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ABSTRACT

The aim of this study was to evaluate an effect of betaine and creatine monohydrate supplementation on chemical
composition, meat quality, and oxidative stability of pork in pigs genotyped on mutation in RYR1 gene. Totally, sixty pigs
- crosses of Lx(HAXPN) were involved in the experiment. Pigs were divided to one homozygous (NN) - control (C1), and
three heterozygous (Nn) groups, each group including 15 animals. One group of Nn pigs was the control (C2) and two Nn
groups were experimental. Control groups received a standard diet without supplement. Experimental groups were fed
the same composition as controls but with supplement of betaine - BET (1.25 g/kg of feed) or creatine monohydrate -

CMH (2.0 g/kg of feed) for thirty days prior to slaughter. Pigs C2 had worse meat quality, especially pH,., colour L* and

45°
drip loss (P<0.05), than homozygous C1 pigs. Dietary supplementation with betaine increased initial pH and decreased
drip loss in Nn group (P<0.05) compared to C2 group. Supplementary CMH also increased pH,; and had a tendency to
lowering the drip loss (P=0.058). Both feed additives substantially improved oxidative stability of pork, especially after

120 min incubation (P<0.01), compared to control C2 pigs.
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ABSTRAKT

Cielom studie bolo zhodnotit vplyv suplementacie kimnej davky betainom a kreatinmonohydratom na chemické
zloZenie, kvalitu a oxida¢nu stabilitu masa oSipanych genotypovanych na mutaciuv géne RYR1. Do pokusu bolo zaradenych
60 osipanych - hybridov Lx(HAxXPN). Osipané boli rozdelené do jednej homozygotnej (NN) kontrolnej skupiny (C1), a
troch heterozygotnych (Nn), pricom v kaZzdej bolo po 15 jedincov. Jedna skupina heterozygétov bola kontrolna (C2) a dve
Nn skupiny boli experimentalne. Kontrolné skupiny (C1, C2) boli kimené standardnou zmesou bez akéhokolvek pridavku.
Pokusné skupiny boli kimené tou istou zmesou ako kontrolné, aviak s pridavkom betainu - BET (1,25 g/kg krmiva) alebo
kreatinmonohydratu - CMH (2,0 g/kg krmiva) po dobu 30 dni pred porazkou. Osipané C2 mali horsiu kvalitu masa, najma
pH,s
odkvapom (P<0,05) v porovnani s C2 skupinou. Pridavok CMH taktiez zvysil pH,, a mal tendenciu zniZit straty odkvapom

farbu L* a straty odkvapom (P<0,05) nez skupina C1. Suplementacia betainom zvysila pociato¢né pH a znizila straty

(P=0,058) oproti C2 skupine. Obe kimne aditiva vyrazne zlepsili oxida¢nu stabilitu mésa, obzvlast po 120 min inkubdcii
(P<0,01), v porovnani s kontrolnou C2 skupinou.

Kltcové slova: osipana, betain, kreatinmonohydrat, bravéové méso, kvalita masa, oxidacna stabilita
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INTRODUCTION

The main target of current pig production has been
to increase lean meat content and growth intensity.
However, selection on these parameters has led to a
decreasing pork quality and higher stress susceptibility
of pigs. Relationship between increased meatiness and
deteriorated pork quality has been explained mainly by
the appearance of the recessive ,n“ allele of the RYR1
gene. This allele causes a rapid pH decline in skeletal
muscle post mortem leading to the formation of pale, soft,
exudative (PSE) meat (Pommier and Houde, 1993; De
Smet et al., 1996; Fiedler et al., 2001; Marini et al., 2012;
Rey-Salgueiro etal.,2018). The recessive homozygous pigs
(nn) have been found to show higher lean meat content
in carcass but at the same time greater incidence of PSE
meat compared to pigs free of ,n“ allele (NN genotype).
Studies on carcass and meat quality of heterozygous pigs
(Nn genotype) are inconsistent. Some of them reported
only little or no effect on pork quality (e.g. Kortz et al.,
2003; de Oliveira Band et al., 2005; Rybarczyk et al.,
2016) while others showed a great impact (Silveira et al.,
2011; Tomazin et al., 2017; Cobanovi¢ et al., 2019, etc.).
Therefore, improving pigmeat parameters and oxidative
stability of pork using different feed additives has been
investigated worldwide in many studies. Especially for the
last ten to -fifteen years, research on dietary betaine and
creatine monohydrate effects in swine industry has been
observed. Most of these studies have been concerned
with carcass and fattening properties (O 'Quinn et al.,,
20004, 2000b; Yu et al., 2004; Feng et al., 2006; Stahl et
al., 2007; Yang et al., 2009; Rojas-Cano et al., 2011) but
little research on pork quality has been performed.

