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ECOLOGICAL ASPECTS OF PEAT, STRAW,
AND WOOD ASH APPLICATION FOR
ENERGY WILLOW CULTIVATION

ABSTRACT: The utilization of ash obtained as a result of the combustion of fossil
fuels (coal, peat) or biomass (straw, wood, solid waste) is an environmental problem that
should be optimally solved. The chemical characteristics of ash depend on several factors,
mostly on sources of fuel. According to characteristics, ash can be used in agriculture,
forestry, or utilized for other purposes. The content of heavy metals (Cd, Ni, Pb, Cr) in peat
ash is several times higher than in willow wood ash and straw ash. It means that peat ash
application is limited to agricultural crops and its optimal application is one year before
planting SRC trees, espe(nally on poor and acid soils. The application of peat ash at a dose
of 10 mg dry mass ha'l'in willow plantations on post-mining peaty soils changed soil acidity
from 5.2 pH to 5.88 pH and stimulated tree growth. Wood and straw ash was applied to wil-
low plantations on arable loam-sandy soils in doses 0.5, 1.0, and 1. 5 t dry mass ha™. The
positive effect of ash application in doses 1.0 and 1.5 t dry mass ha! showed in the second
year after the application both for soil and for willow growth.

KEYWORDS: bioenergy, willow plantations, peat, straw, wood ash, application

INTRODUCTION

Ash is generated as a result of the combustion of fossil fuels (coal, peat)
or biomass (straw, wood, solid waste) for energy production. The utilization of
ash, considering its volume and chemical characteristics, is an environmental
problem that should be optimally solved. For example, approximately 600,000
tons of wood, peat, and mixed ash are generated in Finland annually as a by-
product of energy production (Huotari, 2012). In the nearest future, the ash
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volume might be increased. According to the prognoses of the European En-
ergy Agency (EEA), units of solid biomass for energy production increased
from 9.8 Mtoe (megatons of oil equivalent) in 2015 to 13.3 Mtoe in 2020 (Beur-
skens et al., 2011).

The chemical characteristics of ash depend on several factors, mainly on
the sources of fuel.

Fly ash (FA), a result of the combustion of coal at high temperatures, has
been regarded as a problematic solid waste all over the world (Jala and Goyal,
2006). However, fly ash is a useful ameliorant that may improve the physical,
chemical, and biological properties of problem soils and represents a source of
available macro- and micronutrients for plants. In conjunction with organic
manure and microbial inoculants, fly ash can enhance plant biomass produc-
tion from degraded soils. The problem is the high content of chemicals and
especially heavy metals in fly coal ash. Fly ash is generally alkaline and con-
tains many toxic metals like Cr, Pb, Hg, As, Cd, and other hazardous metals
(Pandey et. al., 2009). Nevertheless, numerous studies revealed that the lower
FA incorporation in soil modifies the physical, chemical, biological, and nu-
tritional quality of the soil. However, the higher dosage of FA incorporation
results in heavy metal pollution and hinders microbial activity (Pandey and
Singh, 2010). As a rule, fly ash has good potential for use in the construction
industry. The conversion of fly ash into zeolites has many applications such
as ion exchange, molecular sieves, and adsorbents (Ahmaruzzaman, 2010).

Peat, as a fuel for energy production, is used in Finland, Russia, Belarus,
and other countries (Moilanen, 2012; Kundas et al., 2015; Rodzkin, 2017). Ac-
cording to statistical data collected by the International Peat Society, energy
peat production in Europe in 1999 was 21.5 million tons of air-dried peat.
Finland was a leading energy peat producer in terms of volume with around
7.5 million tons. The second was Ireland with 4.7 million tons and the third was
the Russian Federation with the production of 3.7 million tons. Belarus, Sweden,
and Estonia followed as the next largest producers (Sopo, 2001). As a rule, peat
ash is used in forestry, but not in agriculture because of high content of chem-
icals, and its application has a positive effect on the soil (Nieminen, 2005).

Wood ash is generated in enormous quantities by wood industries and
power plants. Several studies have been carried out on the utilization of wood
ash in agriculture and forestry (Demeyer et al., 2001; Etiegni et al., 1991; Clarholm,
1994). The properties of wood ash depend on various factors: type of plant, part
of plant combusted (bark, wood, leaves), type of waste (wood, pulp, or paper
residue), combination with other fuel sources, type of soil and climate, and con-
ditions of combustion, collection, and storage (Zimmermann and Frey, 2002;
Voundi Nkana et al., 1998). It appeared that an increase in microbial activity in
soil treated with wood ash was accompanied by an increase in the growth rate of
soil microorganisms. Wood ash contains all essential nutrients for tree growth,
except nitrogen. Therefore, wood ash is an ideal fertilizer for nitrogen-rich
peatland forests where a lack of phosphorus or potassium can reduce tree
growth (Liimatainen et al., 2017). According to results, fertilization with ash also
increases CO, emissions of the peat significantly (Traunfeld and Nibali, 2013).
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The big potential for bioenergy has cereal straw that occupies the biggest
part of arable lands in European countries. In Europe, the leader in using straw
for energy is Denmark. The annual utilization of straw for energy in the country
is about 1.3—1.4 million tons (Nikolaisen, 1998; Evald, 2011). Ash straw ap-
plication has a positive effect on soil fertility (Shu et al., 2016; Schiemenz and
Eichler-Lobermann, 2010). It was concluded that recycling rice-straw ash had
positive effects on soil, which could improve the saturated water-holding ca-
pacity of the soil, pH value, the content of available potassium and the content
of available phosphorus had little effect on the content of soil organic matter.
As the result of ash straw application, special attention was paid to phosphorus
(P) availability in soil (Schiemenz and Eichler-Lobermann, 2010). Straw ash
can be successfully used both for forestry and agriculture (Sander and Andren,
1997). So, the composition of 79 samples of straw ash from seven heating plants
in Sweden was analyzed to evaluate straw ash as a fertilizer and liming agent.
Ash from rape straw had a higher Ca content and liming effect compared with
ash from cereal straw.

The presented facts give an overview of the big potential of ash application
as fertilizer. Nevertheless, the application of ash, especially peat and wood ash,
might be problematic for agricultural crops, because of its chemical contents.
The prospective direction for ash application is fertilizing of short rotation
coppice plantations (trees). The biomass from the plantations can be used for
energy purposes, so there are no limitations for heavy metals and other chem-
icals contents in wood. The climate conditions in the Republic of Belarus, like
in other countries of Eastern and Central Europe and North America, are more
adapted for willow growing. Bushy Salix species with erect stems, rapid
growth, and good rooting ability are the most suitable for biomass coppice,
with Salix viminalis being one of the most widely used species (Ahman and
Larsson, 1994). A characteristic of willow, which makes it a very suitable tree
for energy, is that it can be frequently harvested by coppicing and yielding as
much as 10—15 dry t ha” year' (Riddell-Black, 1993). In addition to high bio-
mass productivity, Salix trees also have an effective nutrient uptake, high
evapotranspiration rate, and a pronounced clone-specific capacity for heavy
metal uptake. In Europe, short rotation coppice (SRC) plantations cover an
estimated area of 50,000—70,000 ha, with about 12,000 in Sweden and 10,000
in Italy and Hungary. The species most frequently used for energy production
are poplars and willows, followed by black locusts (Robinia pseudoacacia) and
eucalypts (Eucalyptus spp.) in Mediterranean areas (Facciottoet al., 2014).
Willow biomass is a low-maintenance crop that stimulates rural economies
and enhances the environment. A willow plantation can be used for 20-25
years with a period of harvesting every three years (Buchholz and Volk, 2013).

The increase in the number of energy plantations resulted in the genera-
tion of huge amounts of tree ash. The optimal utilization of this ash is both an
environmental and economic problem. The goal of our investigation was the
assessment of the efficiency of ash (wood, straw, and peat) application for short
rotation coppice willow production.



MATERIAL AND METHODS

Two experimental fields were established. Experimental field 1 (EF1) was
located near Lida Peat Factory (LPF) in Lida, Grodno region, western Belarus.
The four experimental plots were laid out on the soil formed after peat extrac-
tion. This is badly-drained and low productive soil with the following charac-
teristics: contents of peat ash — 9%; NO; — 79.40 mg/kg; P,Os — 20.25 mg/kg;
K,0 — 106.40 mg/kg; peat decomposition — 65% and pH — 5.20. The peat ash
on EF1 was applied a year before willow planting with a dose of 10 t dry
mass ha™.

Experimental field 2 (EF2) was located at Volma Field Station in Dzerginsk,
Minsk region, the central part of Belarus. The soil at the site is sandy-loam
with a relatively high base status and with a base saturation of 60—70%. It is
well-drained and productive agricultural soil with the following characteristics:
contents of P,Os — 60.2 mg/kg; K,O — 148.5 mg/kg, humus — 2.2%, and pH
—5.6. Willow trees were cutting in the next year after planting in accordance
with technology. The ash of straw and wood in EF2 is applied by inter-row
application with doses 0.5; 1.0 and 1.5 t dry mass ha™.

The plots were arranged in a randomized complete block demgn with 4
blocks. Each elementary plot was 7 m long and 7.2 m wide (50 m?) and con-
tained 4 double rows of plants. The clone Jorr of Salix viminalis was planted.

Peat ash was collected from the storage of LPF, wood ash, and straw ash
from the storage of Volma Field Station. Concentrations of K, Ca, Mg, and
heavy metals in ash were determined by the X-ray fluorescence method (RFA).
The morphological characteristics of willow plants were determined every two
weeks during the vegetation season. Woody biomass production (t ha™') was
obtained from harvests of the spacing plots.

A completely randomized design was used to compare elemental concen-
trations of applied wood ash and straw ash. The experimental data were pro-
cessed using statistical programs Excel, Statistica 22, and Sigma Plot 11.2.

RESULTS AND DISCUSSION
Ash analyses

By Belarus standards, it is possible to use straw ash for agricultural crops,
but peat ash and wood ash can be used in the construction industry or taken
to the landfill. There are no regulatory standards for SRC (Short rotation cop-
pice) plantations in Belarus. Nevertheless, the content of chemicals, espe-
cially heavy metals in the ash is the key factor for its application. The average
results of chemicals content in peat (2009-2010), straw, and willow wood
(2011-2013) ash are presented in Table 1. The results show that the contents of
Cr, Pb, Cd, and Ni in peat ash are several times higher than in straw and wood
ash, but the content of K can be compared with wood ash and Ca with straw ash.
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It means that peat ash has a good potential for soil reclamation, but high con-
tents of heavy metals can be a problem for the cultivation of regular agricul-
tural crops.

Table 1. Peat, wood, and straw ash chemical properties

Content in ash, mg/kg

Element Peat Willow Straw

wood bark barley ray wheat
Zn 115.3 198.7 186.5 83.2 147.7 61.5
Cu 55.2 1547 16.9 18.2 34.2 20,2
Cr 254 4.6 6.7 11.7 9.2 8.7
Ni 22.5 3.7 2.1 10.9 1.3 7.3
Cd 32 0.5 0.1 0.8 0.1 1.1
Pb 12.4 24 1.1 16.5 3.8 4.6
K 25230 37002 56693 120912 177171 131963
Ca 59550 195603 293205 97323 81931 99588

For example, in Finland, the utilization of ash as fertilizer is regulated by
the Fertilizer Product Act (539/2006) and related decrees (Ministry of Agri-
culture and Forestry Decree 24/11) (Huotari, 2012). The decree specifies the
maximum concentrations allowed for harmful heavy metals: the cadmium
concentration of ash, for example, may not exceed 25 mg/kg. In Denmark, the
content of cadmium in the ash cannot be more than 0.8 mg/kg, in Switzerland
—3 mg/kg (Nikolaisen, 1998). Nevertheless, peat ash contains plant nutrients,
e.g. phosphorus, K, Ca, Mg, and thus it is a potential fertilizer in forestry
(Moilanen et al., 2012). It is optimal to use peat ash for fertilizing not arable
lands, for example, peat post-mining soils (Huotari, 2011). This type of soil is
characterized by a bad structure and fertility, a high level of acidity, and, as a
result, poor vegetation cover after finishing peat mining. The application of
peat ash improves soil fertility and has a good potential for forestry, including
SRC trees. It will not cause environmental problems and pollution of trees, but
stimulate the forestation in the area (Huotari, 2011; Moilanen et al., 2012). We
came to the same conclusions in our experiment. In our experiment, the wood
ash is characterized by greater content of Ca, Cu, Zn, and less content of K
compared to straw ash. Similar results were reported by other researchers
(Olanders and Steenari, 1995).

Peat ash application on EF1

One of the main problems of peaty soils is their extra high acidity. The
optimal condition for the cultivation of most agricultural crops is a neutral
level of acidity. The optimal acidity for willow is pH 5—6 (Baum et al., 2002;
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Wielgolaski, 2001). As the result of peat ash application, the acidity of peat
post-mining soils in our experiment changed from pH 5.20 to pH 5.88. It had
a positive effect on the growth of all willow species (Table 2), regardless of
their origin: Salix viminalis, Salix alba, and Salix dasyclados. The same results
related to peaty soils were reported for other trees, like birch or pine (Lumme,
1988; Silfverberg and Moilanen, 2008).

Peat ash application on EF2

The experiment with the application of straw and wood ash was con-
ducted on regular farms on arable lands by inter-row application. For this
reason, the doses of peat application were several times smaller if compared
to peat soils. The application of straw and wood ash in agriculture is regulated.
For instance, in Finland there is the “Ministerial order concerning the use of
ash from gasification and combustion of biomass and biomass waste for agri-
cultural purposes” — colloquially called the Bio Ash Order with strict rules
established to outline how much ash can be spread per hectare (Silfverberg and
Moilanen, 2008). Further, we tested the application of the same doses also for
potato production (Rodzkin et al., 2014).

Table 2. Morphological parameters and productivity of first-year willow on peat post-
mining soils after peat ash application

Height of Number of Size of the ~ Willow biomass,

Clone Variant stem,cm  stems per plant  stem, mm g/plant
L Ash appl. 184.4 3.8 15.2 248.9
S. viminalis 330
Control 152.3 3.7 12.1 212.43
L Ash appl. 176.1 37 13.5 241.6
S. viminalis. Jorr
Control 135.5 3.5 10.6 205.11
Ash appl. 196.2 3.5 16.4 259.3
S. alba 1/10
Control 161.4 3.6 12.3 201.45
Ash appl. 211.2 42 16.0 267.9
S. dasyclados 1/47
Control 177.7 39 13.1 223.16
LCDys 26.52 0.77 242 35.29

The original acidity of the soil was 5.6 pH. After wood ash application it
accordingly changed to 5.6, 5.7, and 5.8 with doses of ash 0.5, 1.0, and 1.5 t dry
mass ha™'. And after straw ash application pH was 5.6, 5.6, and 5.7 with the same
doses. As a result, the ash had a positive effect on willow growing, especially
in the second year after application (Table 3).
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Table 3. Influence of different doses of wood and straw ash application on morphological
parameters of willow clone Volmianka Salix alba

Morphological parameters

Variant Year Height of stem  Diameter of stem Number of stems
cm mm per plant

2012 2222 12.8 32
Control

2013 405.3 25.2 -

2012 230.1 13.2 32
(+0.5 wood ash)

2013 413.5 26.3 -

2012 227.5 13.4 32
(+0.5 straw ash)

2013 416.6 26.4 -

2012 228.3 13.6 33
(+1.0 wood ash)

2013 428.3 28.4 -

2012 231.4 14.0 3.5
(+1.0 straw ash)

2013 429.2 29.2

2012 224.5 13.6 33
(+1.5 wood ash)

2013 434.5 29.3 -

2012 230.7 14.0 3.5
(+1.5 straw ash)

2013 436.1 322 -

2012 8.9 0.45 0.35
LCDys

2013 19.1 1.74

In our experiment, the ash had a positive effect with dose application 1.0
and 1.5 mg dry mass ha™ (Parka et al., 2005; Rodzkin et al., 2018; Rodzkin et
al., 2019). Another study reported the positive effect of wood ash application
on the soil acidity and the size of willow stems, but not on biomass production
because the mean number of stems was significantly smaller in the ash-treated
plots than in the control plots (Lazdina et al., 2011). The possible reason is
nutrient deficiency. On N-rich sites (low C:N ratio), wood ash can increase tree
growth and the mineralization and leaching of N in the soil. On N-poor sites
(high C:N ratio), N can be immobilized and growth decreased by the applica-
tion of wood ash. The positive effect of wood ash application on willow and
for other trees was also mentioned in other reports (Haveraaen, 2014).

There was no significant difference between straw and wood peat ap-
plication for willow trees in our experiments. The positive effect of straw ash
on soil properties and agricultural perspectives was also reported in several
studies (Pitman, 2001).

According to our results and the results of other researchers, the matrix
for assessment of potential strength of different types of ash application was
created (Table 4).
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Table 4. The competitive relevant strength of peat, straw, and wood ash application

Type of ash Relevant strength when used as
Soil melioration  Fertilizer for SRC trees  Fertilizer for agricultural crops
Peat o + 2
Wood ++ +++ ++
Straw + ++ ++

'+++ Maximal strength
2. — - Minimal strength

Peat ash has the best competitive capacity for soil melioration. It is more
reasonable to use it for this purpose because peat ash contains a high level of
several heavy metals like Ni, Cd, Pb, and Cr (Table 3). As a result of it and in
accordance with permitted standards, it is not possible to use peat ash for ag-
ricultural crops fertilization. It can be probably used as fertilizer for SRC trees,
but the dozes of ash application should be controlled. Wood ash has a better
capacity for soil melioration when compared to straw ash. It can be explained
by higher contents of potassium (Table 4). The results show that the morpho-
logical parameters of willows after wood ash application were better than after
straw ash application (Table 3). Willow plantations should be close to power
plants for wood utilization. It is reasonable to plant willow trees not far from
the power plants. Close but not maximal capacities of wood and straw ash ap-
plication for agricultural crops are defined by contents of heavy metals. It is
necessary to control dozes of ash application depending on the content of heavy
metals in it and the type of crops.

