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INTORDUCTION

The end of 2021 will be remembered by the world for the new variant of the SARAS-CoV-2 virus
called omicron, which gave the covid-19 pandemic a new chapter. The human population,
since the beginning of the pandemic which occurred at the end of 2019 and continues for
two years, adapts all mechanisms of operation in conditions of pandemic, mainly with online
communication and systems of enhanced internet communication and minimization of
personal contacts.

Agricultural production seems to have been hit hardest. Except in conditions of pandemic
and economic crisis, the production of food of plant origin is also facing serious problem
of global warming. A rise in temperature of 1.5°C is a threat to all ecosystems with long-
term consequences of declining and even extinction of some endangered species. The ago-
ecosystem is not spared from this effect either. In food production in the last decade the
challenges of the scientific and professional community were focused on systems of soilless
production and the use of contemporary biotechnological methods. Even if the covid-19
pandemicis brought under control, the world will not be able to keep global warming at 1.5°C.
Despite the promises of all countries that they will reduce pollution, rising of temperatures will
continue with forecast that the end of the century will end with a rise in global temperatures
of up to 2.4°C. This is an additional threat, but at the same time a challenge, for the scientific
community to deal with food production in conditions of pandemic, global warming and
rapid growth of human population.

Only science, with scientifically proven methods, is able to find appropriate solutions to
deal with the global problems that plague the world since the beginning of the XXI century.
New trends in science are not unknown for local research centers either. As a small but well-
established research center, the Faculty of Agriculture at the Goce Delcev University - Stip
strives to be in trend with the novel trends, to implement all data and available methods
in agricultural production and to offer the economy scientifically and professionally proven
methods in the processes of agricultural production.

In the conditions of a covid-19 pandemic, the Editorial Board of JAPS continuously had
published all journal issues in order to share with the scientific and professional community
the new research results in the field of agricultural production and plant sciences. We are
honored and pleased to share with you five peer-reviewed scientific papers in JAPS issue No.
19., Vol.2 and also to encourage our colleagues from the Republic of Northern Macedonia,
the region and wider to publish the results from their research in JAPS.

Editorial Board, Editor in chief,
December, 2021 Prof. Liljana Koleva Gudeva, PhD
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OBSERVATION OF THE CHEMICAL PARAMETERS ON IMPORTED AND DOMESTIC WINES
FOUND ON THE MARKET IN THE REPUBLIC OF NORTH MACEDONIA

Ana Angelovska', Tome Nestorovski', Radmila Chrcheva Nikolovska', Zehra Hajrulai Musliu’
'Ss. Cyril and Methodius University, Faculty of Veterinary Medicine, Str. Lazar Pop Trajkov 5-7, 1000, Skopje,
Republic of North Macedonia
*Corresponding author: ana.cvetanovska@fvm.ukim.edu.mk

Abstract

In the Republic of North Macedonia, the production of wine is very well known, but in the markets, there
is also a variety of imported wines. Therefore, the aim of our research was to examine the basic parameters
which determine the quality of the wine. A total of 106 domestic and imported wines were included in this
research. The basic chemical parameters for each of the samples were examined by using standard OIV
methods. Verification of the methods was done by determining its accuracy, precision, repeatability and
reproducibility using standard reference material and proficiency testing. Depending on the sugar content,
wines were divided into 4 groups: dry, semi dry, semi-sweet and sweet wines. The highest alcohol content
was observed in dry wines originating from all countries that were subject of this research (up to 13.54 vol
%) and the lowest was observed in wines originating from Italy which are mostly used as dessert wines (5.07
vol %). The semi-dry wines originating from France showed the slightest value (min.12.18 mg/L free SO, and
min.60.20 mg/L total SO,), which corresponds to their high quality and price on the market. This research is of
great interest for the needs of the market and the price of the wine, due to the wine quality standards under

the law of Republic of North Macedonia.

Keywords: wine quality, OIV methods, descriptive analysis, method verification

INTRODUCTION

As there are several varieties of apple,
tomato, etc., there are also several varieties of
grapes. But over the years, it was determined
which varieties of grapes are most suitable
and possess all the necessary characteristics
for producing quality wine (pleasant taste,
resistance to various diseases and pests, yielding
high yields, etc.). The type of grapes used for
production largely determines both the quality
and the specific characteristics of the wine, such
as the taste and colour of the wine, the presence
of residual sugar, the content of alcohol, acidity
and the presence of tannins. Recently, mostly
used grape varieties for production of red wines
are Shiraz, Pinot Noir, Cabernet Sauvignon and
Merlo and for white wines, those are Sauvignon
Blanc and Chardonnay. But there are other
important factors that determine the quality
and style of the wine. In order to obtain a healthy
harvest, grapes need factors that influence and
improve the quality, such as favourable climate,
enough sunny days, moderate amount of water,

heat and proper soil with balanced content of
all nutrients. Vineyards are very tolerant and
grow on all types of soils, but without proper
nutrient content in the soil itself, the product
obtained will be of lower quality. Also, in the
process of winemaking the most important
part is the fermentation, where the grape
juice changes the flavours into those of wine
and knowing when to end the fermentation
process determines the type and the quality
of the final product. In the Republic of North
Macedonia, the production of wine is very well
known and it exists more than 4000 years in this
area, but in the markets, there is also a variety
of imported wines that can be found. Therefore,
the aim of our research was to examine the
basic parameters which determine the quality
of wine, such as total alcohol content, total and
free SO,, total and volatile acids, reduced sugars,
specific gravity and total dry extract, by using
standard accredited methods.
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MATERIAL AND METHODS

Wine is an alcoholic drink made during
the fermentation process from grape juice. The
quality of the wine is directly related to the
quality of the grape variety and is represented
as complex set of interactions, so its quality is
easier to detect than define.

A total of 106 samples of red, rose and
white imported and domestic wines from
different manufacturers were included in this
research, originating from Italy (60 samples — 34
white wines, 2 rose wine, 24 red wines), France
(20 samples - 8 white wines, 2 rose wines, 10
red wines), Spain (5 white wines), Serbia (16
samples — 7 red wines, 2 rose wines, 7 white
wines) and North Macedonia (5 samples - 3 red
wines, 2 white wines).