Betaine is known as a product of choline degradation.
It occurs naturally in many tissues where it plays a role
in various metabolic processes as a methyl donor (e.g.,
formation of methionine) or its demethylation creates
glycine. Betaine might be useful for improving the meat
quality and sensory properties of pork assuming that
it is accumulated in muscles (Matthews et al., 2001b).
Some reports have shown positive effect of dietary
betaine supplementation on pork quality, especially on

its pH (Matthews et al., 2001a,b; Lindahl et al., 2006), and
colour (Yang et al., 2009; Su et al., 2013) whereas others
showed no such effects (@verland et al., 1999; Madeira
etal., 2015).

Creatine is an amino acid derivative occuring mainly
in skeletal muscles where 2/3 is stored as creatine
phosphate. It supplies the muscles with energy, increases
their volume by binding the water in muscle cells, acts
at formation of adenosine triphosphate (ATP) which
represents immediate source of energy. The increase of
energy stores in pig muscles by creatine monohydrate
supplementation could affect the glycogen metabolism
post mortem (buffering lactic acid production). This might
reduce the rapid pH decline and occurrence of PSE meat
(Prevost et al.,, 1997). Some studies found a positive
effect of creatine supplementation on pH, water holding
capacity (WHC), colour or drip loss (Maddock et al., 2000,
2002; Stahl et al., 2001; Berg and Allee, 2001; James et
al., 2002; Lahucky et al.,, 2012; Li et al, 2015, 2018).
On the other hand, some studies suggest no or even a
negative effect on pork quality (O "Quinn et al., 2000a;
Stahl and Berg, 2003).

Discrepancies between the impact of betaine and
creatine on pork quality might be due to incidence of ,n“
allele of the RYR1 gene of experimental pigs included in
several studies. However, only a small number of studies
have been performed regarding incidence of RYR1 gene in
pigs supplemented with betaine or creatine monohydrate.
Therefore the aim of this study was to evaluate the effect
of betaine and creatine supplementation on chemical
composition, meat quality and oxidative stability of pork
in pigs genotyped on mutation in RYR1 gene.

MATERIAL AND METHODS

Animals and treatments

Totally, sixty pigs - crosses between Landrace (L)
sows and Hampshire x Pietrain (HAXPN) boars were
involved in the experiment. Animals were housed in the
pens (1.75 m? per pig) at experimental farm of Research
Institute for Animal Production in Nitra, Slovakia (RIAP).
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Pigs were tested for occurrence of mutation in Halothane
gene by DNA based test ( Bauerova et al., 1996) and
divided to one homozygous (NN) - control 1 (C1), and
three heterozygous (Nn) groups, each of 15. One group
of Nn pigs was control 2 (C2) and two Nn groups were
experimental. Control groups received the standard diet
(Table 1) without any supplement. Experimental groups

Table 1. Composition and nutritive value of the diets

were fed standard diet with the same composition as
controls but with supplement of betaine (1.25 g/kg of
feed) - group BET or creatine monohydrate - CMH (2.0 g/
kg of feed) - group CMH for thirty days prior to slaughter.
All feed mixtures including those with supplements were
supplied by a specialized company.

Ingredients, g/kg Cl1+C2 BET CMH
Barley 427 427 427
Wheat 210 210 210
Oat 150 150 150
Soybean meal 120 120 120
Wheat brans 20 18.75 18
Meat and bone meal 20 20 20
Fodder yeast 17 17 17
Mineral supplement 25 25 25
Biofactor supplement 6 6 6
Fodder salt 5 5 5
Betaine 1.25 -
Creatine monohydrate - 2
Analysed, g/kg

Dry matter 863.4 864.2 864.5
Crude protein 168.4 168.8 170.5
Crude fat 243 25.2 255
Crude fibre 48.6 50.3 50.1
N-free extract 577.8 574.3 575.2
Metabolizable energy (MJ/kg) 12.3 12.4 12.4
Lysine, in DM 8.6 9.0 8.9
Betaine, in DM 1.38 -
Creatine monohydrate, in DM - 2.25

C1, C2 - control groups, BET - betaine supplemented group, CMH - creatine monohydrate supplemented group
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Pigs were allowed free access to drinking water
during the whole experiment. Feed was provided for ad
libitum consumption with recording of consumption. The
experiment was performed in accordance with the Act on
animal veterinary care No. 39/2007 of Slovak Republic
and approved by the Animal Care Committee of the

Research Institute for Animal Production.

