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Top-dressing 1% arginine supplementation in the lactation diet of sows does not affect 
the litter performance and milk composition

A  suplementação  de  1%  de  arginina  via  top-dress  na  dieta  de  lactação  de  porcas  não  afeta  o  
desempenho  das  leitegadas  e  a  composição  do  leite

Djane  DallanoraI, II   Marina  Patricia  WalterII   Jéssica  MarconII   Camila  SarembaII   
Mari  Lourdes  BernardiIII   Ivo  WentzIV   Fernando  Pandolfo  BortolozzoIV*

ISSN 1678-4596
Ciência Rural, Santa Maria, v.46, n.8, p.1460-1465, ago, 2016                                                         

Received 07.18.14      Approved 01.23.16      Returned by the author 05.03.16
CR-2014-1067.R1

 http://dx.doi.org/10.1590/0103-8478cr20141067

ABSTRACT

The study aimed to evaluate the effects of arginine 
supplementation in the lactation diet of sows on their milk 
composition, litter performance and piglet survival. Sixty-four 
lactating Landrace x Large White sows, parity 1 to 7, were randomly 
assigned to two treatments: 1) Control - a corn/soybean meal based 
diet with 1.10% standardized ileal digestible (SID) lysine and 
3,475kcal of metabolizable energy (ME) kg-1, and 2) arginine - the 
control diet top-dressed daily with arginine at 1% of feed allowance. 
The daily feed allowance per sow was 5.0 and 7.5kg from day (D)0 
to D7 and D8 to D21, respectively. The average litter size was 12.8 
piglets after cross-fostering. Litters were weighed on D1, D10, and 
D21 of lactation and pre-weaning mortality was recorded. Samples 
of milk (60mL) were collected from all functional teats at D10 
and D20 of lactation. There were no effects (P>0.05) of arginine 
supplementation on piglet weight, litter weight, and average daily 
gain of piglets at D10 and D21 of lactation. The interaction between 
weight day and treatment was not significant (P>0.05) for any of 
these response variables. The percentages of piglets that survived 
until D10 and D21 were 90.3% and 88.3%, respectively, with no 
difference (P>0.05) between treatments. There were no effects 
(P>0.05) of the lactation day (D10 or D20), treatment or the 
interaction between them on crude protein and amino acid content in 
milk. Top-dressing arginine at 1% of feed allowance of the lactation 
diet of sows does not affect litter performance and survival and does 
not influence the amino acid content or arginine: lysine ratio of milk.
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RESUMO

O estudo teve o objetivo de avaliar o efeito da 
suplementação de arginina na dieta de lactação de porcas sobre 

a composição do leite, desempenho da leitegada e sobrevivência 
dos leitões. Foram utilizadas 64 porcas lactantes Landrace - Large 
White, com parição de 1 a 7, aleatoriamente distribuídas em dois 
tratamentos: 1) Controle - dieta a base de milho e soja com 1,10% 
de lisina digestível e 3.475kcal de energia metabolizável; e 2) 
Arginina – dieta controle suplementada com arginina via top-dress 
em nível de 1% sobre a dieta fornecida. Diariamente, as matrizes 
receberam 5,0 e 7,5kg do D0 ao D7 e D8 ao D21, respectivamente. 
Após a uniformização das leitegadas, o número médio de lactentes 
foi de 12,8 leitões. As leitegadas foram pesadas no D1, D10 e D21 
da lactação e a mortalidade pré-desmame foi registrada. Foram 
coletadas amostras de leite (60mL) de todas as tetas funcionais 
de cada porca no D10 e no D20 da lactação. Não houve efeito 
(P>0,05) da suplementação de arginina sobre o peso dos leitões, 
peso da leitegada e ganho de peso médio diário dos leitões no D10 
e D21 da lactação. A interação entre dia da pesagem e tratamento 
não foi significativa (P>0,05) para as variáveis-resposta 
analisadas. Os percentuais de leitões vivos até o D10 e D21 foram 
de 90,3% e 88,3%, respectivamente, sem diferença (P>0,05) entre 
os tratamentos. Não houve efeito (P>0,05) do dia de lactação (D10 
ou D20), tratamento ou interação entre eles na proteína bruta e 
conteúdo de aminoácidos do leite. A suplementação de arginina 
em nível de 1% da dieta fornecida diariamente não teve efeito 
sobre o desempenho e sobrevivência da leitegada e não influenciou 
no conteúdo de aminoácidos ou na relação arginina:lisina do leite.

