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PAPER

Contribution of L-Arginine supplementation during gestation on sow
productive performance and on sow microbial faecal profile

Diana Luise , Micol Bertocchi, Paolo Bosi , Federico Correa, Elisa Spinelli and Paolo Trevisi

Dipartimento di Scienze agrarie e alimentari (DISTAL), Alma Mater Studiorum-University of Bologna, Bologna, Italy

ABSTRACT
Arginine plays an important role during reproduction, however, the amount of supplementation
in sow diet is still uncertain. The aim of the study was to verify the efficacy of a gestating diet
enriched or not with a low dose of L-arginine (Arg) on sow productive performance in terms of
numbers and weight of piglets at birth and at weaning, frequency of intrauterine growth retard-
ation (IUGR) and piglets’ mortality, sow placenta weight and salivary humoral immunity and
intestinal microbial balance of the sows. 205 sows (Landrace x Large White) were divided into
two experimental groups: a control group (CON) (102 sows) and a group supplemented with
0.25% of Arg (ARG) for the whole pregnancy period. Saliva and faecal samples were collected
two days before farrowing and used for immunoglobulins and microbial analysis, respectively.
Arg improved the number of total born piglets (p¼ .043) and tended to improve the number of
total born alive (p¼ .086) and to reduce IUGR % (p¼ .090) and dead piglets at d0–d3 (p¼ .088).
The weight of placenta and humoral immunity were not influenced by Arg. Arg did not modify
the faecal microbial structure (alpha and beta indices) but increased the relative abundance of
Bacteroidaceae family and Bacteroides genera (p¼ .0001). The results support the knowledge
that Arg plays a key role in nutrition and physiology of pregnant sows without compromising
gut eubiosis.

HIGHLIGHT

� Arg supplementation of sows’ gestation diet increased the number of total borns
� Arg supplementation of sows’ gestation diet did not negatively affect the sows’ gut eubiosis
� Arg plays a significant role in the nutrition of pregnant sows.
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Introduction

The modern genetic lines of pigs are characterised by
high prolificacy, but this is often to the detriment of a
greater weight dis-homogeneity of the single individu-
als in the litter with a higher percentage of under-
weight animals (<1 kg) than in crossbreeds not
selected for this trait (Yuan et al. 2015). The latter fac-
tor is positively correlated to the mortality and mor-
bidity rate in the weaning-birth period. In fact, lower
birth weight is associated with reduced vitality and
lower physiological maturity (Yuan et al. 2015). In add-
ition to the problems highlighted, the incapacity to
produce colostrum and milk of adequate quantity and
quality to support the nutritional needs of all born
piglets was found, especially for highly prolific sows
(Theil and Hurley 2016).

As regards the foetal development of piglets,
adequate vasculogenesis and angiogenesis are necessary
to guarantee blood circulation of the placenta, this is
essential for the correct development of foetuses and a
reduction in the rate of embryonic mortality. Sexually
mature sows can gestate a relatively small number of
foetuses (8.5 live pigs/litter; Easter and Baker, 1976)
when fed diets without Arginine, because of their ability
to synthesise the needed amount of this amino acid.
However, this endogenous synthesis may be challenged
in high prolific sow. Recent studies have shown how the
integration of L-Arginine (Arg) in the initial stage of ges-
tation of the sow, has favoured embryonic survival, the
number of births and birth weight (Gonçalves et al.
2016), as well as an integration in the final stages, can
reduce stillborn and underweight piglets (Nuntapaitoon
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et al. 2018). Moreover, Arg is a precursor for several
physiological processes such as the lipid metabolism in
gestation and the production of polyamines and nitric
oxide that exert a stimulating effect for placental angio-
genesis (Wu et al. 2017). Release of polyamines can also
originate in the gut after the Arg utilisation by intestinal
bacteria (Matsumoto et al. 2019). Furthermore, Arg can
modulate amino acids utilisation of pure culture of intes-
tinal bacteria or mixed bacteria obtained from porcine
intestines (Dai et al. 2012). Thus, it might also be hypoth-
esised that Arg could change the gut microbial profile,
as observed in mice fed supplementary Arg together
with immune modulators (Ren et al. 2014). The import-
ance of the intestinal microbiota is becoming more and
more evident as a factor capable of modulating the
physiological development and health status of pigs,
preventing colonisation by pathogenic bacteria in the
piglet (Schokker et al. 2014). It is not known, however, if
the Arg supplementation to a gestation diet could have
an impact on the composition of the sow’s intestinal
microbiota and therefore, in the first days of life of the
piglet, this could lead favourably to the establishment of
a ‘beneficial’ microbial profile (eubiosis) contributing to
maintaining a good health status of suckling piglets
(Mach et al. 2015; Stokes et al. 2017; Trevisi et al. 2018).

