Influence of amino acids
Arginine and Histidine
on broiler meat quality

eat quality has many facets.
Some traits are especially
important for the

consumer like appearance, texture,
juiciness, tenderness, odour, or
flavour.

Other traits are more relevant for
processors, for example, water
holding capacity, shear force, drip
loss, or pH.
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Consequently, meat quality
strongly depends on the
expectations and markets what is
considered as high-quality broiler
meat.

Meat quality can be influenced by
many factors such as management,
environment, genetics, and nutrition
has a big impact on meat quality. For
example, high dose of vitamin E
enhances the oxidative stability of
meat.

Besides that, several amino acids
can enhance the quality of broiler
meat.

Breast muscle abnormalities

The most important poultry meat
quality concerns are associated with
the breast meat.

While several meat quality issues
can occur, especially three issues are
economically relevant and relatively
easy to identify in chicken carcases:
the characteristically white
striations in breast meat affected by
white striping disorder, the presence
of areas with hardened consistency
named wooden breast and the
separation of muscle fibres in the
so-called spaghetti meat.

The underlying mechanism leading
to the development of the above-
named myopathies is not fully
understood.

However, it is likely that it is a
consequence of muscle hypertrophy
which is connected to a
compromised blood flow.

The latter is exacerbated by an
individually low blood vessel
density and an accumulation of

metabolic products causing a tissue
swelling. The resulting hypoxia
causing the degeneration of
muscles. The myodegeneration gets
additionally enhanced through
oxidative stress and inflammation.

Many nutritional strategies have
been tested in order to avoid meat
quality issues.

A reduction of dietary energy or
amino acids in general failed to
prevent breast muscles
abnormalities. The effects which
have been observed were almost
exclusively the result of a
depression in growth rate and
consequently breast meat yield.

Aiming for high performing
animals and high-quality meat,
arginine (Arg) as functional amino
acid can be an interesting tool to
increase several meat quality
parameters without a depressed
performance or even an increased
meat yield.

Arginine

In the recent years, arginine gains
more and more interest because of
its functional properties beyond
body protein accretion. Arginine has

an interesting effect on meat quality.

It modifies the body composition
towards an increased protein gain
and a reduced body fat accretion.
The exact mechanism is still under
discussion.

However, L-Arg enhances the fatty
acid degradation through enhanced
beta-oxidation via its effect on the
polyamine turnover. Alternatively, L-
Arg may inhibit the lipogenesis
directly (Fig. 1).

This effect has been demonstrated
in a dose-response trial which was
performed together with the INRA,
Spain. It was shown that with
increasing Arg:iLysine(Lys) levels on
top of an Arg deficient diet, the
breast meat amount was increasing
significantly (Fig. 2) while the
abdominal fat was decreasing.

Furthermore, Arg is a precursor of
nitric oxide (NO), which is a potent
metabolite leading to a
vasodilatation of blood vessels and
consequently an enhanced blood
flow.

Because the underlying
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Fig. 1. Proposed mechanism for L-Argi
Andersen, 2014).

mechanism of breast meat
myopathies includes hypoxia of the
tissues, it could be hypothesised
that Arg reduces the occurrence of
breast meat abnormalities.

Indeed, some studies suggest that
increasing Arg content in the diet
may be beneficial for the overall
meat quality. In a broiler trial, a
control diet (digestible ArgiLys
content about 105-107: 100) was
tested against diets with a 20% and
30% increased Arg content,
respectively.

Both Arg-groups showed a
significantly higher percentage of
breast without white stripping
compared to the control diets. In
another study, an increased Arg
content was associated with a
significant drop of server wooden
breast cases.

Next to the amino acid Arg, the
Arg metabolite guanidinoacetic acid
(GAA\) is available in the market. It
has been claimed that GAA may be
able to spare some Arg in the
metabolism and because GAA gets
metabolised to creatine, it could
influence meat quality parameters
too.
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However, there is only uncertain
knowledge about the true capacity
of GAA to spare Arg and it seems
the Arg sparing effect is lower than
initially assumed and not exceeding
56%.

A study could not confirm any
effect on white stripping scores or
wooden breast occurrence when
using GAA in comparison with a
control group.

In a trial performed in the
Netherlands, the occurrence of
sever wooden breast scores
significantly increased from 4.2% to
16.7% when GAA was used
equivalent to 149% Arg, suggesting
that the Arg sparing effect was low
and the breast myopathies were
associated with a server Arg
deficiency.

Histidine

The amino acids beta-alanine and
histidine (His) form together a
dipeptide called carnosine.
Carnosine acts as an antioxidant
under physiological conditions as
Continued on page 27
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Fig. 2. Breast meat weight increased with increasing Arginine:Lysine ratio.
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well as in models of induced
oxidative damage.

The role of carnosine as a buffering
agent in skeletal muscles is already
known for more than 70 years
accounting for about 40% of the
total buffering capacity in the
muscle.

In a broiler trial, it was
demonstrated that supplementing
dietary His increases the
concentration of carnosine in breast
muscle of 1-32 days old broilers
effectively.

However, the source of dietary His
seems to have a big impact on the
carnosine enrichment in the meat.

In a 42 days rearing trial, a control

diet were tested against a diet with
either 0.22% L-His supplementation
or 4% spray-dried blood cells (SDBC)
as a raw material with a naturally
high His content. Both ways of
dietary His enrichment led to a
significant increased concentration
of carnosine in breast meat tissues
(Fig. 3).

However, carnosine content of
animals fed with L-His was
significantly higher than animals
which received the SDBC, suggesting
that crystalline His can be effectively
metabolised by birds.

Notable, SDBC caused a loss in
performance parameters probably
because of a very high leucine
concentration in SDBC contrary to L-
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Fig. 3. Carnosine content (mg/g tissue) in broiler breast meat depending
on dietary treatment. Adapted from Kopec et al., 2013).

His which maintained performance.
A supplementation of L-His not only
increases the carnosine content but
can also improve other meat quality
parameters.

Adding dietary His markedly
increased total antioxidant capacity
in the breast muscle and decreased
malondialdehyde (MDA)
concentration, which is a marker of
oxidative stress.

Moreover, dietary supplementation
of 1,950mg/kg L-His increased the
pH 45 minutes postmortem.

Thus, His is a new tool for the
industry to optimise the animal
performance while producing a
premium meat for the final meat
consumers.

Conclusion

Several nutritional strategies can
be implied to affect meat
quality and amino acids are one
of the tools to improve the
physiochemical properties of
meat. Supplementary amino
acids such as L-arginine and L-
histidine not only affect growth
and health but can alter body
composition and consequently
beneficially influence meat
quality. |
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