.

Quiniou, N., & Noblet, J. (2012). Effect of the
dietary net energy concentration on
feed intake and performance of growing-
finishing pigs housed individually. Journal
of Animal Science, 90(12), 4362-4372.
doi: 10. 2527/jas.2011-4004

Ribeiro, A. M. L., Farina, G., Vieira, M. D. S.,
Perales, V. A., & Kessler, A. D. M. (2016).
Energy utilization of light and heavy
weaned piglets subjected to different
dietary energy levels. Revista Brasileira de
Zootecnia, 45(9), 532-539. doi: 10.1590/
S1806-92902016000900005

Rostagno, H. S., Albino, L. F. T., Hannas, M. |.,
Donzele, J. L., Sakomura, N. K., Perazzo, F.
G., Saraiva, A., Teixeira, M. L., Rodrigues, P.
R., Oliveira, R. F. de, Barreto, S. L. T., & Brito,
C. 0.(2017). Tabelas brasileiras para aves
e suinos.

Sakomura, N. K., & Rostagno, H. S. (2016).
Métodos de pesquisa em nutricdo de
monogastricos.

Schirmann, G. D., Rocha, L. T., Muniz, H.
C. M., Kunzler, J. S, Kuhn, M. F, &
Oliveira, V. (2018). Digestibility and net
energy prediction of rice by products
determined with piglets. Ciéncia Rural,
48(5), e20170576. doi: 10.1590/0103-
8478cr20170576

Schneider, J. D., Tokach, M. D., Dritz, S. S,,
Nelssen, J. L., DeRouchey, J. M., &
Goodband, R. D. (2010). Determining the
effect of lysine: calorie ratio on growth
performance of ten-to twenty-kilogram of
body weight nursery pigs of two different
genotypes. Journal of Animal Science,
88(1), 137-146. doi: 10.2527/jas.2008-
1204

Silva, J. L. D., Kiefer, C., Nascimento, K. M.
R. D. S., Corassa, A., Carvalho, K. C. N,,
Rodrigues, G. P., Farias, T. V. A., & Alencar,
S.A.D.S.(2020). Sequential metabolizable
energy plans for piglets from 7 to 30 kg.
Ciéncia Rural, 50(12), €20180255. doi:
10.1590/0103-8478cr20180255

Vieira, M. S., Ribeiro, A. M. L., Kessler, A.
M., Chiba, L. I, & Bockor, L. (2015).
Performance and body composition of
light and heavy early-weaning piglets
subject to different dietary energy levels.
Livestock Science, 178, 272-278. doi:
10.1016/].livsci.2015.06.027

Weiler, U., Gotz, M., Schmidt, A., Otto, M., &
Mdaller, S. (2013). Influence of sex and
immunocastrationonfeedintake behavior,
skatole and indole concentrations in
adipose tissue of pigs. Animal, 7(2), 300-
308.doi: 10.1017/S175173111200167X

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 73-84, jan./fev. 2023 83



SEMINA ———

Medeiros, J. M. et al.

Yu, M., Mu, C, Yang, Y., Zhang, C. Su, Y,

84

Huang, Z. Yu, K. & Zhu, W. (2017).
Increases in circulating amino acids
with in-feed antibiotics correlated with
gene expression of intestinal amino acid
transporters in piglets. Amino Acids,
49(9), 1587-1599. doi: 10.1007/s00726-
017-2451-0

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 73-84, jan./fev. 2023



