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The effects of tryptophan and pyridoxine supplied orally
to nursing piglets on weight loss and social behavior
after weaning

Os efeitos do triptofano e da piridoxina fornecidos por
via oral aos leitoes em amamentacao sobre a perda de
peso e o comportamento social apos o desmame
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Highlights

91 caract - Scarce literature showing the optimal supplementation levels for nursing piglets.
Our study evaluated growth performance and social behavior.

99 caract - Evidences showing a decreasing weight loss on the first day after weaning.

99 caract - Treated animals visited the feeders more effectively in the overall period evaluated.
93 caract - No effects on growth performance were observed in the overall period evaluated.

Abstract

This study evaluated the effect of oral supplementation with tryptophan (Trp) and pyridoxine (Pyr) on the
growth performance and social behavior of suckling piglets before and after weaning. At day 14, six suckling
piglets per sow were distributed into three treatments and allotted in a randomized block design, with eight
replicates and two piglets per experimental unit. Treatments consisted of a Control - oral supplementation
with L-alanine (1.70 g), D-glucose (1.74 g) and distilled water (3.44 mL); Trp - oral supplementation with Trp
(3.5 g/d) and distilled water; and Trp + Pyr - oral supplementation with Trp (3.5 g/d) + Pyr (0.0095 g/d) and
distilled water. Each treatment was supplied orally five times per day (2.5 mL each treatment), from 14 to 21
days old. Piglets were monitored continuously in the nursing phase for 24 h at 21, 28 and 33 days of age to
assess the behavior (standing, lying, eating, socializing, sitting and drinking). Piglets receiving oral Trp + Pyr
showed a decreased weight loss on the first day after weaning (P = 0.03). Performance was not affected
(P > 0.05) by treatments in each studied period, such as in overall period (21 to 34 days) after weaning.
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Piglets receiving Trp supplementation visited the feeders more frequently from days 21 to 22 (P < 0.01) and
from days 28 to 29 (P < 0.02), as well as in the overall period (P < 0.01). It is concluded that high doses of
tryptophan with or without high doses of pyridoxine, supplied orally to nursing piglets, reduced the weight
loss on the first day after weaning and increased the frequency of visits to the drinkers on the first day after
weaning and also to the feeders, mainly from weaning until 7 days after.

Key words: Aromatic amino acid. Performance. Post weaning stress.

Resumo

Este estudo avaliou o efeito da suplementacgéo oral de triptofano (Trp) e piridoxina (Pyr) para leitdes em
aleitamento sobre o desempenho produtivo e comportamento social, antes e apds o desmame. No 14° dia
devida, seis leitdes por porca foram divididos em trés tratamentos e foram distribuidos em um delineamento
experimental de blocos ao acaso, com oito repeticdes e dois leitdes por unidade experimental (16 leitdes/
tratamento). Os tratamentos foram os seguintes: Controle - suplementacdo oral de L-alanina (1.70 g),
D-glicose (1.74 g) e 4gua destilada (3.44 ml); Trp - suplementacdo oral de Trp (3.5 g / d) e 4gua destilada;
Trp + Pyr-Trp (3.5 g / d) + Pyr (0.0095 g / d) e 4gua destilada. Cada tratamento foi fornecido oralmente
por cinco vezes ao dia (2.5 ml em cada suplementacao), do 14° até o 21° dia de idade. Durante a fase de
creche os leitdes foram monitorados durante 24 horas no 21°, 28° e 33° dia de idade para avaliacdo do
comportamento (em pé, deitado, comendo, sociabilizando, sentado e bebendo). Leitdes suplementados
oralmente com Trp + Pyr apresentaram uma redugao na perda de peso (P=0.03) no primeiro dia apds o
desmame. O desempenho nao foi influenciado (P > 0.05) pelos tratamentos nos periodos estudados, assim
como no periodo total apés o desmame (21 a 34 dias). Leitdes que receberam suplementagao de Trp, com
ou sem Pyr, visitaram os comedouros mais frequentemente do 21°ao 22°dia (P <0.01) e do 28°a0 29° (P <
0.02) assim como no periodo total (P < 0.01). Conclui-se que altas doses de Trp associadas ou ndo com altas
doses de Pyr fornecidas oralmente aos leitdes em aleitamento reduziram a perda de peso no primeiro dia
ap6s o desmame e aumentaram a frequéncia de visitas aos bebedouros no primeiro dia apds o desmame e
aos comedouros principalmente do desmame até 7 dias apds ao desmame.

