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RESUMO

A ocorréncia de fraturas vertebrais em suinos durante a insensibilizagdo elétrica representa um
desafio para a industria, comprometendo o bem-estar animal e a qualidade da carne. A
suplementag¢do de magnésio no periodo pré-abate surge como estratégia pratica para atenuar o
estresse, reduzir a excitabilidade neuromuscular e minimizar a ocorréncia dessas lesdes. Este
estudo avaliou os efeitos da suplementacdo de magnésio via agua de bebida de suinos no pré-
abate. Foram analisados 2.080 animais, igualmente distribuidos entre dois grupos: controle (C)
e tratamento (T). A analise de razdo de chances (odds ratio — OR) indicou reduc¢do significativa
na incidéncia de fraturas vertebrais, com o grupo tratamento apresentando 52% menos chance
de ocorréncia de fratura (OR = 0,66; p < 0,001). A capacidade de retencao de agua (CRA) da
carne foi maior em animais sem fratura, independentemente do grupo experimental (p < 0,05).
Os resultados demonstram o potencial do magnésio como ferramenta pratica para otimizar o
manejo pré-abate, promover o bem-estar animal e melhorar a qualidade tecnoldgica da carne,

agregando valor a cadeia produtiva suinicola.

Palavras-chave: capacidade de retengdo de 4gua; carne suina; fraturas vertebrais;

insensibilizacao elétrica; bem-estar animal.



ABSTRACT

The occurrence of vertebral fractures in pigs during electrical stunning represents a challenge
for the industry, compromising both animal welfare and meat quality. Pre-slaughter magnesium
supplementation has emerged as a practical strategy to attenuate stress, reduce neuromuscular
excitability, and minimise the occurrence of such injuries. This study evaluated the effects of
magnesium supplementation via drinking water for pigs during the pre-slaughter period. A total
of 2,080 animals were equally distributed between two groups: control (C) and treatment (T).
The odds ratio (OR) analysis revealed a significant reduction in the incidence of vertebral
fractures, with the treatment group exhibiting a 52% lower likelihood of fracture occurrence
(OR = 0.48; p < 0.001). Meat water-holding capacity (WHC) was higher in animals without
fractures, regardless of the experimental group (p < 0.05). The results demonstrate the potential
of magnesium as a practical tool to optimise pre-slaughter management, promote animal

welfare, and improve meat technological quality, adding value to the pork production chain.

Keywords: electrical stunning; pork; vertebral fractures; water-holding capacity;
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1 CAPITULO 1 - CONSIDERACOES GERAIS

1.1  INTRODUCAO

A suinocultura brasileira apresenta crescimento continuo, consolidado em 2024 por
meio de uma oferta estavel de animais, fortalecimento do consumo interno e incremento nas
exportagdes. Esses fatores impulsionaram a valorizagao do suino vivo e da carne suina no
varejo, a0 mesmo tempo em que a redugdo dos custos de producao favoreceu a recomposicao
das margens de lucro do setor (EMBRAPA, 2024).

E imprescindivel que a cadeia produtiva suinicola atenda simultaneamente a4 demanda
quantitativa e as exigeéncias crescentes por qualidade da carne e bem-estar animal, do
nascimento até o abate. O bem-estar animal passou a ocupar papel central nas discussdes
técnicas, econdmicas e €ticas da cadeia suinicola, com destaque para o manejo pré-abate. Esta
etapa da produc¢do de suinos, envolve situacdes potencialmente estressantes para o suino, como:
transporte, jejum, espera no frigorifico e insensibilizagdo, que podem desencadear respostas
fisiologicas adversas, como aumento dos niveis de cortisol e catecolaminas (Blokhuis et al.,
2010; La Lama; Villarroel; Maria, 2014). Essas alteragdes repercutem negativamente na
homeostase muscular, favorecendo a ocorréncia de carnes com defeitos como a palida, flacida
e exsudativa (PSE) (Rosenvold ¢ Andersen, 2003).

Quando conduzidas de forma inadequada, as etapas pré-abate podem comprometer nao
apenas a qualidade da carne, mas também a integridade fisica dos animais, especialmente na
etapa de insensibilizacdo, onde falhas técnicas podem resultar em lesdes graves, como fraturas
de coluna vertebral. Contragdes musculares violentas associadas a elevados indices de fraturas
vertebrais, geralmente estdo associados ao sistema de insensibilizacdo elétrico de trés eletrodos
(Channon et al., 2003).

Entre os métodos de insensibilizagdo aplicados ao abate de suinos, o elétrico destaca-se
como o mais amplamente utilizado em todo o mundo, sobretudo em unidades de pequeno e
médio porte. (Sindhgj, Lindahl e Bark, 2021). A insensibilizagdo elétrica em suinos pode ser
realizada por dois métodos principais: dois eletrodos na cabeca, que induz uma convulsao
generalizada e inconsciéncia temporaria, e trés eletrodos, incluindo um no térax ou dorso), que
adiciona a inducao de fibrilagdo ventricular cardiaca, resultando em parada cardiaca irreversivel

(AHAW; Nielsen et al., 2020).
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A escolha do método de insensibiliza¢do exerce impacto direto tanto sobre a qualidade
da carne quanto sobre o bem-estar dos animais. No caso da insensibilizagdo elétrica, a passagem
da corrente pelo corpo pode provocar contragcdes musculares intensas € ocasionar fraturas
Osseas, 0 que compromete a seguranga do produto final, ao representar riscos fisicos e
microbioldgicos a carne destinada ao consumo (Bertoloni et al., 2006).

As fraturas de coluna durante a insensibilizacdo elétrica em suinos ndo apenas
comprometem o bem-estar do animal, como também resultam em perdas econdmicas por
condenacdes e menor rendimento de carcaca. Tais fraturas geralmente ocorrem devido a
respostas musculares exacerbadas ao estimulo elétrico, agravadas por fatores como estresse,
manejo inadequado e condigdes musculares desfavoraveis. Neste contexto, estratégias que
reduzam o estresse fisioldgico dos animais no periodo pré-abate tém sido estudadas, incluindo
a suplementagdo com Magnésio (Mg) (Cui et al., 2025; Bushby et al., 2021).

