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desempenho produtivo e sistema locomotor de suinos em terminacao
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Abstract

Supplementation with complexed minerals influences the growth performance and the integrity of
the locomotor system of animals. The aim of this study was to determine the effect of a complex
supplementation of organic minerals (metal-amino acids) consisting of Zn (50 ppm), Mn (20 ppm), and
Cu (10 ppm) (Availa® Sow FF Zinpro Corp.) on the growth performance and integrity of the locomotor
system in pigs. One hundred and eighty 61-day-old animals, comprised of females (n=90) and castrated
males (n=90), were used in a randomised block factorial design with ten replicates per treatment and
sex. The experimental design consisted of two treatments: control (T1) animals without supplementation
and treatment (T2) animals that were supplemented with organic minerals (0.75 g kg'). At 112 days
of housing (D112), the pigs were subjected to a hoof evaluation, at D115 they were weighed, and at
D117, they were slaughtered (178 days of age). After boning, a blind analysis was performed on the
medial and lateral condyles of the distal humerus. The supplemented animals (T2) had higher scores for
the performance parameters of final weight (P=0.03), weight gain (WG) (P=0.02), and average daily
weight gain (DWG) (P=0.021). For WG, T2 showed 3.10 kg more gain than the control; the increase in
females was on average 4.07 kg and in males 2.45 kg. The prevalence of hoof lesions was 100% in both
groups. The supplementation reduced the incidence of damage to the dew claws (P=0.02) and heel-sole
cracks (P=0.02). The incidence of osteochondrosis was 19.13%, with no influence of supplementation.
Supplementing pigs with the organic minerals Zn, Mn, and Cu during the finishing phase improved the
WG, DWG, final weight, and hoof integrity.

Key words: Complexed minerals. Osteochondrosis. Swine. weight gain.

Resumo

A suplementacdo de minerais complexados influencia o desempenho produtivo e a integridade do
aparelho locomotor dos animais. O objetivo deste estudo foi determinar o efeito da suplementagao
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de complexo de minerais organicos (metal-aminoacidos) composto por Zn (50ppm), Mn (20ppm) e
Cu (10ppm) (Availa® Sow FF, Zinpro Corp.) no desempenho produtivo e integridade do aparelho
locomotor de suinos. Cento e oitenta animais de 61 dias de idade, compostos por fémeas (n=90) e
machos castrados (n=90), foram usados em um delineamento fatorial em blocos casualizados com dez
repeticdes por tratamento e sexo. O desenho experimental foi composto por dois tratamentos, controle
(T1) animais que ndo receberam suplementacao e tratamento (T2) animais que foram suplementados
com minerais organicos (0,75 g kg'). Aos 112 dias de alojamento (D112) os suinos foram submetidos
a avaliag@o de casco, no D115 foram pesados e no D117 foram abatidos (178 dias de idade). Apos a
desossa, andlise as cegas foi realizada nos condilos mediais e laterais da por¢ao distal do timero. Os
animais suplementados (T2) apresentaram melhor desempenho para os pardmetros de desempenho de
peso final (P=0,03), ganho de peso (GP) (P=0,02) e média de ganho de peso diario (GPD) (P=0,021).
Com relacao ao GP, T2 apresentou ganho de 3,10 kg a mais do que o controle; o aumento nas fémeas
foi em média 4,07 kg e nos machos 2,45 kg. A prevaléncia de lesdes de casco foi de 100% em ambos
os grupos. A suplementacdo reduziu a incidéncia de lesdes na unha acessoria (P=0,02) e rachadura
no taldo-sola (P=0,02). A incidéncia de osteocondrose foi 19,13%, sem influéncia da suplementagao.
Suplementar suinos com minerais organicos Zn, Mn e Cu durante a fase de terminacdo melhora o GP,

GPD, peso final e integridade do casco.

Palavras-chave: Ganho de peso. Minerais complexados. Osteocondrose. suinos.

