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ARTICLE INFO ABSTRACT

Keywords: According to the European Food Safety Authority (EFSA), calcium (Ca) content is one of
Mechanically separated meat the major control parameters for mechanically separated meat (MSM), as this element is
Deboned poultry meat an indicator of residual bone in the product. In the current study, the levels of Ca, magne-
Elements sium (Mg), potassium (K), iron (Fe), copper (Cu) and zinc (Zn) in MSM from different
EFSA opinion countries (Serbia, Croatia, Bosnia and Herzegovina, France, North Macedonia, Sweden,

Serbian meat industry Denmark and Germany) were determined. Samples were gathered from different meat
processing facilities in Serbia. The levels of the six elements were determined by induc-
tively coupled plasma mass spectrometry (ICP-MS). The distribution of the elements in
MSMs was examined by applying principal component analysis (PCA). The quality of the
MSMs in relation to the Ca content was compared in line both with the Serbian and EU
legislation. Furthermore, control of Ca in MSM as well as control of conditions during the
process of machine separation meat from bones tissues or from poultry carcasses is neces-

sary to avoid the intake of bones particles in MSM and consequently in meat products.

consisting of protein-rich meat mince from animal car-
casses (Field, 1981). These meat products have good
commercial properties, long shelf life and acceptable
price. In order to exclude potential food fraud in the
meat industry (Spink et al., 2019), the use of poultry

1. Introduction

Although the production of meat is increasing all
over the world, especially in developing countries, the
International Agency for Research on Cancer discour-

aged large consumption of meat and meat products
(IARC, 2015). From the scientific point of view, spe-
cial attention should be focused on a special type of
meat product, mechanically separated meat (MSM),
which is widely used in the meat industry. Accord-
ing to Regulation (EC) No 853/2004 (2004), MSM is
obtained by removing meat from flesh-bearing bones
after boning or from poultry carcasses, using mechani-
cal means (Regulation EC, 2004). Due to its high nutri-
tional value and low cost, MSM enables the produc-
tion of multi-component products from raw material

MSM in products should be subject to declaration.
With respect to the increasing use of MSM in
the meat industry and the high meat consumption
pattern in Serbia, modern consumers in this coun-
try have increasing interest in meat quality and safe-
ty, especially in relation to their health. Accord-
ing to the European Food Safety Authority (EFS4,
2013), calcium (Ca) and total ash content are con-
trol parameters for MSM, being indicators of residu-
al bone. The Ca content of MSM is a common indi-
cator of elevated bone content due to the separation

*Corresponding author: Jasna Djinovi¢-Stojanovi¢, jasna.djinovic@inmes.rs

Paper received: July 2" 2024. Paper accepted: July 8% 2024.
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Figure 1. Periodic table highlighting the elements that are essential for life. Essential elements for humans
are shown on a blue background, suggested essential elements for humans are on a red background, and
nonessential elements for humans are on a grey background (Ali, 2023).

J

process, and determination of Ca is recommended distinguish low-pressure MSM from minced meat
as the only appropriate chemical parameter which products (Wubshet et al., 2019). Detection reliability
can be used to distinguish MSM from non-MSM can be improved by measuring some other elements,
products (EFSA, 2013). However, according to lit- like magnesium (Mg), potassium (K) and iron (Fe),
erature data, Ca content alone does not reliably which can be significant markers in distinguishing
4 N\
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Figure 2. Role of microelements (trace elements) in human health (Islam et al., 2023).
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MSM from fresh meat (Dalipi et al., 2018; lammari-
no et al., 2021). Hence, besides the Ca content, from
the consumers’ point of view, it is useful to deter-
mine the contents of some other macro and micro-
elements in MSM. It is well known that some ele-
ments are essential for life (Figure 1). Nevertheless
Shyichuk et al. (2023) indicate Ca content as one of
the best indicators of the quality of meat products.
This is because meat products often contain oth-
er Ca-rich additives, such as chicken fat (Ca con-
tent of 150—400 ppm), whey protein (~470 ppm),
soy protein (~1780 ppm), articular cartilage (~3800
ppm), milk powder (~9100 ppm). Thus, a high Ca

content in a meat product indicates a high amount of
non-meat additives (Shyichuk et al. 2023).

Numerous trace elements are necessary for the
body to continue functioning properly (Islam et al.,
2023; Ali, 2023). These microelements are essen-
tial for many physiological functions, including hor-
mone formation, heartbeat regulation and the forma-
tion of blood and bone (Figure 2).

However, the literature data (Wada, 2004; Ali,
2023) indicate there are some medical conditions
and chronic and hereditary diseases caused by defi-
ciency or excess of some macro- and microelements
(Tables 1 and 2).

Table 1. Deficiency and excess of macroelements in some medical conditions (Ali, 2023).

Macroelement

Deficiency

Excess

* Osteoporosis
¢ Kidney failure
» Osteopaenia

Calcium (Ca*") * Renal disease

* Hypoparathyroidism
» Fanconi syndrome

* Tuberculosis

* Sarcoidosis

* Thyroid disease

* Chronic kidney disease
* Adrenal gland disease

* Adrenal gland disorders
* Chronic kidney disease

* Kidney failure

Potassium (K*) * Diabetes
* Blood pressure e
. * Addison’s disease
¢ Liddle syndrome
* Di * Ki fail
Magnesium (Mg?) iabetes idney failure

e Coeliac disease

* Thyroid problems

Table 2. Deficiency and excess of microelements in some medical conditions (Wada, 2004).

Microelement Deficiency Excess
Congenital:
* Acrodermatitis enteropathica )
Acauired- Acquired:
Zinc (Zn?") cquured.  Zn fume fever

 High-calorie parenteral therapy,
enteral nutrition, drugs (chelating

* Zn poisoning

agents), inadequate intake

Congenital:

¢ Atransferrinemia
Iron (Fe*3) Acauired
cquired:

¢ Iron-deficiency anaemia

Congenital:

» Haemochromatosis
Acquired:

¢ Iron poisoning

Congenital:
* Menkes disease

Copper (Cu™) Acquired:

» High-calorie parenteral therapy

* Enteral nutrition

* Aceruloplasminemia

Congenital:
* Wilson’s disease
Acquired:
» Copper fume fever
» Copper poisoning
* Parkinson’s disease
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Presently, to the best of our knowledge, there
is very little authentic and scientific informa-
tion available on the content of Ca and other mac-
ro- and microelements in MSM used by the meat
industry in Serbia (7asi¢ et al., 2017). Monitor-
ing of MSM is important because it is used in the
composition of some meat products that must fulfil
the Serbian regulation on minced meat, semi-pro-
duced meat and meat products (Official Gazette
RS, 50/2019 and 34/2023). Moreover, such data
is necessary for future studies on the total dietary
intake of specific elements by the Serbian popula-
tion, and considering the fact that MSM is used in
the production of boiled meat products, commonly
consumed in Serbia.

Looking at this context, the aim of this paper
was to determine the contents of six element (Ca,
Mg, K, Fe, copper (Cu) and zinc (Zn)) in MSM orig-
inating from different countries, gathered from dif-
ferent meat processing facilities in Serbia. The dis-
tribution of the elements in the analysed MSMs was
determined by applying principal component anal-
ysis (PCA). In addition, the quality of the MSMs in
relation to their Ca content was assessed in line with
both the Serbian and EU legislation.

2. Materials and Methods

Sample collection

A total of 88 poultry MSM samples from dif-
ferent countries of origin (Serbia, Croatia, Bos-
nia and Herzegovina, France, North Macedonia,
Sweden, Denmark and Germany), were collect-
ed in different meat processing facilities in Ser-
bia during 2022. After collection, the MSMs were
labelled and stored in polyethylene bags and fro-
zen at —18 °C. Frozen MSMs were thawed at 4 °C
and homogenized, then approximately 0.5 g (wet
weight) of sample was mineralized by adding
5 mL of nitric acid (67-70%, TraceMetal grade,
Fisher Chemical, Belgium) and 5 mL deionized
water, purity of 0.067 uS/cm, produced by a Pure-
lab DV35 water purification system (ELGA, Buck-
inghamshire, UK). Microwave assisted digestion
was performed in a MARS 6 iWawe Microwave
Digestion System (CEM Technology, USA). After
cooling at room temperature, the digests were
quantitatively transferred into polypropylene vol-
umetric flasks and diluted to 100 mL with deion-
ized water.

Sample preparation and reagents

Analysis of the following six elements, Ca, K,
Mg, Fe, Zn and Cu, was performed by inductive-
ly coupled plasma mass spectrometry (ICP-MS)
(iICap Q mass spectrometer, Thermo Scientific,
Bremen, Germany). The most abundant isotopes
were used for quantification. Operating conditions
of the ICP-MS system were: RF power (1550 W);
cooling gas flow (14 L min'); nebulizer flow (1 L
min'); collision gas flow (1 mL min™'); operating
mode (Kinetic Energy Discrimination); dwell time
(10 ms).

Standards

Standard stock solutions of each element (Ca,
K, Mg, Fe, Zn and Cu) were obtained from CPA
Chem (Stara Zagora, Bulgaria). The purity of the
starting material in standards was 99.999% for each
element. For qualitative analysis of the samples, a
five-point calibration curve (including zero) was
constructed for the *Ca, *K, Mg, 'Fe, *Zn and
Cu isotopes.

Statistical analysis

Statistical analysis of experimental data was
performed using software Statistica 10.0 (StatSoft
Inc., Tulsa, OK, USA). One-way analysis of vari-
ance (ANOVA) and Tukey’s HSD test for compari-
son of means were used to analyse differences in the
elements’ levels in MSMs from the different coun-
tries. PCA was used to group the observed samples
and to discover any possible correlations among the
element levels.

3. Results and Discussion

The contents in the MSMs of the six elements
(Ca, Mg, K, Fe, Cu and Zn), expressed in terms of
mean, standard deviation (SD), median and range,
are presented in Table 3.

According to both Serbian regulation (Offi-
cial Gazette RS. 50/2019 and 34/2023) and the
European Food Safety Authority (EFSA, 2013),
the maximum permitted Ca level in MSM is
1000 mg/kg (100 mg/100 g). In this study, the high-
est mean Ca level was established in MSMs from
Sweden (1115.65 mg/kg), but this was not signifi-
cantly higher than the mean Ca levels in MSMs from
other countries (p > 0.05). The mean Ca levels from

4
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Table 3. Levels (mg/kg) of six selected elements (Ca, Mg, K, Fe, Cu and Zn) in mechanically separated
meats (MSMs) from different countries

Element levels (mg/kg)

Country of MSM origin Ca Mg K Fe Cu Zn
Serbia, n=27

Mean 888.00*  198.66 > 2594.76%>  17.02%P 0.48* 13.312b
SD 620.77 29.64 348.91 3.60 0.14 2.81
Median 684.77 194.88 2487.03 17.01 0.46 12.69
Min 304.88 127.35 1868.04 9.67 0.28 8.36
Max 2852.21 273.75 3450.80 28.69 0.92 19.59

Croatia, n=9

Mean 532.50* 228.56%  2928.76° 13.882 0.50* 12.52°2
SD 278.14 43.09 465.17 4.10 0.14 2.60
Median 716.36 198.62 2482.41 16.40 0.46 11.97
min 175.69 155.45 2238.04 8.32 0.35 8.57
max 1034.28 306.28 3600.19 19.78 0.82 16.54

Bosnia and Herzegovina, n=17

Mean 814.322 214.64°  2886.06° 15.64%° 0.51* 12.132
SD 440.65 48.55 538.29 248 0.38 341
Median 691.76 214.53 2885.10 15.35 0.43 12.13
min 229.63 119.24 1530.35 10.37 0.27 4.08
max 2548.56 319.79 3874.90 20.83 2.55 21.63

France, n=6

Mean 703.37* 152.88*  2157.74* 15.9720 0.48* 17.56°
SD 57.06 12.93 84.25 2.01 0.02 4.57

Median 697.20 156.52 2161.95 16.16 0.48 17.47
min 644.88 134.27 2054.68 13.76 0.47 13.59
max 774.21 164.22 2252.36 17.83 0.50 21.69

North Macedonia, n=7

Mean 778.26*  210.49%®  2983.74° 35.99¢ 0.47* 14.24 2>
SD 90.79 12.07 214.23 3.64 0.06 3.34
Median 800.05 209.17 2988.76 35.35 0.46 13.25
min 658.70 198.60 2716.45 32.41 0.42 11.41
max 854.23 225.00 3241.00 40.84 0.55 19.06
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Element levels (mg/kg)

Country of MSM origin Ca Mg K Fe Cu Zn
Sweden, n=6

Mean 1115.65%  193.58*®  2407.91° 22.59¢ 0.50* 12.772°
SD 119.42 20.10 201.59 0.96 0.05 0.92
Median 1119.91 196.96 2437.13 22.50 0.50 12.85
min 977.57 168.90 2145.00 21.50 0.44 11.63
max 1245.23 211.50 2612.38 23.84 0.55 13.77
Denmark, n=6

Mean 1061.18*  173.18%>  2091.63* 20.37°%¢ 0.38* 11.51°
SD 110.66 26.18 146.84 1.29 0.02 1.02
Median 1081.89 170.49 2063.99 20.49 0.38 11.20
min 908.20 149.97 1961.28 18.69 0.35 10.71
max 1172.75 201.76 2277.24 21.81 0.41 12.94
Germany, n=10

Mean 998.08 * 195.37%>  2363.31** 18.16%b¢ 0.35¢ 11.48°
SD 302.94 18.16 129.13 1.04 0.04 1.32
Median 1034.53 200.60 2352.77 18.29 0.34 11.20
min 507.12 163.51 2141.15 15.72 0.31 9.70
max 1373.97 226.33 2581.47 20.37 0.42 13.72

*dDifferent superscripts within the same column indicate significantly different means according to Tukey’s HSD test; (p < 0.05)

this study (from 532.50 to 1115.65 mg/kg) were sim-
ilar to levels reported by Miedico et al. (2022) for
high pressure MSM (1019 mg/kg) and low pressure
MSM (511 mg/kg). The mean Ca level from Serbian
MSMs (888 mg/kg) was similar to that reported by
Tasic¢ at al. (2017) (721 mg/kg). The mean levels of
Mg in MSMs from Croatia and Bosnia and Herzego-
vina in the current study were statistically higher than
the mean level measured in MSMs from France (p <
0.05). The use of Ca and Mg derived parameters, such
as (Ca?" - Mg*") and the ratio, Ca?"/Mg>*, could be
useful parameters to discriminate between MSM and
non-MSM (lammarino et al., 2021). The lowest mean
contents of K was established in MSMs from Den-
mark (2091.63 mg/kg) and France (2157.71 mg/kg),
and they were statistically lower than the mean K
levels measured in MSMs from Croatia, Bosnia and
Herzegovina and North Macedonia. The mean Fe lev-
els in MSMs from Serbia, Bosnia and Herzegovina,

France and Germany were not statistically different
(range from 15.64 to 18.16 mg/kg) and were close to
data obtained by Miedico et al. (2022) (from 14.3 to
17.9 mg/kg). The mean Fe level determined in MSMs
from North Macedonia (35.99 mg/kg) was statistical-
ly higher than mean Fe levels measured in all other
MSMs (p <0.05). The mean Cu levels in MSMs from
the different countries were not significantly different
and were in line with data for high pressure MSMs
reported by Miedico et al. (2022) (0.415 mg/kg).
In French MSMs, the mean Zn level (17.56 mg/kg)
was similar to that reported by Miedico et al. (2022)
(16.3 mg/kg). Zn in MSMs from France was signifi-
cantly higher than Zn in MSMs from Croatia, Bosnia
and Herzegovina, Denmark and Germany (p < 0.05).

PCA was applied to the correlation matrix, which
included the six parameters for the MSMs from eight
different countries (Hammer et al., 2001). PCA was
applied to group the observed the possible correlations
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Figure 3. Bi-plot graphic of PCA of Ca, Mg, K, Fe, Cu and Zn levels in mechanically separated meats from
different countries.

among the measured Ca, Mg, K, Fe, Cu and Zn levels
and the country of MSM origin (Serbia, Croatia, Bos-
nia and Herzegovina, France, North Macedonia, Swe-
den, Denmark and Germany) (Figure 3).

The first two components (PC1 and PC2) result-
ing from the examination of the levels of micro- and
macroelements in the MSMs from different coun-
tries accounted for 72.33% of the total variance (PC1
43.62%, PC2 28.71%). In the case of PCI, the lev-
els of K and Mg (significant positive correlations) as
well as the Ca level (significant negative correlation)
contributed the most to the variability of the MSMs.
In the case of PC2, significant positive correlations
were established for Mg and Ca levels, while a sig-
nificant negative correlation was established for the
Zn level. For the third principal component (PC3),
the level of Fe achieved a strong positive correlation,
while the Mg level produced a strong negative cor-
relation. For the fourth principal component (PC4),
the levels of Ca and Cu achieved strong positive cor-
relations, while the Fe level produced a strong nega-
tive correlation. Figure 3 shows the Mg levels were
highly positively correlated with K levels, while the
Ca and Cu levels were highly negatively correlated.

The influence of different parameters that
described the MSMs studied can be evaluated from
Figure 3, in which the MSMs from different coun-
tries are located on different sides of the graph-
ic. MSMs from Sweden, Denmark and Germany,

in which the highest Ca levels were observed, were
located on the left upper side of the graphic. The
MSMs from Bosnia and Herzegovina, North Mac-
edonia and Croatia were on the opposite side of the
graphic (right upper). MSMs from Croatia were
located the furthest on that side, since these products
contained the highest Mg and K levels. MSMs from
Serbia and France were located on the lower side of
the graphic. MSMs from France were separated with
regard to their high Zn levels.

4. Conclusion

This study aimed to provide information on
levels of Ca, Mg, K, Fe, Cu and Zn in MSMs used
by the meat industry in Serbia. Data obtained from
ANOVA show the country of origin significantly
influences the Mg, K, Fe and Zn contents (p < 0.05)
in MSMs, but there is no statistically significant
influence of country of origin on the Ca or Cu con-
tent (p > 0.05). Ca levels in MSMs from Sweden and
Denmark were slightly higher than the EFSA maxi-
mum permitted level for Ca in MSM. Furthermore,
control of Ca in MSM samples, as well as control of
conditions during the process of machine separation
of meat from bones and tissues or from poultry car-
casses, are both necessary to avoid the occurrence of
bone particles in MSM and, consequently, in meat
products that contain MSM.
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Prema preporuci evropske agencije za bezbednost hrane (European Food Safety
Authority (EFSA), sadrzaj kalcijuma (Ca) u mehanicki separisanom mesu (mechani-
cally separated meat, MSM) je glavni indicator ostatka kostiju u uzorcima MSM. U
ovom radu odreden je sadrzaj Ca, magnezijuma (Mg), kalijuma (K), gvozda (Fe), ba-
kra (Cu) i cinka (Zn) u MSM uzorcima iz razli¢itih zemalja (Srbija, Hvatska, Bosna i
Hercegovina, Francuska, Severna Makedonija, Svedska, Danska i Nemacka). Uzorci
su uzeti iz razli¢itih postrojenja za preradu mesa u Srbiji. Sadrzaji Sest elemenata odre-
deni su primenom induktivno kuplovane plazme sa masenom spektrometrijom (induc-
tively coupled plasma mass spectrometry, ICP-MS). Distribucija elemenata u MSM
uzorcima analizirana je primenom PCA analize (principal component analysis, PCA).
Sadrzaj kalcijuma koji se odnosi na kvalitet mehanicki separisanog mesa, proveren je
u skladu sa pravilnikom Republike Srbije i EU propisima. I ubuduce, neophodna je
redovna kontrola sadrzaja Ca u MSM, kao i kontrola uslova u procesu odvajanja mesa
sa kostiju na kojima je to meso ostalo posle otkostavanja trupa ili sa trupa zivine, kako
bi se smanjilo unosenje Cestica kostiju u MSM, a samim tim i u proizvode od mesa.
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ARTICLE INFO ABSTRACT

Keywords: The contents of the essential elements, iron, manganese and copper, were determined in the
Brown hare kidney and liver of the European brown hare (Lepus europaeus). The wild hares assayed
Elements were divided into five age classes ranging from 3 months to more than 36 months. The
Kidney animals were collected during 2010/2011 from 21 different hunting terrains and originated
Liver mainly from arable and agricultural biotopes in Serbia. The mutual interactions of the met-
Interactions als obtained from kidneys and livers of 157 individual hares in age groups were calculated.

The mean levels of Fe, Mn and Cu (mg/kg, wet weight) registered in kidney (K) and liver
(L) were: Fe (K) 103.3242.1; Fe (L) 138.5£52.7; Mn (K) 1.75+0.66; Mn (L) 2.36+0.85;
Cu (K) 3.32+0.62; Cu (L) 4.16+1.40. No statistically significant differences (p>0.05) were
found between the age groups with regard to the Fe, Mn and Cu contents in the kidneys and
liver of brown hares (within the same organs). Statistically significant differences between
levels in liver and kidney (between different organs) were registered in all age groups (in fa-
vour of higher levels in the liver over the kidney) of hares, except for Fe contents in both or-
gans in the age groups of 3—6 and 12 months. Correlations between the content of elements
within the age groups were determined using the Pearson test for normal distributions. The
correlation patterns between the essential elements in the hare liver and kidney showed both
positive and negative significant correlations among some single or different elements with-
in the same organ and among the elements between the two organs. Within age groups, we
registered seven different statistically significant mixed associations (FeK-FeL, CuL-MnL,
MnL-FeL, CuK-MnK, MnK-FeL, CuK-FeL, and CuL-FeL).

1. Introduction important functions in the body, such as storage,
regulation and supply of energy (Rai et al.,2021;
Tibbett et al.,2021; Nunes et al.,2022).

Fe, Cu and Mn play important roles in most bio-

In much of the literature, the term “essen-
tial metals” has been used to signify those met-

als required by living organisms, and the absence
of which produces specific deficiency symptoms
(Duffus, 2002). Furthermore, “trace elements” are
defined as essential, i.e., Mn, Fe, Cu, Zn, Se, Co,
Mo and I, for plants or animals (Zoroddu et al.,
2019). The essential elements in herbivore tissues
have attracted a great deal of attention in basic and
applied biology. These elements are known to play

*Corresponding author: zoran.petrovic@inmes.rs

logical process, be it structural or enzymatic. These
elements also play a role in oxygen transport and
reduction, as they each take part in the composition or
functioning of respiratory pigments. As essential met-
als in animals, however, they can also create a level of
toxicity (Pajarillo et al., 2021; Jomova et al., 2022).
The liver and kidney are the sites of metal metabo-
lism in the body. The proteins that are involved in
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the fluxes of Fe, Mn and Cu in mammals have been
observed mostly in these two organs in both the
absorption and the excretion processes. Therefore, it
is important to understand the role of these elements
in these organs to comprehend the overall status of
essential metals in the body (Fu and Xi, 2020, Liu et
al., 2020, Cygan and Szczegielniak, 2021).

Many previous field studies established that dif-
ferent heavy metals (considered as toxic or essential)
have to be present in the body and different organs
of the European hare (Vendldinen et al., 1996, Mas-
sanyi et al., 2003, Pedersen et al., 2006, Kolesarova
et al., 2008, Dlugaszek et al., 2013, Le Fidalgo et al.,
2015, Demirbas and Erduran, 2017; Wajdzik et al.
2017, Dtugaszek, 2019). Some studies also investi-
gated the distribution and levels of Fe, Mn and Cu in
the organs of various animal species, including hares
(Lopez Alonso et al., 2004, Kompis and Ballova 2021,
Squadrone et al. 2022). However, from the literature
reviewed for this study, there is limited information
on the specific interactions between these elements
within or between the target organs in the Europe-
an hare, including narrower differentiation of age
groups. Understanding these interactions is crucial, as
Fe, Mn and Cu play essential roles in numerous bio-
chemical and physiological processes. Furthermore,
information on trace element levels in animal tissues
is a valuable resource in animal toxicology. Fe is vital
for oxygen transport and energy production, Mn par-
ticipates in antioxidant defence and enzyme activa-
tion, while Cu is involved in enzyme function and
cellular signalling (Pilarczyk et al., 2020, Kalisinska
et al., 2023; Stepanova et al., 2023).