A suplementacdo de magnésio surge como estratégia promissora, uma vez que este
mineral exerce efeito modulador sobre o sistema nervoso e a contragdo muscular, reduzindo a
excitabilidade neuromuscular e a secrecdo de corticosteroides e catecolaminas. Evidéncias
recentes demonstraram que a suplementacao dietética de sulfato de potassio e magnésio em
suinos de terminagdo submetidos ao estresse pré-abate foi capaz de reduzir significativamente
as concentragdes séricas de cortisol e norepinefrina, além de aumentar a atividade antioxidante
e melhorar pardmetros de qualidade da carne (Cui et al., 2025). Esses achados reforcam a
hipdtese de que a suplementagdo com magnésio pode contribuir para a mitigacao do risco de
fraturas associadas a insensibilizagdo elétrica, ao mesmo tempo em que promove beneficios a
qualidade do produto final.

Sendo assim, a suplementacdo de magnésio via agua de bebida tem ganhado destaque
como uma alternativa promissora para minimizar perdas econdmicas, garantir a qualidade da
carne e promover o bem-estar animal. A suplementagao hidrica de (Mg) € relativamente simples
de implementar e pode ser aplicado para qualquer periodo de tempo antes do transporte
(Frederick et al., 2006).

Contudo, apesar dos avancos na compreensao dos efeitos do estresse pré-abate sobre a
qualidade da carne suina, poucos estudos investigaram a relacao entre a suplementacao com
magnésio via agua de bebida nas horas que antecedem o abate e a ocorréncia de fraturas na
coluna durante a insensibilizacdo. Assim, com este estudo objetivou-se avaliar os efeitos da
suplementagdo de magnésio na dgua de bebida durante o jejum pré-abate sobre a ocorréncia de

fraturas vertebrais e a qualidade da carne suina.
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1.2 REVISAO DE LITERATURA

1.2.1 A producao de suinos e o0 bem-estar animal no pré-abate

A suinocultura ¢ uma das principais atividades pecuarias do Brasil, caracterizada por
alta produtividade e crescente inser¢do em mercados internacionais que impdem rigorosas
exigéncias quanto ao bem-estar animal e a qualidade da carne. Nas sociedades contemporaneas,
o bem-estar dos animais de produgdo deixou de ser uma preocupacdo meramente técnica,
assumindo posi¢ao central nas discussdes éticas, econdmicas e de seguranga alimentar
(Estévez-Moreno et al., 2025).

A Organizacdo Mundial da Saude Animal (WOAH, anteriormente OIE) conceitua o
bem-estar animal como o estado fisico e mental do animal em relagao as condigdes em que vive
e morre (WOAH, 2018). Dessa forma, a avaliagdo do bem-estar envolve a analise da capacidade
do animal em responder a desafios do ambiente, por meio de diferentes indicadores que
consideram o proprio animal como referéncia (Blokhuis et al., 2010).

Praticas que reduzam o estresse e preservem a integridade fisica dos animais sdo cada
vez mais valorizadas. Na suinocultura, a etapa de pré-abate envolve diversas situagdes
potencialmente estressantes, sendo assim, os suinos apresentam modificagdes bioquimicas
musculares consideraveis que podem interferir na qualidade de sua carne (Costa et al., 2002).

O transporte, jejum, manejo ¢ métodos de insensibiliza¢ao sdo pontos criticos para o
bem-estar animal. O estresse nesse periodo esta diretamente relacionado a prejuizos
zootécnicos, sanitarios e econdmicos, além de afetar indicadores como pH, cor, exsudacao e
presenga de lesdes musculares e Osseas. Mesmo quando as condi¢des no frigorifico sdo
adequadas, os suinos ainda estdo sujeitos a diversos fatores estressantes que podem

comprometer seu bem-estar (La Lama; Villarroel; Maria, 2014).

1.2.2 Fraturas de coluna em suinos durante a insensibiliza¢ao

Durante a etapa de insensibilizagdo elétrica no abate, fraturas vertebrais podem ocorrer
nos suinos, devido as intensas contracdes musculares causadas pela corrente elétrica. Esse
método elétrico de atordoamento ¢ amplamente utilizado em frigorificos de suinos, e visa
garantir perda de consciéncia imediata e humanitria. Porém, as contragdes epilépticas causadas

pelo atordoamento elétrico aumentam o risco de fraturas e hemorragias, enquanto que, suinos
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atordoados com CO; demonstraram ter menos carcacas condenadas devido a fraturas e lesoes
em comparagdo com o atordoamento elétrico (Marcon et al., 2019).

Diversos estudos tém demonstrado que a insensibilizagdo elétrica e erros no manejo
durante esse processo podem resultar em lesdes severas a carcaga dos suinos, com destaque
para fraturas vertebrais, aumentando a condenagao de carcacgas por esse tipo de lesdo (Bertoloni,
et al., 2006; Marcon et al., 2019; Von Wenzlawowicz et al., 2023).

A insensibilizacao elétrica, quando mal aplicada, pode desencadear contragdes
musculares intensas, promovendo lesdes como hemorragias musculares e fraturas de coluna. A
implementagdo adequada do abate humanitario € essencial para garantir o bem-estar, uma vez
que, enfatiza praticas que minimizem o sofrimento dos suinos (Ludtke et al., 2010).

A anatomia dos animais e a intensidade do estimulo elétrico influenciam diretamente a
incidéncia dessas lesoes. O atordoamento elétrico comumente causa hemorragias musculares
devido a intensa contragdo muscular generalizada, que causa a ruptura dos pequenos capilares
enquanto o sistema circulatério ainda esta intacto (Gregory, 2005). Tais lesdes resultam em
condenagdo parcial ou total da carcaca, uma vez que os respingos de sangue decorrentes
comprometem a qualidade do produto e o valor comercial da carne. (Velarde et al., 2000).

A intensidade da corrente elétrica, o posicionamento inadequado dos eletrodos e o
estado fisioldgico do animal — especialmente a excitabilidade neuromuscular — também estao
entre os principais fatores de risco para a ocorréncia dessas fraturas. O atordoamento elétrico,
em comparagdo com o atordoamento com CO2, leva a um estresse fisioldgico mais grave no
suino e aumenta a taxa de metabolismo energético pds-morte devido ao aumento da atividade
muscular e a liberagdo elevada de catecolaminas no sangue (Troeger ¢ Woltersdorf, 1990,
1991). Animais com maior sensibilidade ao estresse tendem a apresentar respostas musculares
mais abruptas, o que favorece lesoes estruturais durante o choque elétrico (Ludtke et al., 2010).