CONCLUSION

There are two aspects of ash utilization. The first is a large volume of ash
generated from fossil fuels and biofuel. Ash volume a has tendency to grow in
the future. The second aspect is the potential benefit for soil and plants as the
result of ash application. It is necessary to share sources of ash following its
chemical contents. Peat ash includes elements useful for soil and plants (Ca,
K, Cu, Zn) and heavy metals (Cd, Ni, Pb, Cr) that can pollute the environment.
The contents of heavy metals in peat ash are several times higher if compared
to willow wood ash and straw ash. It means that peat ash application to arable
soils and agricultural crops is limited by legislation. The optimal approach is
the application of peat ash to SRC trees, especially on poor and acid soils. In
that case, it is possible and necessary to use high doses of peat ash, because it
contains several times less Ca compared to wood ash and several times less K
compared to straw ash. The peat ash application to soil melioration has a dou-
ble benefit. Because of its heavy metals content, peat ash cannot be used as
fertilizer for agricultural crops. The application of peat as fertilizer for decreas-
ing of acidity of peaty and other soils in a year before crops planting is more
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effective. The problem of the high content of heavy metals in the ash can be
decreased if it is not applied to agricultural crops, but to trees for energy and
other purposes. In our experiments, peat ash application to willow plantations
on soils after peat extraction had a positive effect both on soil acidity and the
morphological parameters of trees.

Contents of heavy metals in willow wood ash and straw ash were several
times lower if compared to peat ash. It can be used as fertilizer for SRC trees
and other broad row crops by inter-row application. Of course, the dozes of ash
application should be controlled depending on crops. Wood ash has a better
capacity for soil melioration compared to straw ash because of the higher
contents of potassium. Our experiments show that morphological parameters
of willows after wood ash applications were better if compared to straw ash
application but without significant differences between variants.

Based on our experiments and the results of other researchers it is pos-
sible to ascertain a big potential of ash as fertilizer for agriculture and forestry.
Nevertheless, several problems should be solved for the broader application of
this method. The additional research of heavy metals and other chemicals ac-
cumulation in ash depending on properties of different types of soils should
be carried out. Some issues concerning the logistic of ash application should
be also investigated.
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OPUTI'MHAJIHU HAYYHU PA ]

EKOJIOIIKUW ACITEKTHU ITPUMEHE ITEITEJIA TPECETA, CJIAME
W JIPBETA 3A EHEPI'ETCKHU Y3I'OJ INTAHTAIIMJA BPBA

Anex U. POA3KUH', Bopusoj JI. KPCTUR?

! Benopyckyu HAlMOHATTHY TEXHUYKH YHUBEP3UTET,
Tpr HezaBucHocTu 65, Munck 220123, benopycuja
2 Vuusepsutet y HoBom Cajy, IIpupoiHo-MaTeMaTHIKH GaKyTerT,
JemnapTman 3a OMOJIOTH]y U €KOJIOTH]Y,
Tpr Hocuteja O6pamosuha 2, Hosu Cax 21000, Cpbuja

PE3UME: Kopuniheme nernena koju HacTaje Kao pe3yJTar caropeBama (POCHITHUX
ropusa (yrasb, TpeceT) i bnomace (ciiama, JpBo, YBPCTH OTIIA]) j& €KOJIOIIKH IPOdIieM
KOju Tpeda pelaBaTu ONTUMAaIHUM MeToJamMa. XeMUjCKe KapaKTePUCTUKE Ieresa
3aBHCce 0]l BUIIE (haKTOpa, a HajBHIIIE O/ U3BOpa rOpUBa. Y CKJIAy ca KapaKTepUCTH-
Kama TIeTe0 ce MOYKe KOPUCTUTH y TIOJbOIIPUBPEAH, IIYMAPCTBY HIIA Y APYTe CBPXE.
Canpixaj temkux merana (Cd, Ni, Pb, Cr) y nenenry Tpecera HEKOIHKO Iy Ta je Behu
y nopelerby ¢ mernesiom apBeTa BpOe U menesioMm oj ciname. To 3Hauu jaa je mpruMeHa
reresa TpeceTa OrpaHuueHa 3a MOJbONPUBPEAHE KyITYPE, a ONTHMAIIaH IPUCTYII je
BEroBa IIPUMEHa TOIMHY JaHa Ipe cajibe IIaHTaluja, TOCeOHO Ha CHPOMAaLTHIM 1
KucenuM sembrinTiMAa. [Ipumenom Tpecetror nemnena y no3u ox 10 t cyse mace ha’!
3a TUIaHTaXke BpOe MOCTaBJbEHE Ha TPECETHUM 3eMJBUIITHMA IPOMEHMIIA j& KHCEIOCT
3emubniiTa ca 5,2 pH Ha 5,88 pH u ctumynucana pacrt npseha. [ereo ox apBera u cna-
Me IPUMEHEH je 3a 3acaje BpOe Ha o6pa):mBnM UJIOBACTO-IIECKOBUTHUM 3€MJBUIITHMA
y no3ama 0,5; 1,0 u 1,5 t cyse Mace ha. TlosuTuBan eexar npuMeHe nemena ca [03ama
on 1,0u 1,5 t cyBe Mace ha”' y pyroj roiMiHHM HAKOH TPUMEHE MOKa3a0 ce Kako 3a
3eMJBUIITA TAKO U 32 PacT Bpoe.

KJbYUYHE PEYMU: OGuoeHepruja, miaHTaxe Bpoa, TpeceT, ciiaMa, IpBo, Mereo
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FIRST REPORT OF Fusarium tricinctum ON NARROW-LEAVED
ASH (Fraxinus angustifolia Vahl.) IN SERBIA

SUMMARY: Monitoring the health status of narrow-leaved ash tree seedlings (forest
office Morovi¢, locality Vini¢na) in the early spring of 2015, after the catastrophic floods in
May 2014, revealed presence of large dark necrotic areas on 1-2 year old sprouts. The isola-
tion of the fungal pathogen was done by standard phytopathological protocols. Three repre-
sentative isolates (K41, K42 and K78) were preliminary detected and purified by a single-
spore technique for further morphological, molecular analyses and pathogenicity testing.
Morphological characteristics classified the isolates as Fusarium tricinctum. Tested isolates on
narrow leaved ash sprouts caused reddish brown elongated necrotic lesions averaged 20.1 mm.
Two marker genes, translation elongation factor 1-alpha (TEFI-0) and internal transcribed
spacer (ITS1), were used in this study. Using the Basic Local Alignment Search Tool (BLAST)
searching engine, nucleotide sequences were compared to all related sequences. Alignement
score resulted in 98.9% identities with F. tricinctum for isolate K78, while isolates K41 and
K42 showed 94.1% and 94.3% identities with F. tricinctum complex respectively. To the best
of our knowledge, this is the first report of F. tricinctum pathogen infection on flood stressed
narrow-leaved ash trees in Serbia.

KEYWORDS: sprout necrosis, plain forests, floods

INTRODUCTION

Narrow-leaved ash (Fraxinus angustifolia Vahl) is one of the most impor-
tant tree species of lowland floodplain forests in Europe with great ecological
and economic importance, due to its rapid development and valuable wood

* Corresponding author. E-mail: sladjana.medicpap@ifvens.ns.ac.rs
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(Drvodeli¢ et al., 2016). In Central Europe, the Pannonian Basin and Balkans,
narrow-leaved ash occurs mainly in the lowlands, in riparian and floodplain
forests along large rivers, where it used to form vast and continuous popula-
tions, now with more limited extent. Narrow-leaved ash forests, in the area
(southwest part of Srem, Vojvodina, Serbia) of the river Sava lower course, are
the most valuable and the best preserved forests of this species in Serbia (Bo-
binac et al., 2010). They form pure and mixed forests (mainly with common
oak), which are conditioned by additional moisture — flood or high levels of
underground water (Cvijeti¢anin et al., 2014).

Over recent years, young plantations, tree seedlings and stands of narrow-
leaved ash are endangered by the fungus Hymenoscyphus fraxineus (Markovié
etal., 2016). This fungus is named as a main factor of narrow-leaved ash decline
in neighbouring countries (Miloti¢ et al., 2016) and throughout Europe (Kow-
alski and Holdenrieder, 2009). Furthermore Kranjec et al. (2017) reported
about the possible role of Pythium and Phytopythzum soil borne species in
declining of narrow-leaved ash forests in Croatia.

However, forest stands decline is caused by synergy of biotic and abiotic
factors. Air pollution, flooding in the vegetation period and the absence of
regular winter and spring floods, coupled with consecutive dry periods, are
crucial stress factors that exert an adverse impact on narrow-leaved ash forests
(Tikvi¢ et al., 2008).

The region of Southwest Srem was exposed to the catastrophic floods by
the Sava River during the May 2014. Next year, in the early spring, narrow-
leaved ash tree seedlings (aged 4-7 years) were examined in forest office
Morovi¢ at the locality Vini¢na (sect. 11 and 16) in a course of routine monitor-
ing of their health status. Beside the necrotic lesions typical for H. fraxineus,
large dark necrotic areas with bark lesions were observed on some one and two
year old sprouts. The aim of this study was to identify the causal agent of these
lesions and to test its pathogenicity.

MATERIAL AND METHOD

Isolation of fungi and morphological characterization

Symptomatic branches were collected and ten cuttings of belonging tissue
were surface disinfected with 2% sodium hypochlorite solution for 5 min,
rinsed three times in sterile distilled water, air dried on sterilized filter paper
and plated on potato dextrose agar (PDA) and water agar (WA) amended with
streptomycin sulphate. After seven days incubation in the dark at 25 °C, three
representative isolates (K41, K42 and K78) were chosen for further analyses
and purified by a single-spore technique (Leslie and Summerell, 2006). Colony
characteristics of single spore isolates were evaluated on PDA media 14 days
after the incubation in the dark at 25 °C. Shape and size of microconidia; size
and septation of macroconidia and presence of chlamydospores were observed in
two weeks on isolates grown on WA media under the black light. Macroconidia
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and microconidia were photographed and measured in a light microscope (DM
1000 LED, equipped with a camera MCI190HD and LAS V4.9-imaginig and
analysis software, Leica Germany). Per each isolate 100 macroconidia and 50
microconidia were measured and standard deviation was calculated using using
software STATISTICA, ver. 13.2 (Dell, Inc., USA).

Molecular identification

DNA from the seven-day-old F. tricinctum isolates (K41, K42 and K78)
used for inoculation as well was extracted using the cetyltrimethylammonium
bromide (CTAB) protocol (Permingeat et al., 1998). To confirm morphological
characterization of the isolates, several fragments were amplified and sequenced.

IGS rDNA region for the K41 and K42 isolates was amplified using spe-
cies specific primer pair tril (5 CGT GTC CCT CTG TAC AGC TTT GA 3°)
and tri2 (5 GTG GTT ACC TCC CGA TAC TCT A 3’) Kulik (2008). The PCR
was carried out in 25 pl volumes containing 40 ng DNA, 1x TaqBuffer (con-
taining KCI, Thermo-Fisher Scientific), 0.5 uM each of forward and reverse
primers, 0.2 mM of each nucleotide, 2 mM of MgCl, and 1.25 units of TagDNA
Polymerase (Thermo-Fisher Scientific). The amplification protocol was as
follows: initial denaturation for 5 min at 94 °C, followed by 30 cycles of dena-
turation at 94 °C for 30 s, annealing at 65 °C for 30 s and elongation at 72 °C
for 20 s, followed by a final elongation step at 72 °C for 5 min.

The internal transcribed spacer (ITS) region amplified and sequenced
with primers ITSI (5°CTT GGT CAT TTA GAG GAA GTA A3’) and ITS4
(5’TCC TCC GCT TAT TGA TAT GC3’) (White et al., 1990). The PCR was
carried out in 25 pl volumes containing 30 ng DNA, 1x TaqBuffer (Thermo-
Fisher Scientific), 0.2 uM each of forward and reverse primers, 0.2 mM of each
nucleotide, 1.5 mM of MgCl, and 1.20 units of TagDNA Polymerase (Thermo-
Fisher Scientific). Amplification protocol was following: initial denaturation
for 5 min at 97 °C, followed by 37 cycles with 94 °C for 30 s, 60 °C for 60 s
and 72 °C for 45 s. Final elongation was at 72 °C for 5 min.

Translation elongation factor lo. (TEF1-a) gen for the isolates K41 and
K42 were amplified using EF1728F (5’CAT CGA GAA GTT CGA GAA GG3’)
and EF1986R (5’TAC TTG AAG GAA CCC TTA CC3’) primers (Rehner and
Buckley, 2005). The PCR was carried out in 25 pl volumes containing 30 ng
DNA, 1x TaqBuffer (Thermo-Fisher Scientific), 0.2 uM each of forward and
reverse primers, 0.15 mM of each nucleotide, 1.5 mM of MgCl, and 1.20 units
of TagDNA Polymerase (Thermo-Fisher Scientific). Amplification was done
according to the protocol: initial denaturation for 1 min at 97 °C, followed by
36 cycles with 96 °C for 20 s, 55 °C for 20 s and 72 °C for 20 s. Final elongation
was at 72 °C for 2 min.

PCR products were separated on a 1.5% agarose gel in 1x TBE buffer,
stained with ethidium bromide, and visualized under UV light. The amplification
products were purified with QIAEX II Gel Extraction Kit (Qiagen, USA) and
sent for sequencing to Macrogen Inc. (Macrogen Europe B.V., the Netherlands).
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Pathogenicity test

Pathogenicity tests were conducted on one-year-old narrow-leaved ash
sprouts, disinfected with 70% ethanol. Mycelial plugs taken from actively
growing PDA colonies of F. tricinctum isolates were applied in shallow wounds
(0.5 cm in diameter) made by scalpel. Sterile agar plugs were placed in the wounds
of a control sprouts. Inoculation was performed on four sprouts per isolate and
control respectively, with two cuts per sprout. Inoculated cuts were separately
wrapped with moist sterile cotton and covered by aluminium foil to prevent
drying. The inoculated branches were planted in plastic containers filled with
sterile ground in the open field to incubate for three weeks (April, 2017).

Statistical analysis

The obtained data were analysed using Statistica 13.2 (Dell Inc., USA).
The results for pathogenicity were tested by analysis of variance followed
by a comparison of means by the Bonferroni test (P < 0.01).

RESULTS AND DISCUSSION

Naturally infected sprouts had two types of symptoms. Elongated-
diamond shaped lesions brown with discoloration in the bark typical for C.
fraxinea (Bari¢ et al., 2012) and dark elongated necrotic almost black areas
(Figure 1). From these dark necrotic areas Fusarium species were isolated.

Figure 1. Symptoms of narrow-leaved ash branches resulting from natural infection
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Isolates K 41, K42 and K78 on PDA were growing rapidly and formed
abundant dense mycelia that were initially white, but with age became red with
yellowish fragments. It also exuded red pigments in the agar (Figure 2).

CH d
Figure 2. Colony morphology of the isolates a) K41, b) K42, ¢) K78 on WA and PDA
media

On WA medium isolate K-78 formed 3—5 septate macroconidia with
curved tapering apical cell and an obviously foot-shaped basal cell. Microco-
nidia were oval, usually non-septate, but occasionally with one septa. Micro-
conidia were clustered on monophialides in small heads. Napiform conidia
were rare (Figure 3c¢). Chlamydospores were absent. Isolates K41 and K42
isolates sporulated on WA medium only after two weeks period under black
light. Isolate K41 formed orange sporodochia with the clusters of macroco-
nidia. Macroconidia of isolate K41 were the most slender and did not form
microconidia. On the other hand, macroconidia of isolate K42 were sickle
shaped, elongated, one-septate microconidia (Figure 3 a, b). The dimensions
of different types of conidia are given in the Table 1.
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Table 1. Dimensions of macro and microconidia of tested isolates

isolate conidia type average dimension+=SD* (um) min-max dimension (pm)
K41 macrocinida 4581 +0.79 x 3.17 £ 0.05 (23.4-63.7) x (2.2-4.4)
K42 macrocinida 52.35+0.89 x 3.36 £ 0.05 (28.8-69.4) x (2.3-4.9)
K42 microcinida (1 cell) 12.5+091x2.8+0.4 (11.5-13.7) x (2.3-3,2)

K42 microcinida (2 cell) 21.95+4.76 x 3.04 £ 0,29 (15.0-26.9) x (2.5-3.3)

K 78 macrocinida 35,24 +0,81 x 3,65 + 0,08 (21.3-52.6) x (1,8-6.2)

K 78 microcinida (1 cell) 12.3+2.8x2.7+0.7 (8.5-20.6) x (1.7-5.4)

K 78 microcinida (2 cell) 16.3+2.7x3.0+0.7 (9.0-21.3) x (2.2-5.4)

*SD standard deviation

a b : 3 =
Figure 3. Macro and microconidia of Fusarium isolates: a) K-41, b) K-42, c) K-78

Observed morphological characteristics indicated that isolates belonged
to F. tricinctum (Leslie and Summerell, 2006; Levi¢, 2008) species which was
confirmed by molecular tools.

Based on a BLAST search of the FUSARIUM-ID nucleotide database,
the IGS sequences for isolates K41 and K42 (submission no. MZ749901 and
MZ749902 respectively) matched with sequence FD 01725 EF-la (F. tricinctum
complex) 94.1% and 94.3%, respectively. Based on a BLAST search of the NCBI
nucleotide database, the ITS sequence of isolate K78 (GenBank MK928426.1)
had 100% identity with F. tricinctum strain ZMXR6 (MT446111.1). The TEF1-a
sequence of the isolate K78 (MN822227.1) had 98.9% identity with F. tricinctum
isolate SPF003 (MG704914.1). This was the best match of the obtained isolates
with those from the GenBank. Although Kulik (2008) reported that primers
specific for F. tricinctum amplified aplicons of F. acuminatum and F. nurragi,
the specificity of the primers, in this case, cannot be disputed because mo-
lecular identification confirmed the morphological findings.