To establish an integration plan with this amino
acid, aspects relating to the pregnancy period, supple-
mentation levels and the source of Arg must be well
defined (Palencia et al. 2018), but also aspects related
to the cost-efficacy of Arg. Indeed, most of the reported
tests were done with very high additions, included in a
tested level ranging from 0.4% to 1.3% and with 1% as
the most tested level (Palencia et al. 2018).

The objective of this study was to verify the efficacy of
a gestating diet enriched or not with Arg on the number
of piglets born, born alive and malformed or presenting
the intrauterine growth retardation (IUGR), the intestinal
microbial balance of the sows and their response in
humoral immunity, and on their maternal performance,
evaluated in terms of homogeneity of the litter at birth,
survival, and weight of the litter at weaning.

Materials and methods

The trial was conducted in a commercial multiplication
unit located in the so-called ‘Italian Food Valley’ and
sows were deputed in producing pigs reared for the
production of PDO Parma ham. The animals involved
in the present study were sows and piglets subjected
to conventional farm rearing condition in Europe (EU)
by the Dir. 120/2008 EC. Sows were reared in groups
since the fourth week of gestation, on day 110 of

gestation, were moved to individual farrowing crates
5m2 with a slatted floor.

According to a proper feeding programme, on days
1–30 of gestation, gilts and multiparous sows were
daily fed 2.2 and 2.4 kg diet (on an as-fed basis),
respectively; on days 31–90 of gestation, gilts and
multiparous sows were daily restricted to 1.9 and
2.1 kg diet respectively, and after day 90 of gestation,
gilts and multiparous sows were fed 2.4 and 2.6 kg of
the diet. Pregnant and lactating sows were provided
free access to drinking water and consumed all the
feed offered throughout the experiment.

A total of 205 sows (Landrace� Large White) were
included in the trial. The experiment was designed in
a 2� 5 factorial arrangement with 2 dietary treatments
and 5 classes of sow parity. The sows were divided
into the two experimental groups, balanced for parity
order (3.26 ± 2.2 and 3.37 ± 2.2, respectively for i and ii
groups): (i) control group (CON) fed the standard ges-
tation diet usually used at the farm (102 sows); (ii)
Arginine group (ARG) fed the CON diets supplemented
with 0.25% of total Arg (103 sows). Sow parity was
considered as parity class in the following five groups:
1: parity one; 2¼parity 2; 3¼parity three; 4¼ parities
4 and 5; 5¼ parities from 6 to 9.

The CON diet was formulated to cover or surpass
the nutrient requirements reported for gestation sows
by the American National Research Council (2012);
while the ARG diet was obtained by adding to the
CON diet a supplement of 0.25% L-Arg with a final
concentration of 0.97% of total Arg. The selected Arg
level was chosen to test a practical dose suitable for
the whole duration of pregnancy period, that could
result in a beneficial effect for the performance of the
sows in a field condition, thus without increasing to
much the economic cost for feed the sows. The ingre-
dients and the analysed composition of the CON diet
are reported in Table 1. The two experimental diets
were administrated in crumble form by the automated
system throughout the whole gestation period.

Sampling and measurements

The duration of the gestation period was recorded for
each sow. At the end of farrowing, the placenta was
individually collected and weighted. The total number
of piglets, the total number of alive piglets, the num-
ber of stillbirth piglets and number of IUGR piglets
were recorded for each sow. The evaluation criteria for
IUGR piglets referring to the pre-weaning piglet head-
shape indicators were assessed as recommended and
developed by PROHEALTH European project. Piglets
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were defined as ‘normal’, ‘slightly IUGR’ or ‘moderate
IUGR’. Criteria for growth restriction were (i) steep, dol-
phin-like forehead, (ii) bulging eyes, (iii) wrinkles per-
pendicular to the mouth (Hales et al. 2013).

Inside each dietary treatment, a subgroup of sows
balanced for parity order (3.29 ± 2.18 for CON and
3.52 ± 2.17 for ARG group) was chosen (62 sows for
CON and 63 sows for ARG group) to record the indi-
vidual piglets weight at birth (BW0) and at weaning
(BW1; 23 ± 1 days after birth).