Durante a insensibilizacdo de suinos, especialmente quando realizada por choque
elétrico, podem ocorrer microfraturas vertebrais associadas as intensas contragdes musculares
desencadeadas nesse processo (Gregory, 2005). De acordo com Dich-Jergensen et al. (2017), a
identificacdo de células da medula 6ssea e fragmentos de cartilagem nos musculos adjacentes,
como o filé mignon e a parte superior do pernil, ¢ um forte indicativo de fraturas vertebrais
ocorridas durante essa etapa. Tais lesdes comprometem a integridade da carcaga, configurando-
se como problema relevante tanto para o bem-estar animal quanto para a qualidade final do

produto.
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Embora o sistema de trés eletrodos promova melhor bem-estar ao impedir a recuperacao
da consciéncia mesmo com atraso na sangria, estd associado a maior ocorréncia de fraturas
Osseas, especialmente quando o eletrodo toracico ¢ posicionado caudalmente. Por outro lado, o
método com dois eletrodos apresenta menor incidéncia de fraturas, mas requer sangria imediata
e precisa, pois, sem fibrilacdo cardiaca, o animal pode recobrar a consciéncia em até 30

segundos apos o choque (Wotton et al., 1992).

1.2.3 Papel fisiologico do magnésio

O magnésio ¢ um mineral essencial a homeostase neuromuscular, atuando como cofator
enzimatico e modulador tanto da excitabilidade neuronal quanto da contragdo muscular. Seu
efeito primario consiste na redugcdo da excitabilidade neuromuscular por meio da acao
antagonista ao calcio, o que contribui diretamente para o controle dos niveis de célcio
intracelular (Laver et al., 1997; Rosenvold ¢ Andersen, 2003).

Durante situagdes de estresse agudo, como o periodo que antecede o abate de suinos,
observa-se uma redugdo nas concentracoes plasmaticas de magnésio, favorecendo estados de
hiperexcitabilidade. Esse quadro pode intensificar reagdes exacerbadas durante a
insensibilizacdo elétrica, elevando o risco de lesdes e comprometendo o bem-estar animal.
Nesse contexto, a suplementacdo de magnésio no pré-abate surge como uma estratégia
promissora, por contribuir para a estabilizagdo das membranas celulares, modular o sistema
nervoso e diminuir a excitabilidade neuromuscular. Além disso, o magnésio participa de
diversas reacdes enzimaticas envolvidas no metabolismo energético e proteico e, sob estresse,
auxilia na atenuacdo dos efeitos das catecolaminas, o que reduz a resposta aguda ao manejo
pré-abate (Kietzmann e Jablonski, 1985).

Somado a esses efeitos fisiologicos, 0 magnésio também apresenta agdo ansiolitica, por
interferir em receptores do sistema nervoso central, promovendo maior estabilidade
comportamental nos animais. Esses beneficios tém incentivado pesquisas voltadas a sua
suplementagdo, especialmente via agua de bebida, nos dias que antecedem o abate. Estudos
demonstraram que essa pratica, mesmo a curto prazo, resulta em melhorias significativas na
qualidade da carne suina — como o atraso no inicio da glicolise poés-morte, a preservagao de
fosfatos de alta energia, além de melhorias na capacidade de retengdo de dgua, na coloragdo e
na textura da carne (Moesgaard et al., 1993; D'Souza et al., 1998; Caine et al., 2000; Frederick
et al., 20006).
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1.2.4 Suplementacio de magnésio no pré-abate

Diversos estudos, como os de Peeters et al. (2006), Alonso et al. (2012) e Bushby et al.
(2021), investigaram a administragdo de magnésio via dieta ou agua de bebida no pré-abate,
relatando beneficios como redugdo nos niveis de cortisol, menor incidéncia de lesdes, ¢ melhor
qualidade da carne (pH, cor e capacidade de retencdo de agua).

Peeters et al. (2006) avaliaram diferentes suplementos nutricionais com efeito
antiestresse, incluindo o magnésio, e observaram que a suplementagao por cinco dias pré-abate
promoveu redugdo significativa nos niveis plasmaticos de cortisol e lactato, além de aumentar
o teor de glicogénio muscular. Dessa forma, promoveu beneficios sobre a qualidade da carne
suina, como o atraso no inicio da glicolise pos-morte, contribuindo para a melhora na
capacidade de retencao de agua, na coloracdo e na textura da carne (Moesgaard et al., 1993;
D'Souza et al., 1998; Caine et al., 2000; Frederick et al., 2006).

Alonso et al. (2012) compararam formas de apresentacdo distintas de magnésio (6xido,
sulfato e quelato) e observaram que a suplementagdo de Quelato de Magnésio melhorou a
qualidade da carne, com menores perdas por exsuda¢do e menor oxidagdo lipidica durante o
armazenamento. Tais achados reforcam a ideia de que o magnésio pode contribuir para
preservar a integridade muscular e a estabilidade bioquimica da carcaga.

Mais recentemente, em uma revisdo sistemdtica que envolvia 16 estudos sobre
suplementagdao de magnésio em suinos, Bushby, et al., (2021) concluiram que, na maioria dos
casos, a suplementacao resultou em beneficios comportamentais e fisioldogicos, como menor
reatividade, redu¢do do cortisol e melhor qualidade de carne. Os autores alertam, no entanto,
que os efeitos do magnésio sdo dependentes da dose, forma quimica, tempo de suplementagio
€ manejo pré-abate.

Ao minimizar a resposta motora exacerbada durante a insensibilizagdao elétrica, o
magnésio pode contribuir para reduzir a intensidade das contragdes involuntarias, limitando as
forcas mecanicas aplicadas a coluna vertebral e, consequentemente, a ocorréncia de fraturas.
Estudos como os de Peeters et al. (2006), Alonso et al. (2012) e Bushby et al. (2021) fornecem
base cientifica relevante para a aplicagdo dessa estratégia, embora mais pesquisas direcionadas
especificamente as lesdes de coluna vertebral no abate ainda sejam necessarias.

Contudo, apesar de poucos estudos abordarem especificamente a relagcao entre magnésio
e fraturas de coluna, os dados que relacionam sua acao ao controle muscular, os efeitos relatados

sobre a modulacdo do sistema nervoso, a melhoria no estado de relaxamento dos animais,
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sugerem que o magnésio pode desempenhar papel preventivo frente a esse tipo de lesdo,
especialmente quando suplementado horas antes do abate.