F. tricinctum is worldwide distributed species which usually occurs as a
saprophyte or a weak parasite in temperate regions (Leslie and Summerel, 2000).
However, recent studies confirmed this species as a causal agent of disease in
many agricultural plants such as wheat crown rot (Shikur et al., 2018), pink rot of

24



onion bulbs (Carrieri et al., 2013), postharvest fruit rot of pumpkin (Aktaruzzaman
et al., 2018), and also causal agents of root rots in soybean (Chitrampalam and
Nelson, 2014) and alfalfa (Jiang et al., 2020). Taking in the account woody
species F. tricinctum proved to be weakly virulent or non-virulent to pine
seedlings inhibited root growth, but in the greenhouse tests caused small ne-
crotic wounds, which did not differ significantly in size from those observed
in the control seedlings (Davydenko et al., 2018). The pathogenicity test was
performed in order to check the capability of the isolates to cause the symptoms
in the bark. All tested isolates caused symptoms on narrow-leaved ash sprouts in
the form of elongated oval shaped lesions with reddish brown border (Figure 4).

al b
Figure 4. Symptoms on sprouts inoculated by F. tricinctum: a) K42 isolate, b) K78 isolate

The lesion length and width ranged from 20.1 to 22.1 mm and from 11.6—-15.1
mm respectively, but there were no differences in the size of lesions among the
isolates. The isolate K-41 showed higher variability in lesion length (Figure 5).

The isolate K-78 caused girdling of an inoculated sprout. Control sprouts
inoculated with sterile PDA plug were symptomless. The pathogen was suc-
cessfully re-isolated from symptomatic sprouts, while no fungi were isolated
from control sprouts. Compared to this, the necrosis length on individual one-
year-old F. excelsior trees of seed origin caused by Chalara fraxinea varied
from 1.1 to 28.7 cm (on average, 7.2 cm), although about 20% of the trees in-
oculated with the fungus, necrosis did not exceed 1.5 cm (Bakys et al., 2009a).
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F. tricinctum isolates



There are not many data in the literature about fungi from the genus
Fusarium on F. angustifolia and F. excelsior — European ash. Although it is
known that Fraxinus species are currently suffering from ash dieback disease
caused by the fungus Hymenoscyphus fraxineus, there are co-occurrences of
large numbers of other fungi with similar endophytic as well as pathogenity
among Fusarium species (Ivanova et al., 2020). According to Trapiello et al.
(2017), one of the most frequently isolated species from European ash leaves
with symptoms such as leaf spots and petiole discoloration were Fusarium
species. F. lateritium did not cause any symptoms on stems of F. excelsior
seedlings, while F. solani induced brown discolouration around the inoculation
points on two-year-old plants (Przybyt, 2002). Fusarium sp. was isolated in
minor percent in F. excelsior petioles and symptomatic shoots (Davydenko et
al., 2013). Kranjec-Orlovi¢ et al. (2019) among the other species on mycobi-
onta of narrow- leaved ash seed isolated Fusarium oxysporum. Fusarium lat-
eritium and F. solani were isolated from the root and stem base of F. angusti-
folia, whereas the connection to the symptoms of trees crown defoliation up
to 60% were confirmed only for F. solani (Kranjec-Orlovi¢ et al., 2020).

The appearance of the necrosis of F. tricinctum on narrow-leaved ash
spouts at the locality Vini¢na (sect. 11 and 16) could be explained by the reten-
tion of the water in the stands for almost two months. Symptoms typical for
Fusarium necrosis appeared sporadically. Forests in Vini¢na are in the pro-
tected area, however, in this case the embankment breaching cause that the
entire management unit was flooded. As it was mentioned, the necrosis on
narrow ash leaved sprouts were at 50 cm height which was at the level of flood
water. According to obtained data it can be assumed that F. tricinctum spores
were brought by the flood waters of Sava river. Additionally, the Fusarium
species have not been isolated from the ash sprouts after that period. It can be
concluded that young narrow plants exposed to the water stress became sus-
ceptible for the fungus colonization.

This conclusion is in the agreement with Pukacki and Przybyl (2005) who
isolated fungi from the genus Fusarium (F. avenaceum, F. lateritium, F. sola-
ni and F. sambucinum) from the necrotic buds and shoots of F.excelsior, but
these authors assumed that stress in this case freezing injury could have been
the primary factor, predisposing damaged organs to fungal colonization. This
assumption was confirmed by the findings of Bakys et al. (2009b) who re-
ported that the majority of trees inoculated with Gibberella avenacea, remained
visually healthy, most probably due to favourable growing conditions. The
environmental factors and fungal interactions in addition to genetic resistance
should be considered as possible modifiers of the pathogenicity of ash mycobiota
in nature (Trapiello et al., 2017). Therefore, the possibility cannot be excluded
that pathogenicity of certain otherwise naturally occurring endophytic, sapro-
trophic or opportunistic fungi could be triggered by environmental factors
(Bakys et al., 2009b).
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CONCLUSION

Fusarium species are known as cosmopolites and pathogenic to vast num-
ber of plants, some of them has been reported on ash trees, but yet there has
been no formal report of the disease or its causal fungus on narrow leaved ash
in Serbia. To the best of our knowledge, this is the first report of F. tricinctum
on narrow-leaved ash trees in Serbia. Considering the fact that Fusarium species,
in this particular case F. tricinctum, under stress conditions could cause ne-
crosis in the narrow ash sprouts, their occurrence and pathogenicity should be
monitored.
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OPUTUHAJIHU HAYYHU PA{

I[IPBU HAJIA3 Fusarium tricinctum HA TIOJbCKOM JACEHY
(Fraxinus angustifolia Vahl.) Y CPBUJU

Cnahana C. MEJJUR-TTAIT', Janu6op b. )KUBAHOB!,
Coma Jb. TAHUU'R )KUBAHOB', Ipenpar JI. I[TATIT?,
Branucnasa O. TAJJOBUR?, Hesena M. HATJI', Becna 1. XKYITYHCKI!

"MucTuTyT 32 paTapcTBO M HOBPTAPCTBO,
Maxcuma 'opkor 30, Hosu Caz 21101, Cpouja
2 IHCTUTYT 32 HU3HJCKO IIYMApCTBO U )KMBOTHY CPEIUHY,
Amntona Yexona 13]1, Hosu Canx 21102, Cpouja

PE3UME: [osbcku jacen (Fraxinus angustifolia Vahl.) je npBenacta Bpcra pac-
[IpOCTpameHa y HU3UjCKUM IyMaMa y EBponu. Perunon jyroszamagnor Cpema rue ce
Halla3e HajBpeAHuje myme oBe Bpcte y CpOuju, OMO je M3I0KeH KaTacTpodaTHuM
noruiaBama y mMajy 2014. [Ipahemwem 31paBcTBEHOr CTama calHULA jaceHa (1yMa Mopo-
Buh, JoKanuTeT ,,BuHn4Ha”) y pano nposehe 2015. roguHe OTKPUBEHO je TPUCYCTBO
BEJIMKHUX TAMHUX HEKPOTUYHHX MOJpyYja Ha n360jiuma ctapuM 1-2 romguae. Ca obose-
nux u3bojaka, CTaHIapAHUM (UTOMATONOMIKUM TIOCTYIKOM, ypaljeHa je usonamuja
natoreHa. [Ipema MOp(oJIOIKIM KapaKTeprCTUKaMa JOOUjeHH U30J1aTH Cy IeTEPMHU-
HUCaHU Kao Fusarium tricinctum. 3a najbe aHaJIN3€ Cy y3€Ta TPH PENpPe3eHTATHBHA
MoHocnopHa n3zonata (K41, K42 u K78). BLAST nperparom NCBI nykieotunse 6a3e
yTBpheno je 98,9% cnumunoctu TEF1-a cexBenne nzonara K78 (MN822227.1) ca
Fusarium tricinctum u 100% noxnanama ITS cexBenne oor uzonara (GenBank
MK928426.1) ca uzonarom F. tricinctum ZMXR6 (MT446111.1). IGS cexBeniie uzo-
nata K41 u K42 (MZ749901 u MZ749902) umaie cy 94,1% u 94,3% cnuunoctu ca F.
tricinctum xomriiekcoM, Ha ocHoBy BLAST nperpare FUSARIUM-ID nykneotune
6a3e. TecTOBH IaTOreHOCTH Ha M300jIIMMa jaceHa CTapHM T'OIUHY JaHa [TOKa3allu Cy
LpBeHKacTO cMel)e n3yxKeHe HeKpoTUUHe je3uje npoceune nyxune 20,1 mm. [latoren
je penzonoBaH u3 m3bojaka ca cumrnroMnMa. [IpemMa HaIIMM ca3HamUMa, OBO je TIPBU
Hana3 F. tricinctum Ha cTabnuMa oJbCKor jaceHa y CpOouju.

KJbYYUHE PEUU: nosbeku jacen, Fusarium tricinctum, HeKpo3a uzbojaka
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QUECHERS APPROACH TO THE Alternaria MYCOTOXINS
DETECTION IN WHEAT: THE RECOVERY STUDY

ABSTRACT: The performance of the QUEChERS extraction followed by the LC-MS/
MS analytical method was evaluated in terms of Alternaria mycotoxins recovery from the
wheat. The alternariol (AOH), tentoxin (TEN) and alternariol monomethyl ether (AME)
were analyzed using the ESI+ (electrospray positive ionization) by multiple reactions mon-
itoring mode (MRM). In order to determine the recovery, the blank wheat samples were
spiked at two spiking levels (0.01 and 0.1 mg/kg) in six replicates. The obtained average
recoveries and precisions (expressed as the RSDr, %) were as follows: 107.6% (RSDr of
6.84%) for alternariol, 108.0% (RSDr of 6.78%) for tentoxin and 110.1% (RSDr of 6.50%)
for alternariol monomethyl ether. The results of this study were in accordance with the
Commission Decision 2002/657/EC and Commission Regulation (EC) No 401/2006.

KEYWORDS: Alternaria mycotoxins, wheat, QUEChERS, LC-MS/MS

INTRODUCTION

Alternaria is a fungal genus that includes saprophytic and pathogenic
species and is widespread in nature. Alternaria spp. can infect a wide variety

* Corresponding author. E-mail: goricavukovic@yahoo.com

31



of crops in the field and in the postharvest stage causing considerable losses
due to fruit and vegetable decay. The most common Alternaria species include:
A. alternata, A. tenuissima, A. arborescens, A. radicina, A. brassicae, A. bras-
sicicola, and A. infectoria (Escriva et al., 2017).

In 2011, in the light of the concerns for human and animal health, the
European Food Safety Authority (EFSA) performed a risk assessment of some
of the main Alternaria toxins, i.e. alternariol (AOH), alternariol monomethyl
ether (AME), tentoxin (TEN) and tenuazonic acid (TeA). The conclusions
were that AOH and AME were genotoxic in bacteria and mammalian cells in
vitro (EFSA, 2011). As regards in vivo systems, only the limited information
was available and the indications of precancerous changes were reported in
oesophageal mucosa of mice. In 2016, EFSA collected occurrence data for
AOH, AME, TEN, and TeA to estimate the chronic dietary exposure to these
mycotoxins (EFSA, 2016; De Berardis et al., 2018). The Alternaria alternata
species group alone is recorded as causing disease on over 100 host plants.
This includes economically essential crops including cereals, ornamentals,
vegetables and fruits, with the losses incurred through direct crop damage,
postharvest spoilage or through the contamination with mycotoxins.

Today, some of the mycotoxins extraction techniques used for various
matrices are as follows: a liquid-liquid extraction (LLE), pressure liquid extrac-
tion (PLE), supercritical fluid extraction (SFE), solid phase extraction (SPE),
matrix solid-phase dispersion (MSPD), ultrasound and homogenizing extrac-
tion with various organlc solvents mixtures (Vukovi¢ et al., 2017). The “Green
Analytical Chemistry” represents the trend resulting from the aspiration to
make the chemical analyses more environmentally friendly (Breidbach, 2017).
Due to that trend, the QUEChERS (Quick Easy Cheap Effective Rugged Safe)
method has been considered to be the most current extraction and extract
purification procedure. In the field of the mycotoxins research, this method
has drawn enormous attention because of how simple and effective it is for the
mycotoxins isolation from the complex matrices, being environmentally friend-
ly at the same time (Vukovi¢ et al., 2019, Wenbo et al., 2019).

In the present study, the performance of a QUEChERS extraction followed
by LC-MS/MS analytical method was evaluated, aiming to the developed and
validated method for the determination of the TEN, AOH and AME Alternaria
mycotoxins in wheat.

MATERIALS AND METHODS
Chemicals and reagents

The analytical standards of the AOH, TEN and AME were purchased
from Sigma-Aldrich (Zwijndrecht, the Netherlands). The standards were re-
constituted with 1.0 mL of the methanol (MeOH) to obtain 0.1 mg/mL stock
solutions. All stock solutions were kept at 4 °C. The mixtures of all the Alter-
naria toxins were prepared in acetonitrile (MeCN) in the final concentrations
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of 10 and 1 pg/mL. These solutions were used for spiking the blank samples for
the recovery analyses. The MeOH and MeCN were LC-MS grade obtained from
Sigma-Aldrich. The ammonium formate was analytical grade purchased from
Merck (Darmstadt, Germany). The products Dispersive SPE 15 mL, Fatty
samples (EN) (part no. 5982-51565) and QuEChERS extraction kit Original
method (part no. 5982-7550) were purchased from Agilent Technologies (USA).

Instrumentation

The HPLC Agilent 1290 Infinity II chromatograph equipped with a qua-
ternary pump, multisampler and column compartment thermostat was used for
the Alternaria toxins detection. The HPLC system was coupled to an Agilent
6470B LC/TQ triple quadrupole mass spectrometer with AJS ESI (Jet Stream
Technology Ion Source). A Zorbax Eclipse Plus C18 column (2.1x50 mm; 1.8 pm)
was used for the chromatographic separation. The column temperature was
held at 35 °C and the injection volume for the LC system was 2 pL. The chro-
matographic separation of the AOH, TEN and AME was carried out with the
mobile phase consisting of water (A) and acetonitrile (B), both containing 10
mM ammonium formate, in a gradient mode and flow rate of 0.3 mL/min. A
gradient elution started at 5% of B and held for 1 min. This composition was
increased to 40% B at 7 min, 90% B at 8 min and held for 2 min. The composi-
tion of the mobile phase returned to the initial conditions in 1 min and the system
was equilibrated during 2 min. The total running time was 11 min. The ESI
source was used with the following settings: drying gas (nitrogen) temperature
200 °C, drying gas flow rate 16 L/min, nebulizer pressure 30 psi, sheath gas
temperature of 300 °C, sheath gas flow 12 L/min and capillary voltage 3,000 V.
The detection was performed using the multiple reactions monitoring mode
(MRM). The Agilent MassHunter software (version B.10.0 SR1 Agilent Tehno-
logies, 2006—2019) was used for the optimization and quantification.

Spiking samples and extraction

The homogenized blank wheat samples were spiked at two levels 0.01 and
0.1 mg/kg in six replicates.

About 5.0 £0.1 g of the sample was weighed in a falcon tube of 50 mL. A
total of 10 mL of MeCN (with 1% of formic acid) was added. The sample was
vortexed for 10 min on 2,000 rpm. Afterwards, the QuEChERS extraction kit
Original method (containing 4 g of MgSO,4 and 1 g of NaCl) was added and
the samples were put on vortex (10 min/2,000 rpm) and centrifugated for 5
min/6,000 rpm. A mixture — QUEChERS Dispersive Kit, 15 mL which contains
400 mg of PSA, 400 mg of CI8EC and 1,200 mg of MgSO, was added to 6 mL
of extract. The extracts were vortexed for 10 min on 2,000 rpm and centrifu-
gated for 5 min/10,000 rpm on 4 °C. The gained supernatant was diluted with
water (1:1, v/v), filtrated through syringe filter (pore size of 0.45 pm) and in-
jected in LC-MS/MS.
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RESULTS AND DISCUSSION
Analytical method

The AOH, TEN and AME were analyzed using ESI+ (electrospray positive
ionization) by multiple reactions monitoring mode (MRM). The fragmentation
of the protonated AOH, TEN and AME ions yielded 2 product ions, respec-
tively (Tab. 1). The intense MRM transition was monitored for the quantification
and the second one was used for the confirmation (Vukovi¢ et al., 2018).

Table 1. LC-ESI-MS/MS parameters for the analysis of AOH, TEN and AME in MRM
mode

Molecular Retention Precursor Product Fragmentation Collision
Molecular

TA* formula weight time ion [M+H"] ion voltege energy
(g/mol) (min) (m/z) (m/z) V) V)
AOH  C4H,(Os 256.0 4.35 257.0 328 };g %g
TEN CypH3N,O, 4123 4.54 4133 ;71'}3 };g %;
AME CuHpOs 2700 554 mo - 200 e >

*Target analytes

The MRM (multiple reaction monitoring mode) was used for the quanti-
fication and the confirmation of the AOH, TEN and AME. TIC chromatogram
of spiking sample (level 0.1lmg/kg) and MRM chromatograms are shown in
Figure 1. All the obtained results for the recovery and precision when the blank
samples were spiked at 0.01 and 0.1 mg/kg in six replicates are shown in Table 2.

