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Abstract: The transportation of chickens from the poultry farm to the slaughterhouse causes stress conditions that influence
the oxidative status of the whole organism and subsequently change the organoleptic properties of the meat delivered to the
consumer. The aim of this work was to investigate how administering 0.6% humic acids to broiler chickens for a period of 42 days
affects the level of selected enzymes directly involved in oxidative stress elimination. For the most objective estimation of the oxi-
dative state, parameters were determined in liver and kidney mitochondria, and in the blood plasma. With regards to the chela-
ting properties of humic acids, our interest was in monitoring the effects on the distribution of the transition metals Fe, Zn, Cu, Mn,
which serve as cofactors of antioxidant enzymes. We have found that, under normal conditions, 42 days of humic acid adminis-
tration do not cause significant metal redistribution. It has a significant effect on Se excretion, according to the pronounced de-
position of Se in kidney tissue, without significantly increased activity of the corresponding enzyme. This led to compensation by
changesinotherantioxidantenzyme activities. Thisis anoteworthy finding, especially afteradministration oflongerthan 42 days.
In conditions caused by sudden stress, according to the detected element levels, itis possible to expect a better response inthe
case of humic acid administration. The effect of humic acid supplementation appeared to be organ-specific and may ultimately
be beneficial forthe chickens' health, stress elimination and, finally, the quality of the meat.
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poultry production does not require a long period
of fattening and can be purchased at any time.
Achieving the most appropriate final quality of
the meat is actually the purpose of all studies
dealing with the impact of conditions to which it
is exposed before reaching the final consumer.
Chickens slaughtered and processed in the
meat processing industry are often transported a
few hundred kilometres from a farm just before
slaughter. However, even before the animals are
slaughtered, they are subjected to a sequence
of different events, such as cessation of feeding,

Introduction

Meat from poultry is deemed a suitable
commodity for the production of functional foods
for human consumption. This is currently of
interest for human, agricultural and scientific
research. From the perspective of the consumer,
poultry is a very attractive and important
element in the human diet due to its nutritional,
dietetic, and sensory properties, and its rapid
culinary preparation. Poultry consumption has
risen dramatically across the world, including

Slovakia. Thanks to modern factory farming,
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capture, and placement in boxes or containers.
Subsequently, broilers are transported to a
slaughterhouse where they usually have to wait
some time for slaughter (1). Transportation
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includes another set of stressors such as loading,
social deprivation, restricted movement, vibration,
noise, temperature, humidity, poor ventilation
and often lack of food and water during transport,
unloading, and subsequent handling in a new
and unfamiliar environment. All of these factors
compromise meat quality through formation
of pale, soft and exudative meat or even death
on arrival (2-5). The reaction of animals during
transport depends on the length and intensity
of the stressors and their physiological state (6).
The animals respond to stress with changes in
behaviour and in haematological, physiological,
and neurohormonal parameters (7). The first
reactions to stress are associated with enhanced
secretion of a number of hormones including
glucocorticoids, catecholamines, growth hormone
and prolactin. The effect of this is to increase
mobilisation of energy sources and help the
individual adapt to its new circumstances (8). In
particular, the enzymatic-mediated degradation
of catecholamines by monoaminooxidases in
mitochondria, as well as catecholamine auto-
oxidation, contributes significantly to the
increased levels of reactive oxygen species (ROS)
under stress conditions. The mitochondria have
their own elimination mechanisms against ROS,
consisting of the enzymes superoxide dismutase
(SOD), glutathione peroxidase (GPx), glutathione
reductase (GR), and tripeptide glutamine (reduced
form, GSH). The actions of these enzymes
are particularly relevant to the function of
mitochondria as an energy formation centre and
also as a non-controllable source of ROS under
stress conditions.