Apesar dos avangos na compreensao dos efeitos do estresse pré-abate sobre a qualidade
da carne suina, poucos estudos investigaram a relacdo entre a suplementa¢dao imediata com
magnésio via agua de bebida nas horas que antecedem o abate. Essa pratica demonstra potencial
em reduzir a ocorréncia de fraturas na coluna durante a insensibiliza¢do, melhorar a qualidade
da carne e atender as crescentes exigéncias do mercado em relacdo ao bem-estar animal,
configurando-se como uma medida inovadora e de aplicacdo direta na rotina industrial. Sendo

assim, s30 necessarios mais estudos para entender essa tematica.
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ABSTRACT

Spinal fractures in pigs during electrical stunning are frequent and compromise animal welfare,
meat quality and generate economic losses. Despite the relevance of the problem, specific
preventive strategies are still little explored. This research evaluated, in an unprecedented way,
the effect of magnesium supplementation in drinking water during pre-slaughter fasting on the
occurrence of these fractures. A total of 2,080 pigs were evaluated, divided into a control group
(CT) with 964 animals, not supplemented and a treatment group (TG) with 1,116 animals,
supplemented with magnesium in drinking water, at a concentration of 300 mg/L. The
supplementation reduced the proportion of fractures from 39.4% (380/964) to 30.0%
(335/1,116), with an odds ratio of 0.66, suggesting a protective effect associated with muscle
relaxation. Pigs with fractures had lower water holding capacity (WHC: 0.338 vs. 0.351; p =
0.0076), especially in the supplemented group (0.333 vs. 0.357; p = 0.0002), confirming the
relationship between skeletal injuries and meat quality. We concluded that pre-slaughter
supplementation with magnesium is practical and effective to reduce fractures and improve
pork quality.

KEYWORDS: animal welfare; electrical stunning; meat quality; mineral; odds ratio; swine
production; water holding capacity (WHC).

2.1 INTRODUCTION

Spinal fractures observed during the electrical stunning of pigs constitute a relevant problem
in the production chain: they compromise animal welfare, reduce yield and carcass quality, and
cause economic losses due to convictions. Pork has technological attributes — appearance,
texture, juiciness, color, fat content, pH, and water holding capacity (WHC) — which are
affected by physiological responses to stress in the pre-slaughter stage. During pre-slaughter

management, handling, transport, and containment situations often trigger acute stress

! Chapter 2 — This chapter corresponds to the manuscript: Gabriel, R. V. C.; Filho, W. S. F.; Sousa, A. V. G.;
Degane, G.G.; Amaral, A. B.; Guimaries, E. C.; Bueno, J. P. R.; Antunes, R.C. Magnesium administration in pre-
slaughter drinking water reduces spinal fractures in pigs during stunning. Manuscript submitted to ACS Omega in
August 2025.
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responses and neuromuscular excitement, increasing the chance of adverse events at the time
of stunning. The passage of electric current can cause intense muscle contractions that, in
extreme cases, result in vertebral fractures, often located in the lumbosacral region'-? ¢,

Despite the relevance of the problem, there are few studies that systematically describe the
occurrence of vertebral fractures in pigs during electrical stunning?, and there are only a limited
number of studies that have evaluated the use of magnesium as a strategy to mitigate pre-
slaughter stress — although the results have been varied, most have indicated beneficial effects
of supplementation, mainly on meat quality parameters™’. Alves et al. (2011) tested the
supplementation of four minerals in the drinking water of pigs at pre-slaughter and observed
that magnesium was the most effective in improving meat quality. However, none of these
studies evaluated the occurrence of vertebral fractures.

In this context, magnesium supplementation administered by drinking water during pre-
slaughter fasting emerges as a practical and quickly applied alternative. Previous evidence
indicates that magnesium acts as a modulator of the nervous system and muscle contraction,
reducing the release of cortisol and catecholamines, providing greater muscle relaxation>%’.
These physiological properties justify the hypothesis that the administration of magnesium
hours before slaughter can attenuate the high motor response to electric shock and,
consequently, reduce the intensity of involuntary contractions responsible for fractures. In
addition to that, interventions that reduce pre-slaughter excitement can have a positive impact
on animal welfare and meat technology parameters such as WHC. Studies that applied
magnesium for a short period of time reported beneficial effects on stress and WHC, but they
are still scarce in the specific context of vertebral fractures during stunning®!!.

This research evaluated in a direct and applied way the effect of magnesium supplementation
via drinking water during pre-slaughter fasting on the occurrence of spinal fractures in pigs
submitted to electrical stunning. In addition, we sought to investigate the relationship between
the occurrence of fractures and subcutaneous fat thickness, as well as the possible interactions
between magnesium supplementation and the water holding capacity (WHC) of meat. This
article differs from previous investigations as it tests a short-term intervention, easily adopted
in a commercial setting, focused specifically on the occurrence of fractures during electrical
stunning. The main expected contribution is to provide practical and direct evidence of a simple
strategy to reduce skeletal injuries at slaughter, with immediate implications for animal welfare

and for quality and industrial efficiency of pork production.
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2.2 MATERIALS AND METHODS
This research was approved by the ethics committee on the use of animals, process number

23117.017394/2025-90.

2.2.1. Location and period of research

The experiment was conducted in May 2025, over six consecutive days, in a slaughterhouse
located in the city of Uberlandia, in the Tridngulo Mineiro region, Minas Gerais, Brazil; under
Municipal Inspection Service. The establishment has an operational capacity for the slaughter
of approximately 350 pigs per day, has 16 pigsty stalls and a sequestration stall. Each one has
10 pacifiers to supply water to the animals, containing cement floors, masonry partitions with
iron gates and tin roof. The structure of the slaughterhouse’s pens complies with Ordinance N°

274/94, which defines 1m? per pig with an average weight greater than 110 kg in Brazil.

2.2.2. Animals and Experimental Management

A total of 2080 finished pigs from different commercial lines were used, from the following
genetic crosses: males AGPIC337 x females TN70; males LQ1250 x females DB90; and males
AGPIC337 x Camborough females. All of these commercial lines are crosses originated from
males of the Large White, Landrace, Duroc and Pietrain breeds; and females from Landrace
and Large White breeds. Half of the animals were of males surgically castrated and the other
half were females. The pigs were equally distributed among two experimental groups: control
(C) and treatment (T), in order to balance genetic crosses and sex in both groups. All animals
had an average weight of 120 kg and an approximate age of 178 days.