Two days before the farrowing, a faecal swab and a
saliva sample (collected two hours after the morning
meal) were collected from 36 sows for each dietary
subgroup, again balanced for the parity order. For

each sow, a cotton swab was introduced into their
mouths thus stimulating chewing for averagely 3min.
Recovery of the saliva sample was achieved by return-
ing the swab to a Salivette tube (SARSTED,
Numbrecht, Germany) and centrifuging the container
at 900 x g for 10min. In doing so, the impurities
remained in the bottom of the tube, whereas the clear
supernatant was collected in a vial. All the samples
were stored at �20� C for further analyses.

Microbiota analysis

Total bacterial DNA for microbiota analysis was
extracted from the faecal samples by using
FastDNATMSpin Kit for Soil, MP Biomedicals Europe,
(LLC). DNA quantity and quality were evaluated using
Nanodrop ND 1000 spectrophotometer (Nanodrop
Technologies Inc., Wilmington, DE, USA). The Next
Generation Sequencing (NGS) was performed as
reported by Luise et al. (2019a). Briefly, the DNA was
amplified for the V3-V4 hypervariable regions of the
16S rRNA gene amplicons were produced using the
primersPro341F: 50-TCGTCGGCAGCGTCAGATGTGTAT
AAGAGACAGCCTACGGGNBGCASCAG-30 and Pro805R:
50GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACT
ACNVGGGTATCTAATCC-30 using the PlatinumTM Taq
DNA Polymerase High Fidelity (Termo Fisher Scientific,
Italy). The libraries were prepared using the standard
protocol for MiSeq Reagent Kit v3 and sequenced on
MiSeq platform (Illumina Inc., San Diego, Ca, USA).

The raw reads obtained are publicly available at the
European Nucleotide Archive (ENA) under the acces-
sion number PRJEB36359.

Saliva analysis

Saliva samples were analysed for immunoglobulin (Ig)
profile through an enzyme-linked immunosorbent
assay (ELISA) for IgA and IgG by using pig-specified
antibodies goat anti-pig IgA/IgG-affinity purified and
goat anti-pig sIgA/slgG-HRP conjugate (BETHYL
Laboratories, Montgomery, TX). Pig Immunoglobulin
Reference Serum (BETHYL, Laboratories, Montgomery,
TX) was used as standard. The samples were analysed
in duplicate at dilutions of 1:4000 and 1:2000 for IgA
and IgG, respectively. Absorbance was set at 405 nm
on the Multiskan multiplate reader (MultiskanTM FC
Microplate Photometer - Thermo Fisher Scientific) and
Igs concentrations were calculated by interpolating
them from a parametric curve of four standard points.

Table 1. Ingredients and composition of the sows’ gestating
control diet expressed on as feda.
Item Units Content

Ingredients
Corn % 24.4
Wheat bran % 20.0
Barley % 14.0
Wheat % 8.0
Dried brewers’ grains % 8.0
Sorghum % 7.0
Dried beet pulp % 6.5
Soybean meal, 50 % crude protein % 3.0
Linseed % 2.5
Sunflower meal, 36 % crude protein % 2.0
Calcium carbonate % 1.5
Vitamin-mineral premix % 1.0
Animal fat % 1.0
Salt % 0.4
Dicalcium phosphate % 0.3
L-Lysine monohydrochloride % 0.26
Threonine % 0.09
Choline chlorydrate (at 75%) % 0.05
Calculated Metabolisable energy Kcal/kg 2950
Analysed composition
Crude Protein % 14.7
Crude Fat % 5.1
Crude Fibre % 5.4
Ash % 5.1
Lysine % 0.66
Arginine % 0.72
Cystine % 0.28
Methionine % 0.22
Threonine % 0.56
Tryptophan % 0.123
Valine % 0.60
Isoleucine % 0.46
Leucine % 1.06
Tyrosine % 0.44
Phenylalanine % 0.62
Histidine % 0.41
Aspartic acid % 0.92
Glutamic acid % 2.83
Alanine % 0.69
Glycine % 0.81
Proline % 0.89
Serine % 0.62
Free L_Arginineb % Not detected
Free L-Lysine % 0.219
aThe supplemented diet was obtained with the addition of 0.25%
L-arginine.
bAnalyzed content in the supplemented diet: 0.251%.
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Statistical analyses

Pig weight, gestation length and saliva Igs were ana-
lysed by using the GLM procedure of SAS 9.3 (SAS
Inst. Inc., Cary, NC) through a linear model including
batch, diet and parity order class as factors. The inter-
action between diet and parity order was tested and
resulted not significant, thus it was removed from the
model. The number of pigs born alive and the number
of pigs per litter after cross-fostering was included as
covariates respectively for placental weight, gestation
length and Ig contents, and for data of piglets’ weight
at weaning and growth.