Humic acids (HAs) are structurally very complex
high-molecular-weight natural compounds
arising through the process of humification, which
involves a number of biochemical reactions (9).
Owing to their structure, HAs have the ability to
interact with many compounds and structures in
their natural environment (organic and inorganic
molecules, ions, minerals and microbial surfaces)
which are suitable for sorption, ion exchange, and
biodegradation processes. They have a potential
use in the detoxification of contaminants present
in the environment (10). Humic substances have
been shown to be an excellent means of reducing
the bioavailability of hazardous substances.
They may avert the formation of mutagenic and
carcinogenic substances, protect DNA in cells
from damage, and decrease the rate of gene

mutation (11). The anti-viral, anti-inflammatory,
anti-oxidant properties and binding properties of
toxic substances have been well described in in
vitro and in vivo systems (12,13).

Since HAs have the ability to significantly
influence the redox state of the body, there is
also need to consider their chelating properties.
The connection between these two properties
in in vivo systems is yet to be described in the
literature available. The aim of our study was
therefore to determine the effects of the activities
of antioxidant enzymes and levels of trace element
co-factors after a 42-day supplementation of
humic acids in normal breeding conditions and
under stress conditions caused by transportation
to the slaughterhouse.

Materials and methods

To verify the potential properties of HAs, the
Vinica poultry farm in Velky Krti§ (Slovakia) was
selected. This poultry farm is located 220 km from
a poultry slaughterhouse in Ko§ice. Chickens
were fed conventional feed mixtures (FM) by
corresponding growth phase (LUX DKAS, DKAG-
LUX 1, DKAG-LUX 2, DKAF LUX) and water ad
libitum over 42 days. The entire brood was divided
into two groups. The group without prophylactic
doses of humic acids, designated as a control —
C, contained a total of 15,700 birds. The second
group, identified as HA, consisted of a total of
20000 birds which had been fed conventional feed
mixtures enriched with 6 g/kg humic acid FM
(Humac® Natur, Humac Ltd., Kosice, Slovakia)
from the first day of fattening. All chicks were
subjected to standard management and health.
The chicks were randomly selected by three
people for 10 birds from each group before and
after transport to a slaughterhouse. Liver, kidney
and plasma were collected. The mitochondria were
isolated from parenchymatous organs according
to Fernandez-Vizzara et al. (14). In isolates and
plasma, the activity of glutathione reductase (GR;
E.C.1.6.4.2) was measured according to a method
previously described by Calberg and Mannervik
(15), while that of glutathione peroxidase (GPx;
E.C. 1.11.1.9) was measured as described by
Flohe and Gunzler (16). The measurements of
SOD activities were provided by an SOD-Assay
Kit-WST (Sigma-Aldrich, Switzerland) set. The
levels of reduced glutathione were measured
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by the method previously described by Floreani
et al. (17). All the measured parameters were
calculated per mg or g of mitochondrial protein
(Mg > 8, determined using the bicinchoninic
acid assay. The total content of zinc and iron
was then determined by flame atomic absorption
spectroscopy and that of copper, manganese and
selenium by graphite furnace atomic absorption
spectrometry (Shimadzu AA7000). The measured
levels of elements were calculated to the value
of pg (ng) per mg of proteins in mitochondrial
homogenate or plasma. All measurements
were performed in triplicate and the measured
parameters are expressed as the mean = SD.
Statistical significance between the two groups
(C vs. HA) was determined using an unpaired
Student's t-Test. Differences between the groups
and bodies in the measured parameters were
compared by one-way ANOVA followed by Tukey
HSD test.

Results

The assessment of the activities of SOD revealed
that a significant increase in activity was only
detected in liver mitochondria when comparing
control and HA groups after transportation (Figure
1).

A significant difference was also found between
SOD activity in the liver of the control group
prior to transportation and of the HA group after
transport (p=0.0074). In the mitochondria of
the liver, kidney, and plasma of chickens prior
to transport, significantly lower GPx activities
were observed when HA was administered when
compared to controls (Figure 2).