During the research, standard accredited
methods were used according to the Law on
Wine and Wine Products of the Republic of
North Macedonia, as follows: for determining
the alcoholic strength in volume percentages
OIV-A2  (MA-EAS312-01-TALVOL),  (IOVW)
method was used by using a pycnometer to
measure the distillate density obtained after the
distillation of the wine at 20 KC. The presence of
acids in wine is very important in the process of
winemaking and the finished product of wine.
They have direct influences on the colour, the
balance of the wine and gives fresh and sour
taste of the final product. The measurement of
the acidity (g/L) in wineis usually known as“total
acidity” or “titratable acidity” which originates
mainly from the presence of citric, tartaric and
malic acid. The method used for determining
the content of total acids (such as tartaric acid)
was OIV-A10 (MA-EAS313-01-ACITOT), (IOVW).
This method includes potentiometric titration
with 0.TM NaOH by using standard Titrino Plus
titrators. To determine the content of volatile
acids (such as acetic acid) the OIV- A11 (MA-
EAS313-02-ACITVOL), (IOVW) method was used.
This method includes primary distillation of the
sample and double titration by using NaOH
and lodine standard solutions. The sweetness
is @ main indicator of how much sugar wine
contains (primarily glucose) and depending on
that the wines are classified as dry, semi dry,
semi-sweet and sweet wines. The residual sugar
is the one that remains after the fermentation
stops and usually is measured in g/L. So, for

determining the content of reducing sugars
the OIV-A4 (MA-EAS311- 01-SUCRED), (IOVW)
method was used. This method is based on the
reducing characteristics of the sugars present
in the grapes by using Fehling solution and
then titration with lodine standard solution.
The usage of sulphur dioxide is very critical
in the process of winemaking. The presence
of free sulphur dioxide keeps the wine from
spoilage and oxidation, but too much SO, can
mask the fruity aromas of the wine and gives
metallic, sharp and bitter flavour to the wine
which has negative effect on the quality. The
presence of total sulphur dioxide is the total
amount of free sulphur dioxide plus the one
that is bound to sugars, pigment, aldehydes. It
is very important the concentration (mg/L) of
total and free sulphur dioxide to be in balance
due to the quality characteristics of the wine.
The OIV-A17 (MA-EAS323-04-DIOSOU), (IOVW)
official method was used to determine the
content of total and free sulphur dioxide. For
determination of free SO, standard H,SO,
solution is used and for determining the total
SO, content, standard solutions of NaOH and
H,SO, are used and then the samples are
titrated by using standard lodine solution on
Titrino plus titrators. The density and specific
gravity analysis is used for determining the
total alcohol content in g/L and vol. %. For this
reason, OIV-A1 (MA-EAS2-01- MASVOL), (IOVW)
standard method was used. OIV-A3 (MA-EAS2-
03-EXTSEC), (IOVW) method was used to
determine the total dry extract content (g/L), by
direct evaporation of the volume of the sample.

Before the analysis, verification on each
method was performed by determining
accuracy, precision (standard deviation and
relative standard deviation), repeatability and
reproducibility by using standard reference
material and proficiency testing.

The measurement of the control reference
material (PT FAPAS 1389 - set 1 and 2, Quality
indicators in wine) was performed in 10
repetitions for each method separately and for
the calculation of the extended measurement
uncertainty as a source of uncertainty were
taken into account the repetition, bias, as well
as errors arising from the equipment used.

The results for the extended measurement
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uncertainty for each method are as follows:
volatile acidity + 6.27 %, total dry extract + 4.92
%, total SO, + 1.07 %, total acidity + 1.87 %,
sugar content + 6.06 %, free SO, + 5.33 %, total

alcohol content £+ 6.19 % and specific gravity +
0.20 %. (Extended measurement uncertainty for
k =2, 95 % probability level).

RESULTS AND DISCUSSION

Depending on the content of sugars in
the wine, they were first divided into four basic
groups as dry (up to 4 g/L), semi dry (up to 12
g/L), semi-sweet (up to 45 g/L) and sweet wines
(more than 45 g/L) and also, depending of the
country of origin. The results shown that most
of the wines included in this research belong
to the group of semi dry wines (n=62 or 65.72

%) and least in the group of sweet wines (n=6
or 6.36 %). Residual sugar is one that remains
in the wine after alcoholic fermentation. Then,
each wine group was examined on the basic
chemical parameters that were subject of this
research. The results showed differences in
almost all examined parameters.

Table 1. Reducing sugar content (g/L)

Type of wine
Country Dry Semi dry Semi Sweet Sweet
Italy 10 32 13 5
France 2 17 1 /
Spain / / 5 /
Serbia 2 11 2 1
North Macedonia 3 2 / /
Total number of 17=18.02 % 62=65.72% 21=22.26% 6=6.36%
samples

The sugar content of the grapes is closely
related to the alcohol content of the wine.
Fermentation is a process where under the
action of the yeast (mostly Saccharomyces
cerevisiae) comes to the utilization of the sugar
present in the grape juice, which produces
alcohol and carbon dioxide, with at least 12
enzymes included in the process. The longer
the fermentation, the higher the alcohol and
lower the sugar level. So, this is very important
step in the process of winemaking because of
the different flavours produced which directly
affect the taste of the wine. Therefore, from
the results shown we can notice that dry
wines originating from all countries included
in the research, contain the highest alcohol
content (up to 13.54 + 0.83 vol %), with some
minor exceptions, such as two samples of semi
dry wine originating from North Macedonia,
one sample of semi-sweet wine originating
from France and one sample of sweet wine
originating from Serbia - vermouth wine. The
lowest alcohol content was observed in wines

originating from Italy and they are mostly
used as dessert wines (5.07 = 0.31 vol %).