Table 2. Recovery data and RSD (%)

Recovery (%RSD) for n=6

Mycotoxin
0.01 mg/kg  %RSD;, 0,1 mg/kg %RSD, Av.recovery (%) % RSDr
AOH 109.0 6.64 106.2 1.67 107.6 6.84
TEN 106.3 4.81 109.7 4.77 108.0 6.78
AME 112.1 5.72 108.1 3.09 110.1 6.50

*The results represent average of both spiking levels per replicates

The obtained average recoveries and precisions (express as RSDr, %) for
all investigated mycotoxins were in accordance with the Commission Decision
2002/657/EC and Commission Regulation (EC) No 401/2006.
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Figure 1. LC-MS/MS chromatogram of spiking sample at 0.1 mg/kg

Comparing the obtained recoveries using QUEChERS method with the
literature data, it can be concluded that the obtained recoveries (in different
matrices) are in accordance with the available research throughout the world.
Namely, Fontana et al. (2016) developed a reliable, simple, fast, inexpensive
and robust sample preparation approach for tenuazonic acid (TA) determination
in grapes by liquid chromatography with ultraviolet detection (HPLC-UV). The
method was based on a modified QUEChERS (using ethyl acetate as extraction
solvent). They obtained average recovery of 91.7% for grape samples spiked at
0.05, 0.5 and 5 mg/g.

De Berardies et al. (2018) used the QUEChERS method for the extraction of
AOH, AME, TEN and TeA from tomato and fruit based samples. Namely, in
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case of tomato based samples the AOH, AME, TEN and TeA recoveries were as
follows: 85, 78.5, 83.3 and 106.5% respectively (for low spiking concentrations).
Somewhat lower recoveries were obtained for the high spiking concentrations,
1.e. 64.4% for AOH, 69.3% for AME, 64.2% for TEN and 98.8% for TeA. The
recoveries for the fruit based samples were as follows: 63.1% for AOH, 66.3%
for AME, 76.2% for TEN and 100.3% for TeA.

Guo et al. (2019) evaluated a simple and reliable analytical method for the
simultaneous determination of AOH, ALT, TEN, ALS, TA and AME in grapes
using ultra-high-performance liquid chromatography—tandem mass spectrom-
etry (UHPLC-MS/MS) and a modified QuEChERS by sodium chloride and
anhydrous magnesium sulfate. The obtained recoveries were in the range from
77.8 to 101.6%.

CONCLUSION

The possible applicability of the developed QUEChERS — LC-MS/MS
analytical method for the Alternaria mycotoxins detection in wheat was de-
monstrated through the obtained average recoveries and precisions: 107.6%
(RSDr of 6.84%) for alternariol, 108.0% (RSDr of 6.78%) for tentoxin and 110.1%
(RSDr of 6.50%) for alternariol monomethyl ether, which were in accordance
with the Commission Decision 2002/657/EC and Commission Regulation (EC)
No 401/2006. These results are speaking in favour of the presented method for
mycotoxins detection since it is simple and highly sensitive, while allowing easy
sample preparation because it can exclude the sample cleanup and pre-concen-
tration.
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OPUTUHAJIHU HAYYHU PA{

QUECHERS ITPUCTVII ¥V JETEKIWNIU Alternaria MUKOTOKCHHA
Y IIIEHUIN: TPUHOC EKCTPAKLIUJE

Bojucnasa I1. BYPCUR!, Topuna Jb. BYKOBUR?, Tujana H. CTOJAHOBU'R',
JNymaun C. MAPUHKOBUR!, Hukona M. ITYBAUYA?, Anekcanapa IT. IETPOBUR!,
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PE3UME: ITpumena QuEChERS excrpaxmmje mpahene LC-MS/MS ananurnakom
METOJIOM IIPOLICH-EHA je Y MOTJIeAy MpUHOCa eKCTpaKIuje Alternaria MUKOTOKCHHA U3
mmenutie. Anrepaapuon (AOH), reaTokcu (TEN) u anTepHapron MOHOMETHI eTap
(AME) cy ananmsupanu xopumhewem ESI+ (jorn3anmja enekrpo-crpejom) momohy
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pexxuma npahema BHIIECTPYKHX peaxuuja (MRM). Kao 6u ce ogpenno npuHOC eKc-
Tpaxuuje, ,,0MaHk” y30puu nienune cy oborahenn Ha 1Ba HuBoa oborahema (0,01 u
0,1 mg/kg) y wect noHassbatba. YTBpheHN NIPOCEUHNU IIPUHOCH €KCTPAKLM]E U CTaH-
napnHe aesujanuje (u3paxene kao RSDr, %) cy: 107,6% (RSDr 6,84%) 3a antepnapu-
oin, 108,0% (RSDr 6,78%) 3a Tentokcun u 110, 1% (RSDr 6,50%) 3a antepHapuo
MOHOMETHII eTap. Pe3ynraru oBor ucTpaxuBama cy y ckiany ca Oninykom Komucuje
2002/657/E3 u Ypenoom Komucuje (E3) 6poj 401/2006.

KIJbYYHE PEUUN: Alternaria mukotokcunuu, mmeHuma, QUEChERS, LC-MS/MS
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TOXIGENIC POTENTIAL OF Alternaria SPECIES
FROM CEREALS

ABSTRACT: Toxigenic potential of four and one isolate of A. alternata and A. tenuis-
sima, respectively, on durum wheat cultivar Dusan (7riticum durum L.) and common wheat
cultivar Barbee (T vulgare L.) were tested. Three different wheat / isolate genotype combi-
nations were used for artificial inoculation of grains under laboratory conditions and toxins
production. Alternaria toxins alternariol (AOH), alternariol monomethyl ether (AME), ten-
toxin (TEN), tenuazonic acid (TeA) and altenuen (ALT) concentrations were determined by
LC-MS/MS. Cultivar Barbee proved to be a more suitable substrate for toxin production,
whereby AOH, AME and TeA were present in highest concentrations. These results under-
line the possibility of fungal infection and mycotoxin production by Alternaria species in
field and under storage conditions. Further research is needed for official regulation of ac-
ceptable levels of Alternaria mycotoxins in food and feed.

KEYWORDS: Alternaria, toxin production, wheat
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INTRODUCTION

Wheat is one of the main crops in the Republic of Serbia, with a total
production area of about 560.000 ha (Statistical Yearbook, RS, 2021). How-
ever, as extreme weather conditions are becoming increasingly prevalent due
to climate change and global warming, the risk of mycotoxin contamination has
also heightened. As indicated by Vuckovi¢ et al. (2012), the resulting greater
occurrence of phytopathogens on small grains may have negative consequences
on the quality and safety of food and feed.

Species of the genus Alternaria are significant contaminants of cereals
that, in addition to mycotoxins production, cause product degradation during
transport and storage. Alternaria species produce more than 70 secondary me-
tabolites, some of which e.g., alternariol (AOH), alternariol monomethyl ether
(AME), tentoxin (TEN), tenuazonic acid (TeA) and altenuen (ALT) are classified
as mycotoxins due to their harmful effects on humans and animals (EFSA, 2011,
2016; Escriva et al., 2017; Gashgari et al., 2019). Moreover, more than one
mycotoxin can be found on an infected substrate (Zain, 2011). During the recent
years, Alternaria species, especially 4. alternata, have been found as con-
taminants of wheat and wheat-based products in the Vojvodina Province (Jani¢
Hajnal et al., 2015). For the 2010—2015 period, the EFSA (2016) reported pres-
ence of the highest levels of Alternaria toxin TeA in tomatoes, nuts, oilseeds,
cereals, and fruit. More recent findings reported by Mujahid et al. (2020)
further indicate that as emerging mycotoxins, Alternaria toxins are candidates
for regulation by European authorities. Monitoring and regulation of the per-
mitted levels of Alternaria toxins should thus be initiated throughout the EU,
according to the SANTE/11356/2019 draft issued by the European Commission.

Mycotoxins produced by Alternaria spp. on humans and animals exhibit
prolonged and chronic toxic effects, as their intake can be harmful even in low
doses. The most common symptoms include nervous system damage, brain
bleeds, liver damage and cancer, hyperestrogenism, reproductive system cell
degeneration, epithelial cell damage, as well as adverse changes to the mucous
membranes, intestinal tract, immune system, and respiratory tract (Liu et al.,
1992; European Commission, 2006).

Considering the importance of Alternaria as a pathogen and small grain
cereals contaminant, the aim of this study was to evaluate the toxigenic poten-
tial of 4. alternata and A. tenuissima isolates obtained from wheat and rye by
artificially inoculating wheat kernels under laboratory conditions.

MATERIAL AND METHODS
Alternaria isolates and inoculum preparation
Alternaria alternata (isolates A2, A3, A4 originating from wheat) and 4.

tenuissima (isolate A6 originating from rye) isolates were obtained from CRC
Genbank of Small Grain Cereals and Microorganisms, Cereal Research Non-
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profit Company, Szeged, Hungary. One A. alternata isolate (SORI1IIIZA1)
obtained from wheat grain grown in the Vojvodina Province was also in-
cluded in the analyses. To obtain conidia, all isolates were grown on CPA
(Carrot = Potato Agar) in Petri dishes of 90 mm diameter for 10 days, under
dark conditions at 25 °C. Presence of conidia was monitored on a daily basis.
After 10 days, conidia were harvested by washing the culture surface and
macerating the medium in sterile distilled water (SDW), after which the con-
centration was adjusted to 2 x 10° conidia/ml.

Artificial inoculation of wheat kernels

Two wheat genotypes were inoculated under laboratory conditions with
different combinations of Alternaria isolates: (1) Durum wheat (7riticum durum
L.) inoculated with isolates A2+SORI1IIIZA1; (2) common wheat cultivar Barbee
(T vulgare L.) inoculated with isolates A3+A4+A6; and (3) Durum wheat inocu-
lated with isolates A2+A3+A4+A6+SORIIIIZAL. Prior to the treatment, 500 g
of wheat kernels was weighed and was placed into glass bottles and sterilized
at 121 °C for 60 min. After autoclaving and cooling the kernels, 200 ml of the
fungal conidia suspension was added and homogenized. Inoculated kernels were
incubated at 25 °C in the dark for 20 days. The bottles containing inoculated
kernels were shaken on a daily basis for 30 minutes. After the incubation time
had lapsed, the glass bottles were exposed to 45 °C for 30 minutes, closed with
screw caps and placed into cold storage (at -20 °C) until required for analysis.

Determination of toxin concentrations in artificially inoculated
wheat kernels

The analyses were performed using LC-MS/MS methodology adapted
from Scott (2001). Briefly, 10 g of the artificially inoculated seed sample was
weighed and, after extraction with acetonitrile/water, the resulting aliquot was
subjected to solid phase clean-up. The Alternaria toxins were then eluted with
methanol and quantitatively determined by HPLC-MS/MS after changing the
solvent. The Alternaria toxin content in the samples was corrected to obtain
the required recovery rates. The following toxins were analyzed: (AOH),
(AME), (TEN), (TeA) and (ALT) (Table 1).

Table 1. Analyzed toxins produced by Alternaria isolates

Toxins LOQ (pg/kg) LOD (pg/kg)
Tenuazonic acid (TEA) 10 3
Altenuen (ALT) 10 3
Alternariol (AOH) 2 1
Alternariol monomethyl ether (AME) 2 1
Tentoxin (TEN) 10 3
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RESULTS AND DISCUSSION

Alternaria species are common saprophytes or pathogens of a wide range
of plants, whereby infection can occur in field as well as during storage. The
most frequently analyzed toxins are AOH, AME and TeA, followed by ALT,
produced by 4. alternata or A. tenuissima, and TEN toxin produced by 4.
alternata. Due to the occurrence of Alternaria species, these mycotoxins can
be present as contaminants throughout the entire food and feed chain, espe-
cially in cereals, vegetables, fruit and oil seeds (Zwickel et al., 2016).

As a part of the present study, the toxigenic potential of Alternaria isolates
(4. alternata and A. tenuissima) obtained from wheat and rye was evaluated,
whereby different wheat kernels were subjected to artificial inoculation. As
shown in Table 2, all inoculated wheat samples were successfully contami-
nated with Alternaria toxins (AOH, AME, TeA, ALT, and TEN) in high con-
centrations.

On the durum wheat samples inoculated with the Alternaria alter-
nata isolates originating from wheat grown in Hungary (A2) and Serbia
(SORIIIIZAT), the toxin concentration was the lowest. Additionally, analyses
related to this combination showed the presence of AOH (>2,000 pg/kg), AME
(>1,000 pg/kg), TeA (>9,000 pg/kg), ALT (760+300 pg/kg) and TEN (57+£23
ng/kg).

When inoculation was performed on kernel of wheat cultivar Barbee with
isolates originating from wheat (A3, A4; 4. alternata) and rye (A6; A. tenuis-
sima), the highest concentrations of the Alternaria toxins were recorded, i.e.
>30,000 pg/kg, >10,000 ng/kg, >250,000 pg/kg, >5,000 pg/kg and >2,000
ng/kg were maxima attained for AOH, AME, TeA, ALT and TEN, respec-
tively.

Using a mixture of all tested Alternaria isolates (A2+A3+A4+A6 and
SORIIIIZA1) in the inoculation of durum wheat kernel resulted in a lower
(higher) toxin production (Sample 1) compared to Sample 2. The highest re-
corded values were as follows: >10,000 pg/kg, >3,000 pg/kg, >50,000 ng/kg,
>2,000 pg/kg and 170+68 pg/kg for AOH, AME, TeA, ALT and TEN, respec-
tively. When all results were compared, TeA emerged as the most abundant
toxin in all wheat samples, while TEN was present in the lowest concentrations.
Finally, the most suitable substrate for Alternaria toxin production was wheat
Barbee.

Given the high toxicogenic potential of Alternaria isolates from small
grain cereals and the widespread occurrence of Alternaria species, there is a
need for the legislation of maximum allowable concentrations of Alternaria
toxins in food and feed.
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Table 2. Determination of toxin concentrations in wheat samples artificially inoculated
with Alternaria isolates

Wheat sampl.es,. mixture of Toxin Concentration
Alternaria isolates (ng/kg)
Alternariol (AOH) >2,000
Alternariol monomethyl ether (AME) >1,000
1) Durum, A2 (4a) + SORIIIZAL (4a) Tenuazonic acid (TeA) >9,000
Altenuen (ALT) 760+300
Tentoxin (TEN) 57423
Alternariol (AOH) >30,000
Alternariol monomethyl ether (AME) >10,000
2) Barbee, A3 (4a) + A4 (da) + A6 (Af) Tenuazonic acid (TeA) >250,000
Altenuen (ALT) >5,000
Tentoxin (TEN) >2,000
Alternariol (AOH) >10,000
Alternariol monomethyl ether (AME) >3,000
3 Durum, A2 () A3 (4) A4 (49 Teygzonic cid (T 50,000
Altenuen (ALT) >2,000
Tentoxin (TEN) 170+68

Aa — Alternaria alternata; At — Alternaria tenuissima.

CONCLUSION

Fungal species of the genus Alternaria represent a potential hazard for
food safety owing to their toxin-producing potential. Under laboratory condi-
tions, A. alternata and A. tenuissima isolates produced a wide range of myco-
toxins in high concentrations. As shown in the present study, significant dif-
ferences exist among wheat types and cultivars in terms of their suitability as
a toxin production substrate. Field infections of wheat by these Alternaria
species can provide conditions conducive to further fungal development during
storage and may thus result in significant toxin contamination.
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PE3UME: V¥ pany je ucnutaH TOKCUT€HH ITOTEHIIMjaJl H30JaTa BPCTa U3 poja
Alternaria — A. alternata v A. tenuissima y 1a00OpaTOpUjCKUM yCIOBUMA HA TIyPyM
nmenuny copre ,,JAyman” (Triticum durum L.), kao v Ha copTu nienune ,,Barbee”
(T vulgare L.). TokoMm BemTauke HHOKyJalKje y JJabopaTopuju kopuirheHne cy Tpu
pasnuunte KOMOMHaNMje TeHoTUI minenuie/uzonatu. [lyrem LC-MS/MS mertoze
WCIIUTAH je caJip)kaj anTepHapua TokcrHa antepHapuona (AOH), anrepHapnon Mome-
tunerpa (AME), reatokcuna (TEN), Tenyazonnune kucenune (TeA) n antenyena
(ALT). Copra ,,bap0u” mokazaia ce Kao HajTIOTOJHUJH CYTICTPAT 3a MPOAYKIIH]Y aJITep-
Hapua TOKCHHA. Y HCIIUTHBAHUM y30pIrMa yTBpheHa je HajBuIlIa KOHIICHTpaIlH]ja
tokcuHa AOH, AME u TeA. Pe3ynraru oBuX UCTpakMBama yKa3yjy Ha MoryhHocT
oCTBapema MH(EKIIHMje CTPHUX JKUTA O] cTpaHe Alternaria BpcTa TOKOM CKJIAIUIITCHA
Y Ha PU3HK OJI MOTEHIIMjaTHE KOHTAMUHALIK]E O]l CTPaHe MUKOTOKCHHA U yJIacKa OTPOB-
HUX jelMbeba y TaHal ucxpane. Jlasba ucTpakuBama 1 NoTpeda 3BaHUYHE peryianuje
MaKCHMAaITHO JJO3BOJbEHUX KOIMUNHA Alternaria TOKCUHA y IUJBY CY CMarbeha PU3HKa
O] TPOBaKa CEKyHJAPHUM METabOIMTUMA KOje CTBapajy IJbHBE U3 pojaa Alternaria.