By studying the background of Fe, Mn and Cu in
animal physiology, we can try to establish a founda-
tion for exploring their interactions within the hare’s
organs and optimal levels to ensure the normal growth
and development of hares. The primary goals of this
research were to examine: (1) the levels of Fe, Mn and
Cu in kidney and liver of a hare population divided
into five age groups that represent the natural life span
of this wildlife species; (2) how Fe, Mn and Cu inter-
act in the liver and kidney of European hares within the
same and different organs and try to uncover the fac-
tors that affect these interactions derived from statisti-
cal data. Our focus was on analysing the amounts and
patterns of Fe, Mn and Cu in these organs and deter-
mining whether there are any connections or interde-
pendencies among the three metals. Furthermore, we
aimed to comment on how factors such as diet com-
position, environmental conditions and especially age
factors might impact these interactions.

2. Materials and methods
2.1 Studied wild hares and the collection locations

A total of 157 European brown hares (Lepus
europaeus) were collected during the regular hunting
season in the fall and winter of 2010/2011. The hares
were collected mainly from habitats characteristic of
the European brown hare, namely near agricultural
land and other open areas such as meadows, clear-
ings, plains, bushes and shrubs. The hares were from
21 Serbian regions at the locations shown on the map
(Fig. 1). Of the study animals, 84 hares were col-
lected from central Serbia, from the territories of 11
hunting associations (1-11: Uzice, Bajina Basta, Ub,
Obrenovac, Mladenovac, Belgrade, Sabac, Ciéevac,
KurSumlija, Vranje and Prokuplje), while 73 hares
were from the northern province of Vojvodina, from
the territories of 10 hunting associations (12-21:
Sonta, Aleksa Santi¢, Sombor, Novi Sad, Pancevo,
Putinci, Nikinci, Budanovci, Mali Radinci, Voganj).

1-Uzice
2-Bajina Basta
3-Ub
4-Obrenovac
5-Mladenovac
6-Beograd
7-Sabac
8-Cicevac
9-Kursumlija
10-Vranje
11-Prokuplje
12-Sonta
13-Aleksa Santic
14-Sombor
15-Novi Sad
16-Pancevo

17-Putinci
18-Nikinci
19-Budjanovci
20-Mali Radinci
21-Voganj

Figure 1. Locations in Serbia where hares were
collected

2.2 Age determination of the studied hares

The detailed methodology for determining the age
of the studied brown hare population was described
in previous studies (Suchentrunk and Hartl, 1991;
Petrovic et al., 2013, 2014). The examined hares were
divided into five age groups: 3—6 months, 12 months,
12-24 months, 24-36 months, older than 36 months.
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2.3 Sample preparation

From the 157 hares, a total of 157 kidneys and
157 livers were taken, i.e., a total of 314 organs. The
entire liver and both kidneys were removed from each
animal. The livers and kidneys were stored at —20 °C
until analysis. After each entire organ was subjected
to a standard homogenization process (the two kid-
neys from each animal were processed together),
1 g of homogenate was digested with 8§ ml HNO,
(65 %v/v, analytical grade, JT Baker, Center Valley,
USA) and 2 ml H,0, (30 %, analytical grade, Kemika,
Zagreb, Croatia) using the acidic microwave diges-
tion method. Homogenates were digested in a micro-
wave digestion device (Milestone TC, EVISA, EU)
with temperature control. The digestion program start-
ed at a power of 1,000 W and was then ramped up to
200 °C for 10 minutes. The digests were then held at
1,000 W and a temperature of 180 °C for 20 minutes.
Digests were then stored frozen at —18 °C and thawed
in a refrigerator for 2 h before elemental analysis.

2.4 Elemental analysis (iron, manganese and
copper)

The elements were measured with an atom-
ic absorption spectrophotometer (VARIAN Spec-
trAA 220): Fe at 248.3 nm, LOD (1.0 mg/kg), Mn
at 279.5 nm, LOD (0.5 mg/kg) and Cu at 324.8 nm,
LOD (0.1 mg/kg). The accuracy of the method was
tested with the standard reference material (BCR
No. 186—Community Bureau of Reference) and by
a recovery test with spiked samples. The recoveries
of the reference material were £10 % of the certified
mean values. The recoveries in the different sample
materials were 96 %—101 % in kidney and 98 %—102
% in liver for Fe; 88-96 % in kidney and 81 %94 %
in liver for Mn; 95 %98 % in kidney and 92 %95
% in liver for Cu; the coefficient of variation was
between 4 % and 9 %. Calibrations were prepared
from commercial solutions in HNO, (0.2 %) con-
taining 1,000 mg/l of each element (JT Baker). All
results are reported on a wet weight (w.w.) basis.

2.5 Statistical analysis

The analysis was performed using the MINIT-
AB software package (MINITAB INC, USA), ver-
sion 17.0. Levels in organs were expressed as
means, standard deviations, minimum and max-
imum. Before selecting the appropriate statisti-
cal test, the best individual distribution of the data

series was determined (16 different distributions
were analysed) based on the lowest value of the
Anderson-Darling coefficient and the highest p-val-
ue (above 0.05) for the final selection of the distri-
bution that best fit the normal distribution. One-way
ANOVA and post hoc HSD Tukey test were used to
examine statistical differences of element contents
in organs between age groups. The significance of
the correlations of Fe, Mn and Cu levels between
organs was calculated using Pearson’s correlation
(Ps). Differences were considered statistically sig-
nificant if the p-value was <0.05. Boxplots were
used to represent both measures of central tendency
and the variability of the data.

3. Results

The measured contents of the three elements
(mg/kg weight) in the kidney and liver of the hares
examined are shown in Table 1.

3.1 Iron (Fe) levels in kidney and liver

Statistically significant differences (Table 1)
between the Fe content in the kidneys and liver
were not registered within the age groups of hares
of 3—-6 months and 12 months (p > 0.05). Later in
the hare’s life, looking at the mean values for the
kidneys from this study, the Fe decreased slight-
ly and then remained relatively constant. The mean
Fe contents in the liver of the different age groups
showed an increasing trend throughout the hares’
life (Table 1). The Fe contents in the liver of hares of
the other age groups (12—-24 months, 24-36 months,
and over 36 months.) were statistically significant-
ly higher than in the kidneys (p < 0.05). No statis-
tically significant differences were found between
the Fe contents in the kidneys and liver between the
different age groups (p>0.05). The mean Fe levels
(Table 2) including the whole population studied
for kidney (K) and liver (L) were 103.3 mg/kg and
138.5 mg/kg, respectively.

3.2 Manganese (Mn) levels in kidney and liver

The mean Mn levels in the examined kidneys
(1.75 mg/kg) were lower than those in the liver
(2.36 mg/kg), and the difference in the determined
Mn levels between the two organs was statistically
significant (p=0.001). Statistically significant differ-
ences between the Mn content in the kidneys com-
pared to the liver were also found in all age groups
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(p=0.001-0.022). No statistically significant dif-
ferences were found between the age groups with
regard to the Mn content in the kidneys and liv-
ers of hares (Table 1). The mean Mn levels in the
kidneys and liver (Table 1) of the studied individ-
uals by age groups (3—6 months,12 months, 12-24
months, 24—36 months, older than 36 months) were,
respectively: for kidney: 1.96 mg/kg, 1.88 mg/kg,

1.59 mg/kg, 1.65 mg/kg and 1.55 mg/kg; for the liv-
er: 2.47 mg/kg, 2.58 mg/kg, 2.39 mg/kg, 2.15 mg/kg
and 2.30 mg/kg. The lowest Mn level in the kid-
neys was 0.54 mg/kg (Table 3, sampling site 7) and
was recorded in a hare aged 24—36 months from the
area of Sabac (Table 1; MnK 24-36 m). The highest
measured Mn level in the kidneys was 2.70 mg/kg in
a hare collected from Budanovci (Table 3, sampling

Table 1. Overview of the content (mg/kg) of the analysed elements (Fe, Mn and Cu) in the kidneys (K) and
liver (L) of brown hares according to age groups

Age Statistical g Fe/L Mn/K Mn/L CuK Cu/L
measure
mean 110.2 128.7 1.96 247 333 426
3-6 N SD 39.4 505 0.80 0.78 0.66 1.48
montins .
(128) min 295 44.8 1.0 0.93 245 0.73
max 203.8 269.2 2.70 3.79 520 8.06
mean 109.2 132.0 1.88 2.58 332 427
12 N SD 513 62.5 0.79 0.99 0.79 1.60
montins
(1) min 37.6 43.01 0.72 0.42 1.34 0.92
max 324.1 313.1 2.8 534 9.34
mean 107.9 145.6 1.59 2.39 341 3.93
12—2&‘1 SD 36.2 41.8 0.42 0.73 0.48 0.99
montins
(22) min 62.4 815 0.79 0.55 228 1.97
max 186.4 2373 223 4.13 433 6.32
mean 945 140.7 1.65 215 3.26 4.16
24—3ﬂél SD 34.6 46.2 0.55 0.73 0.55 1.47
montins
(1) min 425 652 0.54 0.90 1.76 2.07
max 163.9 298.7 2.64 3.97 443 8.89
mean. 925 155.0 1.55 230 334 3.94
36+ . SD 47.1 64.2 0.47 1.04 0.45 0.93
montns
(1) min 39.6 759 0.62 0.50 2.73 2.20
max 176.8 283.9 231 411 424 6.19

Legend: K — kidney, L — liver, SD — standard deviation, n — number of hares included. The results are expressed on the basis of wet

weight (w.w).

Table 2. Statistically significant differences between the element contents in kidney (K) and liver (L)
according to hare age groups

Age (months) FeK/FeL MnK/MnL CuK/CuL
3—6 months p=0.134%* p=0.001%* p=0.003*
12 months p=0.054** p=0.003* p=0.001%*
12-24 months p=0.002* p=0.001* p=0.029*
24-36 months p=0.001%* p=0.001%* p=0.001%*
36+ months p=0.004* p=0.022* p=0.038*

Legend: * statistically significant differences between the metal contents in kidney (K) and liver (L) according to age groups (p <0.05);

** Differences were not registered.
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Table 3. Overview of the content (mg/kg) of the analysed elements (Fe, Mn and Cu) in the kidneys (K) and
liver (L) of brown hares according to sampling sites

Statistical

Locality measure Fe/K Fe/LL Mn/K Mn/L Cu/K Cu/L
1. UzZice mean + SD 100.1+48.3 144.7+£51.7 1.95+0.82 2.45+0.57 3.32+0.47 3.72+0.60
(n=10) min — max 29.5-186.4  89.9-267.7 0.99-2.12 1.83-3.24 2.75-4.40 2.74-4.86
2. Bajina Basta mean+SD  103.1+45.6  171.8+61.9  1.62+0.53 1.64+1.47 3.00+0.49 2.84+2.67
(n=6) min — max 39.6-155.1 89.5-273.8 0.92-2.10 0.42-3.46 2.35-3.71 0.91-7.54
3. Ub mean £+ SD 104.2+45.8 153.9+50.6 1.24+0.63 3.26+0.79 3.90+0.40 3.93+0.49
(n=10) min —max  58.3-185.3  81.5-2584  0.62-2.62 1.82-4.13 329459  3.24-4.68
4. Obrenovac mean £ SD 95.5+44.1 146.8+67.5 1.61+0.30 2.07+£0.55 2.82+0.37 3.87+0.45
(n=6) min — max 46.3-176.8 85.7-232.9 1.14-20.01 1.38-3.00 2.14-3.21 3.44-4.60
5. Mladenovac mean £+ SD 120.1+£36.9 169.3+58.4 1.46+0.31 2.39+0.88 3.14+0.41 4.10+0.76
(n=10) min-max  54.4-181.8  89.0-269.2 1.00-2.05 1.36-3.67 2.45-3.97 2.66-5.17
6. Belgrade mean £+ SD 144.2488.2  216.6£106.2 1.60+0.38 1.98+0.76 3.42+0.28 3.43+1.73
(n=7) min-max  54.5-324.1  62.1-313.1 0.95-1.97 0.98-3.30 2.96-3.86 0.92-6.13
7. Sabac mean + SD 92.0+£23.2 121.6+£26.5 1.48+0.68 2.28+0.20 2.47+0.44 3.22+0.98
(n=9) min — max 63.5-1254  81.6-161.4 0.54-2.49 1.94-2.50 1.76-3.09 2.07-4.76
8. Ciéevac mean + SD 64.8+16.5 153.6+8.15 1.83+0.30 1.77+0.20 3.36+0.36 3.36+0.36
(n=7) min — max 53.3-91.5 153.1-164.7 1.40-2.12 1.50-2.06 3.16-4.23 2.90-4.02
9. KurSumlija mean+SD  93.3+23.6  122.2+57.7 1.61£0.5 2.63+0.36 3.08+0.59 3.82+0.52
(n=6) min —max  61.8-131.7  48.3-213.5 1.0-2.20 222-3.14 254405  3.42-4.80
10. Vranje mean £ SD 88.4+38.5 118.4+40.9 1.85+£0.66 2.89+1.0 2.98+0.37 4.15+0.85
(n=6) min — max 42.0-155.1 74.6-173.8 0.66-2.42 1.38-3.97 2.52-3.64 2.53-4.76
11. Prokuplje mean+SD  74.9+£24.9 95.0+45.3 2.16+0.95 2.81+1.3 2.81+1.10 4.42+1.67
(n=7) min-max  37.6-101.2  43.0-163.3 1.45-2.28 1.27-5.08 1.34-4.36 2.03-6.64
12. Sonta mean+SD  88.2+14.9 138.8+18.5 1.46+0.16 1.73+0.85 3.27+0.36 4.02+1.37
(n=7) min-max  68.8-113.4 118.5-173.3  1.16-1.62 0.96-3.08 2.65-3.58 2.85-6.19
13. Aleksa Santi¢  mean+SD  126.3+42.11  149.3+68.1 1.63+0.24 1.98+0.78 3.74+0.46 3.90+1.39
(n=9) min — max 57.7-203.4  44.8-253.3 1.39-2.06 0.90-3.26 3.20-4.82 1.36-5.81
14. Sombor mean + SD 85.5+23.9 110.4+40.2 2.18+0.35 2.65+£0.90 3.07+0.45 3.74+1.39
(n=9) min — max 50.6-123.3 64.4-186.3 1.55-2.54 0.93-4.11 2.60-3.74 0.73-5.28
15. Novi Sad mean + SD 69.3+25.7 99.9+21.6 2.03+0.33 2.77+0.74 3.70+0.23 7.49+1.38
(n=6) min — max 42.5-106.2  65.2-122.7 1.72-2.65 1.70-3.77 3.31-3.93 5.98-9.34
16. Pancevo mean £ SD 94.3+22.3 126.7+£29.2 1.43+0.17 2.26+0.69 3.06+0.50 4.43+1.28
(n=9) min — max 69.0-141.5 78.0-160.6 1.14-1.60 1.35-3.65 2.25-3.60 2.75-6.94
17. Putinci mean+SD  119.3£32.0  158.3+28.5 1.87+0.32 2.34+0.65 3.84+0.36 5.95+1.80
(n=6) min-max  74.2-163.6 115.5-196.4  1.21-2.04 1.54-3.06 3.46-4.43 3.71-8.84
18. Nikinci mean+SD  138.9429.4  116.1+£34.9 1.62+1.15 1.67+0.41 3.41+0.32 3.64+0.34
(n=9) min-max  100.1-178.4  76.0-177.9  0.65-2.50 1.06-2.43 2.99-4.07 3.18-4.07
19. Budanovci mean £+ SD 80.0+£22.1 122.1+£32.0 1.73£0.70 2.42+0.51 3.94£1.13 4.89+0.98
(n=6) min — max 54.9-116.9 87.5-166.9 1.01-2.70 1.69-2.95 2.51-5.34 3.87-6.74
20. Mali Radinci mean+SD  140.9£33.8  143.1+37.5 2.04+0.81 3.08+0.72 3.73+0.18 5.25+.1.50
(n=6) min — max 91.1-196.2  105.7-165.0 1.94-2.38 2.51-4.38 3.45-3.90 4.01-8.06
21. Voganj mean+SD 13494352 124.2+42.6  1.69+0.38 2.77+0.47 3.33+0.22 4.73+1.21
(n=6) min — max 80.9-176.9 86.4-183.9 1.16-2.12 3.00-5.12 3.11-3.72 3.00-6.32

(mean £ SD) 103.3+42.1  138.5+52.7 1.75+£0.66 2.36+0.85 3.32+0.62 4.16%1.40

N=157
min—max  29.5-324.1  43.0-313.1 0.54-2.70 0.42-5.12 1.34-5.34 0.73-9.34

Legend: K —kidney, L — liver, SD — standard deviation, n — number of samples, N — samples analysed in total; the results are expressed
on the basis of wet weight (w.w)
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site 19), an individual aged 3—6 months (Figure 3,
MnK 3-6m). The lowest Mn level in the liver was
0.42 mg/kg and was recorded in a hare from Baji-
na Basta (Table 3, sampling site 2), an individu-
al 12 months old (Figure 3., MnL 12m). The high-
est recorded Mn level in the liver was 5.08 mg/kg
in a one-12 months -old individual from Prokuplje
(Table 1, sampling site 11) (Figure 3, MnL 12m).

3.3 Copper (Cu) levels in kidney and liver

The mean Cu levels (3.32 mg/kg) in the exam-
ined kidneys of the brown hare were lower than
those in the liver (4.16 mg/kg), and the difference
in the determined Cu levels between the two organs
was statistically significant (p=0.001). Statistical-
ly significant differences between the Cu content in
the kidneys compared to the liver were also found

in all age groups (p=0.001—0.038). No statistical-
ly significant differences were found between the
age groups with regard to the Cu content in the kid-
neys and liver of hares (Table 1). The mean Cu lev-
els in the kidneys and liver (Table 1) of the studied
individuals by age groups (3—6 months, 12 months,
12-24 months, 24-36 months and older than 36
months) were: for kidney: 3.31 mg/kg, 3.32 mg/kg,
3.41 mg/kg, 3.26 mg/kg and 3.34 mg/kg; for the liv-
er: 4.26 mg/kg, 4.27 mg/kg, 3.93 mg/kg, 4.16 mg/kg
and 3.94 mg/kg. The lowest measured Cu level in
the kidneys was 1.34 mg/kg (Table 3, sampling site
11) and was recorded in a hare aged 12 months from
the Prokuplje area (Table 1; CuK 12 m). The highest
measured Cu level in the kidneys was 5.34 mg/kg
in a hare collected from the Budanovci area (Table
3, sampling site 19), an individual aged 12 months
(Fig 4, Cu K12 m). The lowest Cu level in the liver

Table 4. Mean element levels (mg/kg) measured in hare organs by other authors

Element q .
(mg/kg) Kidney Liver Country Authors
1192 (total) 198%(total)
130* immature 236° immature Poland Myslek and Kalisinska, 2006
108* adults 179* adults
Fe 480° 600° Poland Wajdzik et al., 2017*
242,6°/345,9" 207,1¢/307,9"°
(215.35-257.79)¢ (172.02-233.61)° Croatia Linsak et al., 2022
(223.56-668.43)° (172.02-233.61)°
2.00%(total) 2.51%(total)
2.19* immature 2.62* immature Poland Myslek and Kalisinska, 2006
Mn 1.98* adults 2.50° adults
6.00° 4.80° Turkey Demirbas and Erduran, 2017
2.6° 3.1¢ Poland Krelowska-Kulas et al., 1994
6.6° 5.8° ”
(3.76 — 4.64)* (4.64 —5.32)° . I
(4.64—5.32)" (4.61 —5.15) Finland Venéldinen et al.,1996
3.85(total) 3.97(total)
3.90* immature 3.95* immature Poland Myslek and Kalisinska, 2006
Cu 3.78% adults 3.99% adults
2.60 (juvenile)* 2.96 (juvenile)® . .
2.89 (adults)* 3.04 (adults)° Spain Le Fidalgo et al., 2015
1.91* 2.34¢ Turkey Demirbas and Erduran, 2017
15f 14.7° Poland Wajdzik et al., 2017*
144 13.84 Croatia Lazarus et al., 2022%

Legend: The letters a-f indicate the environmental conditions of the sampling area. a —unpolluted areas, b — industrial areas; ¢ — culti-
vated lands, d — natural gas treatment plant, ¢ — coastal unpolluted area, f — mixed area (agricultural and industrial); *- results expressed
as dry matter content, the data given in parentheses indicate the interval of findings.
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Figure 2. Iron (Fe) content (mg/kg, w.w.) in kidney (K) and liver (L) of hares grouped by age.

Legend: X indicates above-average values, m indicates mean values; a horizontal line within the box indicates median values
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Figure 3. Manganese (Mn) content (mg/kg, w.w.) in kidney (K) and liver (L) of hares grouped by age.

Legend: x indicates above-average values, m indicates mean values; a horizontal line within a box indicates median values
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Figure 4. Copper (Cu) content (mg/kg, w.w.) in kidney (K) and liver (L) in hares grouped by age

Legend: x indicates above-average values, m indicates mean values; a horizontal line within a box indicates median values

was 0.73 mg/kg was recorded in a hare from Som-
bor (Table 3, sampling site 14), an individual 3-6
months old (Figure 4., CuL 3-6m). The highest
recorded Cu level in the liver was 9.34 mg/kg in
a one-year-old individual from the Novi Sad area
(Table 1, sampling site 15) (Figure 4., CuL 12m).
The graphical representations of the Fe, Mn
and Cu levels (mg/kg, w.w.) in the kidneys and liver
of the examined hares according to age groups (3—6
months, 12 months, 12-24 months, 36 months and
older than 36 months) can be found in Figs. 2—4.

3.4. Interactions between Fe, Mn and Cu in the
kidney and liver of European hares

The correlation patterns between the essential
elements in the liver and kidney of our hares were
both positive and negative significant correlations
among the single or different elements within the
same organ and among the elements between the
two organs (Table 5 and Table 6).

All registered correlations between liver and
kidney were found when the Fe, Mn and Cu levels
were correlated considering the whole population
of hares studied (Table 5). All the mixed correla-
tions between the three essential metals were found

when the correlation matrix was formed by age
groups (Table 6). The data analysis revealed a total
of 12 different statistically significant associations
(Table 5 and Table 6). Of these, seven different sta-
tistically significant correlations were observed for
all samples analysed (Table 5) and all related to the
association of different elements between kidney
and liver.

Of these, only two common ones (FeK-FeL and
MnK-FeL) occurred in correlations by age group
(Table 6). The first common association, FeK-FeL,
occurred in most age groups (3—6 m, Ps=0.56; 12
m, Ps=0.70; 24-36 m Ps=0.46), but was not found
in groups of 12-24 m and over 36 m. Another com-
mon correlation, MnK-FeL, appeared once in the
12-24 m animals (Table 6). Within the age groups,
the CulL-MnL correlation should be emphasised,
which occurred four times (in the age groups:
3-6 m, Ps=0.49; 12 m, Ps=0.52; 24-36 m, Ps=0.45
and 36 m+ , Ps=0.68), but was not detected in the
12-24 m age group. The MnL-FelL -correlation
occurred twice (in the age groups 12 m, Ps= —0.31
and 12-24 m, Ps=—0.52). Other registered connec-
tions by age groups appeared once: CuK-MnK in
3—6 m, MnK-FeL in 12 m, CuK-FeL in 12-24 m and
CuL-FeL in 24-36 m.
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Of the seven correlation associations registered in
the entire brown hare population studied, five out of a
total of 12 were registered (Table 5), namely FeK-CulL,
MnK-MnL, MnK-CuL, CuK-MnL and CuK-CuL, but
did not appear in any correlation matrix formed by
age groups. Most of these correlations were weak in

relation to the whole population (Table 5), although
they were weak to moderately strong within some age
groups (£ Ps correlation coefficient of —0.31 to 0.7).
Weak to moderate negative correlations were also
recorded in some age groups (Ps from —0.31 to —0.52).
Note that all statistically significant correlations in

Table 5. Pearson (Ps) correlations between levels of different elements in kidney (K) and liver (L) of
European hare within the whole examined population (n = 157)

Kidney — Liver

Element/organ correlation Correlation coefficient p value
FeK-FeL 0.49 0.001¢
FeK-CuL —0.25 0.002¢
MnK-FeL —0.16 0.0432
MnK-MnL 0.21 0.010°
MnK-CuL 0.20 0.0132
CuK-MnL 0.19 0.0182
CuK-CuL 0.32 0.001¢

Legend: *p <0.05, °p <0.01,p <0.005, %p <0.001. Unless otherwise stated, the significance level is p <0.05.