Multiple comparisons of groups revealed
significant differences in GPx activity in the
plasma of the group with HAs administered
prior to transport and of the control group after
transportation (p = 0.0264) as well as between the
two control groups (p = 0.0034). GR activity was
analogous to GPx, significantly increased in the
control group in liver mitochondria, before and
after transport, and in the kidney mitochondria
before transport. Also, multiple comparisons
of groups showed significant differences in GR
activity in plasma (Figure 3). These were observed
between the control group and the HA group prior
to transport (p = 0.0023), between the two control
groups (p = 0.0366), between both groups with

administered HA (p = 0.0002), and between the
control group and HA group after transportation
(p = 0.0035).

Comparison of GSH concentrations revealed
similarity between the significant changes in
the activities of GPx and GR and the significant
changes in plasma (Figure 4). Significant
differences were found between the HA group
prior to transport vs. the control group after
transportation and between HA vs. controls after
transport (p = 0.0001). Differences were also
revealed between the control group and the HA
group prior to transport and control group and
HA group after transport at p = 0.0057 and p =
0.0068, respectively.

The average concentrations of Zn, Cu, Mn, Fe,
and Se were normalised to the protein content
in the mitochondria of the liver, kidney and
plasma. Differences between the control group
and HA-administered chickens were found in
the mitochondria and plasma for Cu, Mn, and
Fe before and after transport (Table 1). Levels
of metals showed specific changes. In the HA
groups, concentrations of Zn were lower than in
controls, whereas the copper concentration was
increased after transport in the HA group. The
concentrations of Mn, Fe and Se generally declined
after transport. Multiple comparisons of groups
confirmed significant differences between the
concentrations of elements in the HA group prior to
transport, the control group after transportation,
and the HA group after transportation (Table 1).
The analyses of correlations between enzyme
activities and concentrations of metals only
showed strong positive correlation (r=0.8223)
between the increasing concentrations of Cu and
SOD activity.

The average carcass weight was lower in both
groups prior to transport than after transport, but
the % yield was higher (Table 2). After transport,
the HA group gave higher % yield in comparison
to control and the frequency of carcasses rejected
from human consumption was significantly lower
when compared to the control group.

Discussion

Previous studies experimenting with the
addition of humic acids confirmed higher
profitability and meat quality (18-20). With
regards to the number of parameters that create
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Figure 1: Superoxide dismutase activity
measured in plasma, liver and kidney
mitochondria before and after transport
of chickens

Figure 2: Changes in glutathione peroxi-
dase activities measured in control group
and group administered with humic ac-
ids for 42 day before and after transport

Figure 3: Changes in glutathione reduc-
tase activities measured in control group
and group administered with humic ac-
ids for 42 days before and after transport
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Table 1: Average values of trace elements measured in plasma, and liver and kidney mitochondria expressed per

mg of protein

Body Before transport After transport Significance
C HA C HA
Zn liver 2.199 +£0.155 1.239 £ 0.0819 0.362 £ 0.0098 0.291 £ 0.0517
(ug/mg prot)  kidney 1.365 £ 0.0852 0.650 £ 0.0448 0.253 £ 0.0579 1.223 £ 0.0517"
plasma  1.326 + 0.066 1.180 £ 0.0152¢  1.509 + 0.03492" 0.202 + 0.0101® p70-002,
bp=0.0042
Cu liver 1.148 £ 0.010 2.769 = 0.0010™ 12.478 £ 0.1965 16.812 £ 0.0412
(ng/mg prot) kidney 2.010 £0.0011 1.230 £ 0.0018™ 9.806 £ 0.1368 10.455 + 0.1024
plasma 1.134 £ 0.0002 1.103 + 0.0006™ 7.875+ 1.6756 8.221 +0.0419
Mn liver 4.298 + 0.0038 1.231 £ 0.0076™* 0.004 + 0.0001" 0.010 + 0.00022¢ abep<0.001
(ng/mg prot) kidney  3.497 + 0.0179* 1.037 £ 0.0125™ 0.003 + 0.00001 0.007 £ 0.0001™"= 2p<0.001
plasma 0.981 + 0.0060 1.393 £ 0.0065™ 0.004 = 0.00001 0.003 £ 0.0001™
Fe liver 0.073 + 0.0028 0.086 + 0.0005"™* 0.004 + 0.0002° 0.005 + 0.000117=c  2bcp<(0.001
(ug/mg prot) kidney  0.022 £ 0.00032 0.066 + 0.0005™ 0.003 + 0.00018 0.004 £ 0.00014™= 2p<0.001
plasma 0.034 + 0.00072 0.075 £ 0.0009""b* 0.004 £ 0.00007>  0.003 £ 0.00015™"a¢ abep<(.001
Se liver under LOD 1.278 £ .00025 under LOD 0.642 = 0.0004
(ng/mg prot) kidney 2.945 + 0.0014 25.921 + 0.0009™ under LOD 1.353 £ 0.00004
plasma 11.899 + 0.0009 3.907 + 0.0006™ under LOD 1.524 + 0.0006