KJbYYUYHE PEUU: Alternaria, nponyKiiuja TOKCHHA, IICHUIIA
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REVIEW OF TRENDS IN ESSENTIAL OILS
AS ALTERNATIVES TO ANTIBIOTICS IN
BOVINE MASTITIS TREATMENT

ABSTRACT: Bovine mastitis is an important disease in the dairy industry responsi-
ble for the welfare and significant economic losses in dairy cows. The treatment of choice
for mastitis is the administration of antibiotics. However, this therapeutic choice has some
disadvantages including presence of antibiotics residues in the milk, low cure rate as well
as rapid increase in antibiotic-resistant pathogens. Therefore, new alternative approaches to
antibiotics were investigated by different groups of researchers in order to find an effective
approach for bovine mastitis therapy. This review was conducted in order to analyze differ-
ent publications on usage of essential oils in relation to bovine mastitis. There are many in
vitro studies for evaluating the antimicrobial efficacy of essential oils against many mastitis
associated pathogens. In addition, numerous of tested essential oils have shown good
efficacy with a wide range of minimal inhibitory concentrations (MICs) and minimal bac-
tericidal concentrations (MBCs). On the other hand, only several in vivo studies have focused
on therapeutic effects of essential oils. Moreover, recent studies indicate the possibility of
using essential oils in the fight against biofilm which could be promising fight against bovine
mastitis since unsuccessful antibiotic treatment can be associated with the presence of biofilms.

KEYWORDS: antibiotics, bovine mastitis, essential oils, in vivo, in vitro, biofilm

PHARMACOLOGICAL ACTIVITY OF ESSENTIAL OILS

Essential oils (EOs) are aromatic oily liquids obtained from plant materi-

als, proved to be good sources of bioactive compounds. EOs possess various

* Corresponding author. E-mail: tomanicd@live.com
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applications mainly in health, cosmetic, agriculture and food industry (Raut
and Karuppayil, 2014). Compared fo conventional drugs, these compounds are
of natural origin, lower side effects and low resistance after prolonged exposure
(Montironi et al., 2016). The pharmacological activities of these oils have been
well known since ancient times and they include antimicrobial, antiviral, an-
timutagenic, anticancer, antioxidant, anti-inflammatory, immunomodulatory
and antiparasitic activities (Bakkali et al., 2008; Cho et al., 2020; Nehme et al.,
2021). Due to bactericidal, fungicidal and virucidal effects, EOs are used in
veterinary medicine in the treatment of diseases caused by microorganisms,
but also in the treatment of non-infectious diseases because they have hypolipi-
demic, hypotensive, anticancer, anticoagulant, sedative, analgesic, anticoagu-
lant, antirheumatic and other effects (Vucini¢ et al. 2011)

The compounds present in EOs are probably related to their pharmaco-
logical activities (Burt et al., 2004; Nehme et al., 2021). The greatest advantage
of compounds of plant origin in relation to synthetic agents lies in the fact that
plants have a larger pharmacological complex and can affect several different
diseases. While synthetic agents are designed to inhibit or stimulate one of the
pathways of pharmacological effects, natural compounds can act on a number
of different pathways without adverse effects (Nikoli¢, 2015).

Antibacterial activity of EOs

Antibiotic therapy is one of the most important tools used in the fight
against infectious diseases (Yap et al., 2014). Irrational use of antimicrobial
drugs is a long-standing problem, both in human and veterinary medicine. In
recent years, the development of antimicrobial resistance to a number of anti-
biotics has increased, thus endangering the control of infectious diseases
(Grundmann et al., 2011; Puvaca et al., 2021). Besides, bacterial resistance to
antibiotics and lack of new antibiotics on the drug market have encouraged
research of antibacterial activity of non-antibiotic alternatives, including EOs.

A large number of EOs are known to have antimicrobial properties and
in many cases this activity is due to the presence of different classes of monoter-
penes (Stankovi¢ et al., 2011). The antimicrobial activity of EOs and their
components can vary from partial to complete inhibition of bacterial growth,
so that EOs exhibit bacteriostatic or bactericidal activity (Stankovic¢ et al., 2011).
A large number of in vitro studies have assessed the antimicrobial activity of
the EOs against pathogenic bacteria (Mimica-Duki¢ and Bozin, 2007; Mullen
et al., 2014; Motlagh et al., 2014; Piotr et al., 2018; Kovacevi¢ et al., 2021). Some
studies have demonstrated that whole EOs usually have higher antibacterial
activity than the mixtures of their major components, suggesting that the mi-
nor components are critical to the synergistic activity, though antagonistic and
additive effects have also been observed (Bassol¢ and Juliani, 2012).

The mechanism of action of the EOs depends on their chemical composi-
tion, and their antimicrobial action cannot be attributed to a single mechanism,
but represents a cascade reaction involving the whole bacterial cell (Nazzaro
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et al., 2013). In many cases, antimicrobial activity is the result of a complex
interaction among different classes of compounds such as phenols, aldehydes,
ketones, alcohols, esters, ethers or hydrocarbons found in the EOs. The great-
est antimicrobial effect is exerted by phenols, which are mainly present with
the highest percentage in EOs, followed by alcohols, aldehydes, ketones, ethers,
while the antibacterial effect of hydrocarbons is very low (Dorman and Deans,
2000; Bassole and Juliani, 2012). The antimicrobial activity of phenol depends
on the applied concentration. It means that at lower concentrations, they cause
structural changes in the cell membrane by inhibiting cellular respiration, while
at higher concentrations they lead to more severe membrane damage, complete
disruption of homeostasis and cell death (Carson et al., 2002). The high anti-
microbial activity of Thymus and Origanum species is attributed to their phe-
nolic components such as thymol and carvacrol (Lambert et al., 2001; Oussalah
et al., 2007). In vivo study conducted by Radinovi¢ et al. (2018) showed that
thyme EO can be used in the prevention and treatment of mastitis in dry cows.

The interaction between EO compounds can produce four possible types
of effects: indifferent, additive, antagonistic or synergistic (El-Tarabily et al.,
2021). The combination of phenol (thymol with carvacrol and both components
with eugenol) produced synergistic effects on several microorganisms, and
they are especially active against E. coli strains (Bassole and Juliani, 2012).
Although in other studies they have shown an additive effect (Lambert et al.,
2001), as well as an antagonistic one (Gallucci et al., 2009).

The antibacterial activity of the EOs depend not only on chemical char-
acteristics, but also on the type of bacteria (Ebani and Mancianti, 2020). Name-
ly, gram-negative bacteria are more resistant to EOs than gram-positive bac-
teria (Trombetta et al., 2005). The lower susceptibility of gram-negative bac-
teria is explained by the difference in cell wall structure that limits the diffu-
sion of hydrophobic compounds through the lipopolysaccharide envelope (Burt,
2004). The cell structure of gram-positive bacteria allows hydrophobic mole-
cules to easily penetrate cells and act on both the cell wall and the internal
cytoplasm. Due to their hydrophobic nature, EOs interact with the lipid mem-
brane of the bacterial cell increasing its permeability but also with mitochon-
dria (Chouhan et al., 2017). The permeability of the cell membrane occurs as
a result of a change in the membrane potential, the collapse of the proton pump
and the release of ions from the cell, which results in lysis and death of the cell.
This mechanism is thought to be most responsible for bacterial cell damage
(Burt, 2004; Bakkali, 2008). EOs can also cause coagulation of bacterial cell
cytoplasm (Gustafson et al., 1998) and affect the biosynthesis of lipids, includ-
ing unsaturated fatty acids. EOs in the bacterial cell, even in a concentration
below the minimum inhibitory concentration (MIC), decrease the level of
unsaturated fatty acids that are generally responsible for the membrane fluid-
ity (Nehme et al., 2021).

EO components react not only on membrane lipids, but also on proteins
such as the enzyme adenosine triphosphatase (ATPase) (Burt, 2004). Eugenol
has been shown to inhibit the activity of the following enzymes: ATPase, histi-
dine decarboxylase, amylase and protease (Hyldgaard et al., 2012). Research has
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shown that the EOs can also affect other enzymes involved in energy regulation
or responsible for the synthesis of structural components of the cell (Burt, 2004).
The EO can exert its antibacterial action by preventing the process of transcrip-
tion and translation of microorganisms. The main active component of tea tree
extract, terpinen-4-ol, has been shown to directly affect the regulation of 10
Staphyloccocus auerus genes and prevent their transcription (Cuaron et al., 2013).

The antimicrobial activity of EOs is determined by the method of diffu-
sion, dilution or bioautographic method. The diffusion method is most often
used to determine the existence of antimicrobial activity of EOs, while the agar
dilution method is used to determine the strength of antimicrobial activity
(Burt et al., 2004).

The influence of EOs and their constituents on the biofilm of bacteria

Biofilm-forming microorganisms represent a serious medical problem, as
they protect themselves from antibiotics and the hosts” immune response. In this
structure, microorganisms show a 10 to 1,000 time higher tolerance to antimicro-
bial agents than the same cells in planktonic form (Pedersen et al., 2021; Iseppi
et al., 2021). Additionally, these formations favour the exchange of genes located
at the plasmid level responsible for antibiotic resistance (Iseppi et al., 2021).

Chronic biofilm infections are notoriously known to be difficult to erad-
icate with antibiotics and biofilm formation could be a possible explanation for
mastitis cases that are not resolved by standard treatment. Pedersen et al. (2021)
reported that plenty of in vitro studies investigated the biofilm forming abilities
of mastitis pathogens isolated from milk samples, but only few have focused
on biofilm formation inside udders from dairy cows with mastitis. Furthermore,
the treatment of mastitis is difficult, especially caused by S. aureus. Therefore,
the connection between this form of mastitis and S. aureus biofilm presence
and many virulence factors that are upregulated during mastitis infections
should be further investigated (Zecconi et al., 2006; Oogai et al., 2011).

The ability of EOs to inhibit biofilm formation has been poorly explored;
however, some reports suggested their utilization as potent inhibitor of biofilm
formation (Jia et al., 2011; Caputo et al., 2020; Martinez et al., 2021). When it comes
to mastitis pathogens, Aiemsaard et al. (2011) reported that lemongrass oil and its
major components demonstrated an inhibitory effect on clinically isolated bovine
mastitis pathogen S. aureus biofilm formation. Furthermore, study conducted
by Budri et al. (2015) observed strong antibiofilm activity for Syzygium aro-
maticum and Cinnamomum zeylanicum and their major component cinnamal-
dehyde against S. aureus isolated from cases of subclinical bovine mastitis.

Essential oils in vitro efficiency against bovine mastitis pathogens

Various in vitro studies have shown promising results regarding anti-
bacterial efficiency against the most common mastitis pathogens, which is
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summarized in Table 1. The most tested EOs in different studies were obtained
from Thymus vulgaris L., Lamiaceae and Origanum vulgare L., Lamiaceae

(Table 1).

Table 1. Antibacterial activity of EOs against bovine mastitis pathogens — in vitro

EOs Mastitis pathogens Study
Streptococcus spp., Streptococcus spp. B
heamoliticus, Escherichia coli, Enterobacter
Menthae piperitae and Melissa sakazakii, Klebsiella oxytoca, Streptococcus Tomani¢
officinalis uberis, Streptococcus dysgalactiae, etal., 2022
Staphylococcus spp. coagulase negative
and Staphylococcus aureus
Streptococcus spp., Escherichia coli, Strepto-
coccus spp. B haemoliticus, Staphylococcus
Origanum vulgare, Satureja aureus, Staphylococcus spp. coagulase nega- Kovacevi¢
montana tive, Streptococcus uberis, Streptococcus etal., 2022
dysgalactiae, Klebsiella oxytoca, Cronobacter
sakazakii
Eugenia caryophyllata, Origanum  Staphylococcus aureus, Escherichia coli and Barreiros
vulgare, and Cinnamomum cassia  Candida albicans etal., 2022
Escherichia coli, Streptococcus spp., Staphy-
. lococcus spp. coagulase negative, Strepto- ~ Kovacevi¢
Thymus vulgaris, Thymus serpullum coccus uberis, Streptococcus dysgalactiae, et al., 2021
Klebsiella oxytoca, Enterobacter sakazakii
Ocimum sanctum, Origanum onites Staphylococcus aureus and Escherichia coli ;\gg]m etal,
Juniperus virginiana, Cinnamomum
cassia, Pelargonium graveolens, Staphylococcus aureus, Staphylococcus Piotr et al.,
Leptospermum scoparium, Pogoste- epidermidis, Staphylococcus xylosus 2018

mon cablin and Thymus vulgaris

Minthostachys verticillata

Escherichia coli, Bacillus pumilus, Entero-
coccus faecium

Cerioli et al.,
2018

Mentha pulegium, Nepeta cataria,
Melissa officinalis, Agastache foeni-
culum, Lavandula angustifolia,

Staphylococcus xylosus, S. intermedius, S.
chromogenes, S. hyicus, S. aureus, Vibrio

Sfluvialis, Serratia liquefaciens, Escherichia

Origanum vulgare, Althaea offici-  coli, Lactococcus lactis ssp. lactis, Entero- ggiga ctal,
nalis, Plantago lanceolate, Artemisia bacter intermedius, Bacillus cereus, Yersinia
absinthium, Populus nigra, Evernia ruckeri, Aeromonas hydrophila/caviae, and
prunastri Kytococcus sedentarius

. .. . Montironi
Minthostachys verticillata Streptococcus uberis etal., 2016
Thymus vulgaris and Lavandula Abboud
angustifolia Staphylococcus and Streptococcus etal., 2015
Syzygium aromaticum, Cinnamo- Staphylococcus aureus Budri et al.,
mum zeylanicum 2015
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Cinnamomum zeylanicum, Citrus

bergamia, Eucalyptus globulus, Staphylococcus aureus, Staphylococcus

Foeniculum vulgare, Origanum chromogenes, Staphylococcus sciuri, Staph-  Fratini et al.,
majorana, Origanum vulgare, vlococcus warneri, Staphylococcus xylosus 2014
Rosmarinus officinalis, Satureja and Escherichia coli

montana, Thymus vulgaris

Staphylococcus aureus,

Thymus vulgaris Staphylococcus epidermis, Escherichia coli Motlagh
; etal., 2014
and Staphylococcus agalactiae
Cinnamomum zeylanicum and Staphviococcus s Dal Pozzo
transcinnamaldehyde (TC) Py PP- etal., 2012
Lemongrass and Oregano Staphylococcus aureus géllo 21 etal,

Origanum vulgare, Thymus vulgaris,

Lippia graveolens, Rosmarinus Staphylococcus spp. Dal Pozzo

officinalis, Salvia officinalis, Oci- etal., 2011
mum basilicum, Zingiber officinale

trans-cinnamaldehyde (Cmna.mo- Streptococcus agalactiae, Streptococcus

mum verum), eugenol (Eugenia dysgalactiae, Streptococcus uberis. Bascaran
caryophillis), carvacrol, and thymol S8 ’ P ? etal., 2009

(Origanum glandulosum) Staphylococcus aureus, Escherichia coli

The remarkable antimicrobial activity of O. vulgare and T. vulgaris against
Staphylococcus spp. from different studies has been confirmed (Dal Pozzo et
al., 2011, Kovacevic et al., 2021; Kovacevic et al., 2022). Furthermore, MIC
values (0.16—10 pl/ml) for EOs obtained from O. vulgare (Norby and Halbert,
2016) and MBC values (6.25 mg/ml) (Kovacevic et al., 2022) show significant
antimicrobial activity against Staphylococcus spp. Similar activity against Staph-
vlococcus spp. is confirmed for EOs obtained from 7. vulgaris; MIC values from
0.8 to 3.2 mg/ml and MBC values from 1.6 to 3.2 mg/ml (Dal Pozzo et al., 2011).

Most in vitro studies against bovine mastitis have focused on S. aureus
isolates. This bacteria is considered a main pathogen of bovine mastitis and
well-known biofilm producer highly resistant to antimicrobial agents which
makes it difficult to control (Lopez et al., 2020; Pedersen et al., 2021). 7. vul-
garis and O. vulgare EOs have shown promising results against these bacteria;
MIC values from 0.05 to 6.25 pl/ml for 7. vulgaris EO and MBC values from
0.1 to 6.25 ul/ml (Piotr et al., 2018). Additionally, Choi et al. (2012) reported
MIC values from 1 to 4 mg/ml for EO obtained from O. vulgare.

It is established that EOs and their major components could exhibit inhi-
bition of initial biofilm formation. However, some studies have shown that low
concentrations of EO, such as tea tree oil and cinnamaldehyde, can increase
bacterial metabolic activity in relation to biofilm production due to environ-
mental stress in S. aureus and Pseudomonas aeruginosa, respectively (Kwiecin-
ski et al., 2009). Interestingly, the strong antibiofilm activity for Syzygium
aromaticum and Cinnamomum zeylanicum EO and cinnamaldehyde against
S. aureus recovered from cases of subclinical bovine mastitis was reported by
Budri et al. (2015). Furthermore, carvacrol, one of the main antibacterial com-
ponents of oregano oil and other EOs, was reported to inhibit biofilms of S.
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aureus and S. typhimurium in the initial growth phase and prevented the for-
mation of mature biofilms (Knowles et al., 2005).

Essential oils in vivo efficiency against bovine mastitis pathogens

It is always challenging to transfer in vitro results in in vivo study models.
Hence, there are only a few studies that tested and confirmed in vivo activity
of EOs based phytopharmaceuticals targeting udder tissue of dairy cows with
diagnosed subclinical and clinical form of mastitis. Actually, beside different
kind of EOs, different pharmaceutical formulation and dosage are used. In
addition, the most common way of application of the EOs based pharmaceu-
ticals was intramammary, followed by application of the semisolid pharma-
ceutical formulations (gel or ointment) (Table 2). Besides, Hase et al. (2013)
evaluated therapeutic efficacy of herbal spray and gel. The results indicated
that herbal therapy by potentiating the udder immunity, not only eliminates
udder infection in subclinical form of mastitis, but also there were no side effects
observed. On the other hand, use of ointment derived from oregano EO suggest
that it may be a useful alternative to antibiotics in the control of subclinical
form of bovine mastitis caused by S. aureus and/or E. coli (Cho et al., 2015).