Introduction

The supply of minerals at concentrations
required for the proper functioning of animal
metabolism is essential for growth, reproduction,
good development of cutaneous tissue, maintenance
of intestinal integrity, development of the immune
system, and protection against cellular damage
caused by oxidative stress (NRC, 2012; Richards
et al.,, 2010). However, the supplemented levels
frequently exceed those required, which results in
high excretion into the environment (Carlson et al.,
1999; Hill et al., 2000; Thomaz et al., 2015). Given
the impact on the environment, more efficient
use of mineral compounds is required. The use of
organic sources to replace inorganic compounds is
an alternative to reduce the excretion of minerals
into the environment (Burkett et al., 2009; Jolliff ;
Mahan, 2012; Veum et al., 2004).

The minerals zinc (Zn), manganese (Mn) and
copper (Cu) are often included in diets for pigs
in the form of inorganic salts, such as oxides and
sulphates. However, the low gastric pH has a
dissociative potential for the minerals, resulting in
antagonisms between minerals or between minerals

and phytic acid, which might impair absorption and
bioavailability (Richards et al., 2010; Sandstrom,
2001). Organic minerals might, therefore, be
more bioavailable than inorganic materials when
administered to pigs, chickens and cows (Ballantine
et al., 2002; Creech et al., 2004; Leeson; Summers,
2001; Yu et al., 2000).

The higher absorption from the supplementation
of complexed minerals has various effects on the
animal, including improvements in the integrity
of the locomotor system. Locomotor problems
reduce herd productivity, leading to the premature
culling of animals intended for breeding and growth
impairment of those intended for slaughter (Anil et
al., 2009; Van Riet et al., 2013). Minerals have a key
role in maintaining integrity of the heel, in wound
healing, in the speed of epithelial tissue repair, and
in cellular integrity (Tomlinson et al., 2004). Their
deficiency affects bone size, strength, and growth as
well as cartilage structure (McDowell, 2003). Based
on the above, the goal of the present study was to
evaluate the effect of a metal-amino acid complex
(Zn, Mn, and Cu) supplementation on the growth
performance and integrity of the locomotor system
of pigs in the finishing phase.
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Material and Methods

The experiment was carried out on a pig fattening
farm, located in the city of Toledo, State of Parana.
The experimental protocol was previously approved
by the Ethics Committee on the Use of Animals -
CEUA of the Federal University of Parana - UFPR
Palotina under the number 16/2013.

One hundred and eighty commercial hybrid
pigs (Penarlan and Agroceres PIC) comprising 90
females and 90 males (surgically castrated) with
initial average weight of 21.6 £ 1.16 kg and 61
days until slaughter at 178 days of age were housed
in pens with a compact floor (1.09 m? animal)
equipped with a nipple drinker and a trough feeder.
The animals were fed in a controlled management,
four times a day until 117 days of age and, from
then on, three times a day until slaughter. They were
weighed at the beginning of the study and initially
blocked by weight and sex. Piglets were weighed
at the onset of the experiment and then divided into
three groups based on weight: light, medium, and
heavy. The experimental design was a randomised
block with four treatments and ten replicates. The
treatments were established in a 2 x 2 factorial
arrangement, considering the inclusion or not of
complexed minerals with organic components in the
diet and the sex of the animals (female and castrated
male). The experimental units corresponded to the
pens (20), which each contained 9 animals.

Both experimental diets were based on soybean
and corn (Table 1). The treatments consisted of a
control diet (T1) without the addition of organic
minerals and a treatment diet (T2) with the partial
substitution of Zn, Mn, and Cu by a metal-amino
acid complex?, included at 0.75 g kg'!, which
resulted in 50 mg kg™' Zn, 20 mg kg! Mn, and 10 mg

2 Availa® Sow FF, Zinpro Corp.

3 Micro-Tracers Inc., San Francisco
4 Meatmark Crayon

> SFK Ltd., Denmark.

kg! Cu. The inorganic Zn, Mn, and Cu levels were
reduced to account for the inclusion of the complex
as described in Table 2. The metal-amino acid
complex used in the present study was produced by
the complexation of a metal (Zn, Mn, and Cu) with
a specific amino acid (methionine). From each batch
of feed, we collected a 1 kg sample for analysis with
a Microtracer® to confirm the presence of the metal-
amino acid complex in T2 diet and its absence in the
T1 diet.