Palavras-chave: aminoácidos, leitões, ganho de peso.

INTRODUCTION

The potential for milk production of sows 
increased nearly four times from 1930 to 2010; a ratio 
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of 60g of milk produced/kg live weight is currently 
estimated (KIM et al., 2013). In the last decade, 
research efforts have been directed toward reviewing 
the nutritional requirements of sows from modern 
genetic lines at various levels: in the energy and amino 
acid content of diets, ratios of other amino acids to 
lysine according to the stage of production, as well as 
the individual supplementation of some amino acids 
via top-dressing (KIM et al., 2004; MATEO et al., 
2008; YANG et al., 2008).

Among the amino acids, arginine has been 
studied due to its importance in milk production 
and the development of suckling piglets (WU & 
MORRIS, 1998; KIM et al., 2004; MATEO et al., 
2008; LIMA, 2010). Arginine stimulates the secretion 
of prolactin and growth hormone (REYES et al., 
1994) and participates in angiogenesis in mammary 
tissue (MATEO et al., 2008). Due to the effects of 
arginine on nitric oxide production and vasodilation, 
this amino acid causes an increase in local blood 
flow, resulting in higher nutrient supply which 
could increase milk production (TROTTIER et al., 
1997; WU & MEININGER, 2000). Furthermore, 
the possibility of changing the content of arginine in 
colostrum and milk could reduce the deficit of this 
amino acid in newborn piglets (WU et al., 2004; KIM 
et al., 2007). WU et al. (2000) estimated that sow milk 
supplies less than 40% of the arginine requirement of 
a 7-day old piglet. Therefore, alternative approaches 
to supplement this amino acid could be very useful to 
improve performance in this phase (KIM et al., 2004). 
Recently, the possibility of increasing the arginine 
content of the milk by top-dressing in lactating sows 
diets has been explored (MATEO et al., 2008; LIMA, 
2010); this strategy could be readily applied on 
commercial pig farms. The objective of this study was 
to evaluate the effects of arginine supplementation in 
the lactation diet of hyper-prolific modern genotype 
sows on their milk composition, litter performance 
and survival of suckling piglets.

MATERIALS   AND   METHODS

The experiment was conducted in a 
commercial pig farm in the Midwest region of 
Brazil. A total of 64 lactating sows (Landrace 
x Large White), parity 1 to 7, were used in this 
experiment. After cross-fostering, on the first day 
(D) after farrowing (D1), sows were randomly 
assigned to two treatments in a completely 
randomized design: 1) control - corn/soybean meal 
based diet with 1.10% standardized ileal digestible 
(SID) lysine and 3,475kcal of metabolizable 

energy (ME) kg-1, and 2) arginine - the control 
diet top-dressed daily with arginine at 1% of feed 
allowance. The daily individual feed allowance 
was 5.0kg of lactation diet during the first week 
of lactation (D1-D7) and followed by 7.5kg of the 
same diet until weaning (D8-D21), in two and three 
meals/day/sow, respectively. The diet was served 
using the automatic system and the amount offered 
was confirmed by individual weighing once a week. 
Therefore, sows assigned to the arginine treatment 
were fed with 50 and 75g d-1 of L-arginine HCl 
(Aminoscience Division - Ajinomoto do Brasil 
Indústria e Comércio de Alimentos Ltda, Limeira, 
São Paulo, Brazil) from D0 to D7 and D8 to D21, 
respectively. The amount of supplemental arginine 
was weighed for each sow, on a digital balance (1g 
of precision), and served throughout lactation, once 
a day in the morning, poured directly onto the feed 
in the individual feed drop of the sow. There were 
no leftovers of feed and sows had ad libitum access 
to water throughout the experiment. Distribution 
of sows among the treatments was conducted in 
order to have a similar litter size (12.8±1.2 piglets), 
average initial litter weight (20.7±3.7kg), and sow 
parity (4.0±1.8 parities). All sows were fed with a 
control diet (Table 1), which met the requirements 
suggested by ROSTAGNO et al. (2011) and NRC 
(2012). Litters were weighed on D1, D10, and 
D21 of lactation and pre-weaning mortality was 
recorded for the calculation of piglet survival on 
D10 and D21.