The GENMOD procedure of SAS 9.3 was used with
Poisson distribution and log function to analyse data
on litter size (number of pigs per litter) at birth and at
weaning and with a binomial distribution and Logit
function to analyse mortality parameters and data on
litter size ratio expressed in percentage. The models
included cycle, diet, class of parity order and inter-
action between diet and parity order as factors. With
the same model, the GENMOD procedure of SAS 9.3
was used with beta distribution for the coefficient of
variation of newborn pig weights, calculated as the
ratio between the standard deviation and the mean
within each litter. The gestation length and the num-
ber of pigs per litter after adoptions were included as
covariates for mortality calculations.

Microbiota analysis was performed by using DADA2
pipeline (Callahan et al. 2016) and taxonomic categories
were assigned by using Silva Database (release 132) as ref-
erence (Quast et al. 2012). Alpha (Shannnon, Chao1 and
Simpson indices) and Beta diversity (calculated as Bray
Curtis distance matrix), as well as the abundance of taxo-
nomic categories, were analysed with R software 3.6, by
using the PhyloSeq (McMurdie and Holmes 2013), Vegan
(Dixon 2003) and lme4 (Bates et al. 2015) packages. Alpha
diversity indices were analysed with an ANOVA model,
considering batch experimental treatment and parity order

classes as factors. Beta diversity was analysed with a
PERMANOVA model (‘Adonis’ procedure) including treat-
ment and class of parity order as factors. The batch was ini-
tially included and then removed because not significant.
Effect of diet and parity class on Bray Curtis distance were
visualised using a Non Metric Multidimensional Scaling
(NMDS) approach. The differences in taxonomic abundan-
ces between the two experimental groups (CON and ARG)
were analysed with DESeq2 package (Love et al. 2014),
based on negative binomial generalised linear models and
applying the Benjamini-Hochberg method for multiple
testing correction (Love et al. 2014).

Results

Sow reproductive performance

Table 2 shows the effect of diet treatment and litter
sow parity order on the litter characteristics and its
survival. Arg inclusion did not affect the number of
stillborn, mummified, dead in the period d0–d27 and
weaned piglets and the percentage of stillborn/total
born, mummified/mummified and total born, dead
piglets d0–d3/total post-adoption and dead piglets
d0–d27/total post-adoption. Tendencies for the Arg
supplementation to improve the number of total born
alive (p¼ .086) and the number of dead piglets at
d0–d3 (p¼ .088) were observed. Conversely, in the
ARG group, the number of total born pigs was higher
than in the CON group (p¼ .043). An effect of the
class of parity was also observed for the number of
mummified (p< .001), of dead piglets d0–d3
(p¼ .001), of dead piglets d0–d27 (p¼ .007), and for
the percentage of mummified/mummified and total
born (p< .0001), dead piglets d0–d3/total post-adop-
tion (p ¼ .01) and dead piglets d0–d27/total post-
adoption (p¼ .003). Moreover, a positive effect for the
litter size was observed for the percentage of dead
piglets at d0–d3 and d0–d27 (p¼ .001).

Table 2. Influence of Agr supplementation to gestation sow on litter characteristics and survival.