The animals were from commercial farms located in the Tridngulo Mineiro region, Minas
Gerais, Brazil, and were raised in intensive production systems: in conventional warehouse,
with natural ventilation and stocking density compatible with the animal welfare
recommendations for the finishing phase. The food offered consisted of a balanced commercial
diet, provided until the beginning of the pre-slaughter fasting.

Solid fasting was started 18 hours before slaughter, according to operational protocols
established between the farm and the slaughterhouse. The transport to the slaughter site was
carried out by trucks, and the average travel time was less than two hours. The boarding and
landing stages were conducted by trained workers aiming to minimize stress and preserve the

animal’s welfare.
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2.2.3. Experimental Design and Treatments

At the slaughterhouse, the animals of this research (n=2,080) were divided into two
experimental groups: control (C; n = 964, 482 males and 482 females) and treatment (T; n =
1,116, 558 males and 558 females). The allocation was made in a systematic way, positioning
the groups on opposite sides of the pigsty, in order that one side was destined to the control
group (without the addition of magnesium sulfate in the drinking water) and the other to the
treated group (with the addition of magnesium sulfate in the drinking water). They arrived at
the slaughterhouse pigsties approximately 12 hours before slaughter, and had free access to
water from the moment of arrival.

To supply drinking water to the animals, two water tanks of 1,000 L each were allocated. For
the control group the water pacifiers were supplied from the water tank containing 1,000 L of
drinking water without magnesium sulfate supplementation, and for the treatment group, It was
supplied from the water tank containing 1,000 L of drinking water with magnesium sulfate
supplementation.

The magnesium dosage used in the experiment was defined based on the recommendations
of the National Research Council (NRC, 2005), which establishes 300 ppm (or 300 mg/L of
water) as the maximum tolerated level of magnesium for pigs, as described by Alves (2011).
To ensure the safety and efficacy of supplementation, an inorganic source of the mineral was
chosen, whose concentration of magnesium available after dissolution in water corresponds to
9.10%. In that case, the amount offered to the animals was calculated in order to reach the
desired concentration in drinking water, using 3,296 kg of the supplement for every 1,000 L of
water. This strategy allowed the dose to be adjusted to the recommended safe limit, optimizing
supplementation and avoiding possible adverse effects resulting from excess mineral. The
animals in the treated group consumed the supplemented water for a period of 10 to 12 hours
before slaughter. The water consumption per group did not exceed 700 L during this pre-
slaughter period.

Before the beginning of the experiment, water samples were collected from the pigsties where
the research was conducted, aiming to define its mineral composition, especially the pre-
existing concentration of magnesium. The analysis of chemical compounds in the water
indicated an average magnesium content of approximately 80 + 2 ppm, and it was carried out
at the Chemical Analysis Center (CEAQ) at the Federal University of Uberlandia (UFU) by the

method of flame atomic absorption spectrometry.
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2.2.4. Data collection

2.2.4.1. Animal behaviour assessment over pre-slaughter

The behavioral analyses were all visual, monitored by the same evaluators, during the pre-
slaughter time. Over the rest period it was observed that the environment remained calm and
with no records of agitation events. The nocturnal vocalizations were discrete and compatible
with the expected behavior for finishing pigs, without the occurrence of collective stress. The
lights remained on throughout the night, favoring the observation of the animals.

The treated group showed predominantly passive behavior, remaining lying down most of
the time, getting up only to consume water. Both groups remained visibly clean, with no
accumulation of dirt or signs of discomfort.

The animals were taken to the slaughter line sequentially, stall by stall, and four pigs were
released at a time. Three employees of the slaughterhouse, wearing standardized blue uniforms,
were responsible for handling the animals, followed by a member of the research team who
observed and recorded the process. The movement occurred calmly and continuously, without
interruptions or the use of excessive stimuli. Before entering the stunning box, all the animals
went through a shower, according to the routine practice of the slaughterhouse.

The climatic conditions during the six days of the experiment were obtained from the
meteorological database of the National Institute of Meteorology (INMET), referring to the
station of Uberlandia, Minas Gerais. The average air temperature was 22.3 °C, with minimum
and maximum values of 21.8 °C and 22.8 °C, respectively. The relative humidity of the air
averaged 62.1%, with variations between 60.1% (minimum) and 64.2% (maximum). The
average dew point temperature was 14.4 °C. These conditions characterize a thermally
comfortable environment for finishing pigs, favoring rest and reducing the risk of heat stress

during the pre-slaughter fasting period.

2.2.4.2. Fractures assessment, Backfat Thickness Measurement, and Longissimus Dorsi
Muscle Sample Collection

The swine was stunned by means of electric shock equipment, using two electrodes
positioned in the cephalic region and a third electrode applied in the cardiac region. The
operational parameters used were: voltage of 366 volts and current of 1.6 amperes at the
cephalic electrodes, and current of 1.1 amperes at the cardiac point, with a frequency of 60 Hz.
The time of application of the electrical stimulus was seven seconds. The mean interval between

stunning and the beginning of bleeding ranged from five to eight seconds. Bleeding was
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conducted by cutting the carotid artery, with an average duration of three minutes, according to
the routine of the slaughterhouse.

After bleeding, the carcasses were submitted to the usual stages of the slaughter process,
starting with scalding in tanks with water heated between 62 °C and 65 °C, in order to facilitate
the pelage removal. Then, they went through epilator machines equipped with rotating cylinders
for the mechanical elimination of hair and dirt from the skin. After waxing, the carcasses were
subjected to direct flame in a blowtorch to burn residual hair, followed by manual scraping
(toilet). After that it was performed an evisceration opening the abdominal cavity and removing
the thoracic and abdominal viscera for post-mortem inspection, according to current legal
requirements.

After the post-mortem inspection stage, the occurrence of spinal fractures was identified by
a member of the research team through direct visual inspection of the carcass, based on the
observation of blood clots and lesions compatible with microfractures in the spinal region.

Examples of carcasses with fractures are illustrated in figure 1.

(a) (b)

Figure 1. Examples of pig carcasses with fractures: (a) fracture in the lumbosacral region; (b) fracture with the
presence of blood clots. Photos from the authors' personal archive.

The carcasses with and without fractures were recorded in a schedule, according to the
number previously marked on the left palette of the animals. This method was adopted because

it is the only viable way to identify fractures in real time within the slaughter line flow without
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interrupting the industrial process, in addition to being commonly used in field evaluations due
to its speed and practical applicability.