Table 2. Antibacterial activity of EOs against bovine mastitis pathogens — in vivo

EOs Pharmacological form Study

Origanum vulgare, Lavandula angustifolia

Gel Pasca et al., 2020
and Rosemary ’
Thymus v.ulgaris, unltheria progumb?ns, IMM infusion Mullen, 2020
Glycyrrhiza uralensis, Angelica sinensis
Angelica dahurica and Rheum officinale IMM infusion Yang et al., 2019
extracts
Minthostachys verticillata IMM infusion Montironi et al., 2019
Salvia officinalis IMM infusion Alekish et al., 2017
Origanum vulgare Ointment Cho et al., 2015

intramammary injection,
Thymus vulgaris and Lavandula angustifolia  external application or ~ Abboud et al., 2015
massage of a solution

Thymus vulgaris, Gaultheria procumbens,

. . h . . IMM infusion Pinedo et al., 2013
Glycyrrhiza uralensis, Angelica sinensis
Cedrus deodara, Curcuma longa, Eucalyptus
globules, Glycyrrhiza glabra Herbal spray Hase et al., 2013
Cedrus deodara, Curcuma longa, Eucalyptus Gel Hase et al., 2013

globules, Glycyrrhiza glabra

Gel, cream, ointment

Lippia salvifolia and Lippia sidoides and solution.

Soares et al., 2013

Thymus vulgaris, Gaultheria procumbens,

. . h . . IMM infusion McPhee et al., 2011
Glycyrrhiza uralensis, Angelica sinensis

Thymus vulgaris, Rosmarinus verbenone,

> IMM infusion Lefevre et al., 2008
Laurus nobilis
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Mullen et al. (2020) and McPhee et al. (2011) reported no visible signs of
udder irritation and good tolerance of EOs formulations of two commercial
products known as Cinnatube® and PhytoMast® in cows with mastitis. Con-
trary to this, Alekish et al. (2017) reported significant decrease in somatic cell
count (SCC) post treatment with intramammary infusion of sage EO. Similar
results on SCC were observed by Hase et al. (2013) and Cho et al. (2015). On
the other hand, Yang et al. (2012) tested the therapeutic effectiveness of An-
gelica dahurica and Rheum officinale extracts in bovine mastitis therapy and
they pointed out lower probability for the causative agents to develop drug
resistance post treatment.

Interestingly, the duration of treatment lasted differently depending on
the type of preparation used in the study. Usually, treatment duration varied
from three days (Pinedo et al., 2013; Cho et al., 2015; Alekish et al., 2017) to
five days (Hase et al., 2013).

Natural formulations used in in vivo studies listed in Table 2 suggested
good efficacy in the treatment of bovine mastitis measured trough clinical and/
or bacteriological cure of this disease. Additionally, medicinal plant extracts
appear to be a safe, efficient, and low-cost option for treating this type of dis-
ease, minimizing economic losses, but also affecting the safety of animal
products consumption.

CONCLUSION

Possibility of using phytochemicals is gaining more and more attention
in light of replacement of different synthetic drugs. EOs can replace antibiot-
ics, being immune enhancers and fight bacterial infections without any poten-
tial side effects and leaving harmful residues in the animal body. Furthermore,
various in vitro and in vivo studies have shown promising results regarding the
use of EOs in prevention and treatment of bovine mastitis. As alternative to
antibiotic treatment, EOs based phytochemicals still need to clarify composition
and mechanism of action in order to assess the appropriate dose and dosage
regimen that should be safely used in cows with diagnosed subclinical and
clinical form of mastitis. Since there is a gap in field, especially in non-anti-
biotic treatments for mastitis in organic dairy herds, tested and standardized
EOs phytochemicals could find their place in different pharmaceutical forms
regarding the site of the pharmacological activity.
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PE3UME: Macrutuc je, kao 0301JbHO 000JbEHE IPUCYTHO Y MJIEKapCKOj HHILYCTPH-
JjH, OIrOBOpaH 3a JOOPOOHT 1 3HaYajHE EKOHOMCKE TYOUTKE MIICYHHX KpaBa. [IpuMena
AHTHOHMOTHUKA IPECTaBIbA jEHY OJ MIABHUX CTPaTETrHja 32 KOHTPOJIY MaCTHTHCA.
MeljyTuM, 0Baj MPUCTYI KMa HEKE HEJJOCTATKE YKIbY4yjyhu PUCYCTBO pe3uiya aHTHU-
OMOTHKA y MIIEKY, HUCKY CTOITY U3JIe4eHha, Ka0 1 IopacT Opoja maToreHa pe3uCTeHTHUX
Ha aHTHOMOTHKe. V3 HaBeieHNX pa3iiora, BeJIUKHN Opoj HayYHHKa OaBH Ce HaJIaXKEeHeM
aJTepHATHBA aHTHOMOTHIIMMA KaKo OM MpoHAILIN eruKacaH IPUCTYI y TEpamuju
MacTuTHca KpaBa. [[usb OBOT peBHjaTHOT pajia jecTe aHaIn3a pa3InduTHX MyOIuKa-
[Uja 0 ynoTpeOu eTapcKuX yjba y Tepaluju MacTuTHca Kpasa. [loctoje MHOra in vitro
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WCIIMTHBaKka aHTUMUKPOOHE e(PUKACHOCTH €TapCKUX yJba IPOTUB Pa3IUYUTUX ATO-
TeHHX y3pOYHUKa MacTUTHCa. MHOroOpojHa eTapcka yJjba Koja cy UCIIUTaHa Imoka3aja
Cy 100py aHTUMUKPOOHY aKTHBHOCT Ca IIUPOKUM PACIIOHOM MUHUMAJHUX UHXUOU-
TOPHUX U MHHUMAJTHUX OaKTepHIUIHAX KOHLeHTparuja. C Apyre cTpaHe, caMo HEKO-
JIMKO in Vivo HCTPakKMBamba 0aBHUIIO CE UCITUTHBABHEM TEPAIM]CKUX edpexara eTapeKux
yJba. [Topen Tora, HejaBHA UCTPaKMBabha YKa3yjy Ha MOr'yhHOCT yrnoTpede eTapcKix
yJba C IIIJBEM CMambeba hopMupama onoduiMa, ITO MOXKE JaTH OIINIHE Pe3yTare
y 60pOuM MPOTHB MacTUTHCA KpaBa, 003UPOM J1a Ce HEYCIeNTHA aHTUOMOTCKA Teparja
MOJKE TIOBE3aTH Ca MPUCYCTBOM OnoQriIMa.

KJbYYHE PEYU: anTHOHOTHIIN, MACTUTHUC KpaBa, eTapcKa yiba, in vivo, in vitro,
ouopuam
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ANTIMICROBIAL AGENTS IN LAYING HENS

ABSTRACT: The European Union permitted 6 antimicrobial agents that can be used
in laying hens. These are colistin, tyrosine, neomycin, oxytetracycline, chlortetracycline,
and erythromycin. Antimicrobial drugs are used today primarily for the prevention and
treatment of diseases in poultry and often (not in the EU) to stimulate growth. Because these
drugs are often used irrationally, there are good chances that their residues will be found not
only in poultry meat but also in the eggs within a certain period after the termination of
treatment. In addition to the administration of authorised VMPs, the residues in eggs can be
the result of erroneously applied medicated food, the contamination of the food with some
antimicrobial drug in the mixing unit, as well as “extra-label” use of drugs in poultry. The
antimicrobial agents are distributed in the body and deposited in the eggs, mainly in the yolk
where they persist longer than in the albumen. Drugs that are poorly absorbed from the
gastrointestinal tract (aminoglycosides, aminocyclitols, polymyxins) cannot be detected in
the eggs, while the residues of some antimicrobial drugs can be detected for up to two months
(chloramphenicol) after the last treatment. The rational use of drugs in veterinary medicine has
manifold significance. When using drugs only when they are really necessary (indicated), in
the right dose and route of administration, the potential damage can be reduced and efficiency
increased, while the risk of microorganism resistance development would be significantly
decreased. All of this becomes more important when these drugs are used in food animals.

KEYWORDS: antimicrobials, eggs, laying hens, residues, yolk, albumen

INTRODUCTION

In the clinical practice of human and veterinary medicine throughout the
world, a large number of antimicrobial drugs are used. Likewise, many scientists

* Corresponding author. E-mail: cpev57@gmail.com

61



intensively work on the discovery and synthesis of new drugs with a broader
antimicrobial spectrum, stronger action, and a more satisfactory safety profile.
Unfortunately, these drugs are often not rationally used. Despite permanent
indications for all failures and harmful consequences of such use, it is present
in everyday clinical practice (Cupi¢ and Dobri¢, 2003).

Non-rational use of these drugs in veterinary medicine, as well as the
need for control of their use, become greater problems regarding their use in
food-producing animals. In that case, there is a possibility that minimal quan-
tities of the drugs and their metabolites (residues), which remain in the edible
tissues and animal products (meat, milk, eggs, honey) can induce some harm-
ful effects in people as potential consumers of that food (Adams, 2001; Giguere
et al., 2013; Cupi¢ and Zivanov, 1990; Cupi¢, 1997, Cupi¢ and Teodorovic,
1997).

Because of their toxicity, both for animals (to whom are applied) and
people as potential consumers of the products derived from these animals, the
Food and Drug Administration (FDA) has banned the use of some antimicro-
bials, as well as some other drugs in food for animals. These are chloram-
phenicol, nitroimidazoles, nitrofurans, quinoxalines, fluoroquinolones, sul-
fonamides, glycopeptides, ionophores, cephalosporins, diethylstilbestrol, dipy-
rone, phenylbutazone, clenbuterol, and some antiviral drugs in poultry (Payne
et al., 1999; Davis et al., 2009).

The use of antibiotics in laying hens has always been the subject of dis-
cussion because there are people who support their use and those who do not
support it. In the Republic of Serbia and some neighboring countries, no anti-
microbial drugs are used for the treatment of diseases in laying hens. How-
ever, antimicrobials are used in some countries. This relates mainly to those
antibiotics that absorb from the digestive tract little or not at all (Goetting et al.,
2011).

The European Union has approved 6 antimicrobial agents that can be used
in laying hens. These are colistin, tylosin, neomycin, oxytetracycline, chlortet-
racycline, and erythromycin. In some countries of the European Union, USA,
Australia, and Canada, the following antimicrobial drugs are approved: baci-
tracin, chlortetracycline, lincomycin and spectinomycin, neomycin, and tylo-
sin (Australia); chlortetracycline, neomycin, oxytetracycline, and penicillin G
(Canada); chlortetracycline, colistin, erythromycin, phenoxymethylpenicillin,
tiamulin, and tylosin (Ireland); colistin, erythromycin, phenoxymethylpenicillin,
tiamulin, and tylosin (England) and bacitracin, erythromycin, hygromycin B,
nystatin, and tylosin (USA) (Goetting et al., 2011).

Although laying hens lay eggs every day (every 24 h), each egg takes
several days to develop in vivo (and some egg components several months). It
is considered that the period from the 10th to 14th day before the egg is laid
(this is the period of intensive development of the yolk) is the most suitable for
the deposit of residues of drugs in eggs. Just during this period the largest
amount of lipoproteins arrives from the liver with circulation and takes part
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in the final stage of the formation of the yolk. If individuals are treated in this
period, then the greatest chances are that lipoproteins are contaminated with
drug residues (Goetting et al., 2011).

Depending on the physicochemical properties, the drugs are distributed
in different concentrations in the body and deposited in the yolk and albumen.
The largest number of drugs (probably because of the longer development of
the yolk) achieve higher concentrations in the yolk than in the albumen. The
retention length of certain antimicrobial drug residues in the eggs after the
treatment is different (Goetting et al., 2011).

Drugs that are poorly absorbed from the gastrointestinal tract (aminogly-
cosides, aminocyclitols, polymyxins) cannot be determined in the eggs, while
the residues of some antimicrobial drugs that are absorbed can be detected for
up to two months (chloramphenicol) after the last treatment (Goetting et al.,
2011).

This paper gives an overview of the pharmacokinetics of some groups of
antimicrobial drugs: aminoglycosides, amphenicols, tetracyclines, and mac-
rolides, with special emphasis on the possibility of depositing these drugs in

eggs.

ANTIMICROBIAL DRUGS
Aminoglycosides

Aminoglycosides (like aminocyclitols) act on gram-negative and some
gram-positive but not anaerobic bacteria. They are very poorly absorbed from
the digestive tract. After oral administration, these drugs are mostly excreted
in mammals by feces. In birds, aminoglycosides after oral administration, are
eliminated by feces also (Botsoglou and Fletouris, 2001; Adams, 2001; Brown
and Riviere, 1991).

Because of the poor absorption from the digestive tract, it is rare to find
a residue of these drugs in the eggs after oral administration. When aminogly-
cosides are given parenterally for the treatment of systemic infections, the main
route of elimination of these drugs in mammals is the kidney.

However, in mammals and birds, the systemic application is limited due
to the toxic effects (nephrotoxicity, ototoxicity) of these drugs. Although in
birds there are no data on the pharmacokinetics of systemically administered
aminoglycosides, a nephrotoxic effect is also expected and it is believed that
the main pathway of elimination is the kidney (Bennett et al., 2001).

When aminoglycosides are applied to laying hens intramuscular or sub-
cutaneous, gentamicin and dihydrostreptomycin are deposited in yolks and
albumen and the residues persist for a long time in the yolk (Roudaut, 1989b;
Filazi et al., 2005) (Table 1).

The retention length of these drug residues in eggs is shown in Table 1.
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Table 1. Residues of aminoglycosides in chicken eggs after parenteral and oral adminis-
tration to laying hens (Goetting et al., 2011)

Drug | Status |Maximum Dose and Hen age | Treatment | The time from last
residue mode of (months) | duration | treatment until the
limit application (days) residue no longer
detected
(days)
Genta- | EU: Not | None 25 mg/kg b.w. (s.c.) 7,5 1 Y: 10
micin | approved A4
WE: 10
50 mg/kg bw. (s.c.) 7,5 1 Y:12
A:S
WE: 12
10 mg/kg b.w. 7,5 1 Y:7
(i.m.) A:3
WE: 7
Neo- |EU: 500 pg/kg | 0.25 g/l p.o. (in 13-18 5 WE: 0
mycin |approved drinking water)
USA: Not 25 mg/kg bw. p.o. | 13-18 5 WE: 0
approved (in drinking water)
Kana- |EU: Not |None 20 mg/kg b.w., 10 7 Y:0
mycin |approved p-o. (in food) A: 0
WE: 7
1,000 mg/kg food, 10 7 Y: 0
p.o. (in food) A: 0
4,000 mg/kg food, 10 7 Y: 0
p-o. (in food) A: 0
8,000 mg/kg food, 10 7 Y: 0
p-o. (in food) A: 0

WE — whole egg; Y — yolk; A — albumen

This table shows that gentamicin persists longer in egg yolk than in albu-
men and the retention length is dependent on the dose.

As already said, neomycin belongs to a group of antimicrobials that are
approved in the EU. Because of that, a maximum residue limit is determined.
However, this drug is poorly or not absorbed and consequently, it cannot be
determined in eggs.

This table shows that kanamycin persists longer in egg yolk than in albu-
men regardless of the dose and retention length is dependent on the dose.

Amphenicols

Amphenicols effectively act against rickettsia, chlamydia, anaerobic and
gram-positive aerobic bacteria, as well as intestinal bacteria. Since it can cause
irreversible bone marrow suppression in humans, the use of chloramphenicol
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is banned or restricted in animals which are used for human consumption in
many countries (Cupi¢ et al., 2003, 2019). Amphenicols are given orally in food
or drinking water to poultry (Bishop, 2001; Papich and Riviere, 2001; Botsoglou
and Fletouris, 2001; Dorrestein et al., 1984).

After oral administration to chickens, absorption is rapid but incomplete.
They are rapidly distributed throughout the body, and the pathways of excretion
vary depending on the drug. Studies performed in most mammalian species
have shown that chloramphenicol is metabolized in the liver and excreted via
the urine and the bile. The pathways of chloramphenicol excretion in birds are
not described. In chickens, thiamphenicol is eliminated through both systems
(bile and kidney). Florfenicol and its metabolite florfenicol amine are depos-
ited in significant amounts in the liver and kidneys (Anadon et al., 1994a;
Bennett et al., 2001).

A small number of studies carried out in laying hens, examining the
elimination of amphenicol residues, showed that the residue can be found in
the yolk and the albumen a few days (and more) after oral administration.

The persistence of residues of these drugs in eggs is shown in Table 2.

Table 2. Residues of amphenicols in chicken eggs after oral administration to laying hens
(Goetting et al., 2011)

Drug | Status | Maximum | Dose and mode of | Hen age | Treatment | The time from last

residue application duration | treatment until the
limit (months) (days) residue no longer
detected
(days)
Chlor- | Not ap- | None 40 mg/l p.o. (in Not 5 Y:>5
amphe- | proved drinking water) specified A4
nicol 500 mg/l p.o. (in 3 8 WE: > 17
drinking water)
1,000 mg/1 p.o., (in 3 6 WE: > 19
drinking water)
60 mg/kg bw., p.o., 10 10 WE: > 72
(in drinking water)
Thi- Not ap- | None 40 mg/kg t.m., p.o. 6 1 Y: 10
amphe- | proved (in capsules) A:2
nicol 40 mg/kg t.m., p.o. 6 5 Y: 8
(in capsules) Al

WE — whole egg; Y — yolk; A — albumen

Table 2 shows that chloramphenicol persists in eggs for a very long time, even more than
72 days.

Unlike chloramphenicol, the residues of thiamphenicol remain much shorter in eggs.
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Tetracyclines

Tetracyclines are a typical example of antimicrobials with a broad spec-
trum of action. They are used to prevent and treat diseases, as well as to im-
prove growth in animals whose products are used to feed people in countries
where such use is legal (Giguere et al., 2013). They are effective against a large
number of gram-positive and gram-negative bacteria, mycoplasmas, chla-
mydia, and rickettsia. The most common mode of using tetracycline in poultry
is oral (in food or drinking water) (Botsoglou and Fletouris, 2001; Chopra and
Roberts, 2001).