Table 6. Pearson (Ps) correlations between levels of elements in kidney (K) and liver (L) of European hare
within particular age classes

Kidney-Liver, Kidney-Kidney, Liver-Liver (3—6 months. n=28)

Element/organ correlation Correlation coefficient p value
FeK-FeL 0.56 0.002¢
CuK-MnK 0.68 0.001°
CuL-MnL 0.49 0.009°
Kidney-Liver, Liver-Liver (12-24 months, n=22)
Element/organ correlation Correlation coefficient p value
FeK-FeL 0.70 0.001¢
CuL-MnL 0.52 0.001*
MnL-FeL —-0.31 0.049*
Kidney-Liver, Liver-Liver (12-24 months, n=22)
Element/organ correlation Correlation coefficient p value
MnK-FeL —0.47 0.026
CuK-FeL —0.47 0.029*
MnL-FeL —0.52 0.014
Kidney-Liver, Liver-Liver (24-36 months, n=51)
Element/organ correlation Correlation coefficient p value
FeK-FeL 0.46 0.001¢
CuL-FeL —-0.39 0.005¢
CulL-MnL 0.45 0.001¢
Liver-Liver (36+ months, n=15)
Element/organ correlation Correlation coefficient p value
CuL-MnL 0.68 0.007°

Legend: *p <0.05, °p <0.01,°p < 0.005, % < 0.001
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the 12-24 month age group (MnK-FeL, Ps =—0.47;
CuK-FeL, Ps= —0.46 and MnL-FeL, Ps= —0.52) were
of medium strength and negatively correlated. The two
recorded MnL-FeL correlations in the 12 m and 12-24
month age groups were negative. The largest number
of mixed correlations between elements and between
age groups appeared within the liver data (CuL-MnL,
MnL-FelL and Cul-FeL) seven times, then between
the liver and kidney data (CuK-MnL, MnK-FeL and
CuK-FeL) five times, but only once within the kidney
data (CuK-MnK).

4. Discussion

Our study documents Fe, Mn and Cu levels in
kidney and liver within hare age groups and sam-
pling sites as well as interactions within age and cor-
relations between organs.

4.1. Iron (Fe) levels in kidney and liver

The content of Fe in the kidneys and liver did not
differ in hares of 3—6 months and 12 months old. These
results could be interpreted to mean that the content in
these two organs is evenly built up until the animals
are about 12 months old. Comparing the results of the
present study with those of other studies (Table 4), it
can be seen that the mean metal levels in our hares
were lower than in those from Poland (Myslek and
Kalisinska, 2006, Wajdzik et al., 2017) and Croatia
(Linsak et al., 2017). In our study, the age difference
between the studied groups was sharper and the mean
Fe levels in the kidneys and liver (Table 1) of the
studied individuals by age groups (3—6 months, 12
months, 12-24 months, 36 months and older than 36
months) were: for kidney (110.2 mg/kg; 109.2 mg/kg;
107.9 mg/kg; 94.5 mg/kg and 92.5 mg/kg) and for
the liver (128.7 mg/kg; 132.0 mg/kg; 145.6 mg/kg;
140.7 mg/kgand 155.0 mg/kg), respectivly. Theresults
for the Fe content in the kidneys of hares from the
present study in relation to the age of 6 months to 24
months were similar to those from Poland (Myslek
and Kalisinska, 2006). Other measured mean Fe
levels in both organs were lower with respect to the
studies selected for comparison (Table 4). It should
be noted that comparisons of results should only be
made between values expressed in the same way (i.e.,
wet weight or dry weight). In the study by Faland-
ysz et al., 1994), the Fe levels in the kidneys and liv-
er of rabbits from farms in northern Poland were
27-83 mg/kg in kidney and 50-180 mg/kg in liver
(similar to the present study, taking into account the
interval results from different hunting areas).

In an older study (Ferguson et al., 1962), the Fe
levels in various organs (lung, kidney, liver, spleen) of
laboratory-bred rabbits were investigated. The results
for the kidney were 36-300 mg/kg and for the liver
were 43-540 mg/kg. If we look at the Fe values deter-
mined in the kidneys and liver of the brown hares
from the sampling sites in Serbia (Figure 2) and com-
pare them with the study by Ferguson (1962), there
are some similarities in the range. This comparison
could lead us to the conclusion that the data from our
study are close to the physiological Fe values in the
examined organs of hares of different age groups from
Serbia. The higher Fe levels (outliers) found in some
hares (Figure 2) could be attributed to the state of the
sample before homogenization, i.e., the high Fe could
be due to excess blood on the surface of the organs.

4.2. Manganese (Mn) levels in kidney and liver

If we compare the Mn levels in the organs of
brown hares from our study with the results of Mislek
and Kalisinska (2006) from Poland, there was a very
high degree of agreement, both in terms of the mean
value (our study shows 1.75 mg/kg in the kidneys and
2.36 mg/kg in the liver, the Polish study 2.00 mg/kg
and 2.51 respectively) and in terms of the levels in
younger and older individuals. The Mn content in
the kidneys and liver of young brown hares aged 3—6
months (Table 1) show, for example, that the lev-
els (w.w.) in the kidney (1.96 mg/kg) and the liver
(2.47 mg/kg) corresponded very well with those of
younger individuals from Poland (kidney 2.19 mg/kg
and liver 2.62 mg/kg). This similarity was also seen
in older individuals. Thus, Mn levels of our study in
hares aged 24-36 months (kidney 1.65 mg/kg, liv-
er 2.15 mg/kg) were close to the Mn levels in older
individuals from the Polish study of 2006 (Table 4),
wherein the Mn levels in kidney and liver were
1.98 mg/kg and 2.50 mg/kg, respectively. Compared
to the Turkish study (Demirbas and Erduran, 2017),
their registered mean Mn levels (kidney 6.00 mg/kg
and liver 4.80 mg/kg) were somewhat lower in our
study and also in the Polish study (Mislek and Kali-
sinska, 2006). In cattle and cervids, both ruminants,
normal liver Mn levels were within the following
ranges: 2.5-6.0 and 2.5-8.0 mg/kg (Puls, 1994).

Mn levels in the organs of brown hares can be
influenced by the environment, as Europe consists
of many land masses with different geomorpholo-
gy and climate (Vidus-Rosin et al., 2011; Canova
et al., 2020, Kitowski et al., 2017, Fattorini et al.,
2021, Buglione et al., 2022). Normal Mn levels in
the kidneys of wild animals are lower than in the
liver, but in some cases, the opposite is true (Table
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4; Demirbas and Erduran, 2017). The comparison
of the results obtained in this study with regard to
the Mn content in the kidney and liver of the Euro-
pean brown hare is consistent with other studies
that have looked at the content of this element in
various organs and animal species in the past. In
the digestive system, the highest Mn levels were
found in the stomach, followed by the liver and the
kidneys, and the lowest levels were encountered
in the intestines (Ertl et al., 2016, Kalisinska and
Budis, 2019). The Mn levels found in the organs
of brown hares in this study were not so high as
to have harmful effects (Hackldnder, 2022; Kompis
and Ballova, 2021, Selimovic and Arnold, 2022).

Sporadically  detected low Mn levels
(0.42 mg/kg), e.g. in the liver of a 12-month-old hare
(Figure 3) from the Bajina Basta region (Table 3,
sampling point 2), could indicate a deficiency of this
element in the diet or could be related to the health
status of the individual. In fact, it is likely that brown
hares suffer from malnutrition when they live in are-
as with monocultures that are poor in plant biodiver-
sity (Schai-Braun et al., 2015). 1t is well known that
malnutrition has a negative impact on the survival
rate of brown hares (Edvards et al., 2000).

It appears from this study that the mean Mn
levels in the organs of the brown hare by age class-
es are close to the physiological level and are not
significant when the reported levels are considered
in the context of the effect of this metal from the
environment on the hare individuals studied, i.e. the
toxicity of the registered amounts of Mn per indi-
vidual. These results are in line with previous stud-
ies, where it was stated that the gastrointestinal and
hepatobiliary systems play crucial roles in regulat-
ing and maintaining Mn organ levels within a rela-
tively narrow physiologic range (Aschner and Asch-
ner 2005, Foster et al., 2015; Zeman et al. 2015).

From the literature reviewed, it appears there
are not many field studies that have investigated Mn
levels in different tissues and organs of the same ani-
mals and in different age groups of brown hares.
Therefore, the data from our study are valuable data
to show reference ranges for Mn levels in kidney
and liver of European hares as they age.

4.3. Copper (Cu) levels in kidney and liver

A comparison of the mean Cu contents in the
kidneys and liver of brown hares from our study with
other reference studies (Table 4) shows a great sim-
ilarity with the data from the Polish studies on hares
from unpolluted areas (Krelowska-Kulas et al., 1994,
Mpyslek and Kalisinska, 2006) and slightly lower Cu

levels in the kidneys and liver compared to in the
organs of hares from unpolluted areas in Finland
(Venaelaeinen et al., 1996). In our study, Cu levels in
kidney and liver were slightly higher on average, but
still similar to levels in the Spanish study from hares
collected from cultivated areas (Le Fidalgo et al.,
2015). Compared to the Turkish study that examined
hares from unpolluted areas (Demirbas and Erduran,
2017), the mean Cu levels in both examined organs
in brown hares from Serbia were almost double.

In all hare age groups, some liver Cu levels (Fig.
4) were were outliers from the majority of the lev-
els measured in the given population, i.e., 75% of the
data from the third quartile and above the maximum
levels (marked with the symbol x as outliers). This
can be interpreted to mean that the excess Cu accu-
mulates in the liver of these herbivores and in cases
where Cu intake exceeds physiological limits (Wool-
liams et al., 1983; Grace et al., 1998). When com-
paring two groups of reared rabbits, one fed a basic
diet (10 mg Cu/kg) and the other fed a pelleted diet
with the addition of CuSO, x SH,0O (140 mg/kg Cu —
four times more than the maximum 35 mg/kg permit-
ted by the EU regulation), Skoivanova et al. (2002)
found 4.62 mg/kg in the liver of the control group,
while the liver of rabbits fed a high dose of Cu con-
tained 118.5+31.8 mg/kg of Cu. Moreover, the nutri-
ent requirement for a rabbit in terms of Cu intake
is 10 mg/kg per day (Mateos and De Blas, 1998).
According to some studies, the Cu content in the diet
had no significant effect on the Cu content in the liver
(Korish and Attia, 2020, Lopez-Alonso and Miranda,
2020, Taylor et al., 2020). In conclusion, Cu supple-
mentation increases liver Cu levels, while a non-sup-
plemented diet prevents Cu accumulation in liver.

4.4. Interactions between Fe, Mn and Cu in the
kidney and liver of European hares

There have been a number of previous studies on
herbivorous species that revealed a large number of
different correlations and interactive effects of essen-
tial element content in different tissues (Goyer, 1997,
Medvedev, 1999, Lopez et al., 2002a, 2004b,; Myslek
and Kalisinska, 2006). The explanation for the cor-
relations found in this study seems to be related to a
similar homeostatic mechanism of the so-called “cat-
ionic metals”, a group of elements that are essential
for body function (Fairbrother et al., 2007). From
these data alone, it is not possible to draw fundamen-
tal conclusions about the mutual kinetics of these ele-
ments (Rahil-Khazen et al., 2002). A number of the
elements studied produced interactive effects, evi-
dent in the brown hares from this study as well as
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in the herbivores from the earlier studies mentioned,
with one element being able to influence the levels of
another element in a predictable way.

5. Conclusions

The levels of Fe, Mn and Cu in kidneys and
livers of brown hares collected in Serbian agricul-
tural regions are within physiological limits and are
comparable to other studies from other countries
with similar biotopes and environmental condi-
tions. The mean levels of all three investigated ele-
ments (Fe, Mn, Cu) between age groups within the
same organ do not change significantly during the
life span of the brown hare.

The content of Mn and Cu in hare liver is higher
than in hare kidney in all age groups examined. For
Fe, there are no statistically significant differences

in the contents in these two organs in the first year
of life, while after the first year of life, Fe contents
in the liver and kidney are statistically significantly
different, as is also the case for Mn and Cu.

The results of this study show that the corre-
lations of the levels of the tested elements between
different organs observed in the whole population
of brown hares studied have a quantitatively low-
er strength than the strength of the relationship (Ps
correlation coefficient) between different or with-
in the same organs when the correlation matrix is
formed separately for each age group. This finding
suggests that a more precise age categorisation of
brown hares gives a better picture of the registered
associations and interactive effects. In this study, it
was also observed that some correlations seen for
the whole population did not occur between individ-
ual age groups in brown hares.

Odredivanje nivoa i interakcije elemenata (Fe, Mn i Cu)
u tkivu divljeg zeca u razlicitim starosnim grupama iz
poljoprvrednih regiona Srbije

Zoran Petrovié, Jelena Cirié, Sasa Jankovié, Nikola Borjan, Dejana Trbovic i Srdan Stefanovié

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:
Mrki zec
Elementi
Bubreg

Jetra
Interakcije.

Odredivan je sadrzaj gvozda, bakra i mangana u bubrezima i jetri evropskog divljeg zeca
(Lepus europaeus). Ispitani zecevi su bili podeljeni u 5 starosnih grupa u rasponu od 3
meseca do starijih od 36 meseci. Prikupljeni su sa 21 razli¢itog lovnog terena Vojvodine
i Centralne Srbije, u blizini uglavnom obradivih i poljoprivrednih podrucja u Srbiji to-
kom 2010/2011. Studija je obuhvatila rezultate ispitanih koncentracija navedenih ele-
menata i medusobne interakcije u populaciji od ukupno 157 jedinki. Srednje vrednosti
koncentracija Fe, Mn i Cu (mg/kg, vlazna masa) registrovane u bubrezima i jetri iznosile

su: Fe (bubreg) 103,3+42,1, Fe (jetra) 138,5 +52,7; Mn (bubreg) 1,754+0,66 Mn (jetra)
2,36+0,85; Cu (bubreg) 3,32+0,62, Cu (jetra) 4,16+1,40. Nisu bile registrovane statistic-
ki znacajne razlike (p>0,05) izmedu starosnih grupa u pogledu sadrzaja Fe, Mn i Cu u
bubrezima i jetri zeCeva (unutar istog organa). Statisticki znacajne razlike izmedu kon-
centracija elemenata u jetri i bubrezima (izmedu razli¢itih organa) registrovane u svim
starosnim grupama u korist jetre u odnosu na bubreg zeceva osim koncentracije Fe u oba
organa u starosnim grupama od 3—6 1 12 meseci. Obrasci korelacije izmedu esencijalnih
elemenata u jetri i bubrezima divljeg zeca u ovoj studiji pokazali su postojanje pozitivnih
i negativnih statisti¢ki znacajnih korelacionih povezanosti izmedu pojedinacnih ili razli-
¢itih elemenata unutar istog tkiva i pojedinih elemenata izmedu razlicitih tkiva. Unutar
starosnih grupa registrovano je 7 razlicitih statisticki znacajnih asocijacija (FeB-Fel,
CuJ-MnJ, MnJ-FeJ, CuB-MnB, MnB-FeJ, CuB-FeJ, CuJ-FelJ). Korelacione povezanosti
izmedu sadrZaja elemenata u okviru organa unutar i izmedu starosnih grupa odredivane
su primenom Pirsonovog testa za normalnu distribuciju.
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ARTICLE INFO ABSTRACT

Keywords: This study demonstrates the potential use of soy flour, spirulina powder, cricket powder,
Spirulina powder buckwheat flour and lupin flour as alternative protein sources in a minced meat product
Soy flour (meatballs) by comparing the reformulated meatballs with control meat-only samples.
Lupin flour We analysed the use of the same amount of each of the selected protein sources on the
Cricket powder technological and functional characteristics and the sensory perception of raw and cooked
Colour parameters meatballs. Higher pH and better emulsion stability was observed in the soy flour, spirulina

and cricket powder samples compared to the meat-only sample. In the texture profile,
greater hardness and springiness of the samples made with buckwheat flour, soy flour and
spirulina powder was found compared to the meat-only sample, but lesser values for the
same parameters when cricket powder or lupin were added. The results obtained indicated
that spirulina and cricket powder are promising ingredients for the innovative formulation
of meat products and are suitable for application in a mixed design approach.

Textural traits
Emulsion stability
Sensory evaluation

Delgado Pando, 2013; Lorenzo and Pateiro 2013;
Lorenzo et al., 2014) and recognisable, widely con-
sumed and valued foods due to their taste qualities,
can be seen as a suitable object of composition mod-
ification with a view to the manufacture of innova-
tive products with improved nutritional benefits (dos
Santos et al., 2016, Lorenzo et al., 2016; Dominguez
et al., 2017; Heck et al., 2017). Meat product refor-

1. Introduction

Consumer interest in healthy and nutritionally
complete foods, both of animal and plant origin, is
constantly growing. Simultaneously, in the context
of resource scarcity, global climate change, envi-
ronmental pollution and increasing food demand,
the strategies for more efficient and sustainable
agri-food systems have prompted researchers and

producers to explore different protein sources that
could be used for obtaining new, healthy, sustainable
and natural foods with a balanced nutritional com-
position (Markard et al., 2012; Velasco-Muiioz et
al., 2021). Meat products, being both sources of a
wide variety of important nutrients (proteins, lipids,
minerals and vitamins) (Jiménez-Colmenero and

mulation through the addition of various plant prod-
ucts and proteins is not a new invention; howev-
er, this trend is nowadays oriented to the technical
and economic benefits but also to the enrichment of
the finished products with various natural sources
of biologically active compounds (Eisinaite et al.,
2016) that reduce the risk of a number of socially

*Corresponding author: Maria Momchilova, masha821982@abv.bg

Paper received: January 24" 2024. Paper accepted: March 20" 2024,

Published by Institute of Meat Hygiene and Technology — Belgrade, Serbia.
This is an open access article under CC BY licence (http://creativecommons.org/licences/by/4.0).

25



Effect of different protein sources (plant, cricket powder and microalgae)

Maria Momchilova et al.

on the technological and functional properties and sensory characteristics of pork meatballs

significant diseases (Neuhouser, 2019). Out of all
plant proteins, soy protein products are the most
widely used in the food industry, the meat industry
in particular (4sgar et al., 2010). Regardless of all
proven technological and health benefits of soy pro-
tein preparations (isolates, concentrates, texturisers,
granules and flours), they are classified as allergen-
ic foods (Spychaj et al., 2018). Furthermore, there
have been concerns in recent years that soy produc-
tion is one of the causes of deforestation in South
America’s rainforests, and that it is one of the infa-
mous genetically modified foods rejected by many
consumers in Europe. These are the reasons for the
growing number of studies searching for other, more
sustainable meat alternatives (4ltmann et al., 2019;
Grahl et al., 2018).

Lupin flour (hereafter called lupin) and buck-
wheat flour are possible sources of plant protein in the
technology of various meat products owing to their
similarities with soy (Danowska-Oziewicz and Kurp,
2017) and their good emulsifying and gelling proper-
ties (Yang et al., 2021, Janssen et al., 2007). Buck-
wheat has been recognised as a promising function-
al food source and is cultivated in various countries
worldwide (Ohsawa et al., 2020, Pinski et al., 2023).
Therefore, incorporating buckwheat in product for-
mulations can make them attractive to the food mar-
ket on account of their health benefits, and these prod-
ucts can become suitable food for people with gluten
intolerance (Sofi et al., 2022). The addition of lupin to
foods can enhance their nutritional value by improv-
ing their protein content and well-established sustain-
ability parameters, which is regarded as a crucial fac-
tor in the promotion of healthier food environments
(Abreu et al., 2023). Other foods rich in high-qual-
ity proteins and referred to as “foods of the future”
for their potential to address the challenge of feeding
the world’s growing population are insects and micro-
algae (Koyande et al., 2019, Ruskova et al., 2023).
Both of them fall within the scope of the so-called
“novel foods”, thus attracting growing interest not
only from a nutritional perspective, but also from the
point of view of the European Union’s circular econ-
omy strategy and the reduction of greenhouse emis-
sions, since they offer a way of securing a sufficient
supply of protein in a sustainable manner.

This study demonstrates the potential use of
soy flour, buckwheat flour, lupin (lupin flour), crick-
et powder and spirulina powder as alternative pro-
tein sources in a minced meat product (meatballs)
by comparing the reformulated samples with con-
trol, meat-only samples. We aimed to compare the

use of the same amounts of each of the five select-
ed meat protein substitutes on the technological and
functional characteristics of raw and cooked meat-
balls and on their sensory perception.

2. Materials and Methods

Six different meatball types were prepared
for the study. The following recipe was used as the
basic formulation: lean pork meat (shoulder blade):
50%; semi-fat pork: 50%; potable water: 20%; sodi-
um chloride: 1.8%. The formulation without addi-
tives was used as a control. Soy flour, buckwheat
flour, lupin flour, cricket powder and dry spirulina
powder were added in 1% concentrations to the oth-
er five meatball types, respectively. Before the addi-
tion, the dry additives had been hydrated in water in
a 1:3 w/v ratio. The protein additives were purchased
from retail shops, cricket powder was supplied by
EntoSynergy Ltd (Bulgarevo, Bulgaria), and the meat
raw materials were supplied by the AGO—MES meat
manufacturing company (Asenovgrad, Bulgaria).

The samples were prepared in the following pro-
duction sequence: the meat was ground using a meat
grinder with a grid diameter of 6 mm and divided into
six equal parts; the necessary salting materials, water,
and a protein supplement were added to each part in
a mixer as indicated in Figure 1; 0.060 kg meatballs
were formed from each obtained meat batter and were
then packed on polyvinyl chloride plates and stored
at 4=1 °C. At 24 h after the meatballs were prepared,
the raw meatballs were analysed according to the fol-
lowing physicochemical parameters: pH, emulsifying
capacity and colour characteristics. After roasting the
meatballs to a temperature of 72°C in the centre, they
were examined to determine their thermal weight loss
(cooking yield) and textural parameters and were sub-
jected to sensory evaluation.

pH analysis

The pH determinations were carried out on a
prepared aqueous extract of the sample (1:9 w/v),
using a pH meter (MS 2004, Microsyst, Bulgaria).

Colour analysis

The colour parameters lightness, (L*), redness,
(a*), yellowness, (b*), chroma (C), and hue (h) were
determined spectrophotometrically using a Minolta
Chroma meter (model CR 410, Osaka, Japan) in the
CIELab system.
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Figure 1. Flow chart of the meatball preparation with the addition of different protein sources to the samples

Emulsion stability

For determination of the emulsion stabili-
ty, the method described by Zorba and Kurt (2006)
was used. Thirty grams of each sample before and
after heat treatment were weighed into a centrifuge
tube and heated in a water bath at 70 °C for 30 min-
utes. Immediately after heating, the tubes were cen-
trifuged at 2000 rpm min ! for 10 minutes, and the
separated water and oil were weighed and used to
calculate the emulsion stability (ES).

Cooking yield

The cooking yield was determined as the per-
centage of weight loss in the samples after cooking
according to the method described previously (Mur-
phy et al., 1975).

Texture profile analysis (TPA)

A TA-XT Plus texture analyser (Stable Micro
Systems, Surrey, UK) was used to analyse the texture
profile of the finished heat-treated meatballs under
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the following measurement conditions: sample size:
4042 mm in diameter and 2542 mm in height; diam-
eter of the compression cylinder: 50 mm, compres-
sion speed: 2 mm s™!; degree of deformation: 8 mm;
and relaxation time between two compressions: 5 s.
The hardness, springiness, cohesiveness, gummi-
ness, chewiness and adhesiveness of the samples
were calculated on the basis of the obtained values
(Bourne, 1978, Bourne, 2002; Kim et al., 2009).

Sensory evaluation

The sensory evaluation was performed in a sen-
sory laboratory, with precautions taken to ensure that
each panellist would make an independent evalu-
ation. The analysis was performed on six meatball
samples, each sample designated by a 3-digit num-
ber and randomly assigned to trained panellists. The
meatballs were evaluated for appearance, colour, aro-
ma, consistency, taste, aftertaste, saltiness and over-
all sensory evaluation. Each sensory parameter was
rated along a structured 7-point scale with values
ranging from dislike extremely (1), dislike very much
(2), dislike (3), acceptable (4), to like (5), like very
much (6) and like extremely (7) (Kirkin et al., 2019).

Statistical analysis

All the data obtained were statistically ana-
lysed by one-way analysis of variance (ANOVA)
using the Statgraphics 16 software product. Sig-
nificant (p<0.05) differences between the treat-
ments were determined using Duncan’s post hoc

test. All experiments were performed in triplicate,
and the data presented in the tables and figures were
expressed as means+standard deviation (SD).