Subcutaneous fat thickness was measured in all carcasses immediately after their
longitudinal division. The measurement was performed with the aid of a millimeter flexible
ruler, positioned perpendicular to the surface of the carcass, at a point located on the loin, at the
height of the last rib, always on the left half carcass. This method was chosen because it is a
direct, practical and widely used technique in slaughterhouses for the evaluation of carcass
conformation, allowing standardization of measurements. All measurements were recorded in
a schedule before the carcasses were entered for cooling, by the same previously trained
observer.

Then, the carcasses were washed with potable water and sent for cooling in cold rooms, kept
between 0 °C and 4 °C. After the cooling period, which means reaching a temperature <7 °C,
the carcasses with fractures and without fractures were located once again by the number
recorded on the left shoulder and a sample of the Longissimus dorsi muscle of approximately 2
cm? was collected from each previously selected carcass using a scalpel and sterile anatomical
forceps, always from the left half carcass. The data collection was carried out by a member of
the research group.

The samples were packed in plastic tubes with lids, identified with the carcass number and
the day of slaughter, and transported in a thermal box containing gel ice and kept refrigerated
until the end of the analyses, which occurred on the same day of collection. Collections were
carried out at the same time, ensuring a sample of the carcass with fracture and another of a
carcass without fracture for each group.

The identification of the experimental group each sample belonged (control (C; n = 964) or
treatment (T; n = 1,116) was performed retrospectively, based on the count of animals allocated
to each stall and the order of entry into the slaughter line. As the groups were kept on opposite
sides of the pigsty and conducted sequentially to slaughter, it was possible to establish the
correspondence between the carcass number (previously recorded on the left shoulder) and the
respective group of origin. This strategy allowed the traceability of the samples without
interfering in the operational routine of the slaughterhouse and ensured the correct classification

of the data according to the experimental treatment.

2.2.4.3. Water Holding Capacity (WHC) Assessment
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At the Meat Technology Laboratory of the Federal University of Uberlandia (UFU), the
samples remained refrigerated (between 0°C and 4°C) until the WHC analyses were performed
on the same day of collection. The determination of the water holding capacity (WHC) was
performed using the compression method, a widely recognized technique considered the gold
standard for this evaluation, as described by Grau and Hamm'!! and adopted by several recent

studies'?. The steps of the procedure are illustrated in figure 2.
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Figure 2. Stages of the water holding capacity (WHC) analysis: (a) standardization of the weight of the samples;
(b) Longissimus dorsi sample on filter paper; (c) compression method with standardized weight; (d) image of
the post-compression sample; (e) analysis of WHC images in the ImageJ software. Photos from the authors'
personal archive.

The analysis of the water holding capacity (WHC) was performed in 495 samples of the
Longissimus dorsi muscle of pigs. They were conducted in duplicate, totaling 990
determinations. For each sample, the mean of the values obtained in the duplicates was
considered as representative of the WHC. The determination of the results was expressed by
the ratio between the pressed meat area and the total area of the impression, indicating the

capacity of the sample to hold water under pressure.
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The samples were standardized in portions of 0.5 g and weighed individually on a precision
scale (OHAUS Scout Pro). For each pair, a quantitative round filter paper (Unifil brand,
medium filtration, white color, diameter of 15 cm) was used, duly identified with the carcass
number (animal ID) and the date of collection. The two samples were placed side by side on
the filter paper and compressed between two acrylic plates, on which a standardized weight of
10 kg was applied for five minutes.

After this period, the weights and the top paper were removed simultaneously, and the filter
paper showed the formation of two distinct areas: one corresponding to the pressed meat and
the other to the exudate halo. This area of the meat was outlined on the back of the paper with
a marker. Afterward, the papers were photographed and the images analyzed using the ImageJ
v. 1.37 software on which the areas of pressed meat and exudate were accurately calculated.
The results were expressed in the form of ratios between the areas, and the average values
obtained from the two samples of each carcass were entered and organized in Microsoft® Excel

2010 schedule for later statistical analysis.

2.2.5. Statistical Analysis

Statistical analysis was conducted to assess if the proportion of fractures differed between the
control (C; n = 964) or treatment (T; n = 1,116) groups, and to verify the relationship between
the occurrence of fractures and subcutaneous fat thickness, as well as the possible association
between water holding capacity (WHC) and magnesium use. The comparison between the
proportions of fractures in groups C and T was performed using the binomial test to compare
two proportions, adopting a significance level of 5% (p < 0.05). The association between
categorical variables, such as group and presence of fracture, was analysed using the odds ratio
(OR), considering group C as reference 1 (one) and group T as 0 (zero); fracture as 1 (one) and
absence of fracture as 0 (zero). The OR values were followed by the respective 95% confidence
intervals (CI), and were considered statistically significant when the CI limits did not include
value 1.

For the quantitative variable subcutaneous fat thickness, the normality and homogeneity of
the residues were initially verified using the Shapiro-Wilk and Levene tests, both with a
significance level of 5%. As the data did not attended the assumptions required for analysis of
variance (ANOVA), after data transformation, we opted for the application of the non-
parametric Kruskal-Wallis test. The analysis of the WHC was also performed by calculating
the odds ratio (OR), considering the same group and fracture codings, with a CI of 95%.
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All statistical analyses were performed using the R software (R Core Team, 2025), version
4.3.1, using the statistical programming language and environment of the R Foundation for

Statistical Computing, Vienna, Austria. Available at: https://www.R-project.org.

2.3. RESULTS

2.3.1. Occurrence of Vertebral Fractures in pigs

The group (C) consisted of 964 pigs had 380 that suffered fractures and 584 that did not suffer
fractures whereas group (T) consisted of 1,116 pigs had 335 with fractures and 781 that did not
suffer fractures. The binomial test for two proportions (odds ratio — OR) indicated that the
incidence of fractures was significantly higher in the control group (39.4%) compared to the
treated group (30.0%) (p = 0.000008; 95%CI: 5.2% - 13.6%). The odds ratio analysis indicated
that pigs supplemented with magnesium had a lower probability of fractures, with an OR of
0.66 (95%CI: 0.55 - 0.79), which corresponds to a 52% reduction in the chance of fracture

compared to the animals in the control group.