Generally, tetracyclines are moderately absorbed from the digestive tract
in mammals, but absorption is incomplete in birds. Tetracyclines have a high
affinity for ionic metals, such as calcium, iron, magnesium, and zinc, which
hinder absorption if present in the food or digestive system (Anadon et al.,
1994b; Botsoglou and Fletouris, 2001).

When tetracyclines are absorbed, they are distributed throughout the body
and concentrated in the liver and kidneys. Tetracyclines are also deposited in
egg-laying hens. After administration, the residues of these drugs appear more
rapidly in the albumen than in the yolk but the concentrations in the yolk are
higher and persist longer. The achieved levels of residues and the degree of
their decrease in eggs depend on the mode of administration, the dose, and the
drug that is applied (Frazier et al., 1995; Yoshida et al., 1973c).

When administered in the same dose and in the same way, doxycycline
is deposited in eggs at higher concentrations than tetracycline, and tetracycline
achieves higher concentrations than oxytetracycline. Variations in the persis-
tence of residues in eggs are a direct consequence of the difference in drug
absorption. Doxycycline can be detected in eggs for almost a month after
discontinuation of the drug, while after a similar dosage regimen, oxytetracy-
cline residues can be detected within 4—10 days after administration (Nogawa
et al., 1981; Roudaut et al., 1989).

The persistence of residues of these drugs in eggs is shown in Table 3.
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Table 3. Residues of tetracyclines in chicken eggs after oral and parenteral administration
to laying hens (Goetting et al., 2011)

Drug Status | Maximum | Dose and mode | Hen age | Treatment | The time from last
residue of application | (months) | duration | treatment until the
limit (days) residue no longer
detected
(days)
Oxy- EU: Ap- [200 pg/kg | 0.1 g/1 (10 mg/kg | Not 5 Y: 0
tetracy- |proved b.w.) specified A: 0
cline p-o. (in drinking
USA: Not water)
approved 025g/1(25mg/ | - 5 Y:4
kg b.w.) A:3
p-o. (in drinking
water)
0.4 g/l p.o. (in 12 7 Y:3
drinking water) A: 0
30 mg/kg b.w., Not 3 Y: 11
im. specified A: 9
200 mg/kg b.w., Not 5 Y: 12
im. specified A:S
Chlor- | Approved |200 pug/kg | 0.5 g/l p.o. (in Not 7 WE: 6
tetracy- |in EU and | (EU) drinking water) |specified
cline USA 0.4 mg/kg
(USA)
Doxycy- | EU: Not | None 0.5 g/l p.o. (in Not 7 Y: 27
cline Approved drinking water) |specified A:25
USA: Not
Approved

WE — whole egg; Y — yolk; A — albumen

Table 3 shows that the residues of doxycycline (when compared to chlo-
rtetracycline and oxytetracycline) remain the longest in eggs.

Macrolides

These antibiotics are effective against mycoplasmas and gram-positive
microorganisms (streptococci and staphylococci), while they are less active
against gram-negative bacteria. The oral route is the most common route of
administration of these drugs to chickens. After the absorption, in birds and
mammals macrolides are widely distributed in the body and penetrate every-
where into the tissues and cells, deposited mostly in the yolk (Adams, 2001;
Papich and Riviere, 2001; Anadon and Reeve-Johnson, 1999; Botsoglou and
Fletouris, 2001; Cupic¢ et al., 2019).

The persistence of residues of these drugs in eggs is shown in Table 4.
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Table 4. Residues of macrolides in chicken eggs after oral administration to laying hens
(Goetting et al., 2011)

Drug Status | Maximum | Dose and mode | Hen age | Treatment| The time from last
residue of application | (months) | duration | treatment until the
limit (days) residue no longer
detected
(days)
Tylosin | Approved | 200 pg/kg [0.5 g/l p.o. (in 5 5 WE: 8
in EU and |(EU and | drinking water)
USA USA) 0.5 g/l p.o. (in 7-16 5 Y: 0
drinking water) A: 0
0.5 g/l p.o. (in Not 7 Y: 6
drinking water) | specified A:3
0.529 g/l p.o. (in Not 3 WE: 6
drinking water) |specified
Spira- |EU: Not |None 100 mg/kg b.w., 10 7 WE: 2
micin | Approved p-o. (in food)
200 mg/kg food, 10 7 WE: 1
p-o. (in food)
400 mg/kg food, | 716 7 Y:7
p-o. (in food) A: 15

WE — whole egg; Y — yolk; A — albumen

Table 4 shows that the length of retention of residues of the tylosin and
spiramycin in chicken eggs depends on the length of treatment and the age of
the animals being treated with the drug.

CONCLUSIONS

The wide and irrational use of drugs in animals whose products are used
for human consumption (in addition to all other adverse effects) inevitably
leads to an increased risk that a certain amount of these drugs remains in foods
of animal origin.

Since residues of antimicrobial drugs can also be deposited in eggs, special
attention should be devoted to the use of these drugs in poultry, especially
laying hens.

In the European Union, 6 antimicrobial drugs were approved for laying
hens. These are neomycin, erythromycin, tylosin, oxytetracycline, chlortetra-
cycline, and colistin.

In the Republic of Serbia and some neighboring countries, no antimicro-
bial drugs are used for the treatment of diseases in laying hens. However, there
are cases when antimicrobials are used. This relates mainly to the antibiotics
that are very poorly absorbed from the digestive tract.
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The question arises whether we are fully aware of the real situation in the
field and whether the prohibition on the use of antimicrobial drugs is being
respected.

We suppose it is not being fully respected. That was the reason for the
presentation of this paper.

Therefore, we think that this issue should be dealt with properly and that
some of the drugs approved in the EU should be also approved in Serbia, in
the first place those that are not absorbed from the digestive tract.
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MPETJIEAHU HAYYHU PA ]

AHTHMUKPOBHU JIEKOBU KOJ/] KOKA HOCHJbA

Butomup H. AYIIUR", Cama P. UBAHOBUR'!, Cynunna 3. BOPO3AH!,
Uunupa A. MYJE3UHOBUR, Jlejana B. AYTIUNh MUJIAJIMHOBUR',
Jenena 3. AJIEKCUR!

" Vuusepsuret y Beorpany, ®akynrer BeTepuHapcKe MEIUIMHE,
Bynesap ocnobohema 18, beorpax 11000, Cpouja
2 Vuusepsutet y CapajeBy, Berepunapcku daxynrer,
3maja ox Bocue 90, CapajeBo 71000, BocHa n Xeprierosuaa

PE3UME: EBporicka yHuja je omoOpuiia mectT aHTHMHUKPOOHUX JIEKOBA KOjU Ce
MOTY KOPHCTHTH KOJT KOKa HOCUJba KOH3YMHHX jaja. To Cy: KONHUCTHH, THIIO3UH, HEOMHU-
[IUH, OKCUTETPALUKIINH, XJIOPTSTPALIMKIHH H CPUTPOMUIIIH. AHTUMHKPOOHH JIEKO-
BU C€ JIaHaC KOPHUCTE MPBEHCTBEHO 3a IPEBEHIIN]Y U JIeUeHe 0O0JIECTH KO JKUBHHE, a
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yecto (He y EY) 3a ctumynanujy pacrta. Y3umajyhu y 003up UMECHHUILY JIa CE OBH JICKOBH
4ECTO KOPUCTE HEPALIMOHAIIHO, [I0CTO]je BEJIMKE 1aHce Jja he ce ibuxoBu ocTanu Hahu
He caMo y Mecy nepa/in Beh 1 y jajuma y o1peheHoM neprozty HakoH MPEeCTaHKa Jieuerba.
[open npumere 0100peHNX JIEKOBA, OCTALH Yy jajuMa MOT'Y OMTH PE3yJITaT OTPELIHO
[PUMEHCHE JICKOBUTE XpaHe, KOHTAMHHALHM]E XPAHE HEKUM aHTUMHKPOOHHM JIEKOM
y MelllaoHaMa XpaHe, Kao U ,,eXTpa-1aden’” Kopuiihema JIeKoBa KO )KHBUHE. AHTUMHU-
KpOOHU JIEKOBH C€ IUCTPUOYHPAjy Y OPTaHU3MY U JIETIOHY]Y Y jajuMa, YIIaBHOM Y
KYMaHIIeTy TJIe ce 3aJipKaBajy JyKe y oJHOoCcy Ha Oernaniie. JIekoBu koju ce ciabo
ancopOyjy U3 raCTPOMHTECTHHAJIHOT TPAKTa (AMHHOIIMKO3H/IM, aMUHOLMKIIUTONH,
TOJMMHUKCHHH) HE MOT'Y C€ YTBP/IUTH Y jajMa, 10K CC OCTalli HEKMX aHTHMHKPOOHHX
JIEKOBA KOjH ce arcopOyjy MOr'y AeTeKTOBATH U JIO JBa Mecera (Hp. xnopaMcpeHHKon)
HAKOH IOCIIE/HEr TPETMaHa. Paonata ynorpeda JIekosa y BETEPHHAPCKO] MEAHLIH-
HY M2 BUILIECTPYKH 3Ha4aj. YIOTpeOa CBaKor JIeKa, CaMo Ka/la Cy 3aUCTa HEOIXOAHH
(MHAMKOBAHM) y NPABOJ 1031 M HAYHHY NPUMEHE, [OTCHLMjaJIHa LITETa O/l BbHXOBE
ynotpebe 01 ce cMamuia, a epukacHocT nosehasa, Te Ou ce pu3uK Off pa3Boja pe3uc-
TEHIMje KOJl MUKPOOpraHu3aMa 3HauajHo cMambro. CBe OBO IMOCTaje jOIl BAXKHH]jE Kaaa
CC OBH JICKOBU KOPHCTE KOJ| )KUBOTHHA YUjH CE IPOU3BOIH KOPHCTE 32 UCXPAHY JBYIH.

KJbYUYHE PEYU: anHTUMUKpPOOHHM JIEKOBH, jaja, KOKE€ HOCHJbE KOH3YMHHUX jaja,
pesunye, KyMaHie, OeraHe
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CITIZEN SCIENCE — SCIENCE — INDUSTRY:
A CASE STUDY IN SELF-DRIVING CAR

ABSTRACT: The paper discusses the connection between citizen science, science
and industry in the field of STEM technologies. A methodology is established for connect-
ing non-expert and expert groups on certain research topics in STEM with the aim to achieve
better dissemination of knowledge from universities and research laboratories and industry.
On the other hand, the CS projects give the response, recommendations, opinions, etc. to
new technological achievements, which should correct and direct the further scientific re-
search and innovation activities. The paper gives a case study of the CS-science-industry
project realized among students of Faculty of Technical Sciences of Novi Sad and experts,
about self — driving car. The aim of the project was to assess the degree of acceptability of
this technical solution and, in correlation with experts, to make a recommendation for finish-
ing or improving this vehicle according to the requirements of future users. CS actors were
informed by experts about the importance and characteristics of these vehicles, as their
introduction into public transport is expected in the near future. In coordination with the
experts, the CS actors formed a questionnaire in which they asked questions that should
indicate the degree of acceptability of the vehicle, but also gave the opportunity to express
opinions and views on the vehicle. The answers on the questionnaire were put on a MS Teams
platform. The analysis of the results of the CS project pointed to the low readiness of young
people to drive a self-driving car of the 5th level (without human-driver), and gave recom-
mendations and ideas to experts on finishing and modifying the vehicle. The work of CS and
experts enabled CS actors, as future engineers and bearers of technical progress, to realize
the importance of innovation and STEM technologies, and experts to gain better insight into
the reaction and opinion of non-experts about their product.

KEYWORDS: citizen science, innovation, knowledge dissemination, non-expert
group, self-driving car

INTRODUCTION

This paper deals with the possibility of incorporating the so-called “citizen
sciences” (CS) into a science that is being developed and researched within

* . . . .
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scientific and professional institutions, primarily universities and institutes.
The coupling of CS is shown, i.e, the results of research by amateur scientists
and research conducted by scientists and highly qualified experts. Citizen sci-
ence means the participation of the public in scientific research, the outcome
of which is the improvement of scientific knowledge as well as the improvement
of public understanding of science. It can be considered as a subset of science
where scientific research is conducted in whole or in part by amateur scientists.
The importance of working on CS projects is that these projects contribute to
improving the lives of citizens, and the entire community. It has two basic
tasks: the first, to provide insight into the opinion and attitude of people about
modern technologies and to involve CS activities as intensively as possible in
modern science, and the second task is to provide CS activities with a large
amount of data that will be the input base for further research by experts. Involv-
ing a large number of citizens — volunteers in the project allows getting a lot of
data in a cheap way. People in CS projects volunteer to contribute to scientific
improvement by gathering and managing information. The arrival of the 21
century has led to the rapid development of the CS initiative in uniting scien-
tists and peoples with the aim of raising awareness and finding solutions to
social problems, environmental protection tasks including health, defining
social trends, predicting human mobility, technology impact such as exchang-
ing information on natural resources, living conditions, as well as on species
protection. Nowadays, volunteers can quickly locate cs projects by subject of
interest and easily access them, because human-computer interaction is made
possible by simply connecting to projects that were not possible before. Thus,

every citizen can have a vital impact on research, from providing information
to experts to participating in decision-making. In order to realize the connec-
tion of CS with science, it is necessary to organize and coordinate between
citizens, state institutions, agents in industry and science and local groups.
Depending on the content of the research, basic scientific principles must be
met, as well as well-designed methods of data collection and methods for their
evaluation, accompanied by explicit instructions and research questions, and
providing feedback as a reward for participating in the project.

Sensors and meters are used for data collection, which, owing to the most
modern technology, can provide data with a rather high accuracy compared to
professional devices. The cost of the device is relatively low (significantly lower
than the equipment used for research in professional laboratories) and the pro-
cess of measuring and collecting data is rather short. This is made possible by
the development of new technologies, especially smartphones with various
sensors and applications that allow the detection of various physical quantities
and their monitoring and storage in a brief period of time.

The data obtained within the CS must be distributed in a brief period of time.
This is made possible by special applications that provide easy and fast data
transfer to central servers or other information collectors. Transferring data
from the phone of CS participants to the server or any center must be as simple
as possible, because it has been shown that if there is a small difficulty or if the
transmission requires a long time, modern man gives up, because time is money
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and it is a rather important life factor. In recent years, a lot of methods have been
developed that allow data to be transmitted just by touching the screen, and a
lot of new software programs have been developed that enable the realization
and availability of data to those who will use it.. CS projects enable the popu-
lation to be involved in scientific research and to provide data. Despite the
increased interest in CS, the number of participants in some projects has de-
creased, because people are not ready to waste time filling out forms or send-
ing some reports according to complicated procedures. In order to eliminate
this shortcoming, new applications for mobile phones have been developed,
which transfer data to the collection center in the simplest possible way, just
by touching the screen, which further processes them. The paper presents as
many as three such new techniques, their advantages and disadvantages (You-
nis et al., 2019).

The most common areas of CS’s interest are in the field of environmental
science, biodiversity, health, climate change, etc. In all fields of activity, CSs
raise the awareness of the population about the need for science in order to
improve the quality of life.

Data collection is most often performed by measuring data of a physical
nature such as noise, radiation, magnetism, or chemical character (toxicity). The
measured data can be used for the production of distribution maps, but also as
input data for further scientific research. By installing convenient sensors in
smartphones and installing appropriate application software, it is possible to
generate various physical data of high quality and at a low price. This pro-
vided an opportunity for application in the new CS and mass application for
monitoring these physical parameters for innovative research. Noise was meas-
ured in the CS project in Denmark (Sonne and Alstrp, 2019). About 100,000
children and adults took part in the project, measuring the noise level on the1r
smartphones using a special application. Based on the data obtained by the
volunteers, a map of noise pollution was made (Sonne and Alstrp, 2019). In
addition to noise, radioactivity and magnetism can be measured from physical
quantities (Odenwald, 2021). In order to obtain information on the toxic effect
of plants on humans, microscopic HAB detectors have been developed and
connected to mobile phones. Such detectors can, based on the analysis of the
number of flower cells in a small sample of water, determine its harmfulness
to human respiratory organs (Hardison et al., 2019) and enable the creation of
a map by classifying the levels. Measurement of quantities according to the
GM project can also be used to test scientific results. Thus, the onomatopoeia
program for the identification of bird call was verified by non-experts within
the CS project. It has been shown that the data collected within CS projects
indicate the need to expand the method and are of special importance for sci-
entists for further development and better understanding of bio-acoustic phe-
nomena (Vella et al., 2021).

Another aspect of CS relates to the transfer of scientific knowledge to a
large number of people. Thus, in Denmark, the collection of plastic waste as
an environmental pollutant was organized within the CS (Sonne and Alstrp,
2019). 100,000 children and 50,000 adults participated in the project. This has
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proven to be one of the best ways to disseminate knowledge and raise awareness
about environmental pollution. Within the Horizon2020 project, CS activity
was realized on school children aged 7-8 in primary school in Ljubljana, Slo-
venia (Kocman et al., 2020). The children were introduced to noise by experts,
actively measured noise, participated in the formation of the project and gave
an assessment of the results together with experts in the field. This interaction
between science and CS has been shown to give extremely good results. Using
the suggestions given within this project, GM was made in the field of STEM
(science, technology, engineering and mathematics) technology. The research
was conducted on the topic of self-driving car (SDC).

The paper has four parts. After the introduction, based on the known
method for CS-science interaction, a modified and extended procedure for
connecting CS-science — industry in the topic of STEM is developed. The
method is tested on the project dealing with the self-driving car. Chapter 3
presents the results of the research. The paper ends with conclusions.