The total acidity in wine usually
depends on the presence of non-volatile
acids, such as mallic, tartaric or citric acid
plus the volatile acids such as acetic acid.
These components directly affect the smell
and the taste of the wine. Determination
of volatile acidity is used routinely as an
indicator of wine spoilage. The results
shown no significant difference between
all groups of wine and the countries of
origin such as, for total acidity between
481 + 0.09 g/L - 6.70 + 0.12 g/L and for
volatile acidity between 0.26 + 0.02 - 0.39
+0.02 g/L.
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Table 1.1. Mean values of physical-chemical parameters in dry wines from different countries

Dry wines
Country Total alcohol | Total acidity Volatile Free SO, Total SO, Total dry Specific
content (vol acidity extract gravity
%) (g/L) (mg/L) (mg/L)
(9/L) (g/1) (MU =+
0.0019 for all
wines)
Italy 1455+090 (498+0.09 [0.44+0.03 66.75+3.55 |150.80+1.61 |[32.25+1.58 0.9796
14.00+£0.86 [5.92+0.11 0.37 £0.02 38.16 £ 2.03 |90.66 = 0.97 25.85+1.27 0.9801
12.50+0.77 [485+0.09 [0.22+0.02 18.85+1.00 |88.21+0.94 20.40 +1.00 0.9810
12.78£0.79 |446+0.08 |[0.22+0.02 30.41+1.62 |98.82+1.05 18.39 £ 0.90 0.9816
14.12+0.87 [4.15+0.08 [0.20+0.02 2468+ 1.31 |68.17+0.72 26.02+1.28 0.9801
1455+090 (4.25+0.08 |[0.26+0.02 25.70+1.36 |75.50+0.80 25,50+ 1.25 0.9796
13.55+0.83 [530+£0.10 |[0.26+0.02 28.15+1.50 |69.25+0.74 24.12+1.18 0.9807
13.30+£0.82 |[5.17+£0.10 [0.25+0.02 27.03+1.44 |68.35+0.73 23.52+1.15 0.9810
13.50+£0.83 [5.10£0.10 |[0.36+0.02 27.20+1.45 |60.20 = 0.64 20.22 +£0.99 0.9807
12.55+0.77 [6.10+£0.11 0.33£0.02 30.20+1.61 |105.19+1.12 [20.25+0.99 0.9818
MV= MV = MV= MV= MV= MV= MV=
13.54+0.83 (5.03+0.09 (0.29+0.02 |31.71+1.69 |87.51+0.93 |23.65+1.16 |0.9806
France 12.55+0.77 |[6.01+£0.11 0.38+0.02 |44.80+2.38 |97.56+1.04 15.70+£0.77 0.9818
13.00+£0.80 [543+0.10 |[0.40+0.03 38.71+£2.06 |13294+142 |16.70+0.82 0.9813
MV= MV= MV= MV= MV= MV= MV=
12,77 £0.79 (5.72+0.11 [(0.39+0.02 |41.75+2.22|115.25+1.23 |16.20+0.79 |0.9815
Spain /
Serbia 13.50+0.83 (478 +0.09 |0.25+0.02 [20.80+1.10 |139.52+1.49 |[17.25+0.84 |0.9807
13.05+0.80 [4.85+0.09 |035+0.02 [30.52+1.62 |75.90+0.81 19.55+0.96 0.9813
MV= MV= MV= MV= MV= MV= MV=
13.27+0.82 (4.81+0.09 |0.30+0.02 |25.66+1.36 |107.71+1.15 |[18.40+0.90 |0.9810
North 11.83+£0.73 [562+0.10 |[0.25+0.02 28.98 +1.54 |85.20+0.91 21.20+1.04 0.9827
Macedonia [13.77£0.85 |525+0.10 [0.27 +0.02 36.66+1.95 |101.17+£1.08 |[17.56+0.86 0.9805
13.86£0.85 [5.08+0.09 [0.25+0.02 29.57 +1.57 |84.76 = 0.90 16.87 £ 0.83 0.9804
MV= MV= MV= MV= MV= MV= MV=
13.15+0.81 (5.31+0.10 |(0.26+0.02 |31.73+1.69 |90.37+0.96 |18.54+0.91 |0.9812
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Table 1.2. Mean values of physical-chemical parameters in semi dry wines from different countries