3. Results and Discussion

The addition of the different protein sources,
although in small amounts (1%), had a significant
effect on the pH values of the meatballs (Table 1). The
highest pH values were measured in the soy samples,
followed by the spirulina and cricket powder samples
(p<0.05). In contrast, the addition of the other two
plant flours, buckwheat and lupin, led to lower pH
values of the samples, even below the measured val-
ue for the meat-only control sample. An increase in
pH with the addition of spirulina, soy or insect pow-
der was also reported by other authors who studied
the effect of such additives following their addition to
sausages (Kim et al.,2016, Marti-Quijal et al., 2019).
The changes in the pH values could have resulted
directly from the pH of the individual ingredients, but
it is important to point out that the use of additives
that can increase the pH of the meat batter is desira-
ble from the point of view of the water holding capac-
ity of the meat product; hence, a higher yield and bet-
ter consistency during heat treatment are obtained.
In contrast, a low pH can cause protein denaturation
which affects protein solubility, water holding capac-
ity and colour (Cornfort, 1994).

Each one of the additives used, due to its own
colour and its hydration before being added to the
meat batter, led to changes in the general colour char-
acteristic of the meatballs with the additives compared

Table 1. Effect of the addition of different protein sources on the pH value and the colour characteristics of
raw pork meatballs

Sample Parameter
pH lightness (L*) redness (a*) yellowness (b*) chroma (C) hue (h)
O 6.16£0.01¢ 52.89+7.48°  10.72+1.12° 5.734+0.54® 12.18+0.88° 28.32+4.19°
S 6.36£0.01f  60.82+6.20°  10.91+3.66° 7.23+1.97% 13.1044.11%  33.97+£2.23%
B 6.12+0.01*  55.51+£2.61%  12.11+1.08° 7.93+0.98¢ 14.37£1.31%  32.41+2.93%®
L 6.14+0.01°  56.31+£6.49%  11.89+1.30° 8.76+£0.97¢ 14.774+1.39b 36.41+£3.27°
CP 6.23+0.01¢  53.68+6.86>™  12.19+1.44° 8.79+1.78¢ 15.09+1.74¢ 35.69+5.60
Sp 6.30+£0.01¢ 33.55+¢3.12*  —1.14£1.03® 4.87+0.732 5.08+0.79* 102.97+10.96¢

Note: Results are mean values for the respective samples after triplicate measurements of the individual parameters.

*¢: Values bearing the same superscripts were not statistically different (P > 0.05).

Sample description: sample O: control meatballs without additives; sample S: soy flour sample; sample B: buckwheat flour sample;
sample L: lupin flour sample; sample CP: cricket powder sample; sample Sp: spirulina powder sample.
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to the meatballs without additives (Table 1). Thus,
for instance, the highest L* values were recorded for
the soy and lupin samples while the lowest lightness
was observed for the spirulina sample, where, despite
its good hydration, the dark green-blue colour of the
spirulina strongly affected all colour parameters of the
end product. The negative a* and b* values measured
in these meatballs were attributed to the presence of
phycocyanin (blue colour) and chlorophyll pigments
(green colour) in the composition of Spirulina plat-
ensis (Danesi et al.,2004; Marrez et al., 2013; Marti-
Quijal et al., 2019).

The cricket powder sample also showed high-
er L*, a* and b* values compared to meatballs with-
out additives (Table 1), and this was consistent with
the results obtained by Smarzynski et al. (2019),
who observed higher L* a* b* when cricket pow-
der was used in pork paté. Although the values
obtained for the red colour component remained sta-
tistically indiscernible (p>0.05) except for the spir-
ulina sample, the highest a* values were measured
in the cricket powder (12.19£1.44) and buckwheat
(12.11+1.08) samples. This was in conformity with
the results reported by other researchers who studied
the effect of the addition of insect powder (Kim et
al., 2016, Han et al., 2023) and buckwheat flour and
flakes (Shin et al., 2017, Salejda et al., 2022) in the
production of pork or poultry sausages. On the basis
of the comparison of the C and / values of the meat-
balls, they were arranged in the following order with
regard to the degree of colour changes in relation to
the control meatballs without additives: buckwheat
< soy < cricket powder < lupin < spirulina.

The emulsion stability of the meatballs prior
to their heat treatment is presented in Table 2. The
lowest emulsion stability values were reported for
the lupin flour (78.23+1.14) and buckwheat flour
(79.70+3.35) samples, which led to significant water
losses during the subsequent heat treatment. The low
pH values of these samples were a good indicator of
the stability of the meat emulsions obtained (Ho ef al.,
2022). The best emulsion stability was observed in
the meat batter of the soy (85.78+1.27) and spirulina
(85.32+1.24) samples, without any statistically sig-
nificant difference between them (p>0.05). This cor-
responds to the high gelling and emulsifying capac-
ity reported for proteins in spirulina (Hamed et al.,
2015; Bernaerts et al., 2019), which makes the lat-
ter a competitive technological and functional ingre-
dient compared to some commercial proteins used as
emulsifiers in meat products, such as sodium casein-
ate, whey proteins and soy protein preparations (7eu!l-
ing et al., 2019).

Regarding the weight losses after heat treat-
ment, represented via the finished product yield
(Table 2), the investigated protein sources led to dif-
ferences in this parameter as well. The lowest loss-
es were found for the meatballs without a hydrat-
ed additive, followed by the samples with spirulina,
cricket powder and lupin. The higher protein con-
tent in the additives used was probably one of the
reasons for the differences in the yields (Kolb et al.,
2004, Christaki et al., 2011). According to Kim et
al. (2016), the higher yield obtained when using
insect powder in meat products is due to the low-
er moisture content and higher protein content in

Table 2. Effect of the addition of different protein sources on the emulsion stability, textural parameters and
cooking yield of pork meatballs

Parameter
Sample Hardness (N) Springiness Cohesiveness Gumminess Che&i)n ess Ad(hl\?slil:f;l;ess S:Eal::illlilts;’ogo ;‘;’f{,‘/ﬁ
O 5223+17.22® 6.5242.15"  0.55+0.02*  33.53+7.46% 29.93+7.21¢¢  —0.03+£0.00° 82.27+£3.69*  60.51+2.56"
S 65.58+18.45%  7.80+2.31%  0.54£0.06*°  30.43£3.00°¢ 27.2242.30¢ —0.08+0.05®  85.78+1.27°  58.63£3.21%™
B 76.82+20.83¢  9.58+2.58°  0.49+0.02°  39.92+7.22¢  35.56+7.97¢ —0.08+0.10®  79.7+3.35®  54.39+3.32°
L 43214£6.31®  5.39+0.78®  0.54+£0.03°  23.3944.45% 21.2244.78* -0.13£0.08®  78.23£1.14*  58.63+1.69™
CP  41.75£14.07*  521£1.76"  2.43+2.69* 18.23+11.35® 16.69+10.27%® —0.17+0.20* 82.43+1.18*  59.014+2.10°
Sp  55.074£19.75%  6.87+2.47%  435£3.74*  13.81£9.46*  12.94£8.41° —0.97+0.05a  85.32£1.24°  60.22+1.76%

Note: Results are mean values for the respective samples after triplicate measurements of the individual parameters.

*¢: Values within the same column bearing the same superscripts were not statistically different (p>0.05)

Sample description: sample O: control meatballs without additives; sample S: soy flour sample; sample B: buckwheat flour sample;

sample L: lupin flour sample; sample CP: cricket powder sample; sample Sp: spirulina powder sample.
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the composition of these products, whereas the low-
er weight losses in our meatballs containing spir-
ulina could be attributed to this product’s high pro-
tein and polysaccharide content (Backers and Noll,
1998). The use of high protein additives that contain
fibre in meat products leads to higher yields due to
the improved water immobilisation capacity (Steen-
block et al., 2001, Choe et al., 2011). Most probably,
the similar technological properties of soy and lupin,
related to binding the added water and affecting the
texture of meat products (4sgar et al., 2010), made
the yields of the samples containing these additives
statistically indiscernible. The greatest weight loss,
and hence, the lowest yield, was observed in the
meatballs made with the addition of buckwheat flour
(Table 2). This was consistent with the lowest emul-
sion stability found for these samples. According
to Pires et al. (2017), problems in the structure and
consistency of finished sausages occurred when the
emulsion stability was below 85%, as was the case
with our buckwheat flour meatballs.

The texture analysis demonstrated that the
buckwheat samples showed the highest hardness,
gumminess, springiness and chewiness, together
with the lowest values for the cohesiveness param-
eter (Table 2). Buckwheat proteins have the abili-
ty to increase the hardness of the product, similar-
ly to soy proteins (Bejosano and Corke, 1998), and
in our study, the significant increase in these textur-
al parameters was also a consequence of the dete-
riorated emulsion stability and the water loss dur-
ing the heat treatment of these samples. The use of

spirulina in the composition (formulation) of the
meatballs resulted in numerically lower but statisti-
cally indiscernible values for hardness, springiness
and adhesiveness, and higher cohesiveness values
compared to the soy sample. However, the chewi-
ness and gumminess of the spirulina samples were
significantly lower than the soy and all other sam-
ples. A similar trend towards a decrease in hardness
was also observed by Marti-Quijal et al. (2018),
who replaced soy with spirulina in the production
of cooked turkey breast, as well as by Parniakov et
al. (2018), who reported a decrease in the values of
the textural parameters, with the exception of adhe-
siveness, in chicken rotti made with the addition
of spirulina. Among our meatball types, the low-
est hardness and gumminess were observed in the
cricket powder sample, which was in contrast to the
increase in the hardness of emulsion sausages found
by Kim et al. (2016). Other researchers, who estab-
lished a decrease in the hardness and cohesiveness
and an increase in the springiness of meat batter after
10% substitution of lean meat with cricket pow-
der (Ho et al., 2022), suggested that different insect
protein sources and different meat product prepara-
tion technologies could have an impact on the tex-
tural properties of the finished products. As a result
of incorporating cricket powder in a hydrated state
into the meatball batter (as in our study), the higher
water content of the product can induce a decrease
in the shear force, hardness, springiness and chew-
iness compared to the meat-only control (Grahl et
al., 2018). The highest cohesiveness was obtained

Table 3. Effect of the addition of different protein sources on the sensory descriptors of roasted pork meatballs

Parameters
Sample

Appearance  Colour Aroma  Consistency Taste Aftertaste  Saltiness

0) 6.7+0.48° 6.7+0.48¢ 6.2+0.63° 5.4£1.26°  6.6+0.52  5.9+1.10° 6.0+0.82°

S 6.3+0.48*  6.2+0.79*  6.2+1.03*  5.7+0.82*  6.8+0.42° = 6.241.03*  5.9+0.57°

B 6.4+0.70? 5.8+0.79° 5.0+0.82* 5.9+0.74*  5.8+1.32®  6.2+1.15° 5.4+0.97°

L 6.6+0.70° 5.8+40.92°  4.7+1.06 5.6+0.52? 5.2+1.55° 5.9+0.99° 5.4+0.70°
CP 6.3£0.82*  6.240.79>  6.2+0.92° 5.240.79*  6.240.79>  6.1+£0.99° 5.5+0.71°
Sp 6.2+0.92° 5.0+1.05° 6.0+0.94° 5.9+0.74 4.9+0.99° 4.9+0.88* 4.4+0.52°

Note: Results are mean values for the respective sample after five measurements of the individual parameters.

*¢: Values within the same column bearing the same superscripts are not statistically different (P > 0.05)

Sample description: sample O: control meatballs without additives; sample S: soy flour sample; sample B: buckwheat flour sample;

sample L: lupin flour sample; sample CP: cricket powder sample; sample Sp: spirulina powder sample.

30



Meat Technology 65 (2024) 1, 25-35

in our samples with cricket powder and spirulina,
which was in conformity with the results reported
by Kim et al. (2016), who investigated the addition
of new protein sources to emulsion-type meat sau-
sages and also recorded an increase in cohesiveness
compared to the control. Gumminess and chewi-
ness parameters give an idea of the structural and
mechanical properties that affect performance of
the products during consumption. In the soy sam-
ple, these parameters were closest to the meat-only
sample, whereas the spirulina and cricket powder
samples showed the lowest gumminess and chewi-
ness. In view of the fact that the low hardness and
springiness of meat products can result in a lower
quality product from the consumers’ point of view,
the cricket powder meatball was the least desirable
of our formulations with regard to this parameter.
This is consistent with the data of Han et al. (2023),
who investigated the effect of cricket powder addi-
tion to meat sausages on their texture and emulsify-
ing capacity.

Each one of the protein sources added affect-
ed the colour, taste and texture of the resultant refor-
mulated meatballs. However, any difference in col-
our and taste of reformulated products is usually
perceived as undesirable by consumers (Jeon, 2006;
Prakash and Kumari, 2011; Beheshtipour et al.,

2013). Therefore, the soy and cricket powder sam-
ples were evaluated as being the most acceptable
in terms of colour and taste (Table 3), due to their
score proximity to the meatballs without additives.
As had been expected, the spirulina sample received
the lowest scores for these parameters because the
green colour of microalgae affects consumer percep-
tion adversely (Becker, 2007; Fradique et al., 2013).
Furthermore, heat treatment of spirulina meatballs
even increased the darkened colour. In addition to
the dark, almost black colour of these meatballs, an
carthy aftertaste and musty algae odour were also
detected, similarly to the sensory results obtained
by Grahl et al. (2018). Interestingly, the spirulina
sample was rated as the saltiest among our products,
probably due to the sodium and potassium ions con-
tained in spirulina (Janda et al., 2023), and which
are detected by the ion channels on the tongue and
amplify the saltiness sensation. Lower aroma and
taste grades were also given to the lupin and buck-
wheat samples, although both were rated positively,
as liked and liked very much, respectively.

In terms of the degree of overall liking and
acceptance by sensory panellists, the meatballs
were ranked in the following ascending order: lupin
< buckwheat < spirulina < cricket powder < soy <
control. (Figure 2).

6.2 bc

Overal sensory acceptance
M~
|

(.

5.5 ab

Samples

6.0bc 5.8 abc

J

Figure 2. Overall sensory acceptance of the control and reformulated meatballs with different added protein
sources

Sample description: sample O: control meatballs without additives; sample S: soy flour sample; sample B: buckwheat flour sample;
sample L: lupin flour sample; sample CP: cricket powder sample; sample Sp: spirulina powder sample.
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4. Conclusion

The experimental data provides objective evi-
dence that the different protein sources, added in
1% amounts to the meat batter of reformulated pork
meatballs, led to different emulsion stability and
water holding capacity in the meat batter, as well
as to modifications in the textural characteristics
of the finished products. The inclusion of soy, spir-
ulina or cricket powder as protein sources contrib-
uted to better emulsion stability and lower losses
compared to the lupin and buckwheat samples. In
the texture profiling, greater hardness and springi-
ness of the buckwheat flour, soy flour and spirulina

samples were observed compared to the control
meatballs without additives; however, values of the
same parameters, compared with the control, were
lower with the addition of cricket powder or lupin.
Significant differences were recorded regarding the
colour parameters (L*, a*, b*, C and h), these col-
our differences were directly dependent on the pro-
tein source used, and they had impacts on the sen-
sory evaluation. The results obtained indicate that
spirulina and cricket powder are promising ingredi-
ents for the innovative formulation of minced meat
products and are suitable for application in a mixed
design approach.

Uticaj razlicitih izvora proteina (povrce, brasna od
cvrcka i mikroalge) na tehno-funkcionalna svojstva i
senzorne karakteristike svinjskih cufti

Marija Momcilova, Diljana Gradinarska-Ivanova, Dinko Jordanov, Gabor Zivanovic i Natalija Pats

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:

Spirulina u prahu
Sojino brasno

Brasno lupina

Prah od cvrcka
Parametri boje
Teksturne karakteristike
Stabilnost emulzije
Senzorna procena

Ova studija je pokazala potencijalnu upotrebu spiruline u prahu, praha od cvrcka, bra-
$na od heljde i lupine kao alternativnog proteina u proizvodu od mlevenog mesa (me-
sne ¢ufti) uporedujuci preformulisane uzorke sa kontrolnim uzorcima napravljenim od
soje 1 sa uzorcima samo od mesa. Analizirali smo upotrebu jednake koli¢ine svakog od
odabranih izvora proteina na tehnoloske i funkcionalne karakteristike sirovih i kuva-
nih ¢ufti i njihovu senzornu percepciju.Uoceno je povecéanje pH vrednosti i stabilnosti
emulzije u uzorcima sojinogbrasna, spiruline i praha od cvrckau poredenju sa uzorkom
samo sa mesom. U profilu teksture utvrdeno je povecanje ¢vrstoce i elasti¢nosti uzora-
ka napravljenih od heljdinog brasna, sojinog brasna i spiruline u prahu u poredenju sa
uzorkom samo od mesa i smanjenje istih parametara kada su dodani praha od cvrcka i
lupina.Dobijeni rezultati ukazuju da su spirulina u prahu i praha od cvrcka obecavajuéi
sastojci za inovativnu formulaciju proizvoda od mesa i pogodni za primenu u mesovi-
tom dizajnerskom pristupu.
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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to assess the effect of region (lowland vs. mountain region)
Red deer on the content of volatile compounds of red deer (Cervus elaphus), fallow deer (Dama
Fallow deer dama) and roe deer (Capreolus capreolus). A total of forty eight female carcasses of three
Roe deer species (16 red deer, 16 fallow deer, and 16 roe deer) were collected from lowland and a
Meat quality mountain region, so from each region, 8 red deer, 8 fallow deer, and 8 roe deer were col-

Volatile compound lected. In our study, higher contents of the aldehydes, ketones, and alcohols responsible
for off-flavours of meat were found in our fallow deer meat than in red deer and roe deer
meat. Moreover, in our study, region affected most of the content of aldehydes, heterocy-
clic and phenolic compounds, aromatic hydrocarbons, and some ketones, alcohols, and
esters. Higher content of volatile compounds responsible for off-flavours was detected

in mountain deer meat than in deer meat from the lowland region.

consumers for game meat lies in the fact that game
meat is generally considered as ,,healthy* due to its
high content of proteins (more than 22%), minerals,
vitamins, and lower lipid content than 3% (Costa et
al., 2016). Moreover, game meat is a good source

1. Introduction

During the last few decades, the meat of deer
has been regularly consumed in European countries
with predominant species being red deer, roe deer,

and fallow deer (Sorriano et al., 2020). Accord-
ing to the Food and Agriculture Organization of the
United Nations, annual game meat production has
increased worldwide from approximately 1.89 mil-
lion tons in 2010 to more than 2.03 million tons in
2022, and the increase is related to enhanced con-
sumer interest in game meat (FAOSTAT, 2022). In
Serbia, the number of deer was 6.127 in 2013 and
8.928 in 2021, while the number of roe deer in the
same period ranged from 120.000 to 145.000. The
number of hunting deer was 1.052 in 2013 and 1.172
in 2021, while the hunting of roe deer in the same
period ranged from 9.000 to 11.000 animals (www.
stat.gov.rs). One of the reasons for higher interest of

*Corresponding author: Marija StarCevi¢, marijadok@gmail.com

of unsaturated fatty acids, long chain n-3 polyun-
saturated fatty acids, and conjugated linoleic acid
(CLA) and it is regarded as ,,natural meat®, since
animals mainly feed on pasture free of hormones,
antibiotics, and other substances (Soriano et al.,
2020). Game meat consumption differs among
European countries and it is the highest in France
(5.7 kg of game/person/year) and the lowest in Slo-
venia (0.56 kg of game/person/year) (Mesinger et
al., 2023). Moreover, it is assessed that only 2—4%
of the population consumes game meat and the rea-
son for lower representation in the diet of Europeans
could be ascribed to its high price, low availability,
eating habits that not include game meat, and lack
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of recepies using game meat (Soriano et al., 2020).
Game meat is generally regarded as expensive and
exotic, and it is not often available on the market
(Hoffman and Wiklund, 2006).

Consumer’s attitude toward the use of game meat
in diet depends on sensory characteristics of meat such
as colour, tenderness, and specific flavour (Soriano et
al., 2020). The sensory characteristics of meat could
be affected by many factors such as diet, gender, age,
body condition, season, and climate (Dannenberger
et al., 2013; Kudrnacova et al., 2018; Soriano et al.,
2020). Aroma is one of the most important attribute
when consumer is making a decision to purchase meat
(Bosse et al., 2017). During processing of meat differ-
ent volatile organic compounds are formed that give
meat characteristic flavour and their precursors signif-
icantly affect the final aroma of cooked meat (Wojta-
sik-Kalinowska et al., 2023).

To the best of our knowledge, there are insuf-
ficient data in the published literature that evaluate
the effect of region, with respect to altitude/terrain,
on the content of volatile compounds in deer meat.
Therefore, the aim of this study was to assess the
effect of region (lowland vs. mountain region) on
the content of volatile compounds of red deer (Cer-
vus elaphus), fallow deer (Dama dama), and roe
deer (Capreolus capreolus).

2. Materials and Methods

A total of forty eight female carcasses of three
species (16 red deer (Cervus elaphus), 16 fallow deer
(Dama dama), and 16 roe deer (Capreolus capreolus))
were collected during the hunting season in October
of 2019. Animals were approximately two years old
as estimated by tooth eruption (England & Wales Best
Practise Guide, 2019). Free-roaming deer of the three
species were shot in two hunting districts, one a low-
land and one a mountain region, so from each region,
8 red deer, 8 fallow deer, and 8 roe deer were collect-
ed. The lowland region is Karadjordjevo in Vojvodi-
na (112 m above sea level, with average daily temper-
ature of 14.6°C) and the mountain region is Deli Jovan
in Eastern Serbia (from 700 to 1150 m above sea lev-
el, with average daily temperature of 13.0°C). The ani-
mals in the lowland region had access to 4120 hec-
tares of free roaming area, consisting of oak (Quercus
robur), ash (Fraxinus excelsior), elm (Ulmus campes-
tris), poplar (Populus alba), and willow (Salix baby-
lonica) forest and pastures. The mountain region hunt-
ing area comprises approximately 13000 ha, with
predominantly beech (Fagus silvatica), oak (Quercus

robur), acacia (Robinia pseudoacacia), and horn-
beam (Carpinus betulus) forest. From December to
March, deer were provided with the same additional
feed that consisted of roughage feed (65% fodder beet
and 35% alfalfa hay) and concentrate feed (whole ker-
nel corn) placed in separated troughs. From March to
December, deer were provided with additional con-
centrate feed (whole kernel corn) in order to provide
all the necessary macro- and micronutrients that ena-
ble animals to maintain satisfactory health and achieve
good performance results. The free-roaming animals
had access to salt blocks during the whole year. Con-
sidering the differences in deer species (red deer, fal-
low deer, and roe deer) and hunting region (lowland
and mountain region), six experimental groups were
formed, each containing 8 carcasses.

Animals were shot from hunting stands and
approximately in the head and neck region, imme-
diately exsanguinated on the ground, hung onto the
side of the truck, transported to the facility and then
eviscerated and skinned within 1 h. Carcasses were
held in chilled storage at 4°C for 24 h prior to sam-
pling. At 24 h post mortem, meat samples (M. long-
issimus lumborum) were taken from the right side of
each carcass behind the last rib, packed in polyeth-
ylene bags, and kept at —18°C in a thin layer for no
longer than 10 days until analyses of the content of
volatile organic compounds.

The day before analysis of the content of vola-
tile organic compounds, meat samples were defrost-
ed overnight at 4°C. Volatile compounds were ana-
lysed according to the procedure described by
Ivanovié et al. (2020).

Statistical analysis of the results was conducted
with GraphPad Prism software version 6.00 for Win-
dows (GraphPad Software, San Diego, CA, USA,
www.graphpad.com). Two-way analysis of variance
(ANOVA) with Tukey’s multiple comparison test was
performed to test the effect of region (mountain region
vs. lowland) and game species (fallow deer, red deer,
and roe deer) as the main effects, and their interactions
on the volatile content of deer meat. All parameters
were described by means and standard error of means
(SEM). Values of p<0.05 were considered significant.

3. Results

The effects of region (lowland vs. mountain
region) and game species (fallow deer, red deer,
and roe deer) on specific volatile substances in M.
longissimus lumborum of our fallow deer, red deer,
and roe deer are shown in Table 1.
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Table 1. The effect of region (lowland vs. mountain region) and game species (fallow deer, red deer, and roe
deer) on the content of volatile organic compounds in deer meat (n=8).