Slaughter and muscle sampling

Animals were slaughtered at 110 + 5 kg live weight
at the experimental slaughterhouse of RIAP by electrical
stunning (90 - 100 V, 0.9 - 1.0 A, 50 Hz) followed by
exsanguination. Evisceration was completed about 20 min
post mortem. Chilling of the carcasses (air temperature 2
- 4 °C, velocity 0.5 - 1.0 m/s) started approximately 60
min after slaughter and was continued overnight. After
24-hours chilling of carcasses at 4 °C, the longissimus
dorsi (LD) muscle (150 g of sample) was removed from
the right side of carcass and sliced into chops 2.5 cm thick
for further meat quality (colour, drip loss) and chemical
composition analysis. One wrapped sample was stored
in the dark for 5 days at 4 °C for shear force and colour
analysis.

Chemical analyses

Approximately 30 min post mortem, longissimus
dorsi muscle samples (100 g) were taken, wrapped into
aluminium foil and imposed in liquid nitrogen for 5 days
for oxidative stability analysis. The oxidative capacity
of longissimus muscle homogenate was determined as
thiobarbituric acid reactive substances (TBARS) according
to Kuechenmeister et al. (1999). TBARS values were
expressed as equivalents of malondialdehyde (MDA, nM/
mg homogenate protein) which is a breakdown product
formed during peroxidation of lipids stimulated by Fe?*/
ascorbate. To stimulate lipid peroxidation, 3 ml of muscle
homogenate was incubated in 0.1 mM ascorbate and 5
mM FeSO,. From this, 0.5 ml was immediately removed
and pipetted into 0.25 ml of 20% trichloroacetic acid in
100 mM KCI. The remaining homogenate was placed in
a water bath at 37 °C and after 30, 60, and 120 min, 0.5
ml each of this incubated homogenate were transferred

into the trichloroacetic acid. Subsequently, the samples
were centrifuged at 10 000 g for 10 min and 0.5 ml of
the supernatants were mixed with 0.5 ml of thiobarbituric
acid (0.67%) and boiled for 15 min in a water bath. The
absorbance at 535 nm was determined immediately after
cooling.

Chemical composition of pork - total water, protein
and intramuscular fat content were determined using

Infratec Analyzer.

Meat quality measurements

Approximately 45 min and 24 h after slaughter, pH
values were taken from the right side of carcass in the loin
between 13t and 14t rib. The pH was measured using pH
meter Mettler-Toledo (Switzerland). Colour was measured
by Hunter Lab MiniScan spectrometer (L-lightness,
a-redness, b-yellowness). Drip loss was assesed by
Honikel method (1998), shear force was determined as a
tenderness on cooked samples (core temperature 80 °C,
time 20 min) using Warner-Bratzler apparatus (Texture
Analyser TA-XT2i, Stable Micro Systems Ltd, Survey, UK).

Statistical analysis

Data from the experiment were analysed by a two-way
ANOVA with fixed effects of treatment (betaine, creatine
monohydrate or none) and RYR-1 genotype (NN, Nn) and
corresponding two-way interactions using procedure
GLM of the statistical program SAS-STAT, version 9.1.3
(SAS Institute Inc., Cary, N.C., USA, 2002-2003). Data
in tables are expressed as least square means (LSM) +
standard error (SE). Significance of differences between
groups was tested by a Tukey-test. Whilst no significant
interactions between genotype and diet were found, we
did not show them in the tables.