Semi dry wines

Country Total alcohol Total Volatile Free SO, Total SO, Total dry Specific
content (vol %) acidity acidity (mg/L) (mg/L) extract gravity
(9/L) (9/L) (9/L) (MU =+
0.0019 for
all wines)
Italy 11.00 £ 0.68 546+£0.10 |0.28+0.02 |30.14+1.60 90.20+0.96 |[26.55+1.30 |[0.9836
11.10+£0.68 595+0.11 |031+0.02 [26.50+1.41 86.65+0.92 [27.66+1.36 |0.9836
11.00 + 0.68 587+0.11 [0.30+0.02 [27.18+1.44 |89.76+£0.96 [28.20+1.38 |0.9836
11.50 £0.71 582+0.11 |0.25+0.02 (42.15+2.24 140.55+1.50 | 25.15+£1.23 |0.9830
12.00 £0.74 582+0.11 |0.41+0.03 |30.25+1.61 15094 +1.61 |33.75+1.66 |0.9824
12.50+£0.77 512+0.10 [0.25+£0.02 |[22.84+1.21 98.50+£1.05 [21.71+£1.06 [0.9810
15.95+0.98 549+£0.10 |0.31+0.02 |30.11+1.60 151.01+1.61 |38.86+1.91 |0.9781
12.00 £0.74 5.18+0.10 |0.29+0.02 |28.20+1.50 120.82 +1.29 |23.65+1.16 |0.9824
12.17 £0.75 528+0.10 [0.30+0.02 [21.40+1.14 100.53 +1.07 |21.12+1.03 |0.9823
11.74£0.72 557+0.10 |0.32+0.02 |19.84+1.05 7358+ 0.78 [24.62+1.21 |0.9828
13.05+0.80 490+0.09 |034+0.02 [26.76 +1.42 78.10+0.83 |[27.18+1.33 |0.9813
11.95+0.73 4.95+0.09 |0.30+£0.02 |28.16£1.50 119.40+1.27 |23.76 £ 1.16 | 0.9824
1245 +0.77 5.10£0.10 |0.25+0.02 |22.85+1.21 98.42+1.05 (21.70+£1.06 [0.9810
12.50+0.77 7.77£0.14 |0.40+0.03 |13.11+£0.69 7475+0.79 |(27.21+1.33 [0.9819
13.00 + 0.80 4.80+0.09 |{0.28+0.02 |2560+1.36 |60.75+0.65 |24.95+1.22 |0.9813
12.00 £0.74 5.15+£0.10 |0.30+0.02 |28.85+1.52 120.80 £ 1.29 | 24.50 £ 1.20 |0.9824
15.23 £0.94 6.18+0.11 |0.32+0.02 [2555+1.36 98.00+1.04 (3337+1.20 [0.9789
14.06 + 0.87 490+0.09 |030+£0.02 |27.18+1.44 |60.75+0.65 |26.60+1.30 |0.9801
12.50+0.77 4.90+0.09 |0.22+£0.02 [20.22 £1.07 85.16£0.91 [20.16+£0.99 |0.9818
13.05+0.80 4.85+0.09 |0.28+0.02 [2555+1.36 59.62+0.63 |[25.18+1.23 |0.9813
12.00+0.74 512+0.10 [0.30+0.02 [29.00+1.54 123.98+1.32|24.78+1.21 |0.9824
1254 £0.77 4.87+0.09 |0.20+0.02 [{19.87 £1.05 90.52+0.96 [19.21+£0.94 [0.9818
14.00 +£ 0.86 4.78+0.09 |0.29+0.02 |24.66 +1.31 58.80+0.62 |[25.88+1.27 [0.9801
13.50 +£0.83 510+0.10 [0.33+0.02 [30.16+£1.60 [80.02+0.85 [26.68+1.31 |0.9807
12.00 £0.74 590+£0.11 |0.42+0.02 |31.25+1.66 152.80+1.63 |33.80+1.66 |0.9824
14.56 +£0.90 4.63+0.09 |0.26+0.02 [30.69 +1.63 81.10+£0.86 [27.20+1.33 |0.9796
14.00 + 0.86 495+0.09 |0.22+£0.02 |2580+1.37 |80.10+0.85 |2538+1.24 |0.9801
13.56 £0.83 5.07+£0.10 |0.20+0.02 |27.60+1.47 65.59+£0.70 [26.35+1.29 |0.9807
11.00 £ 0.68 513+£0.10 |0.23+0.02 |23.32+1.24 142.08 +1.52 |25.12+1.23 |0.9836
11.05+0.68 6.00£0.11 |0.34+£0.02 |32.87£1.75 108.50 +1.16 | 26.30 £ 1.29 | 0.9836
9.50 £0.58 4.87+0.09 |030+£0.02 [27.58+1.47 112.75+1.20 | 28.10£ 1.38 |0.9854
11.50£0.71 555+0.10 |{0.42+0.03 |40.16+2.14 133.00+1.42 |35.18+£1.73 |0.9830
MV= MV= MV= MV= MV= MV= MV=
12.50 +0.77 5.34+0.10 |0.30+0.02 | 27.04+1.44 |99.61+1.06 |26.55+ 1.30 |0.9818
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France 12.00 £ 0.74 733x0.14 (0.32+0.02 [13.20+0.70 66.65+0.71 |21.90+1.07 |0.9824
12.00 £0.74 7.59+£0.14 |030+0.02 |12.18 +0.64 60.20£0.64 [22.20+£1.09 |0.9824
12.00 £0.74 760+0.14 |0.33+0.02 |15.16+0.80 62.18+0.66 |23.10+1.13 |0.9824
12.54+0.77 6.75+0.12 [0.24+0.02 |[15.20+0.81 78.80+£0.84 |24.18=1.18 |0.9818
12.50+0.77 6.90+0.13 |0.28+0.02 [16.18 £0.86 79.92+0.85 (23.75+1.16 [0.9818
14.77 £ 0.91 4.50+0.09 |0.28+0.02 [26.27 £1.40 8348 +£0.89 |27.28+1.34 |0.9794
15.05+0.93 433+0.09 [0.26+0.02 [27.21£145 96.69£1.03 |27.96%=1.37 |0.9791
13.55+£0.83 5.06+£0.10 |0.40+0.03 |37.48+1.99 118.66 +1.26 | 26.53 £1.30 |0.9807
13.50+0.83 4.27+£0.08 |0.38+0.02 [4552+242 90.78+0.97 [29.82+1.46 |0.9807
13.00+£0.80 4.70+0.09 [0.41+0.03 [38.15+£2.03 107.20+£1.14 | 2520+ 1.23 | 0.9813
15.05+£0.93 4.68+0.09 |0.35+0.02 [38.78+£2.06 13294 +1.42 |29.71 £1.46 |0.9790
12.50+0.77 6.86+0.13 |0.37+£0.02 [19.76 +£1.05 105.65+1.13 {23.09+1.13 |0.9818
12.50+0.77 4.19+0.08 [0.44+0.03 [31.95%£1.70 79.87 £0.85 |23.05=1.13 |0.9818
1252 +£0.77 433+0.09 |042+0.03 [32.20+1.71 81.15+£0.86 [24.80+1.22 |0.9818
12.55+0.77 4.58+0.09 |0.30+0.02 [50.18 +2.67 105.16 +1.12 | 30.88 £ 1.51 |0.9818
11.00 £ 0.68 6.60+0.12 [0.40+0.03 [44.59+2.37 125.77 £1.34 | 25.65 £ 1.26 | 0.9836
11.00 £ 0.68 590+£0.11 |0.39+0.02 |40.90+2.17 120.15+1.28 {3282+ 1.61 |0.9836
MV= MV= MV= MV= MV= MV= MV=
12.82 +0.79 5.65+0.11 (0.33+0.02 [29.70+1.58 [93.83+1.00 |25.99 +1.27 |0.9777

Spain /

Serbia 12.50+0.77 448+0.09 |0.28+0.02 [28.31+1.50 53.79+0.57 (2442+1.20 [0.9818
12.05+0.74 541+0.10 [0.32+0.02 |18.48+0.98 127.82+£1.36 |22.12+1.08 |0.9824
11.53£0.71 4.90+0.09 |0.29+0.02 {20.80+1.10 11050+ 1.03 | 21.60 £ 1.06 |0.9830
1343 +£0.83 589+0.11 |035+0.02 |44.24+2.35 139.11+1.48 |21.32+1.04 |0.9808
12.00 £ 0.74 7.03x0.13 [040=0.03 |61.49+3.27 136.52+£1.46 |22.56 £ 1.10 |0.9824
14.05 £ 0.86 6.76+0.12 |0.39+£0.02 [48.97 £2.61 115.02+1.60 |27.49+1.35 |0.9801
13.30+0.82 562+0.10 |0.33+0.02 |43.65+232 130.79+1.39 {3241 +£1.59 |0.9810
14.00 = 0.86 6.23+0.12 [0.37+£0.02 [51.61x2.75 136.78 £1.46 |33.04 £ 1.62 |0.9801
11.40+0.70 5.02+£0.09 |0.31+0.02 |28.22+1.50 73.16+0.78 [30.78+1.51 [0.9831
12.00 £0.74 4.80+0.09 |0.28+0.02 [30.13+1.60 70.88+0.75 [31.85+1.56 |[0.9824
12.45+0.77 520%+0.10 {0.30+0.02 [23.20+1.23 69.20+1.55 |32.80+1.61 [0.9819
MV= MV= MV= MV= MV= MV= MV=
12.61 +0.78 5.57+0.10 |0.33 +0.02 |36.28 +1.93 }Q|53.77 + 27.30+1.34 [ 0.9817