Fallow deer Red deer Roe deer (121\‘1’ ?)l{llz)

VOC (pg/kg) Mountain Lowland Mountain Lowland Mountain Lowland SEM R S RxS
Aldehydes
Hexanal 2.96 3.0% Nd Nd 1.6% 1.7% 0375 ns *** ng
Furfural nd Nd 0.02 0.016 nd nd 0.004 ns *** ns
Heptanal 0.3 0.07 0.0% 0.0% 0.5% 0.5%  0.091 ** Hkk xx
Octanal 0.5% 0.0% 0.5% 0.6% 0.6%a 0.6%a  0.08] *** sk ok
Phenylacetaldehyde 0.1% 0.07 0.1% 0.10 0.0 0.0% 0.050 ** ns k¥
Benzaldehyde nd Nd Nd Nd 0.02 0.02 0.006 ns *** ns
Ketones
2-butanone 12.0% 21.7 6.6 491 1.9 4.0% 4111 *  wkk o kx
2,3-butanedione 0.6% 1.2% 0.56 0.7% 2.2% 1.6 0.447 **% ng k%
2-heptanone 0.17 0.2% 1.3 1.1% 0.0% 0.0 0280 ns *** ng
3-methyl-2(5SH)-furanone  0.7* 0.9% 0.2% 0.3% 0.2 0.1% 0.148 ns *** ng
Heterocyclic compounds
Furan 0.0% 2.1% L.1% 1.3% 3.0% 3.320 0 (.232 wE ek wokok
B-butyrolactone 3.1° 0.5% 4.1% 1.23 0.0° 0.0 0.257 Hkk wkk ok
2-pentylfuran nd 0.30% Nd Nd 0.02"°  0.02%  (0.021 Fwk ckEx ok
2-methyl pyrazine 3.2% 3.2% Nd Nd 0.6% 117 0.198 #%  wdk ki
2,5-dimethyl pyrazine 2.2% 0.9% 1.1% 1.3% 0.0% 0.0%  0.115 o ok ki
2,6-dimethyl pyrazine 1.4% 1.4% 1.0% 1.0% 0.0% 0.0 0.163 ns *** ng
Thiophene nd Nd Nd Nd nd nd 0.000 ns ns ns
Phenolic compounds
Guaiacol 0.27 0.3% Nd Nd 0.74 0.5%  0.057 *  wwk ok
Aromatic hydrocarbons
1,2-dimethoxybenzene 0.3% Nd 0.9% 1.0% .20 0.0 0.147 #*  wwk ok
Sulphuric compounds
2,5-dimethyl thiophene 0.11 0.02 0.07 0.07 0.03 0.03 0.050 ns ns ns
2-methyl thiophene 1.3% 1.3% 3.5 3.8% 0.0% 0.0 0309 ns ** ns
2-buthanethiol 0.5% 0.47 1.0% 0.9% 0.3% 0.3%  0.127 ns *** ng
2-methyl-3-furanthiol nd Nd 0.4% 0.4% nd nd 0.072 ns *** ns
Alcohols
2-butanol 10.4% 13.20 3.2%¢ 3.3% 5.18 5414 (.523 ek ok ok
2-pentanol 0.0% 0.05 Nd Nd 0.0 0.0 0.010 ns *** ng
3-methyl-1-butanol 3857 37.8%  28.5%  26.5'¢  30.2%  31.3%  (.582 k¥ HEEk ok
2,3-butanediol 1.47 1.70a 3.3 3.3% 7.5% 6.6%  0.559 ns kEE ok
1-octen-3-ol 0.8% 1.0%® 0.6% 0.5% 0.3% 0.4 0.087 ns HHE Rk
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p value
Fallow deer Red deer Roe deer (ANOVA)
Mountain Lowland Mountain Lowland Mountain Lowland SEM R S RxS

VOC (ng/kg)

Organic acids
2.6% 0.6 1.3%
1.2% 1.5% 2.5%

Propionic acid

3-methylbutanoic acid

Hexanoic acid nd nd 0.07
Nonanoic acid 0.13® 0.1% 0.1'®
Esters

Isopropenyl acetate nd nd 0.01
Ethyl acetate nd 0.04 Nd
Isobutyl acetate 0.20 1.5% 1.1%
Butyl acetate 5.4% 5.6% Nd
2-methylbutyl acetate 9.1% 8.7% 6.5%
3-methylbutyl acetate 0.0% 0.1 0.0%
Hexyl acetate 0.6% 0.5% 0.2%
Ethyl butanoate 12.9% 13.7% 10.3%
Ethyl isovalerate nd nd Nd
Ethyl 2-methylbutanoate 1.1 1.26 0.3%
Ethyl octanoate 1.34 1.42 0.09
Alkanes

Heptane 0.1 0.08% 2.2%

1.2% 0.6% 0.6%
2.5% 0.2% 0.7%¢
0.07 nd nd

0.12® 0.0% 0.0%

0.390 ns *** ng
0.012 ns *** ngs

0.027 ns *** ng

0.02 nd nd
Nd nd nd
1.20 0.8% 0.9

0.005 ns *** ng

Nd 0.9% 0.9%  0.091 ns *¥* **
6.41° 427 4.5 0242 ns Hk* ¥
0.0% 0.0% 0.0 0.019 ns *** ng
0.3% 0.4 0.37  0.049 ng KF¥ EExE
11.2% 9.2ud 7.8% 0474 ns *** ns

Nd nd nd 0.000 ns ns ns
0.20b¢ 0.0%d 0.0%  0.076 ns FEE  **

0.11 1.07 1.19  0.067 ** *** pg

3.27 3.7% 3.9%

Data are means and standard error of means (SEM); R — Region; S — species; RxS — interaction between region and species;
VOC - volatile organic compounds; nd — not detected; Within a row, means with a different superscript letter differ (a, b, ¢, d, e —p <0.05);

ns — not significant; * p <0.05; ** p <0.01; *** p <0.001

In our deer meat, aldehydes and ketones were
found only in small quantities (aldehydes ranged
from 0 to 3.04 pg/kg, and ketones ranged from 0O to
21.70 pg/kg). On the other hand, the most abundant
compounds determined in our study were alcohols
(ranged from 0 to 38.65 pg/kg). In our study, species
affected all examined compounds (p<0.01), except
for phenylacetaldehyde, 2,3-butanedione, thiophene,
2,5-dimethyl thio-phene, and ethyl isovalerate. High-
er contents of the most abundant compounds among
the aldehydes (hexanal), ketones (2-butanone), and
alcohols (2-butanol and 3-methyl-1-butanol) were
found in our fallow deer meat than in red deer and
roe deer meat (p<0.001). Moreover, in our study,
region affected most of the content of aldehydes, het-
erocyclic and phenolic compounds, aromatic hydro-
carbons, and some ketones, alcohols, and esters
(p<0.05).

4. Discussion

Some volatile compounds from the aldehydes
and heterocyclic compound groups were not detect-
ed in the deer meat. The main precursors of these
particular volatile compounds are unsaturated fat-
ty acids, as the main constituent of phospholipids
(Martin et al., 2002). Products of lipid oxidation
and degradation are aldehydes, ketones, alcohols,
hydrocarbons, and furans, while during the Maillard
reaction, sulphuric and heterocyclic compounds
are formed (Neethling et al., 2016). Bhadury et al.
(2021) has shown that many volatile compounds
that were assumed to be created during thermal
processes are also detected in raw meat. Packaging
systems for meat and storage time may also affect
lipid oxidation processes and, thus, formation of
volatile compounds (Wojtasik-Kalinowska,2023).
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During the storage of meat and meat products, lipid
oxidation of mainly phospholipids may occur, and
this phenomenon, known as warmed-over flavour
(WOF), negatively affects meat quality. Meat with
those changes has “rancid” and “metallic” tastes
that are a consequence of many synthesized vola-
tile compounds, such as hexanal, 2,3-octanedione,
and trans-4,5-epoxy-(E)-2-decenal (Kosowska et
al., 2017). Although aldehydes and ketones are the
predominant compounds in meat of domestic rumi-
nants (Villa Lobos- Del Gado et al., 2014, Moran
et al., 2022), in our deer meat those groups of vola-
tiles substances were found only in small quantities
likely due to the short period of storage before the
analysis. The most abundant volatile compounds
in our deer meat were alcohols and esters. Many
factors affect volatile compounds in meat, such as
breed, age, sex, rearing conditions, diet, and sup-
plementation (Wojtasik-Kalinowska, 2023). Diet
affects the volatile compounds in ruminant meat,
and thus, a grain-based diet leads to a higher con-
tent of aldehydes and lactones, while the meat of
grass-fed animals has higher contents of various
phenols, terpenes, indoles, and sulphur compounds
(Bleicher et al., 2022). The total fatty acid compo-
sition and fatty acid ratios in meat are characteris-
tic of the animal species (Neethling et al., 2016).
Thus, the content of PUFAs in deer meat, as the
main precursors for volatile compound formation,
depends on species. In our study, species affected
all examined compounds, except for phenylacetal-
dehyde, 2,3-butanedione, thiophene, 2,5-dimethyl
thiophene, and ethyl isovalerate. Higher contents
of the most abundant compounds among the alde-
hydes (hexanal), ketones (2-butanone), and alco-
hols (2-butanol and 3-methyl-1-butanol) were
found in our fallow deer meat than in red deer and
roe deer meat.

Moreover, in our study, region affected most
of the content of aldehydes, heterocyclic and phe-
nolic compounds, aromatic hydrocarbons, and
some ketones, alcohols, and esters. Higher con-
tents of aldehydes, phenolic compounds, aromatic
hydrocarbons, or-ganic acids, and 3-methyl-1-bu-
tanol were found in mountain deer than in deer from
the lowland region. Discrepancies were observed
for ketones (2-butanone, 2,3-butanedione), furan,
2-pentylfuran, 2-methyl pyrazine, 2-butanol, esters,
and heptane, where higher levels were found in low-
land deer than in deer from the mountain region.
Higher content of volatile compounds found in
deer from mountain region than in lowland region

could be due to the fact that our lowland deer pri-
marily grazed. Deer from lowland region had access
to pastures, while mountain deer grazed to a less-
er extent and primarily consumed concentrate feed.
Pasture diets are richer in n-3 PUFA, as protective
compounds for lipid oxidation and fat-soluble anti-
oxidants like carotene and tocopherol that prevent
lipid oxidation and formation of volatile compounds
(Neethling et al., 2016).

Unsaturated aldehydes and ketones are most
responsible for off-flavours because of their low
threshold (Neethling et al., 2016). Since low levels
of aldehydes and ketones were detected, the studied
deer meat likely would have a low level of off-fla-
vours. The most abundant aldehyde determined in
our study was hexanal, originating from linoleic
and arachidonic acid and having a rancid fragrance
and grassy or green aroma (Martin et al., 2002). In
other studies, hexanal was the most abundant alde-
hyde (Moran et al., 2022, Wei et al., 2014), while
Ivanovié et al., 2020. did not detect hexanal in fal-
low and roe deer meat. It is important to note that
during meat storage, the abundance of aldehydes
in raw meat varies due to increased lipid oxidation,
leading to rancid odour notes (Dominguez et al.,
2019). Although our meat samples were not stored
for a long period, during long storage durations,
long-chain aldehydes could degrade to short-chain
aldehydes, such as hexanal (Moran et al., 2022). In
our study the most abundant ketone compound was
2-butanone, characterized by acetone-like odour.
Ketones in meat are usually derived from the oxi-
dation of free fatty acids (Moran et al., 2022). In the
group of alcohols, 3-methyl-1-butanol, with its pun-
gent fragrance and associated with off-flavour, was
detected as being the most abundant. Alcohols found
in deer meat are mainly secondary products from
aldehydes and likely generated from lipid oxidation
(Bueno et al., 2019).

Fallow deer had higher content of hexanal,
2-butanone, and 3-methyl-1-butanol than red deer
and roe deer, indicating the potential lower sensory
acceptability of fallow deer meat. Furthermore, the
content of hexanal was similar in deer meat from the
two regions. Moreover, 2-butanone was more abun-
dant in lowland deer than in deer from the moun-
tain region, while a higher level of 3-methyl-1-bu-
tanol was found in mountain deer than in lowland
deer. These discrepancies in the amounts of the
above-mentioned compounds that contribute to
off-flavours made it difficult to conclude how region
could affect the acceptability of deer meat.
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roe deer meat, as well as in mountain deer meat than
in deer meat from the lowland region. Overall, con-
sidering the results of our study, we found that hunt-
ing region and deer species affects the volatile com-
pounds responsible for off-flavours of meat.

5. Conclusions

With regard to volatile compounds responsible
for off-flavours of meat, we detetcted higher vola-
tile levels in fallow deer meat than in red deer and

Uticaj regiona lovista i vrste jelenske divljaci na sadrzaj
isparljivih jedinjenja u mesu jelena

Marija Starcevi¢, Branislav Balti¢, Aleksandra Tasi¢, Milica Laudanovi¢, Srdan Stefanovié, Jelena Janjic i
Snezana Ivanovic

INFORMACIJE O RADU APSTRAKT

Kljucne reci: Cilj ovog istrazivanja bio je da se proceni uticaj regiona lovista (ravnicarski, odno-

Evropski jelen sno planinski region) na sadrzaj isparljivih jedinjenja u mesu evropskog jelena (Cervus
Jelen lopatar elaphus), jelena lopatara (Dama dama) i srndaca (Capreolus capreolus). Sakupljeno je
Srndaé ukupno Cetrdeset osam trupova zenki tri vrste (po 16 trupova evropskog jelena, jelena
Kvalitet mesa lopatara i srndaca), tako da je iz ravnicarskog i planinskog kraja prikupljeno po 8 tru-
Isparljiva jedinjenja pova evropskog jelena, jelena lopatara i srnadaca. U nasem istrazivanju u mesu jelena

lopatara utvrden je veci sadrzaj aldehida, ketona i alkohola odgovornih za neprijatan
ukus mesa u poredenju sa mesom evropskog jelena i srndaca. Pored toga, region lovista
uticao je na sadrzaj vec¢ine aldehida, heterocikli¢nih i fenolnih jedinjenja i estara. Veci
sadrzaj isparljivih jedinjenja odgovornih za neprijatan ukus utvrden je u mesu jelenske
divljaci iz planinskog kraja nego iz ravnicarskog kraja.
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ARTICLE INFO ABSTRACT

Keywords: Serbia is partially supplied with fish from its own aquaculture and fishing, both com-
Catch mercial and recreational, which averaged 6.70 tons for the period from 2012 to 2021.

Aquaculture The majority of fish in the market during the same period came from imports (an average
Serbian market of 34,090 tons). Out of the total catch of fish and fish products on the market in Serbia,
Consumption 92.80% consisted of marine fish and seafood, while only 7.14% consisted of freshwater

fish. The volume of imported sea fish and fish products followed this descending order:
hake > tuna > seafood > canned fish > fish fillets > herring > sardines > mackerel > other
seafood. Among freshwater fish, trout was the most commonly imported, followed by
other species of fish and carp. The average total value of fish imports from 2012 to 2021
was €86.030 million, and the average import price of fish was €2.50/kg. With the import
of fish and fish products, and fish from domestic production and catches, the fish market
in Serbia was supplied with 41,270 tons of fish during the period studied, which means
that the annual per capita fish consumption in Serbia was about 7 kilograms.

resources will stagnate due to the protection of the
fish stock, especially the catch of the most common-
ly caught fish species (hake, small blue fish) and the
prevention of changes in the water ecosystem. Over-

1. Introduction

The importance of fish in human nutrition is
well known (proteins, fats, minerals, vitamins) and

that is why this type of food is appreciated by the
largest number of consumers (Phogat et al., 2022).
Despite the exceptional nutritional value, the con-
sumption of fish is very variable in different parts
and countries of the world, which depends on numer-
ous factors (supply, demand, habits, price). Accord-
ing to data from 2023, the catch of fish from nat-
ural resources (oceans, seas, rivers, lakes) and fish
from aquaculture (freshwater, seas, brackish waters)
amounted to 186 million tons (MT), of which 90.6
MT came from catches and 96 MT from aquaculture
(FAO, 2022). The volume of fish on the world mar-
ket can be increased by the production of fish from
aquaculture, while the catch of fish from natural

*Corresponding author: Jelena Janji¢, jelena.janjic@vet.bg.ac.rs

fishing of natural resources is protected by limiting
the catch of fish in each fishing area. Fishing areas
in oceans and seas (with the exception of coastal ter-
ritorial waters of states) are divided by internation-
al agreements to countries that have fishing fleets
(Ivanovié et al., 2015). The world’s largest produc-
er of fish (catch and aquaculture) is China with 67.8
MT (38% of world production), and among the five
largest producers are Indonesia (16.7 MT), India
(10.9 MT), Vietnam (6.4 MT ), and Bangladesh (6.3
MT). 58.8 million people are employed in the prima-
ry fishing sector (catch and production in aquacul-
ture), and a total of about 600 million people work in
the secondary sector (processing, transport, traffic).
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China, Chile and Norway had the biggest increase in
fish production, and Egypt and Nigeria had the big-
gest decrease in production. From 1961 to 2022, the
increase in fish production in aquaculture grew at an
average annual rate of 3%. In the same period, the
population of people in the world grew at an average
annual rate of 1.6%. It is believed that by 2030, fish
production in aquaculture will increase by 14% and
will amount to 106 MT (4non., 2022).

In contrast to the world trends of fish pro-
duction in aquaculture in Serbia, fish production is
declining. In 2023, 149 carp ponds, 77 trout ponds,
and three for the cultivation of catfish were regis-
tered in Serbia. In 2023, around 2,000 workers were
employed in primary production. The area under
carp ponds was 13,750 hectares in 1997, 8,411 hec-
tares in 2010, and 5,527 hectares in 2022. In 1997,
there were 146,933 square meters under trout ponds,
in 2018 it was 81,411 square meters, and in 2022 it
was 60,135 square meters. In addition to the reduc-
tion of the area under ponds, there was also a drop
in fish production per unit area, which is particular-
ly pronounced in carp ponds, where fish production
per hectare fell below one ton (4non., 1997; 2010;
2018; 2022). Serbian fisheries share the fate of live-
stock production in Serbia (reduction in the num-
ber of cattle, pigs, poultry, import of frozen meat,
import of meat products). In order to meet the needs
of fish for the market, Serbia imports fish and fish-
ery products from as many as 65 countries in the
world, mostly from Spain, Norway, Thailand, Viet-
nam and Croatia. The volume of fish exports from
Serbia is negligible and refers to the re-export of
processed fish (smoked, packaged). With fish from
its own production, fish from commercial and recre-
ational fishing, Serbia cannot meet the needs of the
market, so fish and fish products are imported. From
these two sources (fish from Serbia and fish from
imports), the quantity of fish is ensured so that the
consumption of fish in Serbia is equal to a third of
the average consumption of fish in the world (4non.,
2019, Balti¢ et al., 2023).

One of the most significant and largest fish farms
in Europe, E¢ka (covering 1,700 ha), was in operation
for over 120 years and closed in 2023. Today, Serbia
is supplied with fish from aquaculture (carp and trout
farms), commercial and recreational fishing, and pri-
marily, from the import of marine fish.

The aim of this paper is to examine the volume,
import, and value of fish and fish products (marine
and freshwater) in Serbia from 2012 to 2021 (ten
years).

2. Materials and Methods

Data on the volume and value of fish and fish
products in Serbia were obtained from the Statisti-
cal Office of the Republic of Serbia, Department for
Dissemination and Public Relations (www.stat.gov.
rs). The volume and value of imports were prepared
based on tariff numbers assigned to each type of fish
or fish product. Based on these data, the volume of
imports and the value of fish were classified into two
main groups: marine and freshwater fish. Marine
fish were further categorized according to the vol-
ume and value of fish and fish products into eight
groups (hake, tuna, canned fish, sardines, herring,
mackerel, fish fillets, and seafood). Seafood (mol-
lusks, crustaceans, and shellfish) was also included
in the marine fish group. Freshwater fish were clas-
sified into three groups (carp, trout, and other fresh-
water fish species).

The average total value (€) of fish imports,
classified into three groups (marine fish, seafood,
and freshwater fish) is presented. The average val-
ues of imports per kilogram (€/kg) for total fish and
by groups are also shown.

The results obtained were compared by statis-
tical analysis using GraphPad Prism software, ver-
sion 9.00 for Windows (GraphPad Software, San
Diego, California USA, www.graphpad.com). The
mean values, and measures of volume and value of
fish and fish products imports for the ten-year peri-
od were calculated. Trends were computed, and all
results are presented tabularly and graphically using
Microsoft Excel 2010.

3. Results and Discusion

Globally, the fish market is supplied by catch-
es from open waters (oceans, seas, lakes, rivers) and
fish farmed in aquaculture. In 2023, the volume of
fish caught in open waters was 90.6 million tons.
This level has been maintained for over 30 years
because a larger catch would threaten the surviv-
al of the most commonly caught species of fish
(small pelagic fish, hakes) and would lead to dis-
turbances in the ecosystems of open waters (seas,
oceans). Today, 96 million tons of fish are harvested
from aquaculture (freshwater, saltwater, and brack-
ish water). Although aquaculture was known more
than 2000 years ago, it was not given significant
attention until the 1960s. This is the period when
there was a rapid increase in the world human pop-
ulation (the population boom), with the number
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of inhabitants increasing by one billion every 12
to 14 years, reaching 8 billion in 2023 (Balti¢ &
Markovié, 2017).

A particularly rapid increase in fish production
in aquaculture was recorded from the 1990s. By
that time, the nutritional value of fish as food with
a well-balanced content of macronutrients such as
proteins (high content, good digestibility, essen-
tial amino acids) and fats (low content, favorable
ratio of n-3/n-6 fatty acids) was already known,
especially eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA). Micronutrients and vita-
mins also significantly contribute to the nutrition-
al value of fish (A, D, B,,, folic acid, and choline),
as do important minerals (Ca, Zn, Se, I, Cu, F, Mg,
Mn, and Cr) (Ghaly et al., 2013; Khalili & Sampels,
2018; Innes & Calder, 2020; Boyd et al., 2022;
Phogat et al., 2022; Tacon, 2023). Fish is recom-
mended in human diets because it protects against
various non-communicable diseases, especially
cardiovascular diseases, preterm born and mentally
ill children (Luo et al., 2022). The global fish catch
in 2023 was 90.6 million tons, and aquaculture pro-
duction was 96 million tons, meaning that the total
fish supplied to the market in 2023 was 186.6 mil-
lion tons (A4li et al., 2022).

The largest catch and production of fish in
2023 were in China, followed by Indonesia, Viet-
nam, and the USA. Out of the total catch and pro-
duction of fish, 166 million tons were intended for
human consumption, 15 million tons for animal
feed, and 4 million tons were used for other purpos-
es. Out of the total catch and production of fish, 65
million tons were subject to trade (export/import)
(Balti¢ et al., 2023).

The average total import (Table 1) of fish
and fish products into Serbia from 2012 to 2021
was 34,090+3,421 tons with a coefficient of varia-
tion of 10.04%. Among marine fish, the most com-
monly imported types were various types of hake,
tuna, then canned fish (sardines, tuna), small pelag-
ic fish (sardines, herring, mackerel), fillets, and oth-
er types of marine fish (scorpionfish, sea bream, sea
bass, salmon). The import of seafood such as mol-
lusks, crustaceans, and shellfish was also significant
(4,104+1,045 tons). Among freshwater fish, trout
was most commonly imported (1,519+351.3 tons),
while the import of carp and other types of freshwa-
ter fish (bighead carp, grass carp, catfish, pike) was
much lower. The import of marine fish (Figure 1)
was significantly higher (92.86%) than the import of
freshwater fish (7.14%).

Table 1. Average fish imports (tons), total and by species, for the ten-year period from 2012 to 2021.

Measures of variation

Origin Total import X Se Xinin X nax C, (%)
34090 3421 1082 29490 41071  10.04
Hake 7755 1752 554 5065 11238 22.59
Tuna 4858 601,1 190,1 4219 5934 12.37
Canned fish 3485 1320 4174 1993 5701 37.88
Sardines 2369 354 111,9 1682 2915 14.95
Marine Herring 2604 503,6 159,2 1773 3382 19.34
Mackerel 2367 431,5 136,5 1788 2896 18.23
Fillets 2755 1044 330,3 1316 4836 37.90
Oﬁ:;;yepgzh"f 1361 574,4 181,7 458 2053 43.09
Seafood 4104 1045 330,4 2908 6545  25.46
Carp 450 348,7 110,3 83 1143 77.50
Freshmater Trout 1519 351,3 11,1 940 1830 23.13
Other types of 463 214,6 67,87 209 912 4635

freshwater fish
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Figure 1. Average share (%) of imports of marine
and freshwater fish species for the ten-year period
from 2012 to 2021.