Palavras-chave: Aminoacido aromatico. Desempenho. Estresse pds-desmame.

Introduction As a result, reduced growth
performance may be observed during the first

The weaning of piglets is a period of
intense stress due to several abrupt changes
resulting from separation from the sows,
a mix of different litters, a switch to a new
environment, changes in diet, and others
(Heo et al., 2013). These stress factors may
cause negative effects on the gut and immune
system of weaned pigs leading to important
reductions in feed and water intake, followed
many times by diarrhea.
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week after weaning (Heo et al.,, 2013; Hwang
et al., 2016; Pluske, Turpin, & Kim, 2018). For
this reason, many practices are important in
reducing these negative effects after weaning,
and some nutritional components may also
help their mitigation.

Conceptually, dietary tryptophan
(Trp) supplementation contributes to higher
serotonin  (5-HT) concentration in the
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hypothalamus. 5-HT can regulate cortisol
synthesis and reduce stress and aggressive
behavior, contributing to the piglet's
adaptation to a new environment (Ho6glund,
@verli, & Winberg, 2019). Moreover, 5-HT may
also modulate ghrelin and melatonin synthesis,
which can affect appetite and sleep regulation
(Vestlund et al., 2019). Furthermore, Trp, by the
action of kynurenine and 5-HT, also stimulates
the immune system, promoting a rise in the
IgG and acute-phase protein concentrations
(Jenkins, Nguyen, Polglaze, & Bertrand, 2016;
Lam, Garfield, Marston, Shaw, & Heisler, 2010).

The synthesis of 5-HT in the brain
depends on the active transport of Trp across
the blood-brain barrier because it is oxidized
to 5-HT in the central nervous system. Thus,
a high Trp intake results in an increased
5-HT concentration in the blood plasma and
pituitary gland (Shen, Voilqué, Odle, & Kim,
2012b). Pyridoxine (Pyr) may increase 5-HT
concentration by acting as a cofactor in its
synthesis (Le Floc'h, Otten, & Merlot, 2011),
as it catalyzes some biochemical pathways of
5-HT synthesis.

In this regard, the addition of Trp with or
without Pyr to the diet of suckling piglets may
promote a reduction in stress factors, resulting
in an improvement in the development of the
intestinal and immune systems (Shen, Voilqué,
Odle, & Kim, 2012a; Shen, Coffey, & Kim, 2015).
It is hypothesized that oral supplementation
to piglets with high doses of Trp, with or
without with high doses of Pyr, may influence
consumption and social behavior before and
after weaning, resulting in improvements in
their growth performance.

However, there is a lack of information
concerning the supplementation with Trp and
Pyr for suckling piglets and its effects after
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weaning. For this reason, the objective of
this study was to evaluate the effect of oral
supplementation of Trp and Pyr on the growth
performance and social behavior of suckling
piglets before and after weaning.

Materials and Methods

The experimental procedures were
approved by the Animal Care and Use
Committee of the State University of Maringa
(Protocol 3766220417).

The experiment was carried out in
the Swine Facilities of the State University
of Maringd. The suckling piglets were
supplemented orally five times a day during
the nursing phase (14-21 d of age) with one
of the following treatments: Control - oral
supplementation with L-alanine (1.70 g),
D-glucose (1.74 g) and distilled water (3.44 mL);
Trp - oral supplementation with Trp (3.5 g/d) and
distilled water; Trp + Pyr - oral supplementation
with Trp (3.5 g/d) + Pyr (0.0095 g/d) and
distilled water. The piglets were allotted into
a randomized block design consisting of
the three aforementioned treatments, eight
replicates and two piglets per experimental
unit, totaling 48 piglets of 4.86 + 0.48 kg
average initial weight.