North 14.57 £0.90 571+£0.11 |0.28+0.02 (40.24+2.14 90.29+0.96 (33.99+1.67 |[0.9796

Macedonia |15.61 +0.96 599+0.11 [0.38+=0.02 [42.55+2.26 9224 £0.98 |38.67+1.90 |0.9785
MV= MV= MV= MV= MV= MV= MV=
15.09 +£0.93 5.85+0.11 |0.33+0.02 (41.39+2.20 |91.26+0.97 |36.33+1.78 | 0.9790
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Table 1.3. Mean values of physical-chemical parameters in semi-sweet wines from different countries

Semi sweet wines
Country Total alcohol | Total acidity Volatile Free SO, Total SO, Total dry Specific
conts/?)t (vol (/) acidity (mg/L) (mg/L) extract gravity
(9/1) (g/b) (MU =+
0.0019 for all
wines)
Italy 11.50+£0.71 [555+0.10 |041+£0.03 |[40.22+2.14 |120.55+1.28 |34.88+1.71 0.9830
11.60+£0.71 {6.19£0.12 |040+£0.03 |5520+294 |140.10£1.49 |31.20+1.53 0.9904
11.50+0.71 {6.12+0.12 |035+0.02 |38.15+2.03 |140.16+1.49 |38.20+1.87 0.9831
9.65+£059 ([6.80+£0.13 |036+0.02 |1250+0.66 |128.66+1.37 |55.60+2.73 0.9850
11.00+£0.68 [5.80+0.11 040+0.03 |[30.10+1.60 |150.75+3.08 |35.15+1.72 0.9836
10.05+0.62 [{6.50+0.12 |0.38+0.02 |2950+1.57 |130.88+1.40 |76.15+3.74 0.9848
10.02+£0.62 [5.94£0.11 040+£0.03 |[29.20+1.55 |180.14£1.92 |66.80+3.28 0.9848
1203+£0.74 [5.07+0.10 |030+£0.02 |28.67+1.52 |100.53£1.07 |2933+144 0.9813
11.00+£0.68 [5.66+0.11 040+0.03 [30.15+1.60 |154.18+1.64 |3520+1.73 0.9836
9.55+£059 |[507+£0.09 |035+£0.02 |26.88+143 |130.20£1.39 |60.80+2.99 0.9804
10.85+0.67 [537+0.10 |0.22+0.02 |1636+0.87 |109.29+1.16 |28.01+1.37 0.9845
18.10+1.12 {410+£0.08 |0.15+0.02 |1522+0.81 |58.18+0.62 55.18 +£2.71 0.9850
755+£046 |538+0.10 |0.40+0.03 |40.60+2.16 [128.16+1.37 |34.65%=1.70 0.9878
MV= MV= MV= MV= MV= MV= MV=
11.10+0.68 | 5.65+0.10 [0.34+0.02 |30.21+1.61|128.59+1.37 (44.70+2.19 |0.9844
France 1340+0.82 [6.70+0.12 |0.36+0.02 |3210+1.71 |110.28+1.17 |41.25+2.02 0.9808
Spain 11.53+£0.71 [524+£0.10 |0.22+£0.02 |[18.12+0.96 |11569+1.23 |36.55+1.79 0.9830
11.50+£0.71 {5.11+£0.10 |032+0.02 |14.49+0.77 |103.53£1.10 |52.51+2.58 0.9830
11.50+0.71 |524+£0.10 [032+£0.02 |16.30+£0.86 [103.53£1.10 |52.50+2.58 |0.9830
11.50+£0.71 {5.11£0.10 |0.22+£0.02 |14.49+0.77 |11568+1.23 |36.54+1.78 0.9830
11.50+£0.71 [5.17+0.10 |0.27+0.02 |18.12+0.96 |109.60+1.17 |44.52+2.19 0.9830
MvV= MV= Mv= MV= MvV= MV= MV=
11.50+0.70 |5.17+0.10 |0.27 +0.02 |16.30+0.86 | 109.60 +1.17 |44.52+2.19 |0.9830
Serbia 1216 £0.75 [6.65+0.12 |038+0.02 |72.83+3.88 |14592+1.56 |27.53+1.35 0.9823
12.03+0.74 |638+£0.12 [036+£0.02 |63.67+3.39 [12334+£1.31 |24.16+1.18 |0.9824
MV= MV= MV= MV= MV= MV= MV=
12,10+ 0.75|6.51+0.12 |(0.37+0.02 |68.25+3.63|134.63+1.44 |25.84+1.27 |0.9824
North /
Macedonia
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Table 1.4. Mean values of physical-chemical parameters in sweet wines from different countries

Sweet wines
Country Total alcohol | Total acidity Volatile Free SO, Total SO, Total dry Specific
content (vol acidity extract gravity
%) (9/L) (mg/L) (mg/L)
(9/1) (g/1) (MU ==+
0.0019 for all
wines)
Italy 15.00+£0.92 |560+0.10 |0.27+0.02 [20.20+1.07 [98.18 +1.05 61.10 £3.00 0.9790
1234+£0.76 |493+0.09 |0.21+£0.02 [12.62+0.67 [70.94+0.75 185.76 £9.13 | 0.9821
738+045 [643+0.12 |[0.38+£0.02 33.74+£1.79 |146.56+£1.56 |78.03+3.83 0.9881
1203+0.74 |510+£0.10 |031+0.02 [28.66+1.52 [100.51+1.07 |79.35+3.90 0.9813
507+031 |[583+0.11 [022+0.02 |38.78+2.06 |181.09+1.93 |177.26+8.72 |0.9911
MV= MV= MV= MV= MV= MV= MV=
10.36 +0.64 | 5.57 £0.10 |0.27 +0.02 |26.80+1.42|119.45+1.27 |{116.30+5.72 |0.9843
France /
Spain /
Serbia 16.09+0.99 |488+0.09 |030+0.02 [9.11+x048 |[91.19+0.97 170.55+8.39 |0.9779
North /
Macedonia