Milk composition was evaluated by 
collecting 60mL samples of milk from 18 sows per 
treatment on D10 and D20 of lactation. Milk sampling 
was performed by hand milking all functional teats 
after intramuscular injection of 2mL of carbetocin 
(Hertape Calier Animal Health S.A., Juatuba, MG, 
Brazil). Milk samples were kept frozen at -20°C and 
submitted for analysis (Ajinomoto’s Aminoscience 
Division, Limeira, São Paulo, Brazil). The amino 
acid composition of the milk was determined by high 
efficiency liquid chromatography, as described in the 
COMPÊNDIO BRASILEIRO DE ALIMENTAÇÃO 
ANIMAL (2009).

All statistical analyses were performed 
using the Statistical Analysis System (SAS) 
software, version 9.2 (2005, SAS Institute 
Inc., Cary, NC, USA). Results were considered 
significant at P≤0.05. All data were tested for 
normality with the Shapiro-Wilk test. For all the 
measurements concerning the piglets, the litter 
was considered as the experimental unit. Milk 
composition, average piglet weight, litter weight, 
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and average daily gain (ADG) were analyzed as 
a completely randomized design with repeated 
measures using the MIXED procedure. For milk 
composition analysis, the model included the 
fixed effect of treatments and sows were used as 
a random effect. Models for litter weight, average 
piglet weight and ADG included fixed effect of 
treatments and random effect of sow parity as 
well as the litter weight at D1 and the number of 
suckling piglets as covariates. Piglet survival was 
analyzed by fitting a non-parametric model using 
the NPAR1WAY procedure and the Wilcoxon test 
because it did not follow a normal distribution. 

RESULTS

There were no effects of day of lactation 
(D10 and D20), treatments or the interaction between 
them on the crude protein and amino acid content in 
milk (Table 2, P>0.05). Overall, the arginine: lysine 
ratio in milk was 60:100, and no difference (P>0.05) 
between treatments was observed. There were no 
effects of arginine supplementation on average 
piglet weight, litter weight, or ADG either on D10 
or D21 (Table 3, P>0.05). The interaction between 
the weighing day and treatment was not significant 
(P>0.05) for any of these variables. Piglet ADG was 
0.216, 0.207, and 0.212 for the periods D1-D10, 
D11-D21, and D1-D21, respectively. Piglet survival 
on D10 and D21 was not different (P>0.05) between 
the control and arginine treatments (Table 3).

DISCUSSION

Since arginine is an essential amino 
acid for young piglets (O’QUINN et al., 2002) 
and its supplementation in artificially fed neonates 
improved their development (KIM et al., 2004), 
it has been speculated about the potential ability 
to manipulate milk composition with arginine 
supplementation. TROTTIER et al. (1997) observed 
that the level of arginine in sow’s milk is smaller 
than the supply of this amino acid to the mammary 
gland due to its continue degradation by mammary 
tissue (O’QUINN et al., 2002). In the present 
study, crude protein or amino acid content of milk, 
including arginine itself, were not altered by top-
dressing L-arginine HCL at 1% supplementation, 
indicating that despite increasing arginine supply 
in the bloodstream, level of supplementation was 
not enough to exceed the threshold of arginine 
degradation in the mammary tissue. 