Six piglets (Landrace x Large White)
from the same litter, of similar body weight
(BW), were paired (a male and a female) and
assigned to a treatment. Initial BW and the
piglets being from the same litter were the
criteria adopted to select the animals to assign
to the treatments, consisting of a replicate.

L-Alanine and D-glucose were used
in the Control treatment to equalize the
concentrations of nitrogen and metabolizable
energy presented by the other treatments (Trp
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and Trp + Pyr). L-Alanine was used in the Control
treatment because it is non-toxic, does not
show biological functions, and is extensively
catabolized (Mateo, Wu, Moon, Carroll, & Kim,
2008; Ren et al., 2019).

L-Alanine, D-glucose, L-Trp and Pyr
were firstly diluted in distilled water to facilitate
the oral supplementation and to set up the
same volume (i.e. milliliters) to be supplied for
each treatment (2.5 mL each supplementation,
totaling 12.5 mL/piglet/day). All treatments
were supplied orally at every 2 h, starting at
8 am and finishing at 4 pm, comprising the
daylight period for 5-HT synthesis, using
disposable syringes with a pre-set volume of
2.5 mL for each meal, as aforementioned.

Piglets received a standard commercial
diet from 7 d of age until weaning. They
received a standard commercial diet in the
nursing phase (21-35 d of age).

During the nursing phase, the piglets
assigned to treatments remained in the
same farrowing crate together with the born
litter. The farrowing barn was equipped with
farrowing crates with frontal feeders, nipple-
type drinkers and a dedicated cooling system
directed toward the head of each sow. In the
farrowing crates, the piglets had free access
to a warming box and specific nipple-type
drinkers and self-feeders.

Each piglet subjected to the same
treatment during the nursing phase were
moved at weaning to the same experimental
unit in the nursery facility, which contained
suspended pens, curtains and a fan system.
Each pen was equipped with a partially slatted
floor covering 1/3 of the pen, electric heating,
a front feeder and a nipple-type drinker.

Pigletswereweighed atthe beginning of
the oral supplementation (at 14 d) and weaning
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(21 d), to evaluate the BW and average daily
gain (ADG) during this 7-d supplementation
period. The BW, ADG, average daily feed intake
(ADFI), and feed gain (F:G) were also evaluated
from weaning to 35 d of age. ADG, ADFland F:G
were calculated as ADG = weight gain/days,
ADFI = feed intake/days, F:G = ADFI/ADG.

The social behavior of each piglet was
recorded weekly (from 21 to 22, 28 to 29, and
33 to 34 d of age), for 24 h, using a ceiling-
mounted camera (Panasonic WV-CD110AE,
Matsushita Electric Industrial Co. Ltd., Osaka,
Japan) attached to a digital video recording
system (Geovision® GV800 board attached
to a desktop). Scan sampling, as described
by P. Martin and Bateson (1993), was used to
evaluate the time-budget of pigs' behavior in
each nursery pen.

A previously trained observer watched
all the recorded videos to score the behaviors,
and data were analyzed by classifying the
behaviors as eating, drinking, socializing,
sitting, standing, and lying (Shen et al.,
2012a). The daily behavior was evaluated by
instantaneous sampling performed every five
minutes during the full period (24 h), obtaining
the frequencies (%) that each behavior was
expressed by each piglet.

Growth performance in the nursing and
nursery phase, as well as the social behavior
data in the nursery phase, were evaluated
statistically in a randomized block design with
three treatments and eight replicates. The
initial body weight was used as a covariate in
the growth performance evaluation.

Data were analyzed by the Mixed
procedure of the Statistical Analyses System®
[SAS] (2019), the LSMEANS procedure was
usedtocalculatethemeanvalues,andthe PDIFF
option was used to generate comparisons
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between treatments. The frequencies obtained
for the social behavior were firstly transformed
to log (X + 1), due to their not showing normal
distribution. The Student-Newman-Keuls test,
due to the intermediate rigor between Tukey
and Dunnett, was used to identify statistical
differences that were considered at P < 0.05.