Item
Mean

SEM

p-Value

CON ARG Diet Parity class Batch

Total born alive, n 12.58 13.40 0.03 0.086 – –
Stillborn, n 0.76 0.96 0.11 0.117 – –
Total born, n 13.39 14.43 0.03 0.043 .107 –
Mummified, n 1.37 1.56 0.09 0.244 <.0001 –
Dead piglets d0–d3, n 1.07 0.84 0.11 0.088 .001 0.107
Dead piglets d0–d27, n 1.64 1.53 0.08 0.543 .007 0.004
Weaned, n 10.97 11.45 0.03 0.316 – –
Stillborn/total born, % 5.73 6.75 0.12 0.260 – –
Mummified/mummified and total born, % 9.35 9.82 0.09 0.656 <.0001 –
Dead piglets d0–d3/total post-adoptiona, % 8.32 6.84 0.11 0.172 .010 0.135
Dead piglets d0–d27/total post-adoptiona, % 13.05 12.41 0.09 0.640 .003 0.002
aParameters were significantly affected by the number of piglets per litter post-adoption (p< .05).
ARG: L-arginine; CON: control group.
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Figure 1 shows the effect of diet treatment on the
percentage of IUGR piglets. The Arg supplementation
tended to reduce the percentage of slight and total
IUGR piglets (p¼ .09). In addition, the parity class sig-
nificantly influenced the percentage of slight IUGR
(p¼ .04) and tended to influence the percentage of
total IUGR piglets (p¼ .07).

Table 3 shows the effect of diet and sow parity
class on weight and ADG of piglets at different times
points. No significant differences were observed for
the diet on piglet weight and ADG at any time, and
also for the coefficient of variation of the individual
piglet weight at birth within the litter. The parity class
significantly influenced the weight of piglets of the lit-
ter , the homogeneity at birth and at weaning and the
piglets’ ADG during the suckling period (p< .005).

Furthermore, the litter size at d1 significantly influ-
enced the piglet’s weight at weaning (coefficient
�83 g, þ 1 pig in the litter; p¼ .027) and the litter
ADG during the suckling period (coefficient þ 99 g, þ
1 pig n the litter; p¼ .001).

Table 4 reports the effect of diet treatment and
sow parity class on the placenta weight and on the
duration of the gestation period. No significant effects
were observed for the diet on the placenta weight
and on the duration of the gestation period, while the
sow parity class had a linear and quadratic effect on
the placenta weight (p< .001).

Saliva immunoglobulins

Table 5 reports the effect of diet and sow parity class
on the salivary IgA and IgM concentration. The diet
did not influence the Igs salivary concentrations. The

Figure 1. Influence of Arginine supplementation to sow on
percentage of IUGR piglets. IUGR: intrauterine growth retard-
ation; ARG: L-arginine; CON: control group.

Table 3. Influence of Arginine supplementation to gestation sow on piglet and litter performance.

Itema

Mean

SEM

p-Value

CON ARG Diet Parity Class Batch Litter sizepost-adoption

Piglet weight, kg 1.39 1.36 0.02 0.620 <.0001 .193 –
Piglet weight, CVb % 22.9 22.3 0.03 0.516 <.0001 .038 –
Litter weight, kg 17.81 18.19 0.48 0.574 .007 .916 –
Piglet weight post-adoption, kg 17.18 17.59 0.36 0.420 <.0001 .643 –
Piglets weight at weaning, kg 6.29 6.31 0.08 0.880 .004 .837 .027
Litter weight at weaning, kg 68.90 69.08 1.54 0.933 <.0001 .170 <.0001
Litter ADG, kg 2.23 2.27 0.06 0.681 <.0001 .110 .0007
aData are referred to the subgroups of sows constituted by 62 for CON and 63 sow for ARG.
bCoefficient of variability¼ standard deviation/mean of piglets within each litter � 100.
ARG: L-arginine; CON: control group.

Table 4. Influence ofArginine supplementation to sow and sow parity on piglet and litter performance.

Itema

Diet Parity class

Batch, p Number of alivepiglets at birthCON ARG SEM p 1 2 3 4 5 SE p

Placenta weight, g 2748 2763 96.3 .904 2165 2827 3127 2917 2742 147.8 .0001 <.0001 <.0001
Gestation period, days 115.8 115.9 0.07 .213 116 115.7 115.7 116 115.9 0.12 .352 .026 <.0001
aData are referred to total number of included sows constituted by 102 for CON and 103 sow for ARG.
ARG: L-arginine; CON: control group.

Table 5. Influence of Arginine supplementation to sow and sow parity on sow salivary Igs.

Itema

Diet Parity class

Batch, p Number of alivepiglets at birth, pCON ARG SEM p 1 2 3 4 5 SE p

IgA, mg/mL 361 343 37 .738 275 388 419 391 285 60 .332 .223 .157
IgG, mg/mL 48.9 43 8.1 .607 36.7 61.6 41.7 42.4 47.3 12.8 .703 .578 .367
aData are referred to the subgroups of sows constituted by 36 for CON and 36 sow for ARG.
ARG: L-arginine; CON: control group.
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class of parity had a quadratic effect on the IgA con-
centration (p< .04); a maximum concentration of IgA
was observed in the sow of third parity, then the con-
centration decreased in older sows.