Data on the average share of individual marine
fish species and fish products, as well as seafood,
for the ten-year period from 2012 to 2021 are shown
in Figure 2. Approximately a quarter of the import
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12.98
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Figure 2. Average share (%) of imports of individual
marine fish species and fish products, as well as
seafood, for the ten-year period from 2012 to 2021.

of marine fish and fish products consisted of hake
(24.52%), while the least common imports were oth-
er types of marine fish (4.21%).

In Serbia, fish is most commonly imported fro-
zen. Freezing (—18 °C to —30 °C) is, in fact, the most
common method of preserving fish and making it
available for sale. Only small quantities of the high-
est quality fish species (salmon, sea bass, sea bream,
Peter’s fish, tuna fillets) are imported chilled on ice
(-1 °C) and are intended for specialized restaurants
and the most modernly equipped supermarkets (Zhu
et al., 2021). These fish also command the highest
prices, as do various types of seafood (crabs, shell-
fish, some types of mollusks), which are imported
frozen or on ice. Among fish products, canned small
pelagic fish (sardines) and canned large pelagic fish
(tuna) are the most commonly imported. Canned fish
accounted for 11.02%, or 3,485 tons, of the total fish
imports (Figure 2). Cans are thermally processed
products (113 °C to 160 °C) in hermetically sealed
containers (most often cans) that do not require spe-
cial storage conditions during distribution and sale,
have a long shelf life (over a year), and are well
accepted by consumers (Z5ironi et al., 2019).

( )

62.46

M Carp M Trout M Other freshwater fish species
. J

Figure 3. Average share (%) of imports of
individual freshwater fish species for the ten-year
period from 2012 to 2021.

Freshwater fish are most commonly imported
live from neighboring countries (Bosnia and Her-
zegovina, Croatia, and North Macedonia). Less
than a quarter of freshwater fish imports consisted
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of carp (18.50%) and other freshwater fish species
(19.04%), with a significantly larger import of trout
(62.46%) (Figure 3).

Figure 4 shows the trend of the average total
fish imports, and total imports of marine fish,
seafood, and freshwater fish (000 tons) for the
ten-year period from 2012 to 2021. The trends of
total imports (y =0.9296x + 28.978), and imports
of marine fish (y=0.6302x + 24.06) and seafood
(y=0.2624x +2.661) were increasing, which was
particularly pronounced in 2020 and 2021, while
the trend of freshwater fish imports was stagnant
(y=0.0289x +2.2731).

The value of fish and fish product imports is
shown in Table 2. The average import value in the
observed period was €86.030+22.100 million, with

a coefficient of variation of 25.69%. The average
import value of marine fish was €74.883+18.884
million, seafood €4.957+1.545 million, and fresh-
water fish €6.189+2.024 million.

The trend of the value of fish and fish prod-
uct imports (million €) for the ten-year peri-
od from 2012 to 2021 is shown in Figure 5.
The total value of fish and fish product imports
increased from 2012 to 2021, as demonstrated by
the trend equation y = 6.4523x + 50.542. A sim-
ilar trend was observed for the import of marine
fish and fish products, where the trend equation
was y = 5.4658x + 44.822. The trends of seafood
imports (y =0.4322x + 2.5793) and freshwater
fish imports (y = 0.5549x + 3.1369) were aligned,
as shown by the trend equations.

Vs

45
e Total fish
o (y=0.9296x+28.978] imports
25 - —/"j’ Total imports
— of marine fish
30___JﬁiEﬁﬁ,——gssz.‘=:374=——"” - __~z
‘M V/ Total impOl’tS of
- [y =0.6302x + 24.06 | Seafood
8 20 Total imports of
S . freshwater fish
" (y=0.0289x +2.2731)
(y=02624x+2.661) et
5 —— —
—_—
0

Years

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 4. The trend of fish imports (000 tons) for the ten-year period from 2012 to 2021.

Table 2. Average values (000 €) of fish imports, total and by species, for the ten-year period from 2012 to 2021.

Measures of variation

Import value (€) X
Sd Se Xinin X max C, (%)
Total 86030 22100 6989 63665 138515 25,69
Marine 74883 18884 5972 55916 120401 25,22
Seafood 4957 1545 488,6 3345 8463 31,17
Freshwater 6189 2024 640,1 3655 9651 32,71
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Figure 5. The trend in the value of fish and fish product imports (million €) for the ten-year period from
2012 to 2021.

The average import value of fish and fish prod-
uct imports, expressed in €/kg for the examined peri-
od, was €2.49+0.39/kg, for marine fish €2.44+0.39/
kg, for seafood €3.55+0.66/kg, and for freshwater
fish €2.56+0.36/kg (Figure 6).

The trend in the value of fish and fish product
imports (€/kg) for the examined period is shown in Fig-
ure 7. The largest increase in import value per kg was
recorded for seafood imports (y =X0.2047x + 2.4293).

The total value of fish and fish product imports, as
well as the value of marine fish, seafood, and freshwa-
ter fish imports, increased during the examined peri-
od, as defined by the equations (y = 0.1152x + 1.8593,
y = 0.1144x + 1.8107, y = 0,2047x + 2,4293, and
y=0.079x + 2.1293, respectively).

Serbia is a fish-importing country, especially of
marine fish. As evident from the data collected since
2012, the import of fish to Serbia has been constantly

-
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Figure 6. Average import values (€/kg) of fish and fish products for the ten-year period from 2012 to 2021.
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Figure 7. The trend in the value of fish and fish product imports (€/kg) for the ten-year period from 2012 to 2021.

increasing. One of the reasons is the decreased fish
production in Serbia, particularly lower carp fish
production. The causes of the decline in carp pro-
duction are primarily related to the drastic reduction
in the area of carp ponds. From 2011-2013, there
were over 8,500 ha of carp ponds, which decreased
to less than 6,500 ha by 2019-2021. Additionally,
the low yield of carp per ha, which was less than one
ton per ha from 2012-2021, has significantly con-
tributed to the reduction in carp production. This is
far less than the potential, which is three to five tons
in semi-intensive farming and up to 10 tons in inten-
sive farming conditions (Markovi¢, 2010; Ivanovi¢
et al., 2015; Balti¢ et al., 2023). The average catch
of carp fish in Serbia from 2012 to 2021 was 5,491
tons, and of trout, 1,206 tons, totaling 6,697 tons.
With commercial and recreational fishing (carp,
bighead carp, bream, goldfish), the local fish sup-
ply on the market was increased by 1,183 tons. In
the statistical yearbooks of Serbia, commercial and
recreational fishing covers only the four most com-
monly caught species. With fish imports (an aver-
age of 34,090 tons), the fish market in Serbia was
supplied with 41,270 tons of fish and fish products,
meaning that fish consumption in Serbia (six million
inhabitants) was around 7 kg per inhabitant annually
(Balti¢ et al., 2023; www.stat.gov.rs).

If the average price of imported freshwater fish
is €2.65/kg, then the value of fish production in aqua-
culture in Serbia and from catches would be €18.687
million, which would increase the value of fish on
our market to €104.666 million. Among the total
value of fish on the market, fish from aquaculture

and catches in Serbia accounted for only 18.85% in
the study period. This is a consequence of the low
value of fish production in Serbia and its small share
in the total volume and value of fish on the Serbian
market. The situation of fisheries in Serbia is related
to the unfavorable state of agricultural production,
especially in the primary animal production sector.
Agricultural production, including fisheries in Ser-
bia, does not have sufficient state support (subsi-
dies, taxes relief), and without it, regardless of land
(water) resources (14,000 ha under carp ponds and
100,000 ha of infertile land that could be used for
fish production in Vojvodina), animal feed produc-
tion, and the possibility of improving fish farming
technology, an increase in fish production in aqua-
culture in Serbia cannot be expected (Balti¢ et al.,
2023; Balti¢ et al., 2023).

Fish consumption worldwide has been grow-
ing annually by 3% since 1961, while the population
growth rate was 1.6%, which has led to an increase in
fish consumption. The average annual fish consump-
tion worldwide was 9.9 kg in 1961, reaching 20.5 kg
in 2019. It is believed that annual fish consumption
worldwide will be 21.4 kg per inhabitant by 2030, and
aquaculture fish production will increase to 106 mil-
lion tons. One of the reasons for greater fish consump-
tion is to meet the nutritional needs of the growing
number of people worldwide, but also is due to the
increasing significance and awareness of the nutrition-
al value of fish in human diets. Iceland has the highest
fish consumption in the world (91 kg per inhabitant
annually), while Afghanistan has the lowest (0.24 kg
per inhabitant annually) (Balti¢ et al., 2023).
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Due to the decreasing volume of fish produc-
tion in aquaculture and fish catches in open waters
in Serbia since 2012, the volume of fish imports has
increased. The largest volume of fish imports per-
tains to the import of marine fish, seafood, and fish
products (canned fish). With the increase in the vol-
ume of imports and the rising price of fish on the
global market, the value of fish imports has been

continuously increasing. Thanks primarily to fish
imports, the consumption of fish in Serbia per inhab-
itant per year over the last ten years has been about
seven kilograms, which is a third of the average fish
consumption per inhabitant worldwide. Serbia has
the potential to significantly increase fish produc-
tion in aquaculture, especially carp fish in the region
of Vojvodina.

Ispitivanje obima i vrednosti ribe i proizvoda od ribe u
Srbiji od 2012. do 2021. godine

Jelena Janji¢, Milorad Mirilovi¢, Branislav Vejnovic, Spomenka Purié, Tihana Vujanié, Milica Laudanovic i
Branislav Balti¢

INFORMACIJE O RADU APSTRAKT

Kljucne reci: Srbija se delimi¢no snabdeva ribom iz sopstvene akvakulture i ribolova, komercijalnog
Ulov i rekreativnog, §to u proseku iznosi 6,70 tona za period od 2012. do 2021. godine.

Akvakultura Najveci deo ribe na trzistu u istom periodu je iz uvoza (u proseku 34.090 tona). Od
Trziste Srbije ukupnog ulova ribe i ribljih proizvoda, 92,80% ¢ine morska riba i morski plodovi, dok
Potrosnja svega 7,14% cini slatkovodna riba. Obim uvezene morske ribe i ribljih proizvoda ima

opadajuci redosled: osli¢ > tunjevina > morski plodovi > konzerve od ribe > riblji fileti
> haringa > sardine > skuSa > ostali morski plodovi. Od slatkovodne ribe najvise se
uvozi pastrmka, a zatim ostale vrste riba i Saran. Prose¢na ukupna vrednost uvoza ribe
0d 2012. do 2021. godine iznosila je 86.030 miliona evra, a prose¢na uvozna cena ribe
2,5 evra/kg. Pored uvoza ribe i ribljih proizvoda, kao i ribe iz domace proizvodnje i
ulova, trziste ribe u Srbiji snabdeveno je sa 41.270 tona ribe, §to znaci da je godi$nja
potro$nja ribe po stanovniku u Srbiji oko 7 kilograma.
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ARTICLE INFO ABSTRACT

Keywords: The objective of this study was to investigate the impact of modified atmosphere
Common carp packaging (MAP1: 80% O, +20% CO, and MAP2: 90% CO, + 10% N,) on selected
Cyprinus carpio chemical and sensory attributes of common carp (Cyprinus carpio) steaks stored at

FFA 3+ 0.5 °C, and to establish the shelf life of the products. Samples were assessed

TVB-N on days 1, 3, 5, 7, 9, 11, 13, 15 and 17. Carp steaks stored in a CO,-enriched
Sensory assessment atmosphere exhibited lower pH values throughout the entire storage period than
Shelf life steaks in the other atmospheres. The increase in TVB-N values followed this order:

MAP?2 < control < MAP1. From day 9 of storage, FFA contents were significantly
higher (p <0.01) in MAP2 fish compared to control and MAP1 fish. The presence
of oxygen (in MAP1 and control fish) led to an elevation in total volatile basic
nitrogen (TVB-N) compared to fish packaged in the absence of oxygen. Based pri-
marily on sensory, but also chemical parameters, it was determined that carp steaks
packaged in modified atmosphere with 80% O, + 20% CO, remained acceptable for
up to 15 days of storage, whereas carp steaks packaged under 90% CO, + 10% N,,
as well as carp steaks stored on flaked ice in air, remained unchanged until the end
of the study (17 days) .

for fish and fish products, ensuring prolonged
shelf life and the preservation of key freshness
indicators (Gimenéz et al., 2002).

1. Introduction

Fish, owing to its nutritional richness, plays

a pivotal role in human diets. What makes fish
especially appealing to consumers is its abun-
dance of proteins, minerals and vitamins, along-
side it being a notable source of essential fatty
acids crucial for averting various human ailments.
With such attributes, fish stands out as one of the
most nutritionally significant food sources. In
recent times, there has been a global surge in con-
sumer preference for fresh fish over frozen or pro-
cessed fish. This shift has induced the advance-
ment of modified atmosphere packaging (MAP)

The shelf life of any food product, including
fresh fish, is characterized by the post-packaging
duration within which the product remains safe
for consumption. During this period, the senso-
ry characteristics (colour, odour, flavour and tex-
ture) and nutritional quality of the product must
remain consistent and acceptable to consumers
(Huss, 1995).

The assessment of fish quality can be conduct-
ed through sensory evaluations, microbial analyses,
or chemical techniques, such as the measurement
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of volatile compounds, lipid oxidation, determina-
tion of ATP breakdown products and the presence
of biogenic amines (Gulsun et al., 2009). The col-
lective quantity of ammonia (NH;), dimethylamine
(DMA) and trimethylamine (TMA) in fish is termed
total volatile base nitrogen (TVB-N). Its level in fish
flesh is commonly used as a parameter for estimat-
ing spoilage and as an indicator of fish freshness.
These compounds are generated during the degra-
dation of proteins and non-protein nitrogen com-
ponents, primarily due to the metabolic activity of
spoilage bacteria in fish and the action of endoge-
nous enzymes (Connell, 1990). These processes
contribute to alterations in the textural and sensory
properties of fish muscle.

Hydrolytic changes in lipids result in the
release of free fatty acids (FFA), which are high-
ly susceptible to oxidative processes. Fish oil con-
tains significant quantities of polyunsaturated fatty
acids, leading to the initiation of oxidation reac-
tions and the formation of hydroperoxides and
other potentially detrimental secondary oxida-
tion by-products. The peroxide value (PV) is con-
sidered an indicator of the primary oxidation rate,
while the thiobarbituric acid (TBA) value serves
as an indicator of secondary oxidation (Jezek and
Buchtova, 2012). The alterations in lipid composi-
tion in fish and shellfish contribute to the deteriora-
tion of quality during prolonged storage, especially
under unfavourable conditions.

The shelf life of fresh chilled fish is rela-
tively short, typically lasting about 2 to 3 days
at ambient temperatures of 2 = 2 °C. It has been
demonstrated that packaging fish in a modified
atmosphere significantly prolongs the product’s
shelf life.

In Serbia, carp is the most commonly retailed
freshwater fish. Fish are typically sold live, fresh
chilled and unpacked (with a shelf life of 2 to 3 days),
vacuum-packed (with a shelf life of 5 to 7 days), or
frozen. Vacuum packaging is the preferred method
of fish packaging. Modified atmosphere packaging
with various gas mixtures is rarely used for fish in
Serbia. Experimental monitoring data on freshwater
fish packaged under modified atmosphere are gener-
ally limited.

The objective of this research was to observe
changes in selected chemical and sensory param-
eters of common carp (Cyprinus carpio) steaks
packaged in a modified atmosphere during storage
at 3+ 0.5 °C and to determine the shelf life of the
products.

2. Materials and Methods
2.1. Sampling

Fourteen common carp (Cyprinus carpio) of
average body weight of 2.50 & 0.30 kg were obtained
from a fishpond where a semi-intensive rearing sys-
tem was used. Fish were transported live to the fish
slaughtering and processing facility, where they
were stunned, slaughtered, scaled, and the carcasses
were cut into steaks 2 cm thick and of 220 g average
weight. The 81 carp steaks were divided into three
groups.

One group of fish was placed on top of flaked
ice placed in polystyrene boxes with outlets for
water drainage. The ice:fish ratio was 3:1 and was
maintained constantly throughout the experiment.
The flaked ice was changed daily. This experimen-
tal group, fish on ice, was used as control. The oth-
er two groups of carp steaks were both packaged
in modified atmospheres, but with different gas
ratios: MAP1: 80% O, + 20% CO, and MAP2: 90%
CO,+ 10% N,. The packaging machine used was a
Variovac (Variovac Primus, Zarrentin, Germany),
and the packaging material was foil OPA/EVOH/
PE (oriented polyamide/ethylene vinyl alcohol/
polyethylene, Dynopack, Polimoon, Kristiansand,
Norway) with low gas permeability (degree of per-
meability for O, — 3.2 cm*/m?*day at 23 °C, for N,
— 1 cm?/m?/day at 23 °C, for CO, — 14 cm?*/m?%
day at 23 °C and for steam 15 g/m?/day at 38 °C).
The ratio of gas:fish in the package was 2:1. All
carp steaks were stored in the same conditions at
3+05° andonl,3,5,7,9, 11, 13, 15 and 17
days of storage, chemical and sensory testing was
performed.

2.2. Chemical analyses

Muscle pH was measured by Cyber Scan
pH-510 digital pH-meter (EUTECH Instruments,
Netherland).

The TVB-N was determined in triplicate by
using the official steam distillation method accord-
ing to Commission Regulation (EC) 2074/2005 and
was expressed as mg TVB-N/100 g.

The FFA content, expressed as % of oleic
acid, was determined in accordance with EN ISO
660:2020.

The PV, expressed in milliequivalents of per-
oxide oxygen per kg of fat, was determined by the
EN ISO 3960:2017 method.
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2.3. Sensory evaluation

Sensory analysis was conducted by six expe-
rienced panellists from our laboratory staff, in the
sensory evaluation laboratory, at room temperature
(20 °C) and with adequate lighting. Each piece of
fish was removed from the packaging 10 min before
the evaluation and presented on a tray. These trays
were coded by randomly chosen 3-digit numbers.
Each panellist analysed the fish steaks individually
for overall acceptability, with regard to odour, flesh
colour and texture, using a 1-5 intensity scale, with
5 corresponding to the most liked sample and 1 cor-
responding to least liked sample. Fish was defined as
unacceptable when a score of <2 points was record-
ed by at least of 50% of the panellists. Fish steaks
from all three fish groups were evaluated through-
out the 17-day storage period on each sampling day.

2.4. Statistics

The mean values and standard deviations for
chemical and sensory data were calculated by using
column statistics with the processing of six values
for each analysed group. Significant differences
between groups were calculated by using one-way

ANOVA. When a significant F was found, addition-
al post-hoc tests with Tukey’s adjustment were per-
formed. Differences were considered as significant
when the p-value was < 0.05. All analyses were per-
formed using the program Microsoft Office Excel

(2016).

3. Results and Discussion

Figure 1 shows the pH of common carp steaks
packaged in different atmospheres. In MAP1 fish,
a significant (p <0.01) increase in pH was not-
ed between day 5 (pH: 6.49 = 0.03) and day 9 (pH:
6.63 = 0.00) of the study. Afterwards, the pH began
to decrease, reaching 6.30 + 0.04 by day 17. Con-
versely, a decrease in pH was observed in MAP2
fish throughout the entire storage period, with the
lowest pH of 6.19 & 0.02 recorded on day 15. Dur-
ing the storage period, the pH of control (iced and in
air) fish fluctuated and ranged from 6.51 = 0.09 to
6.63 = 0.03. Compared to control fish, those pack-
aged in MAP containing 90% CO, + 10% N, exhibit-
ed lower pH throughout the storage period, while the
pH in MAP1 fish was significantly lower (p < 0.01)
after 9 days of storage. The mean pH values for
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Figure 1. pH of common carp steaks packaged under different conditions during storage at 3 °C.

Legend: Control: kept on ice and in air. MAP1: 80% O, + 20% CO,. MAP2: 90% CO, + 10% N.,.
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control carp steaks and carp steaks packaged in compounds produced by the activity of fish spoilage
MAPI1 and MAP2 during storage were 6.55 + 0.08, bacteria (Ruiz-Capillas and Moral, 2001), which had
6.49 = 0.06, and 6.32 + 0.07, respectively. favourable growth conditions provided by the high
The pH of live fish muscle tissue typically concentration of O, in this gas mixture (80% O,).
hovers around 7.0, but post-mortem pH generally The pH of common carp muscle and its var-
ranges from 6.0 to 7.1, depending on factors such iations under different experimental conditions in
as the season, fish species and other variables. The our study are in accordance with the findings of
increase in lactic acid production during glycoly- other studies (Masniyom et al., 2002; Goulas and
sis under anaerobic conditions causes a decrease in Kontominas, 2007; Babi¢ et al., 2014). In contrast,
the post-mortem pH of fish muscle, influencing the Arashisar et al. (2004) did not find significant dif-
quality of fish meat (Ashie et al., 1996). ferences among pH of rainbow trout fillets packaged
As shown in Figure 1, the lowest pH was in different atmospheres.
recorded in carp steaks packaged in the atmosphere Figure 2 gives TVB-N values (mg/100 g) for
with 90% CO,. Some other studies (Milijasevi¢ et the common carp steaks packaged in different atmos-

al., 2010; Provincial et al., 2010, Babi¢ Milijasevi¢ pheres. The levels of TVB-N in carp steaks were
et al., 2023) have also reported significantly lower practically indistinguishable (P > 0.05) at the begin-

pH in fish packaged in modified atmospheres with a ning of the study. However, as the storage period pro-
higher percentage of CO,, attributed to the dissolu- gressed, there was an observable increase in TVB-N
tion of CO, in fish muscle and leading to an increase values in all experimental groups. Figure 2 illustrates
in carbonic acid production. However, Stenstrom how TVB-N values in carp steaks were significant-
(1995) concluded that decrease of pH can be caused ly influenced by the atmospheric conditions used.
by acidic metabolic products produced by vari- The increase in TVB-N values followed this order:
ous bacteria, particularly lactobacilli. The moderate MAP2 < control < MAP1, with levels ranging from

increase in pH of MAPI1 fish after five days of stor- 12.35+0.46 to 18.31 £ 0.48 mg N/100 g in MAP2
age may be caused by the higher quantity of basic fish, from 12.38 £ 0.25 to 20.82 = 1.45 mg N/100 g

( 2\

25,0 4

‘JT? [1 Control
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Figure 2. Total volatile base nitrogen content (mg/100 g) of common carp steaks packaged under different
conditions during storage at 3 °C.

Legend: Control: kept on ice and in air. MAP1: 80% O, + 20% CO,. MAP2: 90% CO, + 10% N.,.
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in control fish, and from 12.40 + 1.48 mg N/100 g
to 23.77+0.84 mg N/100 g in MAP1 fish during
the 17-day storage period. Notably, TVB-N levels in
MAP2 fish changed to lesser extent than did those
in MAPI and control fish. From day 11 onward,
TVB-N values in MAP2 fish were significantly low-
er (p <0.01) than in control fish, and compared to
MAP1 fish, values were lower (p< 0.01) starting
from day 7 of storage until the end of the study.
From day 7 onwards, the gas composition of
MAP2 significantly (p <0.01) delayed the forma-
tion of TVB-N compared to MAP1 fish. These dis-
crepancies in TVB-N values may be attributed to the
higher CO, content in MAP2 compared to MAPI
(90% versus 20%). Previous studies by Masniyom
et al. (2013) suggested that higher CO, concentra-
tions potentially inhibit the growth of predominantly
Gram-negative microorganisms and reduce bacterial
deamination capacity, thereby leading to a decrease
in volatile compound production. Similar findings
were reported by Milijasevi¢ et al. (2010) and Babi¢
et al. (2014) for carp steaks stored under MAP, cor-
roborating the results of the present study. Sea bass
samples kept under higher CO, concentrations also
exhibited lower TVB-N values (Masniyom et al.,

2002). Generally, control sea bass showed high-
er TVB-N values compared to samples stored in
CO,-enriched atmospheres throughout the storage
period (Masniyom et al., 2002). In our research, con-
trol fish (iced and in air) exhibited lower TVB-N
values than fish packaged in MAPI1. This could be
explained by the presence of a high concentration of
oxygen (80%) in our MAP1 packaging, which could
have facilitated aerobic bacterial growth and subse-
quent increases in TVB-N due to bacterial decompo-
sition of fish flesh.