METHOD OF INVESTIGATION

As it is shown in the Introduction, the main aim of CS — science projects
which are already realized is to obtain a large number of data which would be
of interest for experts on the topic. However, for STEM technologies it is of
interest to enlarge the project by introducing also the experts of industry who
are working in research institutions or dealing with the problem of sale and
distribution of new products. Based on results of CS project, the scientific
investigation and production activities in industry need to be modified. At the
other side, there is the need for the feedback of experts to participants of CS
to increase their technical and scientific literacy. The public survey already
done is only in one direction, from respondents to scholars (Payre et al., 2014;
Schoettle and Csirak, 2014; Penmetsa et al., 2019) and not to experts in indus-
try, and there is no flow of information in the opposite direction. In this pro-
cedure it is suggested the project activities to be divided into 4 phases: a)
identification and definition of problems, b) coding of research activities and
formulation of hypotheses and a questionnaire, c) data collection and d) pres-
entation and transparent discussion of results. As part of the identification, a
recording of the current situation regarding the knowledge between non-experts
in CS on the topic have to be made. After that, training on the topic in STEM
has to be performed by experts. Usually, it is suggested to be in the form of
the presentation put on the project platform. In the second phase, based on the
suggestions of the project participants, a list of hypotheses has to be compiled
and a questionnaire has to be formed for obtaining of the opinion of CS par-
ticipants on the topic. In the third phase, data have to be collected by filling in
a list of questions and the views of non-experts on the benefits, advantages and
disadvantages of the suggested topic are obtained. Within the last phase, the
analysis of the answers has to be performed and conclusions have to be formed
by experts. The results of the analysis have to be distributed to CS actors and
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experts in the field who should use this material to deepen certain aspects that
are important for the adoption of the object of topic in the near future as the
latest technical achievement important for human life.

The method of work is designed so that CS participating would be active
subjects in research. Participants are given the opportunity to get acquainted
with one of the results of modern research, and to be acquainted with scien-
tific work and work on innovation within the modern economy and get an idea
of what innovation is and how it should be treated.

PROJECT OF SELF-DRIVING CAR

The developed methodology of CS-science-industry is tested on the top-
ic of the self-driving car (SDC) (Techopedia, 2017) which represents the recent
type of cyber-physical system (Putnik et al., 2019). The aim of the research is to
obtain public opinion on the acceptability of SDC as a future mean of transport.
The result of the research should enable experts to improve and refine the SDC
in order to increase the degree of acceptability. On the other hand, the public
will be much better informed about the new type of vehicle as a new technical
achievement.

The CS project included 123 first-year students at the Faculty of Techni-
cal Sciences in Novi Sad and a group of experts in the field of SDC. The short
text about self-driving car (SDC) of the 5" level of automation (SAE, 2018) is
prepared by experts and put on the platform of CS. The text contains the in-
formation that every SDC-user needs to know (how to take the car, which
personal data are necessary, to whom to turn with questions) and also some
technical specifications (the car is without a human driver and usually without
steering wheel, driving is in Auto-pilot mode, driving decision is done by
computer with Al, control of SDC is done by the operating center).

The concept of self-driving car (SDC) which is considered within this
project is such that it does not require a man-driver (SAE, 2018) but has the
highest (5™) level of automation. This type of vehicle should provide signifi-
cantly greater safety in traffic, but also improve the functioning of transport
and thus people’s lives. In an effort to equate the technological advancement
of the digital age with the physical world, SCD uses information and commu-
nication technologies such as embedded sensors, GPS, and devices to collect
and analyze data and integrate them. Then the physical environment is trans-
formed into a dynamic source of information, which is used by the ‘intelligent’
vehicle. Based on the adaptation of data from networking, the system provides
passengers with tools, resources and services to benefit from this data flow.
By installing intelligent systems in the SDC, environment can be divided into
3 parts: a) Internet of Things (IoT) which facilitates the connection of physical
and virtual devices using a communication protocol, b) Internet of Services
(IoS) consisting of merging different applications into explanatory services
and c) Internet of People (IoP) which involves the interaction between citizens who
are the end users of the system. However, in order to realize the application of
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SDC in ordinary life, it is necessary to harmonize between end users and
producers of SDC, i.e. industry and economy. CS activities are extremely im-
portant for the realization of that request.

Based on the text, the participants pose different questions. The most
important ones are about safety and security in SDC. The questions are deal-
ing with physical safety and security during driving according to the fact that
the decision is made by computer and not by human driver. There is the di-
lemma about cyber security and data protection, as well. Namely, the SDC user
needs to give some personal data like ID, name, address, travel destination,
etc. and the question is about these data protection, then how the SDC can be
prevented from hacking and the level of the cyber security. The participant in
CS were wondering about the benefits and lacks of SDC connected to traffic
accidents and traffic jams, environmental protection, re-organization of infra-
structure in towns, possible activities during riding, length of driving, etc.
However, the main question asked by experts is: ‘Is the population ready for
self-driving vehicles?’ (Page and Krayem, 2017).

Using the participants’ comments in CS and also the experts’ require-
ments, the questionnaire is formed and put on the CS platform.

RESULTS AND DISCUSSION

In the first group of questions, CS students answered the question whether
they were familiar with SDC and filled out lists with personal data related to
gender, place of residence and whether they were involved in traffic as drivers.
The results of the survey showed that 33% of project participants are familiar
with the automated vehicle, however, less than 5% are informed about SDC of
the 5™ degree of automation without man-driver and the movement of the
vehicle guided by Autopilot. Male students are more informed about SDC than
female students. That is why an online lecture on MS Teams platform was held
where students were introduced to SDC. Explanations are given about the
physical specifics of the vehicle: built-in sensors, perception systems, naviga-
tion systems, but also about decision-making systems with Al artificial intel-
ligence. Aspects of the SDC study are: safety (Taeihagh and Lim, 2019) and
cybersecurity (Petit and Shladover, 2015), energy consumption, environmental
protection (Taiebat, 2018), sociological and economic aspects (Ryan, 2020),
suitable infrastructure, etc. After that course on SDC by the professor, the
students participated in the formation of hypotheses and the design of protocols
for data collection and the formation of a list of questions by submitting their
suggestions. This cooperation produced a questionnaire with the aim of exam-
ining whether SDC is acceptable as a means of transport by CS participants.
Thus, the students expressed their attitude and opinion on traffic safety, com-
fort when traveling, activities while driving, seeing the new urban plan of
cities and infrastructure, and gave their individual comments. The results of
the CS project are: more than 80% of participants believe that the introduction
of SDC and the elimination of conventional vehicles will reduce the number
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of accidents, especially those with a fatal outcome. About half of the respond-
ents believe that environmental pollution will be reduced, because transport
will be more rational, so more people will be in the car at the same time and
fuel consumption will be lower. However, there is also the opposite opinion,
i.e, that there will be no improvement in the area of environmental pollution.
Namely, it is expected that the number of rides with SDC would increase (driv-
ing would be available to the disabled, children, the elderly and infirm, and
those who do not have a driver’s license). The problem of lithium batteries and
pollution was especially mentioned.

The opinion of 66% of CS participants is that the time spent in travel
would decrease due to the fact that the traffic on the roads would reduce, there is
no need to find the parking place, etc. Even 82% of respondent are ready to use
SDC for long-distance drive rather than airplane due to much higher comfort
and less time loss (going to the airport, spending time on checking, traveling
according to a time-table). The participant of CS are sure that they would make
the good use of time during driving: by performing their working activity,
working on laptop, reading and sending messages, playing games and watching
TV or Internet, making telephone calls, sleeping, eating, etc. However, some of
them are asking whether this working activity would be regulated as working
time.

Furthermore, 28% of CS participants are wondering about social aspects
of SDC. Namely, introduction of SDC would eliminate some professions (like
drivers) and reduce the number of auto mechanics (number of individual cars
would reduce). However, some new professions would be increased, for example
IT programmers and operators.

Economic aspects

More than 75% of project participants do not believe in Al decisions and
would feel insecure in such a vehicle. Female participants are in the lead. As
many as 97% of them are not ready to sit in a car that does not have a steering
wheel. The analysis of the results demonstrated that the number of respondents
who would be ready to ride with SDC is below 4%. This is a serious warning
to the industry that it must take adequate and intensive actions to increase
vehicle acceptance.

At this moment, insisting on a vehicle without a steering wheel and with-
out presence of a man-driver is unacceptable even in the youth population (that
is aged 20 years). The attitude of CS actors is that they do not believe the deci-
sions of Al and in Auto-piloting without possibility of reconnection to human
driver. This information forces experts in science that it is necessary to make
additional efforts to improve and enrich software in order to improve.

Summarizing the results, all participants in the project (the CS participants
but also experts from science and industry) reviewed the level of success of
the project and gave conclusion that progress has been made with the following
outcome:
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. CS participants are introduced to one of the latest developments in tech-

nology,

. Dissemination of knowledge in the field of SDC and training on that

topic were performed,

. Experts from science and industry received information about the attitude

of the general population about their technical innovation.
The CS project participants concluded that they are still interested in

participating in projects of this type and that the method of co-creation and
design of the project is a special pleasure, and that the project results stimulate
them to think and engage in future creative work.
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CONCLUSION

Based on the above, it can be concluded:

. CS represents an adequate approach to involving broad layers of non-

professional scientists in the process of research and consideration of the
latest scientific or technical achievements. The strength of CS, which is
recognized in the field of earth science, nature sustainability as well as
the science of agriculture and food, should have been extended to STEM
technologies. This has been done with the project presented in this paper.
If CS projects are conceived in the right way, a large number of people
can be involved without making a visible contribution to research and
development through their CS activities.

. It is convenient to acquaint the population with the new results of techni-

cal development with the action of forming a CS project related to science
and industry. CS participants receive timely and accurate information on
STEM technology innovations. On the other hand, science and industry
receive a response to their innovative endeavors and opinions from people
whose activity is outside that domain, and which can be a signpost for
improvement, modification, and for directing towards new research. The
implemented concept of activities proved to be suitable for connecting
CS participants with experts in order to achieve communication and ex-
change of views and opinions on SCD. CS student participants gained
knowledge of SDS but also had the opportunity to express their agreement
or disagreement with this vehicle. Experts who benefited from working
on this project gained insight and opinion of non-experts as useful advice
for further work on SDC.

. The integration of CS projects aims not only to increase scientific acces-

sibility but can also serve as a framework in which students will be able
to participate in the development of science. Students gain insights into
what science is, how science works, why we need science, and what are
the crucial aspects of raising scientific literacy. CS participants understand
what research is, what is defined as science, who are scientists, who are
innovators, what will be their future mission as an engineer. These issues
seem too complicated for all those who have not been involved in CS so far.



4. The general conclusion is that the benefit of integrating people into CS
projects is improving their power of critical thinking, gaining practical
experience around working in a group, as well as ways to approach prob-
lem solving. Activities at CS contribute to the following two aspects: 1.
getting to know and approaching the results of new technologies that are
available and applicable today, 2. not only expanding knowledge about
the topic they dealt with, but also allows to increase work experience and
CS. Therefore, it is recommended that younger generations, even high
school students, be included in the CS, especially in STEM field projects.
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OPUTUHAJIHU HAYYHU PA{

I'PABAHCKA HAYKA — HAVKA - IIPMBPE/IA:
CTYAUJA CIIYHAJA CAMOBO3EREI' AYTOMOBUJIA

Jusuja J. IBETURAHUH

VYuusepsuret y Hosom Cany, @axkynrer TEXHUUKHX HayKa,
Tpr Hdocureja O6panosuha 6, Hosn Cax 21000, Cpouja

PE3UME: VY caBpemeHnom cBeTy cBe Beha makma mokiama ce T3B. TpahaHckoj
Hayuu (I'H) u npojextuma I'H koju ce 6aBe Temama Hajuernrhe u3 o0nactu 3amTuTe
KHUBOTHE CPEIUHE, 3[[paBJba MOMYyJIaldje, KINMATCKUX IPOMEHA, ajli U OMOAHBEP3H-
tera. [ToceOHa crielupUIHOCT OBUX IIPOjeKaTa je Jia OKYIJba BPJIO BEITUKH OpOj Jby U
KOjU Cy CIIPEMHU aKTHBHO Jia YYECTBYjy y peliaBamwy npobdiema najyhu onpehene
nHpopmanuje wim mepehu oapeheHe Gpusnuke BeadnHe, HA TpUMEp OyKY, paaujaiujy,
MarseTusam. Mepauu cy yrpah)eHu 1 101aTi caBpeMeHNM [TaMETHUM TellepoHnMa 1
MPUMEHOM CICIMjaTHUX aTlUTHKAIlMja TUPEKTHO ce Mpedallyjy y HSeHTpaIHU cepBep
rne ce M o0palyyjy u yckiaauimre. YuecHuIn y npojektuma ['H o6nuHO cy BojoHTEpH
KOjH HUCY €KCIIEPTH 3a 00JIaCT I1a Cy NMpoLeaype 3a 00Hjarbe N01aTaka U BhHUXOB
JGHHOCTaBaH u Op3 TpaHchep OUK O MPUOPUTETHOT 3Haana 3a HayuyHuke. [{ums 'H
IpojeKaTa je Ja ce Ha OCHOBY M3MEpPEHHUX IoJlaTaka, Koju cy npocieheHn HaydHUM

82



WHCTHTYLjaMa M eKCIIEPTCKUM OpraHu3alujama, T0MpUHECe TOO0IbLIAY U yHAIpe-
hewy nnu pemaBamwy oapehenux nmpodiaema. Yak Bpiio 4ecTo, OBH MOAALN MOTY OUTH
U IyTOKa3 3a Jajba ucTpaxusama. C gpyre crpane, akrepu I H npojexta umajy 6ene-
($uT 1a ce MpaBOBPEMEHO U Ha BaJUAaH HAYWH HHGOPMHUIITY O TpodIeMUMa, Hayde Ja
KOpHCTE HOBE aIlIMKalKje U 1a BpLIe Meperba, ajlk 1 J1a Ca3Hajy LITa je TO HayKa U Kako
ce BpLIM UCTpakuBame. Ha Taj HauMH ce noArske U TeXHUYKa CBECT LIMPOKHX CJI0jeBa
CTaHOBHUINITBA. Y OBOM pajly pa3MaTpaHna je MoryhHocT nmpomupema anraxonama ['H
u Ha o0nact CTEM rtexnosoryuja. Paspaljena je opranusanuja nosesuBama rpahancke
HayKe, HayYHHUX UCTpakMBama u mpuBpere. [Ipemroxkena je MeTooIornja ycrnocTa-
BJbama KOHEKIHje n3Mel)y HeekCIepTCKUX U eKCIIEPTCKHUX IPyIIa 0 TEXHUYKO] TEMH
UCTPaXXUBama C UJFEM OCTBApeHa 00Jb¢ TUCEMHUHAIN]C 3HAMA Ca YHUBEP3UTETA U
HCTpaKMBauKHX Jlaboparopuja u u3 npuspene. C npyre cTpaHe GopMupameM IpojeKTa
I'H noGwuja ce om3uB o1 MOIyanyje 0 HOBOM TEXHOJIOIIKOM AOCTUTHYhY, MUIITbEHEe U
CyrecTHja Koju Tpeda aa KOpUryjy u ycMepe Jajba HCTPaKHBamba U HHOBATHBHY JIe-
naTHOCT. Y pany je aat ocBT Ha I'H npojekat peannsoBan mehy ctynentuma @TH ca
TeMoM camoBo3ehux ayromoOmiia 5. HuBoa ayromarusanuje. L{usb mpojexra 6uo je na
J14 OLICHY O CTEIEHY NPUXBAT/BUBOCTH OBOI TEXHUYKOT PElIeHha U Aa Y KOpesaluju ca
eKCIIepTHMa 14 IPENopyKy 3a Jopaay UM 000JbIIakE OBOT BO3MIIA IIPeMa 3aXTEBU-
Ma Oynyhux xkopucHuka. Akrepu ['H cy ox cTpane ekcriepata HHQOpPMHUCAHU O 3HA4ajy
Y KapakTepuUCTHKaMa OBHX BO3MJIA YH]je ce yBOleme Y jaBHU caoOpahaj ouekyje y CKopoj
Oynyhaoctn. Y xoopauHanmju ca ekciepruMa akrepu I'H cy dopmynncanu ynutHIK
y KOjeM Cy OCTaBIUIM IUTaka Ha OCHOBY YHjHUX OJrOBOpa Tpeba Ja ce IoKaxe cTaB
U MHILBEH-C¢ HEEKCIIepaTa 0 BO3WITy. AHam3a pesynrara npojexra I'H ykasana je na
HECIPEMHOCT MJIQJIMX J1a ce Bo3e caMoBo3ehnM ayTomoOmiiom 06e3 Bozaya 1a U BO3H-
na 6e3 BoJlaHa, ¥ J1ajia je MpernopykKe U ujeje eKCrepTHMa OKo Jopaje U Moaudukanuje
Bo3wia. Pag Ha mpojexty I'H ca excniepruma omoryhwo je na akrepu I'H, kao Oyayhu
WHXXEHEPH U HOCHOLM TEXHUYKOT IIporpeca, Crno3Hajy 3uavaj nnosauuje u CTEM
TEXHOJIOTH]ja, & HAYYHUI[UMA U CTpyUmanuma y o0iaactu aa 100ujy 0051 yBHA Y
peaxkuujy U MULJBEHE HeeKcIiepaTa O lbHXOBOM IIPOU3BOY.

KJbYUHE PEYM: rpahancka Hayka, AuceMuHaIlMja 3Haba, HEeEKCIIepTCcKa Ipy1a,
camoBo3ehu ayToMoOMII, TEXHMYKA HHOBalMja
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92



(if the article has more than one author, et al. should be used for other authors)
and running title of not more than five words.
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