Results and Discussion

The growth performance of nursing
piglets(14to21d)wassimilar(P>0.05)between
the studied treatments (Table 1). However,
piglets receiving the oral supplementation of
Trp showed a lower weight loss (P = 0.03) than
those receiving the Control treatment (Table 1)
on the first day after weaning (weight at 22 d).
No differences (P > 0.05) were observed in BW,
ADFI, ADG, and F:G at the remaining periods,
indicating that the effects of high Trp doses,
supplied orally during the 7 d before weaning,
did not providing a residual effect to contribute
to the subsequent growth performance.

Trp is known to be involved in several
physiological functions (Le Floc'h et al., 2011).
It plays a central role in protein synthesis
because it is the main protein component of
the piglet's body (Mou, Yang, Yin, & Huang,
2019. Moreover, Trp is also the precursor for
the synthesis of pituitary 5-HT, which regulates
several processes, such as voluntary feed
intake (Hoglund et al., 2019; Martin, Osadchiy,
Kalani, & Mayer, 2018), mood (Quintero-Villegas

& Valdés-Ferrer, 2020; Martin, Osadchiy, Kalani,
& Mayer, 2016), and social and physiology
behaviors (Poletto, Kretzer, & Hotzel, 2014).

Accordingly, increasing dietary Trp
levels can enhance the hypothalamic 5-HT
concentration (Shen et al, 2012b; Young,
2013) which can possibly reduce aggressive
behavior and the social and physiological
stress in piglets associated with the formation
and maintenance of social hierarchies and
competition follow the mixing of piglets with
new pen-mates on weaning and partially
explain the lower weight loss in the first day
after weaning observed in this experiment
(Table 1).

The associated supplementation with
Trp and Pyr also resulted in a lower weight
loss compared with supplementing with high
doses of Trp only (Table 1). In this sense,
the lowest weight loss at the first day after
weaning of piglets orally supplemented with
Trp + Pyr during the week before weaning,
may also be associated with the action of
Pyr in the metabolism of Trp to synthesize
5-HT because there are two Pyr dependent
enzymes in this pathway: a mono-oxygenase
and a decarboxylase (Liang, Han, Tan, Ding,
& Li, 2019). Thus, it is possible that the high
availability of Pyr may improve the action of
Trp as the precursor for 5-HT synthesis in the
brain, evidence that studies in this area need
to be carried out for a better understanding of
this process in pigs.
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Table 1

Oral supplementation of tryptophan (Trp) and pyridoxine (Pyr) for nursing piglets on the nursing (from
14 to 21 d) and post-weaning (from 21 to 34 d) performance

Treatments Pvalue SEM’
Parameter Control Trp Trp+Pyr

Bodyweight (BW) (Kg)
Initial BW - 14 d 4.82 4.88 4.87 0,81 0.10
BW21d 6.46 6.48 6.49 0,78 0.19
BW 22d 6.16° 6.202%° 6.23° 0.03 0.18
BW 28 d 6.85 6.92 7.02 0,66 0.19
BW 34 d 8.83 8.97 9.04 0,81 0.26

Weight loss (g)
21t022d 3002 279b 263¢ 0.03 7.80
ADG2 g/d
14to21d 246.68 252.15 244.00 0,68 12.34
21to28d 55.82 63.49 75.61 0,63 19.16
28t0 34d 331.07 341.67 336.07 0,69 19.11
21to34d 182.71 191.86 195.85 0,87 14.22
ADFI2.g
21to28d 143,27 147,14 173.27 0,44 9.54
28to 34 d 473.57 473.10 472.71 0,99 20.03
21t0o34d 306.70 313.46 311.47 0,93 12.59
F:G* g/g

21t028d 2.38 2.36 2,38 0,30 0.05
28to 34 d 1.48 1.44 1.46 0,85 0.06
21t034d 1.80 1.79 1.71 0,56 0.10

TStandard error of the mean.
2 Average daily gain.

3 Daily feed intakes.

4 Feed:gain ratio.

The weight loss on the first day after
weaning also affected the BW at 22 d of age,
showing that Trp + Pyr supplementation
was more effective in providing a better
BW compared to the Control treatment, but
Trp supplementation showed a similarity
with the studied treatments (Table 2). As
aforementioned, Pyr plays an important role in
the Trp pathway to synthesize 5-HT and protein
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(Mund et al., 2020) and may be related to the
results obtained in this study.