The performance of piglets during lactation 
is highly correlated with sow’s milk production 
and the nutrient concentration in milk (NOBLET & 
ETIENNE, 1987; KIM et al., 1999). Similar ADG of 
piglets between treatments indicates that arginine did 
not increase milk production. If the second half of 
lactation (D11-D21) is taken into account, the lack of 
effects of arginine supplementation on ADG of piglets 
corroborates the results of other studies (MATEO 
et al., 2008; LIMA, 2010). The study conducted by 
MATEO et al. (2008) was the only one in which an 
arginine-supplemented diet increased the ADG of 
piglets between D0 and D21. The discrepancy with 
the results of our study may be associated with the fact 
that arginine was mixed in the diet at the feed mill and 

Table 1 - Composition of the control diet (as-fed basis).

Item Control

----------------------------Ingredient, kg ton-1----------------------------
Corn 516.15
Soybean meal 325.00
Sugar 40.00
Dicalcium phosphate 15.00
Soybean oil 51.00
Sodium bicarbonate 2.50
Vitamin premix1 0.40
Trace mineral premix2 1.00
L-lysine 2.00
DL- methionine 2.18
L-threonine 2.29
Others 42.7
Total 1,000

---------------------------Calculated analysis---------------------------
---------Standardized ileal digestible (SID) amino acids, %--------
Lysine 1.10
Methionine & cysteine:lysine 70
Threonine:lysine 80
Tryptophan:lysine 19
Arginine:lysine 109
Dry matter, % 89.52
ME, kcal kg-1 3,475
CP, % 19.31
Ca, % 0.95
P, % 0.50

1Provided per g of vitamin premix: 12IU vitamin A; 2,400IU
vitamin D3; 0.08IU vitamin E; 2,680ppm vitamin K3; 2,00ppm
vitamin B1; 4,4ppm riboflavin;  2,4ppm pyridoxine; 26,8ppb
vitamin B12; 26,8ppm niacin; 12,0ppm  pantothenic acid;
1,680ppm  folic acid; 0.00097mg biotin; 1,800ppm  choline.
2Provided per g of trace mineral premix: 0.30ppm Se from sodium
selenite; 113ppm Fe from iron sulfate; 50ppm Cu from copper
sulfate; 42ppm Mn from manganese oxide; 132ppm Zn from zinc
oxide; 1.26ppm I from ethylenediamine dihydroiodide;
28,125ppm; 0.5ppm.
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only primiparous sows were used by MATEO et al. 
(2008). It is important to highlight that LIMA (2010) 
used multiparous sows and did not show any effects 
of arginine on ADG of piglets. Due to the higher feed 
intake (ABREU et al., 2013) of multiparous sows, 
which represented about 90% of the sows evaluated 
in the present study, it is likely that their requirement 
for arginine may have already been met and top-
dressed arginine was unnecessary. 

Apparently, there was a limitation in the 
potential growth of piglets in the second half of lactation, 
in the present study, since piglet ADG was similar 
between the first and second half of lactation, contrasting 
with reports of an increase in ADG as piglets got older 
(MATEO et al., 2008; LIMA, 2010). As sows did not 
present any clinical signs suggestive of disease, one can 
speculate that the control diet as well as the arginine diet 
did not promote enough milk production to maximize 
piglet weight gain in the second half of lactation, when 
the peak of milk production occurs. 

There were no effects of arginine 
supplementation on piglet survival which disagrees 
with LIMA (2010), who observed an average 
survival of 82% in the group supplemented with 
1% arginine and 75% in the control group. The 

greater litter weight observed by LIMA (2010) 
was probably the result of increased piglet 
survival, since piglet ADG from D1-D21 was not 
increased by arginine supplementation. Although 
pre-weaning mortality reasons were not recorded, 
LIMA (2010) suggested that supplementation with 
1% arginine resulted in increased milk production 
in the first week of lactation, which could have 
reduced disputes among littermates (14 piglets 
after cross-fostering). In pigs, milk production can 
be influenced by either insufficiency or excess of 
energy and protein in the diet (KIM et al., 1999, 
ABREU et al., 2013). When amino acids are 
supplemented, there must be a concern with the 
possibility of ammonia poisoning, which causes 
alterations in metabolism and undesirable effects 
on blood flow to the mammary gland, thus reducing 
milk production and performance of piglets (WU et 
al., 2013). According to WU & MORRIS (1998), 
under normal feeding conditions, the arginine: 
lysine ratio cannot be higher than 150:100, because 
these amino acids compete for intracellular 
transport. WU et al. (2013) recommend that the total 
arginine content of the diet should be less than 2% 
(based on a diet with 90% dry matter) and that the 

Table 2 - Influence of top-dressing arginine in lactation diets on milk composition of the sow1,2.