Microbial profile

A total of 2,706,443 reads were attributed to a total of
3010 (ASV) distributed among samples as shown in S1
Table. The relative rarefaction curves are reported in
Figure 2, it shows the tendency to the plateau for all
samples suggesting that the sequencing depth was
sufficient to describe the variability within the ana-
lysed microbial communities. The taxonomic assign-
ment allows obtaining 18 phyla, 38 classes, 85
families and 212 genera.

The diet did not influence the alpha diversity indi-
ces (Figure 3). The beta diversity was not influenced
by the diet treatment, as obtained by the Adonis pro-
cedure, indeed the NMDS plot did not evidence any
cluster of samples due to the diet (Figure 4).

Considering the microbial composition, the diet sig-
nificantly influenced some taxa (Table 6). At class level,
the ARG group had a lower relative abundance of
Negativicutes than CON group (p¼ .003); at order
level, the ARG group had lower relative abundance
of Selenomonadales (p¼ .005) and Aeromonadales

(p¼ .005) than CON group; at family level, the ARG
group had a higher relative abundance of Bacteroidaceae
(p< .0001) and a lower relative abundance of
Succinivibrionaceae (p¼ .006), Acidaminococcaceae
and Veillonellaceae (p< .05) than CON group; at genus
level, the ARG group had had a higher relative abun-
dance of Bacteroides (p< .0001) and a lower relative
abundance of Succinivibrio (p¼ .02) than CON group;
finally considering the ASV level, the ARG group had
had a higher relative abundance of Treponema_2
(p< .0001) and a lower relative abundance of
Prevotella_9 and Ruminococcaceae_UCG-014
(p< .0001) than CON group.

Discussion

Increased intake of some amino acids compared to
the nutrient requirements of maintenance and growth,
may result in better animal health (Babinszky and
Halas 2009). On this regards, maternal nutrition plays
an important role in influencing the intrauterine envir-
onment and in regulation the foetal growth, develop-
ment and survival (Wu et al. 2004), especially Arg
seems to have an important role for the sow perform-
ance. The present study shows that an integration of
0.25% of Arg to a commercial gestation diet, resulting
in a final concentration of 0.97% of total Arg,

Figure 2. Rarefaction curve of samples resulted by sequencing of V3–V4 regions with MiSeq platform (Illumina Inc., San Diego,
Ca, USA). Diet: ARG: arginine supplementation (0.25%) to sows during gestation period (36 sows); CON: control group, fed the
standard diet (36 sows).
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improved the total number of born piglets and tended
to improve the number of born alive piglets, parame-
ters that are considered an important economic

outcome for pig production (Bee 2007). Our data are
in accord with previous studies in which an increase
of total born (1.31 piglets) (Gao et al. 2012) and of

Figure 3. Box plot of Shannon index values. Diet: ARG: arginine supplementation (0.25%) to sows during gestation period
(36 sows); CON: control group, fed the standard diet (36 sows).

Figure 4. Non-metric multi-dimensional scaling (NMDS) on Bray-Curtis distances at ASVs level. Diet: ARG: arginine supplementa-
tion (0.25%) to sows during gestation period (36 sows); CON: control group, fed the standard diet (36 sows).
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born alive piglets (1.1 and 2.03 piglets) (Gao et al.
2012; Mateo et al. 2007, respectively) was observed
with supplementation of 1.0% of L-Arginine-HCl from
day 2 to day 114 of gestation (Gao et al. 2012) and
with the same dose from day 30 to day 114 of gesta-
tion in gilts (Mateo et al. 2007). It worth to add that in
this last research the basal diet contained 0.88% total
Arg, compared to our trial in which the basal diet had
0.72% of total Arg. Thus the overall content of Arg of
supplemented diet in this research was far more than
in the present one. The effect of the Arg supplementa-
tion on the number of offspring can be attributed to
its influence on the arginine-nitric oxide and polyamine
pathways; indeed, Arg can be used as a substrate for
the nitric oxide via nitric oxide synthase and of poly-
amine synthesis via ornithine decarboxylase (Flynn et al.
2002; Wu et al. 2004). Both nitric oxide and polyamine
are considered key factors for angiogenesis and for
improving the placenta vascularisation (Hazeleger et al.
2007) enabling the foetus to obtain sufficient nutrients
and oxygen supply (Wu et al. 2006) and resulting in a
more efficient embryo/foetal development (Wu et al.
2004; Kim and Wu 2009). Indeed, it has been demon-
strated that Arg supplementation can improve myo-
fiber formation and foetus survival (Berard and
Bee 2010).