Table 2. The mean values, standard deviation and relative standard deviation were calculated for each
physical-chemical parameter depending on the type of wine

Parameters Dry wine | Semi dry Semi Sweet Standard Relative
wine sweet wine deviation standard
wine (SD) deviation
(RSD)
Total alcohol content (vol %) 12.77- 12.50- 11.10- 10.36- [0.38% 3.09%
13.54 12.82 12.10
16.09
15.09% 13.40%
Total acidity (g/L) 4.81-5.72 |5.34-5.85 |5.17-6.70 |4.88-5.57 |0.03 g/L 0.68 %
Volatile acidity (g/L) 0.26-0.39 |0.30-0.33 |0.27-0.37|0.27-0.30 |0.01 g/L 3.12%
Free SO, (mg/L) 25.66- 27.04- 16.30- 9.11- 0.19mg/L  [0.56 %
41.75 41.39 68.25 26.80
Total SO, (mg/L) 87.51- 91.26- 109.60- [91.19- 0.22mg/L  [0.38%
115.25 105.77 13463 [11945
Total dry extract (g/L) 16.20- 25.99- 25.84- 116.30- [0.58 g/L 2.42 %
23.65 36.33 44.70 170.55
Reduced sugar content (g/L) upto4 |uptol12 |upto45 |more 0.04 g/L 1.74 %
g/L g/L g/L than 45
g/L

* exceptions from the mean values
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The usage of sulphur dioxide (SO,) as
preservative in the winemaking industry is
known for a long time. It has a direct impact on
the wine quality and is used to ensure microbial,
oxidative and antiseptic stability. The presence
of total SO, in wine is usually the total amount
of free and bound SO, and also there is a
molecular form of SO, Molecular SO, has broad-
spectrum of antimicrobial properties (Divol du
Toit et al,, 2012), so it can kill or inhibit most of
the spoilage yeast and bacteria that could affect
wine. The free SO, concentration is defined
as molecular SO, plus bisulphites and gives
oxidative stability in concentrations between
20-40 mg/L. But its use is of crucial importance
and must be regulated because too much SO,
can mask the fruity aromas and gives metallic,
sharp and bitter flavour to the wine which has
negative effect on the quality. In our research,
the concentrations of free and total sulphur
dioxide in all samples are in balance, but there
were semi-dry wines originating from France
which showed the slightest value (min.12.18 +
0.64 mg/L free SO, and min.60.20 + 0.64 mg/L
total SO,), which corresponds to their high
quality and price on the market.

In the past, the content of the total dry
extract was considered as a basic parameter
for determining the possible falsification of the
wine, or it’s dilution with water. But nowadays
it is generally accepted that the content of the
total dry extract depends mostly on the variety
of grapes, seasonal variations as well as the
method of wine production. The composition
of the total dry extract represents all non-
volatile matter which in specific conditions do
not volatilize (Florin Dumitru BORA et al,, 2015).
From the chemical aspect, the total dry extract
consists of: sugars, tannins and dyes, organic
acids such as (tartaric, malic, succinic acid, lactic
acid), glycerol, 2,3 butylene glycol, nitrogen,
pectin, gums, etc. The higher the extract, the
fuller the body and greater aroma and flavour
of the wine. In ideal conditions, the dry extract
should be in balance with the sugar, acidity and
alcohol levels in wine. In our research, we can
notice that the content of the total extract is
continuously growing as the content of sugars
in the samples increases. So, the lowest content
is observed in the dry wines originating from all
countries (16.20 £+ 0.79 g/L) and the highest in
the sweet wines (up to 170.55 + 8.39 g/L).

CONCLUDING REMARKS

Based on the results from the research, we
came to the conclusion that all types of white,
rose and red imported and domestic dry, semi
dry, semi-sweet and sweet wine, satisfy the
quality standards prescribed in Law of wine
and wine products of the Republic of North
Macedonia and the Regulations of wine of the
European Commission.

In the markets across the country, many
types of wine of different quality, price, and

different countries of origin, can be found.
Our research included wines commonly found
on the market and by examining their basic
parameters that determine the quality, we
managed to establish that most of the imported
and domestic wines satisfy the quality standards
prescribed in the Law of wine and wine products
of the Republic of North Macedonia, although
some have a lower, and others have a higher
market price.
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OMPEJENYBAKE HA XEMUCKWUTE NMAPAMETPU HA YBE3EHU 1 JOMALUHU BUHA HA
MA3APOT BO PENYBJINKA CEBEPHA MAKEALOHWUJA

AHa AHzenoscka'’, Tome Hecmoposcku' , Padmuna Ypuesa Hukonoscka’,
3expa Xajpynau Mycnuy'
"YHusep3umem ,Cs. Kupun u Memoduj’; ®akynmem 3a semepuHapHa meouyuHada, yi. ,Jlasap Mon Tpajkos” 5-7,
1000, Ckonje, Peny6nuka CesepHa MakedoHuja
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Pesnme