5-HT plays several roles in metabolism
associated with feed intake, melatonin
synthesis and social behavior (Katuzna-
Czaplinska, Gatarek, Chirumbolo, Chartrand,
& Bjgrklund, 2019). In this way, the increased
frequency of visits to the drinkers and feeders
(P = 0.01) during the 24 h after weaning of
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piglets orally supplemented with Trp or Trp +
Pyr (Table 2) may be associated with higher
5-HT synthesis in the brain (Shen et al., 2012a).
Nevertheless, it could also be due to reductions
in some stress factors resulting in improved

intestine and immune systems, which may also
be associated with the lower weight loss on
the first day after weaning of piglets receiving
oral supplementation with Trp + Pyr (Table 1).

Table 2
Oral supplementation of tryptophan (Trp) and pyridoxine (Pyr) for nursing piglets on the post-weaning
behavior (from 21 to 34 d), expressed in Log (X+1) and percentages

Treatments Pvalue SEM’
Parameter
Control Trp Trp+Pyr

21to22d
Standing 1.51(31.58)* 1.48(30.20) 1.44(27.47) 0,39 0.02
Lying 1.81(63.99) 1.80(62.40) 1.82(65.65) 0,68 0.01
Eating 0.33%(1.43) 0.643(3.68) 0.54°(2.81) 0.01 0.05
Socializing 0.29(1.41) 0.34(1.86) 0.31(1.84) 0,73 0.07
Sitting 0.33(1.21) 0.34(0.94) 0.31(1.17) 0,68 0.03
Drinking 0.12¢(0.37) 0.27%(0.92) 0.3(1.06) 0.01 0.03

28t029d
Standing 0.95(8.63) 0.89(6.89) 0.86(6.45) 0,22 0.03
Lying 1.88(74.78) 1.86(71.70) 1.87(74.38) 0,19 0.01
Eating 1.18%(14.88) 1.293(19.27) 1.25%(17.83) 0.02 0.03
Socializing 0.17(0.60) 0.22(0.84) 0.13(0.37) 0,79 0.03
Sitting 0.16(0.64) 0.14(0.64) 0.13(0.47) 0,54 0.05
Drinking 0.16(0.47) 0.20(0.64) 0.16(0.50) 0,72 0.02

33to34d
Standing 1.07(10.78) 1.04(10.19) 1.03(9.92) 0,47 0.02
Lying 1.85(70.11) 1.83(67.36) 1.84(68.43) 0,27 0.01
Eating 1.26(18.02) 1.31(20.46) 1.28(19.27) 0,23 0.03
Socializing 0.15(0.47) 0.15(0.50) 0.24(1.14) 0,40 0.04
Sitting 0.07(0.17) 0.13(0.47) 0.16(0.52) 0,20 0.03
Drinking 0.14(0.45) 0.28(1.02) 0.23(0.72) 0,20 0.03

21to 34

Standing 1.25(17.00) 1.22(15.76) 1.19(14.61) 0,28 0.01
Lying 1.85(69.62) 1.83(67.15) 1.85(69.49) 0,34 0.01
Eating 1.08%(11.44) 1.183(14.47) 1.1425(13.30) <0.01 0.03
Socializing 0.25(0.83) 0.27(1.07) 0.26(1.12) 0,93 0.04
Sitting 0.21(0.68) 0.20(0.69) 0.22(0.72) 0,88 0.03
Drinking 0.15(0.43) 0.26(0.86) 0.24(0.76) 0.06 0.02

"Standard error of the mean.
*Values in parentheses represent the behavior frequencies as percentages.
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The increased frequency of visits to
the feeders of piglets supplemented with Trp
(P =0.02), from 28 to 29 d (Table 2), may also be
associated with the lasting effects of increased
5-HT synthesis resulting from the high amount
of Trp and the higher BW after 22 d shown
by piglets in this experiment. Interestingly, no
effects of Trp or Trp + Pyr supplementation
were observed on the growth performance
after 28 days of age, showing a short period of
action on the performance traits after weaning
(24 h), as aforementioned, which may probably
be related to the extensive catabolism of 5-HT
in the brain (Lowery, Woulfe, & Kilic, 2019;
Singh, Fletcher, Li, Rusch, & Kilic, 2013).