While some researchers have recommended
the TVB-N limit of 25 to 35 mg N/100g as an indi-
cator for rejecting commercial fresh whole fish and
processed fish products (Connell, 1990), no spec-
ified limit for acceptability of common carp has
been established by Commission Regulation (EC)
2074/2005. In their study, Jezek and Buhtova (2010)
proposed 20 mg N/100g in carp meat as the high-
est acceptable limit for TVB-N. In comparison with
our study, TVB-N levels in MAP2 fish consistent-
ly remained below this limit specified by Jezek and
Buhtova (2010) throughout the entire storage period.
However, this limit was exceeded in our study by
control fish (day 17) and MAPI fish (day 15).
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Figure 3. Free fatty acid content of common carp steaks packaged under different conditions during
storage at 3 °C.

Legend: Control: kept on ice and in air. MAP1: 80% O, + 20% CO,. MAP2: 90% CO, + 10% N.,.
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Figure 3 shows the FFA contents (in % total fat
as oleic acid) in common carp steaks packaged in the
different atmospheres. Throughout the entire storage
period, control fish had lower FFA contents com-
pared to fish packaged in MAP. Simultaneously, the
growth of FFA values in control fish was less pro-
nounced (1.63 +0.18 on day 17) than in the MAP
fish. From day 1 to day 7, there were no significant
(p > 0.05) differences between the FFA contents of
fish packaged in MAP1 and MAP2. However, the
production of these degradation products followed
a different line in the two types of packaging. In
MAP2 fish, a highly significant (p <0.01) increase
in FFA was observed from day 9 (2.04 &= 0.1) until
the end of the study (2.76 £0.04). On the other
hand, in MAPI fish, a significant decrease in FFA
was determined between storage day 7 (1.82 £ 0.11)
and day 11 (1.46 £ 0.06). From that day onward, the
FFA content increased in the MAP1 fish until the
end of the study (1.84 = 0.12).

The process of lipid hydrolysis is followed by
the release of FFAs. In our study, storage of carp
steaks on flaked ice and in air had the smallest
impact on FFA production. The significantly low-
er FFA level in MAP1 fish (p <0.01) compared to
MAP2 fish starting from day 9 can be attributed to

the rapid conversion of FFA to oxidation products,
due to the presence of O, in MAP1. Similar results
were reported by JeZek and Buhtova (2012) for sil-
ver carp stored under MAP, supporting the results of
our study. According to Ozyurt et al., (2009) FFAs
interact with myofibrillar proteins and negative-
ly affect muscle texture. This author found a good
correlation between FFA formation and the loss of
freshness in fish. Otherwise, Fagan et al. (2004)
pointed out that FFA levels have no effect on the
sensory quality of fish.

Figure 4 shows the PV of common carp steaks
packaged in the different atmospheres. Lipid oxi-
dation in fish depends on several factors, such as
fish species, storage temperature and lipid compo-
sition. This oxidation is often main reason for the
short shelf life of fish and fish products. The PV was
used to determine primary products of lipid oxida-
tion, mainly hydroperoxides.

During the first five days of storage, PV was
not detected in both, unpackaged and packaged fish.
Later on, PV was lower in the control fish than in
fish packaged in MAP. PV in fish packaged in the
oxygen-rich atmosphere (80%) produced the high-
est PV from day 7 to day 13. At the end of the study
(days 15 and 17), PVs were higher in fish packaged
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Figure 4. Peroxide value of common carp steaks packaged under different conditions during storage at 3 °C.
Legend: Control: kept on ice and in air. MAP1: 80% O, + 20% CO,. MAP2: 90% CO, + 10% N.,.
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Table 1. Sensory evaluation of carp steaks packaged under different conditions during storage at 3°C

Storage time (days)

7 9 11 13 15 17

4.740.2° 4.540.1* 4.240.9*° 3.6+0.5> 3.44+0.8> 3.240.6°
4.1£0.4> 3.6+£0.3> 3.5+0.0° 3.3£0.2" 2.6+0.4° 1.2+0.29
4.840.2* 4.6+0.3* 4.0+£0.4> 3.840.5* 3.5+0.4> 2.8+0.5°

4.6+0.5* 4.44+0.4* 3.7+0.5> 3.6+0.8> 3.24+0.5> 3.1+0.2°
4.5£0.4* 4.0£0.0* 3.8+0.8* 3.5£0.2* 2.7+0.4> 2.5+0.3"
3.740.2> 3.6+0.7> 3.5+0.9> 3.2+0.6> 2.9+0.6> 2.7+0.4°

4.8£0.2* 4.7£0.3* 4,6+0.3* 4,3£0.3* 3.7+0.2" 3.5+0.7°
3.7£0.4> 3.6+0.4> 3.3+0.4> 3.4+0.3> 2.5+0.1° 1.8+0.6¢
4.6+0.6° 4.1+0.6* 3.6+0.7° 3.6+0.5> 3.4+0.6> 2.6+0.4°

Sensory  Packaging

parameter conditions 1 3 5
Control  5.0+0.0* 5.0+0.0* 4.8+0.3?

Odour MAP1 5.0+£0.0* 5.0£0.0° 4.8+0.3*
MAP2  5.0+£0.0* 5.0+£0.0* 4.9+0.2°
Control ~ 5.0+0.0* 5.0+0.0* 4.8+0.2°

Flesh texture ~ MAP1  4.9+0.5* 4.9+£0.5* 4.8+0.7°
MAP2  4.8+0.2* 4.1+0.0> 4.0+0.0°
Control ~ 5.0+0.0* 5.0+0.0* 4.9+0.1?

Flesh colour ~ MAP1  5.0£0.0* 4.2+0.3° 3.7+0.4°
MAP2  5.0+0.0* 5.0+£0.0*° 4.8+0.2°
Control  5.0+0.0* 4.9+0.7* 4.8+0.7*

ii‘;;a‘t];bility MAP1  4.9+03% 4.6+0.7° 4.2+0.3°
MAP2  5.0+£0.0* 5.0+£0.0* 4.8+0.8"

4.8+0.4* 4.5£0.6° 4.4+0.6* 4.2+0.8* 3.8+0.7*° 3.3+0.52
3.740.4* 3.6+0.4* 3.5+0.2* 3.5+0.4* 2.6+0.4> 1.2+0.2¢
4.5+0.3* 4.74£0.5* 4.24+0.6° 4.1+0.6° 3.6+£0.4> 2.7+0.6°

Legend: Control: kept on ice and in air. MAP1: 80% O, + 20% CO,. MAP2: 90% CO, + 10% N,. Same lowercase letters in a row in-

dicate no significant differences (p > 0.05).

in the MAP2 atmosphere without oxygen. In their
research, Ruiz-Capillas and Moral (2001) suggest-
ed that lipid oxidation depends on the synergy effect
between CO, and O,. For that reason, lipid oxidation
in the atmosphere with 40% O, could be more inten-
sive than in the atmosphere with 60% O,. The fluc-
tuations in PV that were recorded in our research are
in line with the results of Jezek and Buhtova (2007),
and they indicate the fact that PV cannot be consid-
ered as a suitable indicator of fish freshness.

The sensory evaluation results for carp steaks
are outlined in Table 1. It is evident that carp steaks
packaged in MAPI1 received significantly lower
scores (P < 0.05) for all sensory attributes by day 15
than the fish stored under other conditions. On day
17, the rancid odour detected in MAP1 fish caused
the odour score to fall below the acceptability
threshold of 2. On the last day of the study, a dimin-
ished intensity of the pink cream colour of carp mus-
cle was observed, alongside surface slime.

Throughout the storage period, both con-
trol and MAP2 fish showed a decrease in sensory
attribute scores, yet they remained within accepta-
ble levels. Notably, despite being deemed accepta-
ble, the texture of MAP2 fish consistently received
lower ratings. This was attributed to a softened tex-
ture observed from day 3 onwards. This soft tex-
ture could be ascribed to the CO, percentage in the

MAP?2 fish. Dissolution of CO, in the fish muscle’s
aqueous phase led to a decrease in pH and subse-
quent loss of meat juice, adversely affecting prod-
uct consistency. Furthermore, the absence of O, and
the higher CO, percentage in the MAP2 gas mixture
resulted in a greyish hue, which received relative-
ly low scores from our panellists. According to the
odour scores, common carp steaks packaged under
80% 0O, + 20% CO, would likely have a shelf life
of up to 15 days at 3 °C. Common carp steaks pack-
aged in 90% CO, + 10% N, and those kept on flaked
ice in air would likely be acceptable (from an odour
perspective) for 17 days.

4. Conclusion

In conclusion, packaging common carp steaks
in a 90% CO, + 10% N, atmosphere slowed down
both proteolytic reactions and secondary lipid oxi-
dation compared to packaging in an 80% O, + 20%
CO, gas mixture. Based primarily on odour scores,
it was concluded that common carp steaks packaged
in a modified atmosphere with 80% O, + 20% CO,
remained acceptable for up to 15 days of storage at
3 °C. In contrast, common carp steaks packaged in
90% CO, + 10% N, and those kept on flaked ice in
air remained unchanged until the end of the study
(17 days).
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Uticaj pakovanja u modifikovanu atmosferu na odrzivost

i
S

odabrane parametre kvaliteta ohladenih odrezaka
arana (Cyprinus carpio)

Jelena Babi¢ Milijasevié, Vesna Dordevic, Jasna Dinovié-Stojanovic, Srdan Stefanovié, Zoran Petrovic i

Milan Milijasevi¢

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:
Saran

Cyprinus carpio
FFA

TVB-N

Senzorna svojstva
Odrzivost

Cilj ovog rada bio je da se ispita uticaj pakovanja u modifikovanu atmosferu (MAP1:
80%02 + 20%C0O2 i MAP2: 90%CO2 + 10%N2) na odabrane hemijske i senzorske
parametre kvaliteta odrezaka Sarana (Cyprinus carpio) i da se odredi njihova odrzivost.
Uzorci su ispitivani 1, 3, 5,7, 9, 11, 13, 151 17 dana eksperimenta. Odresci $arana upa-
kovani u modifikovanu atmosferu sa ve¢im procentom ugljen-dioksida imali su nizu
pH vrednost tokom eksperimenta. TVB-N vrednosti su se povecavale slede¢im redo-
sledom: MAP2 < kontrola < MAP1. Od devetog dana eksperimenta vrednosti FFA bile
su znacajno vece (p <0,01) u MAP 2 uzorcima u poredenju sa kontrolnim i uzorcima
upakovanim u MAPI. Prisustvo kiseonika u MAP1 uzorcima i kod uzoraka ¢uvanih na
ledu dovelo je do povecanja TBA vrednosti.

Rezultati senzorskih i hemijskih ispitivanja su pokazali da odresci Sarana pakovani u

atmosferu sa 80 posto kiseonika i 20 posto ugljen-dioksida ostaju nepromenjeni do pet-
naestog dana, a uzorci pakovani u atmosferu sa 90 posto ugljen-dioksida, kao i uzorci

¢uvani na ledu do sedamnaestog dana skladistenja.
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ARTICLE INFO ABSTRACT

Keywords: Validation of sensory evaluation employs a process similar to any other method vali-
Attribute agreement analysis (AAA) dation procedure in analytical chemistry. However, the parameters often measured in
Sensory methods sensory testing are different, because the human sensory apparatus and brain are the
Validation instruments being calibrated. A total of 10 fish samples were examined by an expert

Fish S5-member evaluation panel for the visual presence of parasites in frozen fish. From
each frozen hake sample, a group of six slices of fish muscle was formed by longitu-
dinal sectioning. The total of 60 sliced samples were divided into 10 plates with six
samples each. The first plate contained six slices, each of which contained parasites.
The attribute agreement analysis showed strong agreement in the overall ratings. It was
found that at least 75% of all tests achieved the highest level of agreement. The results
of the tests were presented in the form of tables and graphs summarizing the subjective
test results using Fleiss’ Kappa and Cohen’s Kappa statistics.

Parasites

in new product development and quality control, as
well as being required for the labeling and market-
ing of products. Use of such expert sensory panels is
highly regulated, and their fitness for purpose and the
methods they employ have to be scientifically vali-
dated (Barbieri et al., 2020, Da Costa et al.,2020;
Mihafu et al., 2020, Mohammadi-Moghaddam and
Firoozzare, 2021, Gupta et al., 2022).

When a consistent and valid method is developed
and used, not only is the capability of the product to
meet consumer expectations and preferences increased,

1. Introduction

Attribute agreement analysis is a statistical
method used to determine if trained expert sensory
panels are using a particular scale consistently and
in the same way (MoreSteam, 2024). This method is
used in the validation of sensory tests and is widely
adopted in the food industry. In order to use attribute
agreement analysis, it is essential that the objects,
reference standards, and the rating scales themselves
are precisely defined. The use of such sensory expert
panels is highly regulated, and their fitness for pur-

pose and the methods they use must be scientifical-
ly validated (Djekic et al., 2021; Sipos et al., 2021).

Sensory evaluation methods, such as the one
validated in this case study, usually employ the use
of trained expert panels who are experienced in the
subject area. Such panels are often used in the food
and drink industries to assess product attributes, and

but the improvements and changes made to the prod-
uct can be scientifically shown to result in an improved
sensory output (Quintdo et al.,2020;, Stone et al., 2020,
Vivek et al., 2020). This is important to both the pro-
ducer and the consumer of the product, as it demon-
strates the validity and trustworthiness of the sensory
results. Furthermore, the use of validated methods will
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strengthen the possibility of making and defending sci-
entific claims about a product (Pavii et al.,2020, Rose
and Johnson, 2020, Siirticii and Maslakci, 2020). The
use of qualitative methods of sensory evaluation, such
as for parasites in fish, requires certainty that the meth-
od is reproducible and repeatable and, more important-
ly, that the assessors have a high agreement rate (Freit-
as et al., 2020, Jurica et al., 2021).

Attribute agreement analysis has a lot of bene-
fits, key among which is its ability to remove subjec-
tivity in the validation process. First of all, validation
using this method is not dependent on the knowledge
of a particular expert in a certain field. Also, attrib-
ute agreement analysis removes individualism. This
is because what may be of high severity to one asses-
sor may not necessarily be so to another. By match-
ing the severity ratings and looking at the percent-
age agreement, it is possible to tell if the assessors are
in agreement in as far as qualitative grading is con-
cerned (Xiong et al., 2020). This method is used in
the validation of sensory tests and is widely adopted
in the food industry (Carpenter et al., 2000). In order
to use attribute agreement analysis, it is essential that
the objects, reference standards, and the rating scales
themselves are precisely defined (Hubbard, 2012).

The focus in this paper was on how attribute
agreement analysis can be used to validate a sensory
examination method. The goal of validating the senso-
ry method was to demonstrate the appropriateness of
adopting such a method in order to fulfil accreditation
requirements (/SO 17025, 2017). For the parasites in
fish, we wanted to show that the method is consistent,
precise, and less subjective or more sensitive (or spe-
cific) than alternative methods (Zhang et al., 2022).

In addition, the validation should show that
the detection method actually leads to the correct

conclusion regarding the presence or absence of the
parasite in the fish. For example, the method should
be able to show that the tested fish sample, which
was declared parasite-free, actually does not contain
any parasites. If, on the other hand, the sample is
classified as parasite-positive, the validation should
show that the method provides a correct result.

2. Materials and Methods

Prior to validating a method using attribute
agreement analysis, the first step of training the
assessors using an appropriate presentation, known
as a consensus building session, was conducted.
This session aimed to set the standards of the meth-
od and reduce the variability of the data.

2.1. Sample preparation

The validation sample consisted of 60 slices
made from two groups of frozen hake one of which
tested positive and the other negative for parasites.

The frozen fish were thawed at room tempera-
ture for 6 h until they became a suitable texture for
cutting fillets in the semifrozen state (=3 °C). From
each fish sample, a group of six slices of fish muscle
was formed by longitudinal sectioning. The total of
60 sliced samples were divided onto 10 plates with
six samples each. The first plate contained six slices,
each of which contained visible parasites (Figure 1).

The other plates with serial numbers 2—10 each
contained six slices without parasites (Figure 2).

The visual inspection was carried out by a sen-
sory panel consisting of five trained appraisers, doc-
tors of veterinary medicine. The visual inspection
results were recorded by each appraiser individually

Figure 1. Fish samples with visible parasites situated on plate.
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Figure 2. Scheme of validation experiment

and after the experiment were processed using
appropriate statistical tools.

2.2. Temperature control

Temperature of filets was measured using dig-
ital thermometer, model, TESTO 926-1 (Germany),
equipped with a wi-fi puncture probe.

2.3. Environmental and room conditions

When performing the method validation, the
recommendations of the ISO 17025:2017 standard,
point 6.3, were observed, and the ambient condi-
tions were monitored and recorded. The room tem-
perature was 20+1 °C and the relative humidity of
the room (rH) was 64%. The room was illuminated

with the prescribed ambient lighting of 220 lux. The
light intensity in the room was measured with a lux
light meter (MMS Med Lab, UK).

2.4. Statistical analysis

The obtained data were statistically processed
in the statistical package MINITAB INC. VER.
17, USA (Minitab, 2024), using the tool within the
option: STAT/QUALITY TOOLS/ATTRIBUTE
AGREEMENT ANALYSIS.

In our study, this MINITAB tool was used to
assess the agreement of subjective ratings or clas-
sifications given by the five appraisers; the tool can
be used for nominal and ordinal data. The attribute
agreement analysis worksheet was used to create the
worksheet for this study (Figure 3).
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Figure 3. Layout of the statistical tool used
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The data set was structured so that it was
stacked in an attribute column. The results obtained
from each appraiser were entered as text (positive/
negative) data. For the data in the attribute column,
all responses were grouped into one column and
columns were set up with grouping indicators for
the appraiser and the sample number. The group-
ing indicators were used to define each sample.
The confidence level for the interval estimate of
the percentage agreement between appraisers and
between each appraiser and the standard was set
at 95%. We specified a column for known stand-
ards/attributes (expected outcome) in the main
dialog to estimate how often each appraiser’s judg-
ments deviated from the known standard or attrib-
ute values.

3. Results and Discussion

The attribute agreement analysis output includ-
ed graphical and numeric output in the forms shown
in the text below. The statistical programme dis-
played three assessment agreement tables: Each
appraiser vs standard; between appraisers, and; all
appraisers vs standard.

3.1 Attribute agreement analysis for assessment
reports

Samples: 10 Appraisers: 5

Replicates: 1 Total runs: 50

Date of study: 10 2023

Reported by: Head of sensory panel
Name of product: Fish

Misc: Method validation — Visual

determination of parasites in
fish

3.2 Each appraiser vs standard

Tables 1 to 4 show output tables from the
MINITAB statistical programme, using operation
3.2. The parameter analyzed in a statistical test lies
between the endpoints of the confidence limit inter-
val. In this case, as shown in Table 1, 74.11% to 100%
of the appraisers correctly identified the positive sam-
ples. In Table 2, and in accordance with the findings in
Table 1, there were no deviations in the overall evalu-
ation of the fish samples or of those fish samples with
parasites that were previously declared as standard.

Table 1. Assessment agreement

Appraiser # Inspected # Matched Percent 95% CI
APPRAISER 1 10 10 100.00 (74.11, 100.00)
APPRAISER 2 10 10 100.00 (74.11, 100.00)
APPRAISER 3 10 10 100.00 (74.11, 100.00)
APPRAISER 4 10 10 100.00 (74.11, 100.00)
APPRAISER 5 10 10 100.00 (74.11, 100.00)

# Matched: Appraiser’s assessment across trials agrees with the known standard.

Table 2. Assessment disagreement

Appraiser # NEGATIVE/POSITIVE Percent #POSITIVE/NEGATIVE Percent # Mixed Percent
APPRAISER 1 00.00 0 0.00 0 0.00
APPRAISER 2 00.00 0 0.00 0 0.00
APPRAISER 3 00.00 0 0.00 0 0.00
APPRAISER 4 00.00 0 0.00 0 0.00
APPRAISER 5 00.00 0 0.00 0 0.00

# NEGATIVE/POSITIVE: Assessments across trials = NEGATIVE / standard = POSITIVE.
# NEGATIVE/POSITIVE: Assessments across trials = POSITIVE / standard = NEGATIVE.

# Mixed: Assessments across trials are not identical.
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Fleiss’ kappa and Cohen’s kappa scores are
included in the statistic programme’s output tables
(Table 3 and Table 4, respectively). The higher the kap-
pa score, the greater the agreement between apprais-
ers, and the better the validation of the test (MINIT-
AB, 2024). The statistical software calculates Cohen’s
kappa when two appraisers rate a single trial, or when
one appraiser rates two trials. The Fleiss kappa coeffi-
cient theoretically ranges from —1 to +1. Values close
to 1 indicate a strong agreement between the overall
rating and the individual appraisers. Tables 3 and 4
show kappa coefficient values of 1 for each appraiser,
indicating their full agreement with the overall rating.
In our study, the results of Cohen’s kappa test (Table
4) were identical to the Fleiss Kappa indices. A test of

significance and its p-value are displayed to indicate
the significance of each result (P=0.00008).

3.3 Between appraisers

Figures 4 to 6 show the statistical programme’s
output data, using the appropriate statistical operation
(Figure 3). In Figure 4, we plotted the results between
the appraisers, who in this case each gave an identical
answer by looking at all groups of fish slices distrib-
uted on 10 plates. The first plate contained six posi-
tive samples from the same sample population (in this
study, this plate was also declared to be the standard),
which gave us confidence intervals with the popula-
tion parameter (positive parasite findings).

Table 3. Fleiss’ kappa statistics

Appraiser Response Kappa SE Kappa Z P(vs > 0)
APPRAISER 1 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 1 0.316228 3.16228 0.0008
APPRAISER 2 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 3 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 4 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 5 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
Table 4. Cohen’s kappa statistics
Appraiser Response Kappa SE Kappa Z P(vs > 0)
APPRAISER 1 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 2 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 3 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
APPRAISER 4 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 1 0.316228 3.16228 0.0008
APPRAISER 5 POSITIVE 10.316228 3.16228 0.0008
NEGATIVE 10.316228 3.16228 0.0008
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Vs

N

Between Appraisers
Assessment Agreement

95% CI
(74.11, 100.00)

# Inspected # Matched Percent
10 10 100.00

# Matched: All appraisers' assessments agree with each other.

Fleiss' Kappa Statistics

Response Kappa SE Kappa Z P(vs > 0)
POSITIVE 1 0.1 10 0.0000
NEGATIVE 1 0.1 10 0.0000

Figure 4. Results of comparison between appraisers
# Matched: All appraisers’ assessments agree with each other.

3.3.1 Assessment Agreement

The software is able to determine any deviation
of a particular appraiser from the standard. Howev-
er, this was not calculated in our study, as the current
data are from only a single trial for each appraiser.

3.4 All appraisers vs standard
3.4.1 Assessment Agreement

The software output also displays a graph
of the confidence intervals (CI), comparing each
appraiser against the standard, as shown in Figure 6.

This figure shows the Cls, comparing each appraiser
(1-5) against the standard (fish samples on plate No.
1 (Figure 1) and that were declared to be positive (so
did contain parasites).

It should also be noted that each matching
percentage is associated with a confidence inter-
val (Figure 6). The results of the statistical opera-
tion, presented in Table 1, show complete agree-
ment of the results of the evaluation of all samples
by the appraisers, including the samples declared as
the standard (the first plate with all six positive sam-
ples) at the confidence level of 95% within the cor-
responding confidence interval (CI).

Ve

All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched Percent
10 10 100.00 (7

Fleiss' Kappa Statistics

Response Kappa SE Kappa YA
POSITIVE 1 0.141421 7.07107
NEGATIVE 1 0.141421 7.07107

Cohen's Kappa Statistics

Response Kappa SE Kappa YA
POSITIVE 1 0.141421 7.07107
NEGATIVE 1 0.141421 7.07107

# Matched: All appraisers' assessments agree with the known standard.

95% CI
4.11, 100.00)

P(vs > 0)
0.0000
0.0000

P(vs > 0)
0.0000
0.0000

Figure 5. Results of comparison between all appraisers vs standard
# Matched: Appraiser’s assessment across one trial agrees with the known standard
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Measurements in sensory analysis (by humans)
are subjective assessments by people rather than
direct physical measurements. In these situations,
the quality characteristics are difficult to define and
evaluate (Nute, 2010). To obtain meaningful classifi-
cations, more than one appraiser should classify the
response measure. If the appraisers agree, there is a
possibility that the ratings are correct. If the apprais-
ers disagree, the usefulness of the rating is limited. In
this method, each of the appraisers rates or grades a
series of samples. The sensory measurement depends
on not only the human factors of the sensory apprais-
ers, such as their experience and acuteness of sense,
but also on the laboratory environment, the experi-
mental condition, and the presentation of the test sam-
ples. In practice, the traditional validation methods
are usually time-consuming and costly, and validation
of sensory methods often becomes just an administra-
tive burden to the quality assurance personnel.