The animals were weighed during housing as
well as at the end of the experimental period. Data
on feed intake per pen were recorded in order to
calculate the feed conversion (FC) value and weight
was recorded for the calculation of weight gain
(WQG) and average daily weight gain (DWG).

One week before slaughter, a hoof evaluation
was performed in four to five animals per pen,
which were appropriately restrained in a trunk for
the evaluation. The evaluation of the lesions was
performed on the left limbs, as described by Deen
et al. (2009).

the before

evisceration, the earring number was marked on the

During slaughtering process,
forelimb with a special pen*. After the procedures
of slaughter, evisceration, and division of the
carcasses, the half-carcasses were weighed to obtain
the hot carcass weight. These carcasses were then
stored in a cold room at 3°C for the establishment
of rigor mortis. After 24 h, the half-carcasses were
weighed to obtain the cold carcass weight, and then
the backfat thickness (BT) values between the 10™
and 11™ thoracic vertebrae were evaluated with the
aid of Ultrafom equipment (UFOM)’. The carcass
yields were calculated by dividing the weights.
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Table 2. Levels of inorganic and organic zinc, manganese, and copper used in experimental diets.

sMmr! SMO?
Inorganic Organic Inorganic Organic
Zn (mg kg™) 80 30 50
Mn (mg kg™) 15 5 10
Cu (mg kg™) 175 155 20

! SMI: mineral supplement not complexed; 2SMO: mineral supplement complexed with organic components.

After cooling, the carcasses were sent to the
boning room and the left forelimbs were placed
in a tank. After deboning, a blind analysis was
performed, with evaluation of the medial and lateral
condyles of the distal humerus. Osteochondrosis
(OC) lesions were scored on a scale of to five
according to Jorgensen (2000), in which: 0: normal;
1: small invagination in the cartilage; 2: thickened
cartilage with prominence to the shape of the
bone; 3: thickened cartilage, spaced from the bone,
protruding and forming a fold; 4: osteochondrosis
dissecans (OCD) thickened cartilage forming flaps.

The performance data were analysed using
analysis of variance (PROC GLM) following
a randomised complete block design and 2 x 2
factorial treatments. The statistical model used was:

A~

Yl]k=:u+Bl+M]+Sk+MS]k+€l]k

where S?ijk = value of the dependent variable in
block i, for feed with mineral supplement j and for
sex k; m = mean value of the dependent variable
(constant); B, = effect of block i; Mj = effect of
the feed with mineral supplement j; S, = effect of
sex k; MSjk = effect of interaction between mineral
supplement type and sex; and e, = random error.
When there was an isolated effect and/or interaction
between the factors, the means were compared
using an F-test.

The scores of the various types of hoof lesions
were used to classify pigs according to the presence
or absence of lesions. From this classification,

animals were divided into two groups (with and
without lesions) that were compared using a Chi-
square test (PROC FREQ). The frequency of
each hoof lesion type was compared between the
diets without and with mineral supplementation
complexed with organic components using a Mann-
Whitney U test (PROC NPARTIWAY).

The analyses were run in the Statistical Analysis
System, version 9.0 (SAS, 2002), considering the
level of significance as 5 %.