Another hypothesis is that Trp or Trp
+ Pyr supplementation only increased the
frequency of visits to the feeders but did not
affect the amount of diet ingested by the
piglets during the first week after weaning
because, despite the numerical values of ADG
between the studied treatments from 21 to 28
d, no differences (P > 0.05) were observed for
this parameter.

The obtained results showed an
increased frequency of visits to feeders until 7
d after weaning (P <0.01) and also in the overall
period (P < 0.01), but there was only a trend (P
= 0.06) in the increase in visits to the drinkers
in the overall period shown by piglets receiving
Trp or Trp + Pyr. This is relevant because
increased visits to the drinkers can increase
the ADFI and help mitigate the effects caused
by changes in the environment and diet after
weaning (Middelkoop, Costermans, Kemp,
& Bolhuis, 2019). However, no differences
(P > 0.05) were observed for the behavioral
parameters of standing, lying, sitting and
socializing.

Onthefirstdayafterweaning(21to22d)
an increased frequency of visits to the feeders
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and drinkers (P = 0.01) was also observed for
piglets receiving oral Trp supplementation,
with or without Pyr, during the nursing phase
(Table 2), showing that oral supplementation
with Trp or Trp + Pyr for nursing piglets (from 14
to 21 d of age) increased the search for food
and water immediately after weaning. Thus,
higher dietary Trp levels probably increase
hypothalamic 5-HT concentration in order
to reduce aggressive behavior and promote
improved search for water and food by piglets
after weaning (Liu, Shi, Liu, & Shan, 2013; Liu,
Zhang, Li, Yan, & Zhang, 2019).

Theincreased frequency of visits to the
drinkers may be associated with the increased
feed intake; however, despite the increased
frequency of visits to the feeders, the ADFI was
not affected by treatments (Table 1). Evaluating
increased levels of Trp for nursing pigs, Shen
et al. (2012b) observed a linear increase in
drinking behavior, reporting that this may be
associated with anincrease in 5-HT production
in the brain, but they did not observe effects on
eating behavior.

Piglets supplemented with  Trp,
associated or not with Pyr, showed a higher
frequency of eating behaviorfrom 2810 29 days
of age when compared to piglets receiving the
Control treatment. These results, associated
with eating behavior data on the first day after
weaning, affected the overall period (from
21 to 34 days of age) in which piglets orally
supplemented with Trp, or Trp + Pyr, attended
the feeder more frequently (P = 0.001).

The oral supplementation with Trp +
Pyr, about five times higher than the nutritional
requirements proposed by the National
Research Council [NRC] (2012) for piglets
from 5 to 7 kg BW, seems to affect the piglets’
social behavior, as observed in this study.
Furthermore, new studies are necessary to
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elucidate the optimum doses and suitable
supplementation time to promote different
effects after weaning and improve growth
performance.

Additionally, oral Trp supplementation
for nursing piglets from 14 to 21 days of age
and its association with Pyr is effective in
reducing the weight loss on the first day after
weaning, increasing the frequency of visits to
drinkers on the first day after weaning and also
to the feeders until seven days after weaning
and during the overall period (21 to 34 days).

Pyr, acting as an enzymatic cofactor
in some metabolic Trp pathways (Le Floc'h
et al., 2011), probably affected some of the
parameters evaluated in this study. Moreover,
supplementationwith Trpand Trp + Pyr probably
raised the 5-HT concentration (H6glund et. al,
2019), enhancing the gut development and
also the immune system (Jayaraman, Htoo,
& Nyachoti, 2017) and helping to mitigate
the after-weaning stress. In this sense,
the obtained results would support future
research with a new perspective of studying
other metabolic parameters to evaluate the
interaction between Trp and Pyr and also their
isolated effects on growth performance, gut
development, hormonal synthesis, antioxidant
status and the immune system.

Conclusion

It is concluded that high doses of
tryptophan with or without high doses of
pyridoxine supplied orally to nursing piglets
reduced the weight loss on the first day after
weaning, and increased the frequency of visits
to drinkers on the first day after weaning and
to the feeders mainly from weaning until 7 days
after.
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