4. Conclusions

It is clear that the validation of sensory evalua-
tion methods is important, as it separates the field of
sensory science from an industry that relies heavily
on guesswork and subjectivity.

A statistical kappa analysis was performed to
determine the degree of agreement between each
subjective assessment given by the appraisers and
the actual parasitic status (positive or negative) of
the fish samples. At the end of the analysis, the sub-
jective assessment that had the highest agreement
with the objective measurement was determined.
It was found that, statistically, at least 75% of all
appraisals achieved the highest level of agreement
with the objective status of the fish samples, which
allowed the attribute’s discriminatory ability in
describing sensory differences to be verified. There-
fore, this case study validated the sensory evaluation
method, based on attribute agreement.

One of the main advantages of attribute agree-
ment analysis is that it provides a quick and accurate
method for evaluating both the sensory method and
the attributes. In addition, the graphical representation
provided by the MINITARB statistical programme pro-
vides information about the quality of the appraisers
and whether the scale is correctly calibrated or not.

By assessing the strength of agreement among
appraisers using well-categorized and standardized
measurement criteria, attribute agreement analy-
sis helps us to establish the degree of the quality of
the sensory evaluation. This makes the evaluation

Vs

N

Assesment Agreement Date of study: 102023
g Reported by: HEAD OF SENSORY PANEL
Name of product: FISH
DETERMINATION OF PARASITES IN FISH
Appraiser vs Standard
100 4 X ¢ X ) ¢ ¢ X 95.0% CI
® Percent
95
90 -+
=
(0]
2
£ 85 o
80 —
IEN X X X X
T T T T T
APPRAISER 1| APPRAISER 2 APPRAISER 2 APPRAISER 4 APPRAISER 5
Appraiser

Figure 6. Graphical output for the confidence intervals comparing each appraiser against the standard
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results more reliable and acceptable. In our case, the
method should be able to show that no visible para-
sites are actually present in cases where the fish sam-
ple tested is declared parasite-free. If, on the other
hand, a fish sample is classified as parasite-positive,
the validated method should also produce a correct
result stating that.

Finally, this tool can be used to check whether
the measurement error is at an acceptable level before

performing a data analysis. The attribute agreement
analysis quantifies three types of variations: var-
iations within the repeated measurements of a sin-
gle appraiser (repeatability); variations between the
measurements of different appraisers, (reproducibil-
ity) including corresponding confidence intervals
for both of the measuring characteristics, and; var-
iations between an appraiser’s measurements and a
reference or standard.

Upotreba Attribute Agreement Analysis — AAA u
validaciji senzornih metoda ispitivanja: Studija slucaja
za vizuelno odredivanje parazita u ribama

Zoran Petrovi¢, Jelena Cirié, Jelena Babi¢ Milijasevi¢, Milan Milijasevi¢, Mirjana Lukié, Jelena Jovanovic i

Aleksandra Nikoli¢

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:

Analiza saglasnosti atributa (AAA)
Senzorne metode

Validacija

Ribe

Paraziti

Validacija senzornih metoda ispitivanja prema zahtevima treba da koristi proces slican
svakom drugom postupku validacije metoda u npr. hemijskim ispitivanjima. Medutim,
parametri koji se Cesto mere u senzornom testiranju su razliciti, jer su ljudski senzor-
ni aparat i um instrumenti koji se “kalibrisu“. Ukupno 10 uzoraka ribe je ispitano od
strane petoclanog panela za procenu vizuelnog prisustva parazita u smrznutom oslicu.
1 uzorak ribe je izabran iz prve grupe koja je imala parazite, dok je 9 uzoraka riba
izabrano iz druge grupe bez parazita. Od svakog smrznutog uzorka osli¢a, uzduznim
secenjem formirana je grupa od 6 tankih odsecaka misica ribe. Test uzorci za ispitiva-
nje su obuhvatili 60 isecenih uzoraka koji su rasporedeni u 10 tanjira sa po 6 nareza-
nih uzoraka. Prvi tanjir je sadrzao 6 tankih fileta, od kojih je svaki sadrzao parazite.
Rezultati primenjenog statistickog pristupa pokazali su jako slaganje u ukupnim ocena-
ma. Statistickom obradom u ovoj studiji utvrdeno je da je najmanje od 75% do 100 %
(interval poverenja) svih pojedinacnih testova ¢lanova panela postiglo najvisi nivo sa-
glasnosti. Rezultati statistickih testova su predstavljeni u obliku tabela i grafikona koji
sumiraju subjektivne rezultate testa koris¢enjem Fleiss Kappa i Cohen Kappa statistike.
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ARTICLE INFO ABSTRACT

Keywords:
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The aim of this research was to analyse the levels of toxic heavy metals (Mercury,
Lead and Cadmium) and a toxic metalloid (Arsenic) in fish feed and animal feed from
Animal feed Bosnia and Herzegovina for the period from 2013 to 2018. Data from the National
Heavy metal Veterinary Inspection Sector were provided for this study (n=438). The mean levels of
Level As, Hg, Pb and Cd in all fish feed samples were 0.90+0.50 mg/kg, 0.02+0.05 mg/kg,
Toxic 0.42+0.70 mg/kg and 0.16+0.11 mg/kg, respectively. During 2013-2018, the mean lev-
els of As, Hg, Pb and Cd in animal feed (other complete feed) were 0.42+1.22 mg/kg,
0.01+0.02 mg/kg, 0.7542.18 mg/kg and 0.10+£0.12 mg/kg, respectively. In animal feeds
sampled between 20132018, mean annual Pb levels increased the most among the
four elements studied. In contrast, mean annual As, Hg and Cd levels in animal feeds
continuously decreased during the study period. The mean annual Pb level in fish feed
decreased, but continuous increases were observed in mean annual Hg and Cd levels
during the study. The results show that the levels of toxic elements in fish feed and
animal feed require attention and deserve a high priority monitoring program, as most
feeds complied with the regulated maximum allowed concentrations of As, Hg, Pb and
Cd in Bosnia and Herzegovina and in the European Union, but some did not.

and in some cases to other heavy metals such as zinc,
tin, copper and iron. Animal feed and feed materials
can be contaminated with heavy metals. This is very
important, because these elements, after ingestion by
animals, can then transfer along the food chain to be

1. Introduction

Agricultural and industrial development has
been responsible for much heavy metal contamination
of soils and waters. The major routes of heavy met-

al input to agricultural soils include animal manures,
fertilizer and livestock products (Nicholson et al.,
1999). Hazards from the group of industrial-chemi-
cal pollutants include heavy metals and organic chem-
ical contaminants. Due to the protection of consumer
health, a number of heavy metals in foods is limited
by the regulations in most European countries. This
primarily refers to mercury, lead, cadmium, arsenic,

present in foods of animal origin, causing them to be
a risk for human health (4Adamse et. al., 2017).

Pb, Hg, Cd and As are the most toxic ele-
ments for animal health (Bampidis et al., 2013; Sut-
tle, 2010). Heavy metal toxicity can occur in animals
from high ambient air concentrations near emission
sources, or by eating contaminated feed (Pandey and
Madhuri, 2014; Castro-Gonzalez et al., 2008). These
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metals are toxic since they are bioaccumulated in ani-
mal liver and kidney with potent effects of mutagen-
icity, carcinogenicity, teratogenicity and immunosup-
pression. Pb is a toxic, bioaccumulative heavy metal
that has no known biological function. It accumulates
in high concentrations in bones, teeth, liver, lungs,
kidneys, brain and spleen, and it poses a serious risk
to the health of the human population (Castro-Gonza-
lez et al., 2008). The most pronounced toxic effects of
Pb are expressed on the nerve, haematological, cardi-
ovascular and kidney systems (4Agency for Toxic Sub-
stance and Disease Registry, 2005). Cd is not essen-
tial to any organism, and it is also not known to have
any biological function in mammals. Hg is a cumula-
tive poison, so symptoms of poisoning depend on the
frequency or quantity of the input (National Research
Council (NRC), 2005; Lopez-Alonso, 2012; Mandal
and Suzuki, 2002). As accumulates in the liver, from
which it slowly releases and distributes into the stom-
ach, intestines, the nervous system, and skin, and it
tends to be deposited in bones and skin and perma-
nently in the teeth (Gwalteney-Brant et al., 2002).

Within the European Union (EU), the maxi-
mum allowable concentrations (MAC) of As, Pb,
Hg and Cd in animal feed are regulated in Directive
2002/32/EC, last amended by Regulation 2015/186
(Commission Regulation (EU) 2015). Along with
the EU regulation, national monitoring of toxic ele-
ment concentrations in animal feed and fish feed is
very important. It is necessary to have insight into
the contamination and levels of toxic elements in the
feed for different animal species. However, there are
no data about heavy metal levels in animal feed or
fish feed in Bosnia and Herzegovina. Accordingly,
the aim of this study was to analyse the trends of
heavy metal contamination and As levels in fish feed
and animal feed between 2013 and 2018 and com-
pare the levels found with literature data.

2. Materials and Methods
2.1 Sampling

Data from the National Veterinary Inspection
Sector were provided for this study. Data covered
the monitoring results of four toxic elements (As,
Pb, Hg and Cd) in fish feed and animal feed in Bos-
nia and Herzegovina between 2013 and 2018. Ani-
mal feed that is submitted for heavy metal testing is
partly sampled by the border veterinary inspection,
and partly originates from internal traffic, in accord-
ance with the prescribed competences for the pur-
pose of controlling the production and circulation of
animal feed in the country and ensuring the appro-
priate control and health correctness of animal feed.
The number of samples (n=438) of fish feed and
complete animal feed examined annually between
2013 and 2018 is presented in Table 1.

2.2 Toxic element analysis

All chemicals used were analytical grade puri-
ty. Digestion of feed was performed using a micro-
wave closed system, MW 3000 (Anton Paar GmbH,
Graz, Austria). Digestion was carried out with pro-
grams suitable for preparing samples of feed. After
digestion, the content of toxic elements (As, Pb, Cd) in
the feeds was determined by atomic absorption spec-
trometry using a Perkin Elmer Analyst 700 with the
MHS system (Shelton, USA). Quality of analyses was
controlled using certified reference material. The con-
centrations determined in the reference material were
within the tolerances specified in the delivered certif-
icate.

The amount of Hg was determined by direct
burning on the Hg analyser, AMA-254. The principle
of Hg determination is based on the quantification of
Hg from homogenized samples that are weighed in a

Table 1. Number of fish and complete animal feeds examined in the study

Year Fish feed Animal feed Total
2013 3 — 3
2014 58 25 83
2015 73 3 76
2016 68 16 84
2017 34 42 76
2018 32 84 116
Total 438
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container. The sample thus prepared is transferred to
the incineration furnace where it is dried and decom-
posed in a stream of oxygen at 850 °C. The decom-
posed products pass through a catalytic furnace at
700 °C where nitrogen oxides and sulphur are retained.
Hg is captured on the amalgamator. The amalgamator
is heated for a short period, and the Hg vapour released
is transported to the measuring cells. Hg atoms absorb
the radiation emitted by the Hg lamp, and based on the
absorption of light at the appropriate wavelength, the
concentration of Hg in the sample is determined. In
proportion to the increase in the number of atoms, the
amount of light absorbed by the atoms also increases,
and by measuring the amount of absorbed light, it is
possible to determine the amount of Hg in the sample.

The levels of heavy metals and As were com-
pared with the MAC in animal feed established by
the EU (Commission Regulation (EU), 2015) and by
Bosnia and Herzegovina (Official Gazette of Bosnia
and Herzegovina, no. 72/11, 70/16).

2.3 Statistical analysis

All samples were collected and analysed
in triplicate, and the results were expressed as
meantstandard deviation. Analysis was elaborated
using GraphPad Prism version 7.00 software. The
coefficient of determination (R?) was used to eval-
uate the significance of potential trends of the ele-
ments’ levels in the feeds between 2013 and 2018

(Microsoft Office, Excel, 2010). The trends with R?
values exceeding 0.30 were considered significant
(Adamse et al., 2017).

3. Results and discussion

The mean heavy metal and As levels in the fish
feed samples analysed between 2013 and 2018 are pre-
sented in Table 2. In general, the heavy metals detected
in fish feed samples did not exceed the MAC regulated
in Directive 2002/32/EC, last amended by Regulation
2015/186 (Commission Regulation (EU), 2015) and
the Official Gazette of Bosnia and Herzegovina (no.
72/11, 70/16). However, mean Hg levels in some fish
feeds were above the MAC of 0.1 mg/kg (Table 2). The
mean annual levels of As, Hg, Pb and Cd in all fish feed
samples were 0.90+£0.50 mg/kg, 0.02+0.05 mg/kg,
0.42+0.70 mg/kg and 0.16+£0.11mg/kg, respective-
ly. The elements detected at the highest levels in the
fish feeds from Bosnia and Herzegovina were As
and Pb, which ranged from 0.18-2.98 mg/kg and
0.03—4.30 mg/kg, respectively.

The As, Hg, Pb and Cd concentration in com-
plete animal feed samples were in the range of
0.10-6.39 mg/kg, 0.01-0.09 mg/kg, 0.10-13.69 mg/kg
and 0.02-0.54 mg/kg, respectively. According to the
EU (Commission Regulation (EU), 2015) and the Offi-
cial Gazette of Bosnia and Herzegovina (no. 72/11,
70/16), the MAC of Pb in complete animal feed is
5 mg/kg, so some animal feed samples in the present

Table 2. The heavy metal and arsenic levels in fish feeds (mg/kg) (2013-2018)

Elements
Parameter
As Hg Pb Cd
Mean+SD 0.90£0.50 0.02+0.05 0.42+0.70 0.16+0.11
Median 0.71 0.01 0.20 0.12
Range 0.18-2.98 0.01-0.52 0.10-4.30 0.04-0.65

Legend: According to the European Union (Commission Regulation (EU), 2015) and the Official Gazette of Bosnia and Herzegovina
(no. 72/11, 70/16), the MAC of As, Hg, Pb and Cd in fish feed is 10 mg/kg, 0.2 mg/kg, 5 mg/kg and 1 mg/kg, respectively.

Table 3. The heavy metal and arsenic levels in complete animal feeds (mg/kg) (2013-2018)

Elements
Parameter
As Hg Pb Cd
Mean+SD 0.42+1.22 0.01+0.02 0.75+£2.18 0.10+0.12
Median 0.06 0.002 0.25 0.06
Range 0.01-6.39 0.01-0.09 0.10-13.69 0.02-0.54

Legend: According to the European Union (Commission Regulation (EU), 2015/186) and the Official Gazette of Bosnia and Herzegovi-
na (no. 72/11, 70/16), the MAC of As, Hg, Pb and Cd in complete animal feed is 2 mg/kg, 0.1 mg/kg, 5 mg/kg and 1 mg/kg, respectively.
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study did not conform with the prescribed MAC (Table
3). As in fish feeds, Pb was the toxic element detected
at the highest levels in complete animal feeds (Table 3).

According to EFSA (2015), As in animal feed
originates from geological sources, industrial activ-
ities and specific feed additives. Also, drinking
water can be one of the inorganics As sources (Man-
dal, 2002; Lopez- Alonso, 2012; Bampidis at al.,
2013). As contents in the fish feed varied greatly in
the examined years (Figure 1). As was not detect-
ed in fish feed samples in 2013 or 2014. The mean
As level in fish feed was significantly (R>=0.885)
higher in 2015, 2016 and 2017 than in 2018. The
mean annual As level in fish feed followed the order
2013<2014<2018<2017<2016<2015. According to
the Commission Regulation (EU) (2015) and the
Official Gazette of Bosnia and Herzegovina (no.
72/11, 70/16), the MAC of As in complete animal
feed is 2 mg/kg, so some complete animal feed sam-
ples in the present study did not conform with the
prescribed MAC. Adamse et al. (2017) showed that
seaweed accumulates As. Similar results were pre-
sented in a study by Makkar et al. (2016). Wang
(2013) showed that feed additives for animal pro-
duction can have a high risk of unacceptable As lev-
els. According to a study by EFSA (European Food
Safety Authority, 2015), high levels of As were
found in fishmeal. Total As concentrations in com-
plete feeds were shown by the EFSA contaminants

panel (European Food Safety Authority, 2015), when
the mean As level in complete feeds for beef cattle,
broilers and pigs (grower/finishers) was 0.36 mg/kg,
0.34 mg/kg and 0.31 mg/kg, respectively. In the cur-
rent study, As levels between 2013 and 2018 were
higher in fish feed than in complete animal feed.
Mean annual As levels did not vary significantly in
complete animal feeds from 2013 to 2018 (Figure
1). As was once used for disease control in farm ani-
mals, but now, in Europe, its use is forbidden in ani-
mal production (Li et al., 2005).

Trend analysis of Pb levels in complete ani-
mal and fish feeds between 2013 and 2018 is shown
in Figure 2. The highest mean annual Pb level was
found in complete animal feed from 2017. Each
year of the study, the mean Pb level was below
2 mg/kg. In the fish feed samples, mean Pb levels
decreased during 2013-2018. However, Pb levels in
complete animal feed increased in that period. The
reason for this upward trend of Pb levels is unex-
plained. Pb is a very toxic element and is an indica-
tor of environmental pollution caused by anthropo-
genic factors (Sager, 2007). As a toxic element, Pb
levels in mineral supplements and premix for ani-
mals can be higher than in other livestock feedstuffs.
The EFSA contaminants panel (2004a) stated Pb
levels in complete feeds for beef, poultry, broilers
and pigs were 1.14 mg/kg, 1.16 mg/kg, 0.52 mg/kg
and 1.03 mg/kg, respectively. In the study by Wang
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Figure 1. The mean levels of Arsenic in complete animal and fish feeds, between 2013 and 2018.
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Figure 2. The mean levels of Lead in complete animal and fish feeds, between 2013 and 2018.

et al. (2013), a high correlation between Pb lev-
els in the environment and in animal manure was
found. During 2013-2018, Pb levels increased in
the complete animal feed in our study, which could
be due to the increased use of mineral supplements
in animal nutrition. The monitoring program for Pb

contamination in the environment showed that Pb
levels decreased in all European countries (Europe-
an Food Safety Authority, 2015).

Significantly decreasing mean annual lev-
els of Hg were found in complete animal feed sam-
ples (R*=0.60) for all the tested period, 2013-2017
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Figure 3. The mean levels of Mercury in complete animal and fish feeds, between 2013 and 2018.
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Figure 4. The mean levels of Cadmium in complete animal and fish feeds, between 2013 and 2018.

(Figure 3). However, mean annual levels of Hg in
fish feed increased during this period. Compared
with the other examined years, in complete animal
feed samples during 2017, a higher mean Hg lev-
el was found. Similarly, to Pb, Hg is a toxic element
and indicator of environment pollution (Nichol-
son et al., 2017; Li et al., 2005). Fish feed and oth-
er fish meals are the major sources of Hg in animal
nutritional products utilized in livestock produc-
tion (Lopez- Alonso, 2012). The Hg concentrations
in feed supplements and additives are generally low.
According to EFSA (European Food Safety Author-
ity, 2008), higher Hg concentrations were found in
rodent complete feeds (0.050 mg/kg), poultry com-
plete feeds (0.039 mg/kg) and pig complete feeds
(0.032 mg/kg). In the present study, mean annual Hg
levels in both fish and complete animal feeds were
below the MAC (0.2 mg/kg and 0.1 mg/kg, respec-
tively) established by the EU (Commission Regula-
tion (EU), 2015) and the Official Gazette of Bosnia
and Herzegovina (no. 72/11, 70/16). In a previous
study (Adamse et al., 2017), Hg levels in animal
feed decreased from 2007-2013.

The mean annual Cd levels in fish feed and
animal feed between 2013 and 2018 are present-
ed in Figure 4. Significantly decreasing mean
Cd levels were found in complete animal feed
samples (R?=0.35) during these years. Howev-
er, mean Cd levels significantly increased in fish

feed during 2013-2018 (R*=0.39). Mean annu-
al Cd levels in the fish and complete animal feeds
were below the MAC (1.0 mg/kg) established by
the EU (Commission Regulation (EU) 2015/186)
and the Official Gazette of Bosnia and Herzegovi-
na (no. 72/11, 70/16). High Cd levels in fish feed
could be due to agricultural activities (use of fer-
tilizers) (Lopez-Alonso, 2012, Rajaganapathy et
al., 2011, Amlund et al., 2012). Also, according
to McBride (1998) and Dai et al. (2016), miner-
al supplements can contain high Cd levels. The
ESFA contaminants panel (2004b) stated Cd levels
in complete feeds for poultry, broilers, ruminants
and pigs were 0.16 mg/kg, 0.19 mg/kg, 0.11 mg/kg
and 0.09 mg/kg, respectively. Adamse et al. (2017)
showed that Cd levels significantly increased
between 2007 and 2013 in feed material of marine
origin. One of the most sensitive animal species for
Cd toxicity is the pig (King et al., 1992).

4. Conclusion

It is necessary to have insight into the contam-
ination and levels of toxic elements in the feed for
different animal species. However, there are no data
about heavy metal levels in animal feed or fish feed
in Bosnia and Herzegovina. Accordingly, the aim of
this study was to analyse the trends of heavy metal
contamination and As levels in fish feed and animal
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feed between 2013 and 2018 and compare the lev-
els found with literature data. The results show that
the levels of toxic elements in fish feed and animal
feed require attention and deserve a high priority

monitoring program, as most feeds complied with
the regulated maximum allowed concentrations of
As, Hg, Pb and Cd in Bosnia and Herzegovina and
in the European Union, but some did not.

Analiza trenda kontaminacije teSkim metalima i nivoa
arsena u kompletnoj hrani za ribe i drugih potpunih
smesa za ishranu Zivotinja

Biljana Pecanac, Jelena Janji¢, Vesna Dordevi¢, Tatjana Balti¢, Srdan Stefanovié¢, Milica Laudanovic i

Jelena Ciri¢

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:
Hrana za ribe
Hrana za zivotinje
Teski metali

Nivo

Toksi¢nost.

Cilj ovog istrazivanja bio je utvrditi nivo toksi¢nih metala (olovo, kadmijum, ziva i
arsen) u hrani za ribe i sto¢noj hrani iz Bosne i Hercegovine za period od 2013. do
2018. godine. Podaci Sektora nacionalne veterinarske inspekcije su koris¢eni za ovu
studiju (n=438). Srednji nivoi As, Hg, Pb i Cd u svim uzorcima hrane za ribe bili su
0,90+0,50 mg/kg, 0,02+0,05 mg/kg, 0,42+0,70 mg/kg i 0,16+0,11 mg/kg, pojedinac-
no. Tokom 2013-2018, srednji nivoi As, Hg, Pb i Cd u sto¢noj hrani (ostala potpu-
na hrana za zivotinje) bili su 0,42+1,22 mg/kg, 0,01+0,02 mg/kg, 0,75+2,18 mg/kg i
0,10+0,12 mg. /kg, pojedinacno.. U hrani za zivotinje uzorkovanoj izmedu 2013-2018,
srednji nivoi Pb su se najviSe povecali. Nasuprot tome, srednji nivoi As, Hg i Cd u
sto¢noj hrani kontinuirano su opadali tokom perioda istrazivanja. Srednji nivo Pb u
hrani za ribe se smanjio, ali su uoceni kontinuirani porasti srednjih nivoa Hg i Cd tokom
studije. Rezultati pokazuju da nivoi toksicnih elemenata u hrani za ribe i sto¢nu hranu
zahtevaju paznju i zasluzuju program pracenja visokog prioriteta, iako As, Pb i Hg nisu
prekoracili maksimalno dozvoljene koncentracije regulisane Direktivom 2002/32/EC,
poslednjom izmenjenom Uredbom. 2015/186 i1 Sluzbeni glasnik Bosne i Hercegovine
(72/11, 70/16).
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