RESULTS AND DISCUSSION

Effect on chemical composition

Chemical composition of pigmeat was not affected
by the RYR1 genotype (Table 2). This is in agreement
with other studies (Kortz et al., 2003; Skrlep et al., 2010;
Rybarczyk et al., 2016; Tomazin et al., 2017). Feeding
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Table 2. Chemical composition of longissimus dorsi muscle

Trait C1 C2 BET CMH SE

Total water, % 73.85 73.72 73.60 73.61 0.22
Total protein, % 22.53 22.32 22.48 22.21 0.19
Intramuscular fat, % 2.65 2.58 2.69 3.03 0.11

C1 - NN without supplement, C2 - Nn without supplement, BET - Nn with betaine, CMH - Nn with creatine monohydrate, SE - standard error

supplemental betaine at level 1.25 g/kg for thirty days
before slaughter did not have any significant effect on
chemical composition (P>0.05). The same result of betaine
on total water was detected by Matthews et al. (2001a).
Rojas-Cano et al. (2011), Su et al. (2013), and Madeira et
al. (2015, 2016) did not find any effect on intramuscular
fat. Supplementation of diet with creatine monohydrate
had also no influence on chemical composition of pork
in Nn heterozygous pigs of our study (P>0.05). These
findings are comparable with other authors (Stahl et al.,
2001; Berg and Allee, 2001; Berg et al., 2003, 2011,
Lahucky et al., 2012; Li et al., 2015).

Effect on pork quality

Meat
experimental groups are summarized in Table 3. Pigs

quality characteristics of control and
heterozygous in RYR1 had lower initial pH compared to
NN ones (P<0.05) whereas ultimate pH was almost the
same in both groups (P>0.05). These findings correspond
with other studies (de Oliveira Band et al., 2005; Otto
et al., 2007; Skrlep et al., 2010; Rybarczyk et al., 2016;
Tomazin et al., 2017; Cobanovi¢ et al., 2019). Feeding
supplemental betaine in our study significantly increased
initial pH but not ultimate in Nn pigs. The same effect
of betaine was reported by Matthews et al. (2001b)
and Yang et al. (2009). Supplementation of CMH in our
study also positively influenced pH,, but not pH,,. This is
comparable with the results of Stahl et al. (2001, 2007),
Bergetal. (2003, 2011), Lindahl et al. (2006), Rosenvold et
al. (2007), and Li et al. (2015, 2018). The increase in initial
pH may indicate that the rate of pH decline after slaughter
is slower in pigs fed diets supplemented with betaine or
creatine monohydrate. Moreover, supplementation of

CMH can increase the content of creatine phosphate,

especially in meat rich in glycolytic fibres, and delay the
formation of lactic acid lowering pH early post mortem in
pigs carrying mutation in RYR1 gene (Janicki and Buzata,
2013). The effect of this gene on pork colour parameter
L* 24 h post mortem was detected (P<0.05). Pigs free
on mutation (NN) had darker meat than Nn pigs (49.31
vs. 50.67, P<0.05). These results are comparable with
other studies (Otto et al., 2007; Skrlep et al., 2010). The
values of colour lightness (L*) after betaine and/or CMH
adding were lower than in Nn pigs fed without additives,
however differences were not significant (P>0.05). Our
findings confirmed the results of other investigations on
betaine (Matthews et al., 2001b; Feng et al., 2006; Yang et
al., 2009) or creatine supplementation (Stahl et al., 2001,
2007; Rosenvold et al., 2007). Other colour parameters
(@*, b* 24 h or 5 days as well as L* 5 days after slaughter)
were not affected by feed additives.

Heterozygous pigs had higher drip loss compared to
NN pigs (4.37 vs 2.34 %). As known, drip loss is related
to faster pH drop and worse water holding capacity in
muscles of heterozygous Nn pigs. Significant differences
between both genotypes are well-documented in the
literature (e.g., Kortz et al., 2003; de Oliveira Band et
al., 2005; Tomazin et al., 2017). Betaine in our study
significantly reduced drip loss in heterozygous pigs
(3.05 vs 4.37 %, P>0.05), comparable with Matthews
et al. (2001b) who found decrease of drip loss by 11
%. Supplementation of CMH showed tendency to
significance (P=0.058) compared to C2 pigs. Results of
other studies are contradictory. Lahucky et al. (2012)
and Li et al. (2015, 2018) reported reducing the drip loss
whereas some studies did not show any effect of CMH
(Berg and Allee, 2001; Young et al., 2005; Rosenvold et
al., 2007; Berg et al., 2011).