2.3.2. Association between Fracture Occurrence, Experimental Group and
Subcutaneous Fat Thickness

Subcutaneous fat thickness was significantly associated with the occurrence of fractures. Pigs
with fractures had a lower average thickness of subcutaneous fat (1.98 cm), while those without
fractures had an average of 2.14 cm. The odds ratio analyses showed that a 1 cm increase in
backfat thickness was associated with a 72% reduction in the chance of fractures (OR = 0.58).
When stratified by group, this reduction was 82% in the Treatment group (OR = 0.55) and 49%
in the Control group (OR = 0.67). It was confirmed a statistical significance of the odds ratios
for the occurrence of fractures, both as a function of the experimental group and of the thickness
of subcutaneous fat, as 95% confidence intervals did not include a value of 1.

These findings indicate a real effect of these variables on the probability of fractures in pigs.
The animal in group (T) has a 52% lower chance of presenting the fracture.

Based on the results of the Kruskal-Wallis test, Table 1 presents the descriptive values of
subcutaneous fat thickness (cm), stratified by experimental group (C) and (T) and the

occurrence or absence of fractures.
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Table 1. Average thickness of subcutaneous fat (cm) in pigs with and without fractures,

according to the experimental group

Average thickness (cm)

Group Fracture No fracture
CS; n=380; TS; n=335 CN; n=584; TN; n=781

Control

1.9654 2.0728
(C; n=964)
Treatment

2.00b4 2.184
(T;n=1,116)

Source: the authors, 2025.

Different lowercase letters (a, b) on the line indicate a significant difference between the presence and absence of
fracture (p < 0.05). Different capital letters (A, B) in the column indicate a significant difference between groups
(p <0.05).

The analysis stratified by experimental group revealed that pigs with fractures had
significantly lower subcutaneous fat thickness than those without fractures. In group (C), the
fractured animals had an average of 1.96° cm, while the non-fractured animals had 2.07¢ cm.
Similarly, in the group (T), the thickness was 2.01® cm in the animals with fractures and 2.182
cm in those without fractures. These results confirm a significant association between lower
subcutaneous fat thickness and the occurrence of fractures in both groups (p < 0.05).

When comparing the experimental groups considering only the animals with fractures
("Fracture" column), there was no significant difference in the mean thickness between the
Control (1.964 cm) and Treatment (2.014 cm) groups.

In general, the Kruskal-Wallis test indicated a highly significant association between
subcutaneous fat thickness and the occurrence of fractures, regardless the experimental group

(p=1.29x10").

2.3.3. Water holding capacity (WHC)

The WHC was calculated by the ratio between the area of the compressed meat and the total
area of the spot (meat + exudate). Higher values indicate less exudate release and, therefore,
greater water holding capacity by the meat. WHC was significantly associated with the
occurrence of fractures — animals without fractures had higher WHC. The animals were

divided into two experimental groups: control (C; n = 238), subdivided into CS (n = 119,



33

animals with fractures) and CN (n= 119, animals without fractures), and treatment (T; n=257),
subdivided into TS (n = 127, animals with fractures) and TN (n = 130, animals without
fractures).

The odds ratio for the group (0 = Treatment; 1 = Control) was 1.47 (95%CI: 0.06-35.76),
indicating no statistically significant association with WHC. However, the occurrence of
fractures was strongly associated with WHC: the OR was 0.015 (95%CI: 0.0005-0.3962),
suggesting that for each 1 percentage unit increase in WHC, the chance of fracture was about
66.6 times lower.

When analyzing only the group (T), the association between WHC and fracture was even
more evident: the OR was 0.00015 (95%CI: 0.00000103—-0.0212), indicating a strong reduction
in the chance of fracture with increasing WHC. Considering increments of 1 percentage unit in
the WHC, the chance of fracture was approximately 6,667 times lower for each increase. In
group (C), there was no statistically significant association between WHC and fractures.

The Kruskal-Wallis test did not identify a statistically significant difference in the (WHC)
between groups (C) and (T) in general (p = 0.30). However, when considering the occurrence
of fractures, it was observed that pigs without fractures had significantly higher WHC than
those with fractures, regardless of the experimental group (p = 0.0076), with medians of
approximately 34.5 and 33.5, respectively. These results suggest an association between carcass
integrity and greater water holding capacity.

The analysis stratified by experimental group revealed that this association was especially
evident in the group (T), where the animals without fractures had significantly higher WHC
than the fractured group (p = 0.0002). Among the pigs in group (T), the average WHC was
35.71 for those without fracture and 33.32 for those with fractures. In group (C), there was no
significant difference between the animals with 34.39 and without fractures 34.43.

When comparing the Control and Treatment groups within the "no fracture" condition, it was
found that the pigs in group (T) had significantly higher WHC than those in group (C) (p =
0.0126). This indicates that magnesium supplementation may have contributed positively to
water holding in animals that did not suffer fractures. On the other hand, among the animals
with fractures, no significant differences in WHC were observed between the experimental

groups (p = 0.24).
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Table 2. Water holding capacity (WHC) in pigs with and without fractures, according to the

experimental group.

Ratio of compressed meat area to total spot (meat +

Group exudate)
Fracture No fracture
Control
C; n=238, CS; n= 119, animals
34.39vA 34,4328
with fractures and CN; n = 119,
animals without fractures.
Treatment
T; n=257, TS; n= 127, animals
33.320A 35.7124

with fractures and TN; n = 130,

animals without fractures.

Source: the authors, 2025.
Different lowercase letters (a, b) on the same line indicate a significant difference between pigs with and without
fractures within the same group. (p < 0.05). Different capital letters (A, B) in the column indicate significant
difference between groups for the same fracture condition (p < 0.05; Kruskal-Wallis test). WHC = water holding
capacity expressed by the ratio of the area of the compressed meat to the total area of the spot (meat + exudate).

The Water Holding Capacity (WHC) of the meat was significantly different between pigs
with and without fractures, regardless of the experimental group. In both groups, animals
without fractures had higher WHC than those with fractures (p < 0.05). In addition, when
comparing the experimental groups in the "non-fracture" condition, it was observed that the
pigs in the group (T) had significantly higher WHC than those in the group (C) (35.71 vs. 34.43;
p=0.0126). This finding suggests that magnesium supplementation may exert an indirect effect
on the improvement of WHC, possibly by reducing the occurrence of fractures and,

consequently, the pre-slaughter stress that affects meat quality. No difference between the

groups was observed between the animals with fractures.