In the present study, the placenta was individually
weighted and no influences of Arg supplementation
has been observed between groups; our result is not
consistent with the result obtained by Gao et al.
(2012) in which 1.0% L-Arginine–HC improved the pla-
centa weight. Considering that a positive trend for the
number of live pigs born per sows was seen in the
present trial, it could be hypothesised that the Arg
supplementation affected the functional capacity and
the vascularisation of the placenta, which are not
always positively correlated with the placenta weight
(Bazer et al. 1988), however further elucidation may
be needed to confirm this hypothesis. To support

the hypothesis that Arg can improve the placenta effi-
ciency in providing foetus sufficient nutrients and oxy-
gen, in the present study it has been observed that
Agr group tended to reduce the percentage of IUGR
pigs. The foetal growth restriction has a negative
effect on new-born, leading to a high rate of pre-
weaning mortality for the largest part of the moderate
and severe IUGR pigs (Hales et al. 2013). Among the
factors that have been associated with IUGR piglets
including mother’s genetics and farrowing parity
(Matheson et al. 2018), correct maternal nutrition dur-
ing pregnancy plays a crucial role. Conversely, it worth
to observe that while parity class powerfully affected
the placental weight in the present work, with
younger and older sow having lower values, this was
not translated in an evident effect on IUGR incidence
(p¼ .07, data not shown).

The Arg supplementation did not modify the piglets’
weight, neither at birth not at the weaning, or the
piglets’ ADG. The effect of Arg on reproductive perform-
ance of sows in terms of piglets’ weight is controversial.
Some studies reported a significant improvement in the
weight of piglets at birth (Gao et al. 2012; Nuntapaitoon
et al. 2018) while others, in agreement with our study,
indicate no effects on the piglets and litters weights
(Gonçalves et al. 2016; Bass et al. 2017). This difference
among studies can be explained by the difference in
the amount and in the duration of Arg supplementation
in the gestation period. In our study, although the sup-
plement in Arg had been included for the whole dur-
ation of the gestation period, the control group had a
relatively high amount of Arg (0.72%); therefore, the
lack of effect could be due to the fact that the Arg level
among the two groups was not too different. Although
the average piglets’ weight was not different between
diets, in our study it has been observed a tendency to
reduce the piglet mortality during the first three days of
life. Previous studies suggested the absence of an effect
of Arg on pre-weaning mortality. In these studies, Arg

Table 6. Influence of Arginine supplementation to sow during gestation on sow faecal taxa abundancy.
Taxa Name log2FCa lfcSEb p Value FDR

Class Negativicutes �0.670 0.173 <.0001 0.003
Order Selenomonadales �0.659 0.175 <.0001 0.005

Aeromonadales �1.395 0.382 <.0001 0.005
Family Bacteroidaceae 1.779 0.366 <.0001 <0.0001

Succinivibrionaceae �1.395 0.374 <.0001 0.006
Acidaminococcaceae �0.454 0.153 .003 0.047
Veillonellaceae �1.848 0.622 .003 0.047

Genera Bacteroides 1.798 0.368 <.0001 <0.0001
Succinivibrio �1.377 0.372 <.0001 0.019

ASV ASV_690 Spirochaetaceae, Treponema_2 24.233 2.093 <.0001 <0.0001
ASV_215 Prevotellaceae, Prevotella_9 �23.532 2.410 <.0001 <0.0001
ASV_294 Ruminococcaceae, Ruminococcaceae_UCG-014 �25.107 2.829 <.0001 <0.0001

alog2FC: log2 fold change is the effect size estimate.
blfcSE, standard error estimate for the log2 fold change estimate.
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supplementation was done just from day 85 of gesta-
tion to farrowing (Nuntapaitoon et al. 2018) or from 15
to 45days of gestation (Hines et al. 2019). On the con-
trary, Hines et al. (2019), shows that the same inclusion
of Arg supplemented from 15th day of gestation to far-
rowing reduced the piglets’ post-weaning mortality.
Thus, supplementation of Arg on piglets’ mortality is still
to be clarified and its response varies depending on
dose and period of supplementation.