JOURNAL

Central European Agriculture
ISSN 1332-9049

696


https://doi.org/10.5513/JCEA01/22.4.3229

Original scientific paper

DOI: /10.5513/JCEA01/22.4.3229

Bahelka et al.: The influence of betaine and creatine monohydrate supplementation on chemical...

Table 3. Pork quality of longissimus dorsi muscle

Trait Cc1 c2 BET CMH SE
pH,, 6.432 6.05P 6.31° 6.33° 0.09
pH,, 5.54 5.50 5.52 5.53 0.05
Colour (24 h) L* 49312 50.67° 50.37%* 49.58® 0.84
a* 1.81 1.65 1.88 1.87 0.39
b* 7.74 7.85 7.67 7.54 0.26
Colour (5 days) L* 51.48 51.75 51.12 51.72 1.05
a* 2.55 2.36 2.44 2.37 0.24
b* 8.81 8.96 8.62 8.88 0.29
Drip loss (24 h), % 2.342 437" 3.05° 3.52* 0.27
Shear force (5 days), kg 3.55 4.88 4.32 4.21 0.36

C1 - NN without supplement, C2 - Nn without supplement, BET - Nn with betaine,

CMH - Nn with creatine monohydrate, SE - standard error

ab Different letters mean significant differences between treatments (P<0.05)

*P=0.058

The influence of RYR1 gene on tenderness of
longissimus dorsi muscle determined by the Warner-
Bratzler shear force showed lower value in Nn pigs
compared to NN ones but differences were insignificant
(P>0.05). The same result was found by de Oliveira Band
et al. (2005) while Tomazin et al. (2017) found higher value
in heterozygous Nn pigs. Although, both feed additives
- betaine and CMH - in our study reduced shear force,
differences were not significant compared to control
Nn pigs (4.32, 4.21 vs 4.88). Comparable results were
found by Matthews et al. (2001a,b), Stahl et al. (2001),
Berg et al. (2003, 2011) and Lahucky et al. (2012). Yang
et al. (2009) and Li et al. (2018) suggested reduced shear

Table 4. Oxidative stability of longissimus dorsi muscle

force value in pork loin and semitendinosus muscle after
betaine supplementation.

Effect on oxidative stability

Oxidative stability of longissimus dorsi muscle is
presented in Table 4. This parameter was not affected
by RYR1 genotype. This is in agreement with Tomazin et
al. (2017). Significantly lower values of MDA production
after 30, 60 and 120 min incubation with Fe2?*/ascorbate
mixture were found in Nn pigs supplemented by
betaine or creatine monohydrate. Tendency of reducing
lipid oxidation in pork stored for 13 days after betaine
supplementation was only outlined in the study of Hur

Trait C1 C2 BET CMH SE

TBARS (0 min), nM/mg 0.06 0.06 0.06 0.06 0.001
TBARS (30 min), nM/mg 0.18? 0.16® 0.192 0.12° 0.02
TBARS (60 min), nM/mg 0.36% 0.34° 0.25° 0.22° 0.02
TBARS (120 min), nM/mg 0.494 0.52~ 0.328 0.29¢ 0.03

C1 - NN without supplement, C2 - Nn without supplement, BET - Nn with betaine, CMH - Nn with creatine monohydrate, ° Different letters mean
significant differences between treatments (P<0.05), ~8 Different letters mean significant differences between treatments (P<0.01)
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et al. (2007). Su et al. (2013) suggested great reduction
of TBARS values in pork stored for 4, 7, 10 or 13 days
after betaine adding. Lahucky et al. (2012) found positive
effect of CMH on oxidative stability of pork. Possible
explanation of positive effect of betaine or creatine could
be decreasing the concentration of polyunsaturated fatty
acids in muscle that are susceptible to lipid oxidation as

reported by Su et al. (2013) in case of betaine.

CONCLUSIONS

Our results confirmed poorer pork quality of pigs with
a mutation in the RYR1 gene, especially initial pH, colour
lightness L* and drip loss (P<0.05). Supplementation of
diet by betaine or creatine monohydrate significantly
increased pH,,. Betaine supplementation also reduced
drip loss (P<0.05) whereas in case of creatine there was a
tendency to significance. Moreover, feeding with betaine
or creatine monohydrate improved oxidative stability
of pigmeat (P<0.05). Further research is needed to
determine the optimal level and time of supplementation

of both additives for a more beneficial effect.
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