2.4. DISCUSSION

2.4.1. The effect of magnesium supplementation on the occurrence of fractures

The magnesium supplementation via drinking water provided during the pre-slaughter period
was effective in reducing the occurrence of fractures in pigs when compared to the control
group. Unlike dietary supplementation, this approach allows for rapid action in fasting animals,

making it a practical alternative for critical moments of pre-slaughter management.
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The effects observed can be attributed to magnesium's properties as a stress modulator and
muscle relaxant. The supplementation possibly reduced neuromuscular excitability and
modulated the behavior of the animals, making them less reactive to external stimuli and sudden
movements during electrical stunning — factors directly associated with the risk of vertebral
fractures. The action of magnesium occurs, in part, due to its calcium antagonist effect, which
stabilizes the cell membrane and promotes muscle relaxation, as demonstrated in previous
studies'*!,

Although physiological indicators of stress were not measured in this research, results of
systematic reviews indicate that magnesium supplementation in pigs can reduce plasma cortisol
levels, improve stress-related behaviors, and reduce the occurrence of traumatic injuries>®!3.
Furthermore, the effect of magnesium may be influenced by other minerals present in the diet,
such as calcium and phosphorus, which compete for absorption and modulate muscle

excitability and bone strength, although these interactions were not evaluated in this research.

2.4.2. Relationship between subcutaneous fat thickness and fracture occurrence

The results of the relationship between the occurrence of fractures and the thickness of
subcutaneous fat showed that this characteristic can influence the susceptibility to bone lesions
during the process of electrical stunning in pig slaughter. The fractured animals had thinner
back fat thickness. This significant association between subcutaneous fat thickness and the
occurrence of fractures (OR = 0.58 for each additional cm) reinforces the hypothesis that a
thicker fat layer can provide mechanical protection to bones at slaughter, especially in the spinal
region.

A one-cm increase in subcutaneous fat thickness was associated with up to a 72% reduction
in the chance of fracture, regardless of the experimental group. The association observed
between greater thickness of subcutaneous fat and lower occurrence of fractures suggests that
subcutaneous fat may play a mechanical protective role during stunning at slaughter.

Anatomical differences among pigs can make them more or less susceptible to vertebral
fractures?, which reinforces the existence of individual factors involved in this injury. However,
electronarcosis remains the main trigger for these fractures, and losses in meat and carcass
quality are inevitable, regardless of the type of equipment, the configurations used, or the
training of operators'®.

Pigs with the current genetics are genetically improved and tend to have less subcutaneous

fat deposition and higher lean meat yield. Consequently, they have less fat coverage and a
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higher proportion of muscle mass. This characteristic can directly influence the response to
electrical stunning, since more developed muscles, with less fat insulation, tend to present more
intense contractions during the passage of electric current.

This intensity of response can increase the risk of vertebral fractures, especially in the absence
of precise electrode placement or when there are individual variations in anatomy. In view of
this scenario, the hypothesis considered is that the electrical stunning parameters currently used
(voltage and amperage), developed based on previous genotypes, may not be the most
appropriate for the zootechnical profile of modern pigs. Therefore, additional studies evaluating
the interaction between animal biotype and electronarcosis parameters are required, aiming to
minimize fracture losses and improving welfare at slaughter.

Although studies directly related to the production of commercial pigs are scarce, these
findings reinforce the hypothesis that the thickness of subcutaneous fat at the level of the last
rib can act as a natural shock absorber, minimizing the effects of impacts and sudden

movements during management, especially in the stunning phase.

2.4.3. Relationship between fractures and WHC meat quality

WHC was significantly associated with the occurrence of fractures — animals without
fractures had higher WHC, regardless of the experimental group. This suggests an association
between the physical integrity (absence of fractures) of the animals at the time of slaughter and
the technological quality of the meat produced. The occurrence of fractures is often associated
with pre-slaughter stress and excessive movement during electrical stunning.

Stress in pigs triggers complex physiological responses involving both the hypothalamic-
pituitary-adrenal (HPA) axis — with the release of corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH) and cortisol — and the sympathetic nervous system,
responsible for the release of catecholamines, increased heart rate and redistribution of blood
flow!”. Simultaneously, in the post-mortem period, there is an increase in glycolytic activity,
which accelerates the degradation of muscle glycogen and promotes a sudden drop in pH, while
the carcass temperature remains high. This condition favors the denaturation of proteins,
reducing the water holding capacity of meat and negatively impacting its technological
quality'*. Consequently, there is a higher incidence of PSE (pale, soft and exudative) meat.

Thus, the lower WHC observed in animals with fractures can be explained by the alteration
in muscle metabolism induced by stress and trauma, favoring the production of meat with

undesirable characteristics, such as PSE. This technological condition compromises the quality
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of the final product and generates losses to the industry: due to the greater loss of fluids during
storage, or the shorter shelf life, or even the lower sensory acceptance.

In a general basis, the results demonstrate that pork WHC was significantly associated with
the occurrence of fractures, being higher in animals without fractures. This relationship was
more evident in the magnesium-supplemented group (p = 0.0002), with the mean WHC being
35.71 for those without fractures and 33.32 for those with fractures. This result suggests that
supplementation can improve meat quality, especially when there is no physical damage to the
carcass.

Although magnesium supplementation did not directly alter the water holding capacity
(WHC) in this experiment, the reduction in the occurrence of fractures can indirectly contribute
to the maintenance of muscle integrity and meat quality, preventing economic losses associated

with traumatic injuries.

2.5. CONCLUSION

The results of this research show that magnesium supplementation via drinking water in the
hours prior slaughter can reduce the occurrence of vertebral fractures during electrical stunning
of pigs, indicating a beneficial effect on the modulation of the response to acute pre-slaughter
stress. The association observed between fractures and lower water holding capacity (WHC)
reinforces the negative impact of these injuries on the technological quality of the meat. In
addition, the relationship between lower thickness of subcutaneous fat and higher occurrence
of fractures suggests that leaner animals may be more susceptible to these injuries.

This research has an innovative character by demonstrating, in a practical way, the potential
of magnesium as a strategy of pre-slaughter water supplementation to improve animal welfare
and preserve the quality of the final product, reducing economic and technological losses.

On the other hand, the research has limitations, such as the restricted number of parameters
of meat aspects evaluated and the absence of physiological, biochemical and histological
analyses that could elucidate the mechanisms involved. Future research should include different
doses, durations and routes of administration of magnesium, in addition to the evaluation of
physiological indicators such as (post-mortem pH, muscle glycogen, cortisol), technological
(color, tenderness) and behavioral (observation protocols), to explore the understanding of its

effects on the welfare and quality of pork.
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