-------------------------D10------------------------- -----------------------D20-----------------------Item
Control Arginine Control Arginine

Crude Protein, % 5.247±0.126 5.251±0.119 5.491±0.119 5.321±0.113
----------------------------------------------------------------Total amino acids, g 100g-1 of milk--------------------------------------------------------------
Lysine 0.407±0.011 0.405±0.013 0.404±0.011 0.421±0.010
Threonine 0.229±0.005 0.225±0.005 0.225±0.005 0.232±0.005
Methionine 0.104±0.003 0.103±0.002 0.106±0.003 0.106±0.003
Cysteine 0.070±0.070 0.071±0.071 0.070±0.071 0.069±0.071
Methionine&Cysteine 0.175±0.004 0.173±0.004 0.176±0.004 0.175±0.004
Alanine 0.207±0.008 0.201±0.008 0.198±0.007 0.205±0.007
Arginine 0.245±0.007 0.240±0.007 0.245±0.006 0.247±0.006
Aspartic acid 0.443±0.012 0.437±0.011 0.433±0.011 0.446±0.010
Glutamic acid 1.113±0.029 1.088±0.027 1.127±0.028 1.146±0.027
Glycine 0.171±0.005 0.166±0.005 0.169±0.004 0.170±0.004
Histidine 0.142±0.003 0.146±0.003 0.147±0.004 0.149±0.003
Isoleucine 0.214±0.005 0.209±0.005 0.211±0.005 0.219±0.005
Leucine 0.471±0.010 0.458±0.010 0.468±0.009 0.471±0.008
Phenylalanine 0.224±0.005 0.217±0.005 0.225±0.005 0.228±0.005
Serine 0.280±0.008 0.274±0.007 0.277±0.007 0.285±0.006
Tyrosine 0.223±0.006 0.215±0.005 0.220±0.004 0.226±0.004
Valine 0.277±0.007 0.274±0.006 0.275±0.006 0.283±0.006

1Effects of treatment, day of milk collection or their interaction were not significant (P>0.05).
2Results are reported as mean ± SEM, where SEM stands for standard error of the mean.
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SID arginine:lysine ratio should be less than 3.0%. 
Similarly, EDMONDS et al. (1987) considered 
safe the use of arginine supplementation up to 
2.5% of dry matter for pigs. Assuming 89% dry 
matter in the basal diet used in the present study, 
2.5% of dry matter would be 168g SID arginine 
d-1. However, no more than 75g d-1 of L-arginine 
HCl were supplemented in the arginine treatment, 
therefore, not reaching the suggested upper limit. 

Top-dressing can be used as an approach 
for the adoption of practices like phase feeding during 
gestation or parity segregated feeding regimen, fine 
tuning the feeding program (KIM et al., 2009) to meet 
the wide variety of nutrient requirements within the 
breeding herd. As mentioned, in the present study, 
arginine was top-dressed once a day in the individual 
feed reservoir of the sow. Since arginine has a short 
plasma half-life (WU et al., 2007), it may have been 
inefficiently used, because synthetic amino acids 
added in a single meal are absorbed more quickly 
than those from intact protein, and can be oxidized 
rapidly (YEN et al., 2004). The addition of arginine 
to the diet in the feed mill, as performed in other 
studies (MATEO et al., 2008; LIMA, 2010), is a more 
efficient alternative than top-dressing. 

CONCLUSION

Top-dressing L-arginine HCL at 1% of 
the feed allowance of primiparous and multiparous 

lactating sows does not influence milk composition, 
litter performance, or survival of suckling piglets.
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