Results and Discussion

The animals supplemented with organic minerals
showed a better performance (Table 3) according to
the zootechnical parameters, final weight (P=0.03),
WG (P=0.02), and DWG (P=0.02). The T2 group
presented 3.10 kg more gain than the control. In
females, the increase was 4.07 kg, and in males that
also received this supplementation, the increase
was 2.45 kg compared to the control group. The
DWG was on average 0.25 kg higher for animals
supplemented with organic minerals than for control
animals, and no interaction with sex (P>0.05) was
observed. The feed intake was significantly affected
by the factors treatment (P=0.02) and sex (P=0.003);
the males and supplemented animals showed a
higher consumption of feed than the females and
unsupplemented animals, respectively. Regarding
FC, the performance of the females was better than
that of the males (P=0.004).
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The best WG found in the present study is
consistent with the results obtained by Federizzi
(2014), who evaluated the effect of supplementation
with metal-amino acid complexes (Zn, Mn, and
Cu) in the nursery and finishing phases. The males
supplemented in the nursery and finishing phases had
a higher WG (950 g and 1750 g) than the males of
the control group. Rambo et al. (2012) evaluated the
effect of organic zinc (Availa Zn®) and ractopamine
on DWG and carcass traits of growing-finishing
pigs (200 animals blocked by initial weight, 81.1
kg + 0.22 kg). In this study, the dietary treatments
contained 50 ppm of supplemental zinc (ZnO) or
zinc amino acid complex [Availa®Zn (AZ)] from
day 0 to 56 and ractopamine (RAC, 7.5 ppm) during
days 35 to 56 of the study. The experimental diets
consisted of: 1) control (0.70% TID Lys) + ZnO; 2)
high lysine (1.00% TID Lys) + ZnO; 3) high lysine
+ AZ; 4) Diet 2 + RAC; or 5) Diet 3 + RAC. The
authors found that pigs supplemented with organic
Zn (metal-amino acid) had a higher DWG (1.02 kg)
than those receiving ZnO (0.97 kg). The same result
was reported by Muniz et al. (2010), who compared
the effects of organic and inorganic micromineral
sources on performance, blood parameters, and
mineral deposition in tissues and organs of weaned
piglets (54 commercial line piglets, weaned at an
average age of 24 days with an average weight of
7.35 = 0.88 kg) in a randomised complete block
design with two treatments, nine replicates, and three
animals per plot, where the treatments represented
the use of feed supplemented with minerals from
organic or inorganic sources (Cu, Zn, Fe, Mn, and
Se) from 24 to 57 days of age. The authors found
a higher DWG in the females and castrated males
supplemented with organic minerals during the
nursery phase. However, different results have been
reported by some authors when evaluating the effect
of supplementation with organic minerals on the
growth performance of pigs (Case; Carlson, 2002;
Creech et al., 2004; Ma et al., 2015).

The better performance with organic mineral
complex supplementation can be attributed mainly

to the effect of minerals on intestinal integrity (villi)
and modulation of the immune system and intestinal
microbiota. Zn improves the morphological and
functional development of the intestinal mucosa,
thus maximising digestion, nutrient absorption,
and cell replication, and stimulating the growth
of microorganisms and the renewal of enterocytes
that cover the intestinal villi (Li et al., 2001). Zn is
also involved in numerous metabolic processes and
its deficiency results in a reduction in the immune
response of the animals (Rink; Kirchner, 2000;
Klasing, 2001). Cu is closely related to the body’s
defence against free radicals, thus preventing
oxidative stress (Jondreville et al., 2002). According
to McDonald et al. (2002) and Cortinhas (2009), the
effect of minerals on the immune system is related
to the reduction in immunosuppressive factors,
which has the potential to affect the performance
and health of the animals.

The higher feed intake (Table 3) by males than
females was expected. A higher feed intake in
castrated males has already been reported in other
studies and can be used as an important indicator in
growing and finishing phases (Latorre et al., 2003,
2004).

The BT showed a significant effect for treatment
(P=0.02), and the animals that received the organic
minerals presented higher BT values. For this
variable, there was an interaction between treatment
and sex. T1 females had a lower BT than males
and T2 females had a higher BT than T1 females
(Table 3). There was no significant effect (P>0.05)
of mineral supplementation on the variables of
carcass weight, lean meat percentage, or carcass
yield (Table 3).

Rambo et al. (2012) evaluated the traits of animal
carcasses and observed that pigs supplemented with
organic Zn (metal-amino acid) and ractopamine
had a higher hot carcass weight than animals that
received ractopamine and inorganic Zn. However,
in a study conducted by Stephenson et al. (2015) that
evaluated the carcass traits of animals supplemented
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with organic (metal-amino acid) and inorganic
(ZnO) Zn, no difference was detected (P>0.05) for
carcass yield, carcass weight, BT, or loin depth.