*statistical significance of T-test comparison between control and HA group.
abe Represent statistical significance between groups from multiple comparison by one-way ANOVA followed by Tukey post-hoc test.

Table 2: Comparison of some parameters before and after transport

Parameter Before transport After transport
C HA C HA
Carcass yield (g) 1344.8 £233.28 1370+97.24 1489 +109.61 1398 + 106,77
% yield 83.46 + 2.47 80.83+4.16 71.36 £3.45 73.98 £ 3.21
Death on arrival - - 18 39
51 125 89

Carcass rejected from human consumption 20
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stress conditions for birds before slaughter and
consequently affect the quality of the meat, the
transport of poultry to the place of slaughter
is the one that is impossible to avoid. Cetin et
al. (21) presented humic acids as a suitable
supportive supplement in managing social stress.
It is also worthwhile monitoring the parameters of
antioxidant defence in central metabolically active
organs as well as in circulation when assessing
the effect of administered substances on the
redox state of the organism. With regards to the
site of distinctive ROS and energy generation, the
mitochondria isolated from these organs have
proved to be even more suitable for assessing
redox status in poultry (22).

SOD activity was found to be significantly
increased in liver mitochondria after transportation
(Figure 1). The role of SODs against ROS is in the
catalysis of the disproportionation of superoxide
radicals (0,7 into O, and H,0,. As O, and O,"
differ in a single electron, the enzyme must have
a high specificity and be finely tuned to perform
its catalytic role (23). Increased SOD activity after
transport clearly indicates increased formation of
O,"in liver mitochondria. As transition metals have
the ability to readily pick up and transmit electrons,
they are very effectively used in ROS elimination
reactions in the body. SOD is a collective term
for a total of 3 unrelated enzymes that combine
only the same catalytic activity. A localised form
containing Mn is found in the mitochondrial
matrix, while Cu/Zn-SOD is found in the cytosol,
between the outer and inner membranes of the
mitochondria, and in the extracellular space (24).
Concentrations of metals were also measured and
then normalised to the protein content in tissue
samples taken. Extrapolation of the detected
values to the activities of the enzymes measured
which elements are contained in the active site, and
provided an explanation of the nature of the effect
of the administered substances. Concentrations
of Mn in HA groups were lower compared to
control and even more pronounced after transport
(Table 1). At the same time, Zn concentrations
were found to be decreased in HA groups, while
copper concentrations increased, markedly so
after transport (Table 1). The properties of Has,
described by Mezes et al. (25), have shown that
organic metal complexes, like HAs, have higher
bioavailability. This is largely due to the structure
that protects and stabilises trace elements in
the passage through the gastrointestinal tract,