Considering the additional parameters related to
the sows’ health status collected in the present study,
no effect of Arg supplementation has been observed
on the salivary Igs concentration. Saliva collection has
the advantage of being non-invasive sampling as it
causes minimal stress during collection, thus it repre-
sents an ideal tool for stress physiology and health
evaluation (Luise et al. 2019b; Escribano et al. 2015).
The concentrations of IgA and IgG observed in the
present study are in line with the values observed by
Escribano et al. (2012); although the diet did not affect
the Igs concentrations, it is noteworthy the quadratic
effect observed for the sow parity on salivary IgA, in
which a maximum concentration has been observed
for the third parity sows.

The host-microbial interplay is recently rising the sci-
entific interest. Indeed, the microbiota can influence the
host metabolism as it is involved in many functions
including the production of volatile fatty acid and vita-
min K, can improve energy harvesting capacity and
enhance resistance against pathogenic bacteria (Stokes
2017; Luise et al. 2019a). These actions can overall con-
tribute to an improvement of the host performance
(Mach et al. 2015; Yang et al. 2017; Kiros et al. 2019;
Quan et al. 2018). The diet, together with additional fac-
tors such as host genetics and environment (Xiao et al.
2016; Luise et al. 2019a; Massacci et al. 2020) represents
one of the main factors able to rapidly modified micro-
bial profile (David et al. 2014). Therefore, it can be
assumed that supplementation of free Arg can affect the
composition of the intestinal microbiota, as observed in
mice supplemented with Arg and immunostimulants
(Ren et al. 2014). Free Arg has been considerably used in
the small intestine by the microbiota, as reported for the
porcine digesta content by Dai et al. (2010). Previous
in vitro study showed that Arg can significantly influence,
in a species- and gut tract- dependent manner, the bac-
terial metabolism of the Arg-related AAs and of the ser-
ine- and aspartate-related family of AAs, and the
utilisation of most AAs, since Arg can be used as a nitro-
gen source (Dai et al. 2012). In the present study, the
small intestinal contents were not analysed thus the pre-
vious results cannot be confirmed. However, to our

knowledge, this is the first study investigating the effect
of long-term supplementation of Arg of sow’s gestation
diet for the whole pregnancy period on sows’ faecal
microbiota. Arg supplementation did not significantly
influence the faecal microbial structures. Indeed, no dif-
ferences in the alpha and beta indices were observed.
The results suggest that Arg supplementation did not
affect the sows intestinal eubiosis and as a consequence,
it can be assumed that it did not affect the environmen-
tal microbiome in which new-born piglets were born
and raised. This aspect is of crucial importance since pig-
let at birth is not colonised by bacteria and the early
and proper establishment of a eubiotic microbiota,
which occurs through the contact with the microbiota-
derived by sows and environmental, is mainly important
for the establishment of stable microbial community
structures (Guevarra et al. 2019) that can favour the
development of the immune system (Stokes 2017;
Trevisi et al. 2018) and growth performance of pigs later
in life (Mach et al. 2015; Kiros et al. 2019).

Nevertheless, although the microbial structure was
not profoundly affected, some taxa which are common
in sow intestinal microbiota were influenced by the Arg
supplementation. The Arg supplementation increased
both the Bacteroidaceae family and the Bacteroides
genus. The present observation is in accordance with
the study of Wu et al. (2011) in which a higher abun-
dance of this bacterial family has been associated with
a diet with high levels of animal proteins and amino
acids in humans, suggesting that this family can use
protein source and amino acids for its metabolism. In
addition, in the present study Arg reduced several bac-
terial families (Succinivibrionaceae, Acidaminococcaceae,
Veillonellaceae) and bacteria of the genus Succinovibrio.
The reduced abundance of Succinovibrio in the ARG
group could be associated with the limited use of Agr
from these bacteria as suggested by Dai et al. (2010) for
Succinivibrio dextrinosolvens.

Conclusions

In conclusion, the supplementation of 0.25% of Arg to
the sow diet for the complete duration of the preg-
nancy increased the sow productive performance in
terms of the number of born piglets per sows and
tended to reduce the IUGR piglets’ frequency and pig-
lets’ mortality without modifying the sow intestinal
microbial structure and the gut eubiosis. The results
support the knowledge that Arg plays a key role in
nutrition and physiology of pregnant sows.
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