The increase in BT in T2 animals might be
due to the high feed consumption of the animals.
When the energy consumption increases above
that required for maximum lean growth, the fat/
lean tissue deposition ratio increases, as well as the
BT and FC. The excessive consumption of food in
diets with lower energy contents might influence
the intake of protein or other nutrients, contrary
to animal requirements, without any benefit to
production, and might be detrimental to dietary
efficiency (Bertechini, 2006). Recent studies point
to the effect of Zn on the deposition of fat in the
carcass. According to Tang and Shay (2001), Zn
has some insulin-like effects, such as enhancement
of lipogenesis and glucose transport. Oh and
Choi (2004), when assessing the effect of Zn on
lipogenesis in bovine adipocytes, reported that Zn

can cause increased accumulation of lipids in the
cytosol, increasing transcription factor expression,
and the expression of genes responsible for synthesis
of triglycerides.

The incidence of OC in this study was 19.13
% (Table 4). Although this value is high, it is still
much lower than that observed in a study conducted
by Federizzi (2014) with fattening pigs (45.15 %).
Grevenhof et al. (2012) also observed an incidence
of 41 % in fattening pigs. The incidence of OC in
T2 was only 16 %, which was 6 % lower than the
frequency observed in the T1 group, and lower
than that typically observed in the field. The piglets
used in this study came from sows supplemented
with metal-amino acid complex in gestation, and
considering foetal nutrition and piglet nutrition, this
might have improved the overall results. According
to Frantz et al. (2008), supplementation with Cu and
Mn can reduce the severity of OC lesions in gilts.

Table 4. Occurrence of osteochondrosis (OC) in finishing animals (%) supplemented or not supplemented with organic
minerals (metal-amino acid Zn, Mn, and Cu; Availa®Sow, Zinpro) and a comparison of the treatments and sexes.

SMI! SMO? Treatment Sex
Parameter n
Male Female Male Female SMI SMO Male Female
Without OC * 132 (80.98%) 72 84 85 83 78 84 78.5 83.5
With OC** 31 (19.01%) 28 16 15 17 22 16 21.5 16.5

! SMI: mineral supplement not complexed; 2SMO: mineral supplement complexed with organic components.

When the interaction between the variables OC
lesions, OC score, WG, final and initial weight
was analysed, no significant effect was detected
(P>0.05). These data differ from those presented
by Busch and Wachmann (2011) and Alberton et al.
(2007), who report a positive correlation of weight
gain and lean meat deposition in the carcass with
OC lesions.

Rapid growth might impair the formation of
bone tissue, mainly due to a failure in cartilage
maturation, thus increasing the biomechanical

pressure, which might influence the occurrence
of OC in certain age groups during piglet growth
(Van Grevenhof et al., 2012). However, according
to Ytrehus et al. (2007), the growing cartilages are
nourished by channels that undergo a regression
pattern which is highly predictable according to
age. All animals that were evaluated presented
hoof injuries (Table 5); the DWG and final weight,
under the conditions evaluated, had no effect on the
lesions (P>0.05).
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Table S. Incidence of hoof lesions (%) in finishing pigs supplemented or not supplemented with organic minerals

(metal-amino acid Zn, Mn, and Cu; Availa®Sow, Zinpro).

Hoof lesions (%) Treatment P
SMI' SMO?

General 100 (49/49)* 100 (48/48)

Horizontal Wall Crack 24.48 (12/49) 37.50 (18/48) 0.16
Vertical Wall Crack 73.46 (36/49) 79.16 (38/48) 0.50
Dew Claws 42.85 (21/49) 20.83 (10/48) 0.02
Heel overgrowth and erosion 67.34 (33/49) 66.66 (32/48) 0.94
Heel-sole crack 79.59 (39/49) 58.33 (28/48) 0.02
Claw 85.71 (42/49) 77.08 (37/48) 0.27
White line 93.87 (46/49) 93.75 (45/48) 0.97

*Number of animals with lesions/total of animals evaluated.

!SMI: mineral supplement not complexed; 2SMO: mineral supplement complexed with organic components.

The observation of a high incidence of hoof
lesions is in agreement with Mouttotou et al. (1997)
and Mouttotou et al. (1999) who found that in the
United States, among 3974 pigs evaluated from 17
different farms, 93.8 % of the animals presented
some lesion in the hoof. In Sweden, Olsson et al.
(2016) observed that among 72 gilts, more than 75
% of the animals presented lesions in the heel and at
the junction between the heel and sole, and 40 % of
the animals had lesions on the white line, wall, and
sole. In accordance with these studies, Kramer et
al. (2013) evaluated 1766 sows from 26 commercial
farms and found that 99 % of the matrices had
lesions in the locomotor system. Similar results
were verified by Seddon et al. (2014) who evaluated
3541 matrices in Canada and found that 94 % of
these had lesions.