allowing their passage through the intestinal wall
via amino acid transport systems, and providing
for a higher rate of passive diffusion due to lowered
interaction with other nutrients. Although the high
bivalent cation binding capacity of HAs improves
their absorption, similar to Mezes et al. (25), we
cannot confirm these properties after 42 days of
HA administration, nor those of Herzig et al. (26).
In part, this unexpected effect in the HA group
without stress of transport is eliminated by the
findings of Islam et al. (27), where concentrations
of Cu and Zn were also reduced with recovery
after 60 days. Under stress conditions, however,
concentrations of Mn and especially Cu (Zn in
kidney mitochondria) are higher in the HA group
when compared to stressed control and even the
control group of unstressed birds (Table 1). In
this situation, it is possible only to monitor the
beneficial effect of HAs based on the nature of
these enzymes. As Brown et al. (28) pointed out,
Cu/Zn-containing SOD exists as an apoenzyme
that is readily activated by copper without new
protein synthesis. A copper-load form of copper
chaperone has been shown as a higher order
type of physiological regulation in response
to oxidative stress (29), changing the enzyme
disulphide status and forming an active dimer
state. Binding of Zn ions is not essential for the
dismutation reaction but confers higher stability
(30). The same is not true for MnSOD, as Mn
insertion only occurs with newly synthesized
and imported molecules into mitochondria and
it should stay sufficiently unfolded to allow Mn
entry (31). After transport, there were generally
lower concentrations of Mn. However, they were
a little higher in the HA-administered stressed
group than in stress control. The mechanism of
maintaining this protein structure under stress
conditions is not entirely clear. Despite the slight
increase in Mn concentrations in mitochondria,
there is a clear and apparent benefit in SOD
activity support when administered with HAs,
especially Cu/ZnSOD, under stress conditions.
The resulting product of dismutation O," is
hydrogen peroxide. This is the substrate for GPx,
the next enzyme monitored. Essentially, in the
catalytic cycle of all peroxidases, H,0O, is used as
a specific electron acceptor, which is reduced to
water. In terms of defence against oxidative stress,
however, non-haem GPx catalyses the reduction of
H,O, ororganic peroxides to water or corresponding
alcohols, with the simultaneous oxidation of GSH
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playing an important role. The oxidised glutathione
is subsequently reduced by the catalytic activity
of GR. Taking these three parameters together
allows a more objective assessment of antioxidant
efficiency. Some GPx isoforms with specific
distribution between tissues and subcellular
compartments (cytosol, nucleus, mitochondria,
plasma) contain selenium in their catalytic centre.
The distribution of these selenoenzymes affects
the level of ROS, the relative level of glycolysis
in ratio to oxidative phosphorylation, the level
of redox-sensitive transcription factors, and the
resulting rate of important cellular processes
(32). In humans, endemic diseases and increased
virulence of coxsackie virus have been linked to
selenium deficiency, and high concentrations
of humic acids in drinking water among other
possible etiological factors (33). Therefore, it was
interesting to compare GPx activity and Se levels.
According to these measurements, it is obvious
that the activities of GPx were significantly lowered
when administered with HA and stress-free
(Figure 2). Concentrations of Se, however, were
markedly increased in the kidney (Table 1, before
transport). After the effect of transport stress,
GPx activity was lower but without prominence
in liver and kidney mitochondria, and the Se
concentration remained measurable unlike in
controls. Considering the changes in GR activity
(Figure 3) and GSH levels (Figure 4), it cannot be
assumed that oxidative stress conditions have
been created. Through the action of a stressor,
differences are no longer statistically significant,
except for GR in liver. These in vivo results confirm
the antioxidant activity of HA in mitochondria
under in vitro conditions (13). Due to higher Se
concentrations upon HA administration, it can
be assumed that the effect of HA is through
maintaining the activities of Se-GPx isoforms in
mitochondria. Significant differences in all three
parameters were only found comparing groups
in plasma, which ultimately resulted in markedly
reduced levels of reduced glutathione in the
stressed group administered with HA (Figure 4).
Interestingly, lower Se concentrations were
detected in the plasma following administration
of HA versus control, still without changes in
plasma GPx activity. After stress from transport,
however, the highest Se concentration was found
in plasma. Kidneys are the main location for the
synthesis of selenium-containing GPx before its
secretion into plasma and extracellular fluids