Bo Peny6nuka CeBepHa MakegoHVja NpOn3BOACTBOTO HA BUHO € MHOTY fl06pO MO3HATO, HO Ha Nasapute
MMa 1 Pa3sHOBUAHM YBO3HU BMHA. 3Hauu, LeNTa Ha HaLIeTO UCTPaXyBake Oelle fa MM UCMMTaMe OCHOBHMUTE
rnapameTpy Kov ro ofpefyBaaT KBAa/MTETOT Ha BMHOTO. Bo oBa uctpaxysatbe 6ea ondateHn BKynHo 106
OOMALUHM U YBO3HM BUHA. OCHOBHMTE XEMUCKM MAapameTpu 3a CeKoj of npumepounte 6ea MUCNUTaHU CO
KopucTteme Ha ctaHgapaHu OlV metogn. Bepudrkauurjata Ha meToanTe Oelle HanpaBeHa Co ofpeayBarbe Ha
TOYHOCTa, NMPELmn3HOCTa, MOBTOPJSIMBOCTA 1 PEMNPOAYKTMBHOCTA CO KOPUCTEHE Ha CTaHAapAeH pedepeHTeH
MaTepujan 1 TeCTOBU Ha OCMOCO6eHOCT. Bo 3aBUCHOCT ofy coapKrHaTa Ha LeKkep, BHATa 6ea nopgenexHn Bo
4 rpynu: CyBuW, NONyCyBY, MONYCNATKN M CJ1IAaTKM BUHA. HajBrcoka cofprHa Ha ankoxon e 3abenexaHa Kaj
CyBU/Te B/HA CO MOTEKJIO Off CUTe 3eMju Kou H6ea npeameT Ha 0Ba NCTpaKyBare (8o 13,54 Bon.%), a HajHUCKa e
3abenexaHa Kaj BYHaTa CO MOTEKNO o MTanuja Kou HajuecTo ce KOPUCTAT Kako AecepTHU BMHa (5,07 Bon.%).
Monycysute BuHa co noTekno on ®OpaHumja Nokaxaa Hajmana speaHocT (Min.12,18 mg/L cno6opeH SO, n
MM1H.60,20 mg/L BKyrneH SOZ), LUTO ofAroBapa Ha HMBHMOT BMCOK KBaNIUTET M LieHa Ha na3apot. OBa UcTpakyBame
€ Of rofiemMm VHTepecC 3a NoTpebuTe Ha MasapoT M LEeHaTa Ha BMHOTO, MOPaAX CTaHAAPAUTE 3a KBA/IUTET Ha
BMHOTO Criopefi 3aKOHOT Ha Peny6nuvka CeBepHa MakepgoHuja.

KnyuHu 36opoBu: kgasiumem Ha suHo, OV Mmemodu, onucHa aHasnu3sa, sepugukayuja Ha memoo.
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Abstract

Dairy product quality monitoring begins at the farm and ends in the hands of the consumer. Raw milk
must also meet other quality standards; it should be free of drug residues, free of added water and free of
sediment, contaminants and other abnormalities. In our researches, is taken somatic cells count, the number of
bacteria and Aflatoxins as indicators of the quality of raw milk from the Ov¢e Pole region in the period January-
June, 2018. For the needs of this research, an analysis was made of 1320 samples for the presence of bacteria
in raw milk, determination of somatic cell count in 478 samples as well as identification and quantification of
aflatoxin M1 in 60 samples.

The results from this study indicated determination acceptable count of somatic cells in 95.5 % of the
samples from raw milk while in 2 samples of raw milk, the amount of aflatoxin M1 was above limits with
highest amount of 0.58 mg/kg raw milk. According to European milk quality standards, in the biggest part of
the samples (89.55 %), presence of bacteria does not meet the standard. From the analyses made by the milk
producers that were the subject of analysis in this research, it can be concluded that they do not adhere to
good agricultural practice, the level of milk contamination is high due to poor hygiene, improper handling of

milk after milking and insufficient education of farmers for hygiene in primary production.

Keywords: raw milk, total bacteria count, somatic cells, aflatoxin M1

INTRODUCTION

Somatic cell count is the common method
for determination of raw milk quality (Bansal et
al., 2005). An increased amount of somatic cells
results either from an inflammatory process due
to the presence of an intramammary infection
or, under non-pathological conditions, from
physiological processes such as estrus or
advanced stage of lactation (Batavani et al,
2007). Monitoring of somatic cell numbers has
been simplified by automated cell counters
that allow large numbers of milk samples to be
evaluated quickly. The number of somatic cells,
usually called somatic cell count, in milk is used
as an important indicator of udder health since
somatic cells are involved in protecting the
mammary gland from infection as part of the
innate immune system. SCCin milk is influenced
by many factors, such as animal species, milk

production level, lactation stage, and also the
individual and environmental factors as well as
management practices. The selection of dairy
animals for greater milk production and the
removal of milk by machine milking impose
unnatural stress on the bovine udder. This has
increased the chances of mammary infectionsin
these animals. To defend against the mammary
infections, somatic cells (SCs) are released into
the milk. These cells not only fight infection but
also repair tissue damage. All the developed
countries are using milk somatic cell counts
(SCCs) as a marker to monitor the prevalence
of mastitis in dairy herds, as an indicator of raw
milk quality to processors, and also as a more
general indicator of the hygienic conditions of
milk production on farms. Though somatic cell
count is subjected to variation, it is still used as
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an indicator of milk quality in several species,
especially in ruminant and human. Generally,
SCs until now have been considered as negative.
High SCCis associated with udder inflammation,
which leads to bacteriological problems in
milk, an alteration of milk composition, and
finally, the major modifications of dairy product
characteristics compared to the normal values.
The role of SCs is generally assessed as a global
effect, although the influence of the other
factors has not been considered separately, and
then, includes intrinsic characteristics of milk
modified by the inflammation of the mammary
gland, consequences on milk biosynthesis
and secretion, and bacterial count. Aflatoxins
(AFs) are secondary metabolites produced by
Aspergillus flavus, Aspergillus parasiticus, and
Aspergillus nominus fungi under impropriate
growing and storage conditions (Applebaum
et al., 1982). There are 18 different known
AFs, and AFB1 is the most toxic and can
contaminate various foods (Aycicek et al., 2005).
After ingestion, its high fat solubility favours
gastrointestinal absorption and can reach
the liver (Battacone et al, 2003), where it is
metabolized by the cytochrome P450 enzyme
family and is hydrolysed into Aflatoxin M1
(AFM1) or milk Aflatoxin (Decastelli et al., 2007).
It is then transferred to milk (Diener et al., 2001)
and, thus, to milk derivatives and products
(Dragacci et al, 2001). The most common
aflatoxin with proven cancerogenic effect in
raw milk is aflatoxin M1. European Community
(EC) and Codex Alimentarius prescribe a limit
of 50 ng/kg AFM1 in milk and 25 ng/kg for
infant milk products. However, US regulation
fixed the limit to a maximum of 500 ng/kg for
milk and 25 ng/kg for infant milk products. The
microbial milk contamination source comes
from herd hygiene and health status, mastitis

prevalence, production environment, and
milking parlour and milk conserving practices
in dairy farm. Other microbial contamination of
milk possibility may occur during the long milk
storage, under low insufficient temperature
(Lin H et al, 2016). Usually, contaminated
environments are a potential source of food-
borne pathogens and spoilage bacteria
present in raw milk bulk tank in the dairy
farm, which are affecting the milk quality and
emerging public health risk (Van Kessel JS et
al., 2008, Viljoen BC,2001, Kagkli DM et al., 2007.
External contamination of the udder can have
a huge impact on the total number of bacteria.
(Bramley and McKinnon. 1990). The study of
risk factors associated with contamination of
raw milk from Listeria monocytopenia’s milk
showed that insufficient cleanliness of cows,
inadequate lighting of milking parlours and
barns may be an indication of neglect of milking
hygiene. Inadequate disinfection of towels used
to dry the udder can significantly increase the
likelihood of contamination (Sana et al., 2003).