Evaluating the lesion type alone revealed there
was a positive effect on the reduction of dew claw
injuries (P=0.02) and heel-sole cracks (P=0.02)
among animals receiving mineral supplementation.
The results obtained are similar to the findings
of Anil et al. (2007) and Anil et al. (2009),
who demonstrated that the supplementation of
complexed Zn, Mn, and Cu reduces the incidence
of hoof injuries in pigs. The minerals Zn, Mn, and
Cu play an important role in the production and

maintenance of keratinised tissues and participate
in several enzymatic processes (Tomlinson et al.,
2004). Inadequate supplementation, both in quantity
and in quality, or an alteration in its transport to
the keratinocytes, results in the production of low
resistance corneal tissues, making the animals
susceptible to problems in the hoof and claudication
(Tomlinson et al., 2004; Van Riet et al. al., 2013).
Lisgara et al. (2016) analysed 518 sows initially
examined and monitored for one or two cycles
following supplementation with organic trace
elements, which partially replaced their inorganic
salt forms (organic form of Zn 45 ppm, Cu 14 ppm,
and Mn 25 ppm of the total 125 ppm Zn, 15 ppm
Cu, and 40 ppm Mn, respectively), and found there
was a significant reduction in locomotor lesions.
Similar results were reported by Souza and Pierozan
(2015), who evaluated 500 commercial gitls and
sows, housed in individual cages and supplemented
with minerals complexed with methionine (50 ppm
Zn-methionine, 20 ppm Mn-methionine, and 10
ppm Cu-methionine) and observed a reduction in
the prevalence (P<0.05) of claudication for degrees
1, 3, and 4 for multiparous and degrees 1, 2, 3, and
4 for nulliparous females.

Hoof lesions are multifactorial and are mainly
associated with nutritional, environmental, and
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management failures (Anil et al., 2007; Muelling,
2009). The result of mineral supplementation will
always depend on the other factors involved in the
process. In addition, the response to supplementation
is dependent on the growth rate of the hooves,
which is approximately 6 mm per month in adult
pigs (Van Amstel; Doherty, 2010) and 10 mm in
young pigs (Johnston; Penny, 1989). Knowing
that the adult animal hull in ideal conditions is 35
to 54 mm (Amstel et al., 2009), and knowing the
speed of growth of this, we can infer that at least
five months are required for the total replacement
of the corneal tissue that constitutes the hoof. The
experimental period was four months, therefore,
there was not enough time for the total replacement
of the hoof. Thus, mineral supplementation over
a longer time course might be an alternative to
guarantee improvements in the integrity of the hoof
under adequate environmental conditions.

Mineral supplementation does mnot have
the potential to solve all locomotor problems,
considering that it is a multifactorial disease in
which the environment makes a great contribution
to the appearance of the lesions. The environment
impacts on the integrity of the hoof due to softening
as a result of contact with water (Borderas et al.,
2004), injuries due to bad floor conditions, and low
resistance and elasticity due to ammonia in faeces
(Gregory et al., 2006; Higuchi et al., 2009), which
culminate in the appearance of lesions that will
be the gateway for bacterial infections generating
pain and discomfort caused by inflammation (Van

Amstel; Doherty, 2010).

Supplementation of organic Zn, Mn, and Cu
(metal-amino acid) in partial replacement during
the finishing phase improves WG, DWG, and final
weight. It impacts positively on FC for females
and reduces the incidence of locomotor lesions in
the dew claw and heel-sole. This is in agreement
with the goal of the modern pig production system,
due to the possibility of reduce the level of mineral
discharged in the environment when using organic
mineral and promote benefits to animal’s welfare
while reduces the incidence of disease.

Conclusions

Pigs in finishing phase fed with diets contending
metal-amino acid complex of Zn, Mn, and Cu had
better growth performance and reduced incidence
of hoof injuries.
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