(34). Therefore, as an explanation we can state
that humic acids used in this study did not cause
deficiency but increased the bioavailability of Se.
Se accumulates in the kidney and is likely to allow
for the synthesis of Se-GPx isoforms under stress
conditions. Still, levels of reduced GSH were
significantly lowered in plasma in the HA group
after transport. The liver is the main source of
GSH in circulation, followed by complicated inter-
organ transfer. Circulating GSH and GSSH are
particularly used by the kidneys (35). That could
be one of the possible explanations for the renal
load of Se after HA administration. According to
results of copper concentrations in connection
with SOD, it seems more appropriate that its
role lies in the metabolism of copper ions for the
biosynthesis of copper-containing proteins (36).
GSH serves as a carrier for Cu+, and is involved
in copper mobilisation with the complex Cu(l)-
GSH being used for incorporation into Cu/Zn-
SOD (37). This explanation is also supported by a
strong positive correlation between the increased
concentration of Cu and SOD activity.

Significantly elevated Fe concentrations
were found after administration of HAs in both
mitochondria and plasma, which is consistent
with the findings of Ipek et al. (38) and the
described properties of HA. After transport, Fe
concentrations decreased in both monitored
groups. Regarding the measured parameters,
oxidative stress conditions are not created due
to Fe concentrations, and its bioavailability is
associated with better use.

Overall, the administration of humic acids at
0.6% in feed mixtures over 42 days is considered
to be beneficial for stress from transport, since
oxidative stress conditions have not been
demonstrated in the main organs responsible
for nutrient metabolism and energy production.
Finally, in terms of losses and meat excluded
from consumption, the group with HAs fared
better. According to measurements of metals, we
cannot fail to notice the rapid differences between
mitochondrial concentrations caused by stress,
which have yet to be mentioned at all. However,
based on the results, HAs administered as feeding
additives are shown to cause metal redistribution
in terms of the unexpected requirements of the
organism.
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UCINKI HUMINSKE KISLINE NA PERUTNINO V STRESNIH POGOJIH

J.Vasgkova, P. Patlevi¢, D. Zatko, S. Marcin&ak, L. Vasko, K. Krempaska, J. Nagy

Povzetek: Prevoz pis¢ancev s perutninske farme vklavnico povzro¢a stresne razmere, kivplivajo na oksidativni status celotne-
ga organizma in kasneje spremenijo organolepti¢ne lastnosti mesa, dostavljenega potrosniku. Cilj raziskave je bil prouciti, ali
dodajanje 0,6 % huminske kisline v hrano pitovnim pis€¢ancem za 42 dni vpliva na aktivnhost nekaterih encimov, ki so neposred-
no vklju¢eniv urejanje in zmanj$evanje oksidativnega stresa. Za objektivno ocenjevanije oksidativhega stanja so se doloc¢evali
parametrivjetrnihinledvicnih mitohondrijih ter v krvni plazmi. Kelacijske lastnosti huminske kisline so bile prou¢evane s sprem-
lianjemucinkov na porazdelitev prehodnih kovin Fe, Zn, Cu, Mn, ki sluZijo kot kofaktorji antioksidantnih encimov. Ugotovili so, da
vnormalnih pogojih 42-dnevno dodajanje huminske kisline ne povzroci bistvene prerazporeditve kovin. Dodajanje pa pomem-
bnovpliva naizlo¢anje Se glede naizrazito usedlino Se v tkivu ledvic, brez bistveno povecane aktivnosti ustreznega encima. To
je privedlo do sprememb, ki so nadomestile aktivnostidrugih antioksidantnih encimov. To je pomembnaugotovitev, Se posebej
pridodajanjihvec kot 42 dni.V pogoijih, kijih povzroca nenadni stres, je glede na ugotovljene ravni elementov mogoce pri¢ako-
vatiboljSi odziv priuporabi huminske kisline. U¢inek dopolnjevanja s huminsko kislino se je izkazal za organsko-specificnegain
jelahko koristen za zdravje piS¢ancev, odpravo stresain kon¢no kakovost mesa.

Klju¢ne besede: antioksidativni encimi; humi¢ne kisline; pitanec; kovinski kofaktoriji; oksidativni stres