Silage is also an important source of
contamination with Listeria spp., including L.
monocytogenes and other potential human
pathogens such as Yersinia enterocolitica and
Aeromonas hydrophila (Sana et al., 2003).

The aim of this work was screening of the
quality of the raw milk for the period of January-
June, 2018 by determination of total bacteria
and somatic cell counts as well as quantification
of aflatoxine M1. For this purpose, 1316 samples
of raw milk were selected for investigation of
total bacterial count, 478 samples were selected
for determination of somatic cell count and 60
samples were collected for identification and
quantification of aflatoxine M1.

MATERIAL AND METHODS

Determination of somatic cell count and

aflatoxin M1 in raw milk

60 samples of raw milk from the farm
in the region of “Ovce Pole” were the subject
of the presence of aflatoxin M1 and somatic
cell counts. All samples were stored at 2-8°C
and tested for 24 hours. Some samples that
we were not able to analyse within 24 hours
were stored at -20°C. To determine the total
number of bacteria in the period from January

to June 2018, 1316 samples were taken, while
to determine the number of somatic cells,
478 samples of raw milk from producers in
the Ovce Pole region. Samples are taken and
delivered in sterile plastic cups with a volume
of 50 ml canned by Adizol (Sigma-Aldrich vol.
25 ml). After taking, they were transported
at a temperature of 4°C in the laboratory for
testing the quality of raw milk at the Faculty
of Veterinary Medicine Skopje. All samples are
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analysed by accredited method in accordance
with 1SO 21187: 2004. The instrument used
for the tests was the Bactoscan 8000S (Foss
Electric Denmark). The BMO procedure was
performed according to the Milk-Quantitative
determination of bacteriological quality, IDF
Standard 161A: 1995. This device works on the
principle of staining bacteria with fluorescent
dye. In the procedure after staining the bacteria,
a thin film of the milk sample is placed on a
rotating disk under the lens of a fluorescent
microscope. This microscope counts coloured
bacteria as light pulses that are electronically
converted and displayed as numerical data.
Before somatic cell counting, the samples
are heated to 40°C and analysed twice on
a Fossomatic 5000 (FossElectric, Denmark).
The somatic cell counting procedure was
performed in accordance with the accredited
method SO 17025-FVM-SOP-398 according
to references from ISO 13366-2: 2006. ELISA
equipment Immunoscreen AFM1 (Tecna,
s.r.l, Trieste, Italy) and HPLC equipped by
fluorescence detector (Waters Alliance 2695)
were applied for determination of Aflatoxin M1
in 60 samples of raw milk. All standard controls
were duplicated on a 96-well plate coated with
anti-AFM1 antibodies. After colorization, using

the appropriate chromogen, the samples were
weighed using a microplate Bio-Rad Model
680 (Philadelphia, USA) photometer set at 450
nm. The measured absorption was inversely
proportional to the AFM1 concentration in the
sample and the measured apparatus ranging
from 5 to 250 ng/kg.

Statistical analyses

The experimental results of the quality of
raw milk samples were subject to independent
one-way analysis of variance (ANOVA) to
examine the impact of each fixed factor (i.e.,
raw milk samples), on the dependent variables
(i.e, the somatic cell count and the amount
of adlatoxin M1). The level of significant
differences of the mean values (p-value) used
was 5% for all the performed one-way ANOVA
and Tukey’s tests. When the F-tests resulted in
significant differences, the mean values were
further subjected to Tukey's-HSD post-doc
tests for a comparison of the mean differences
between groups of the independent variables
(i.e., the total somatic cells and the amount of
aflatoxin M1) could be undertaken. The IBM
SPSS Statistics v.16.0 software (IBM Corporation,
Chicago, IL, USA) was used for the statistical
analyses.

RESULTS AND DISCUSSION

Determination of somatic cell count

Besides the immune defence role in the
udder, SCs can continue their protective function
in milk (Gera & Guha, 2011). Additionally, some
components identified as being from SCs are
presentin milkandalso help to enhance the host
defence. For example, PMNs have bactericidal
and respiratory burst activities and they can
eliminate the invading bacteria by releasing
reactive oxygen species (ROS) and granular
enzymes. According to the results obtained
from 482 samples taken once per month, 462
samples meet the National and EU standards for
the total number of somatic cells as a parameter
for milk quality. The measured average values
showed that the highest value of somatic cells
count was 27774390 scc/mL in June 2018
and the lowest measured average value was
detected for March 2018 (233701.3 scc/mlL).
Furthermore, from 482 samples collected in
the “Ovce Pole” region, 95.8% met the criteria
prescribed in the milk and dairy products

regulative of 2016 where the maximum number
of somatic cells can be 400,000 cfu/ml in raw
cow’s milk and are also satisfied and EU milk
quality standards. Identification of area-specific
and farm-specific risk factors was crucial in
cow mastitis control programmes. As we can
see from the figure 2, only 6 samples from 72
samples collected in January was above limit of
400,000 cfu/ml. Furthermore, 6 from 76 samples
in total collected in February had higher number
of somatic cells in raw milk samples. Only one
sample from 78 samples of raw milk collected
in March and one sample from 84 samples of
April did not meet regulative for somatic cells
count. The results from examined samples in
May indicated 6 samples with higher number
of somatic cells and the number of somatic
cells in all 83 samples from raw milk collected
in June was below 400,000 cfu/ml. From the
results above, it can be concluded that the raw
milk had good quiality (in relation to somatic cell
count) and selected exclusively healthy head
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of cattle had a low percentage of mastitis and
good control of the mammary gland.

Determination of the amount of

Aflatoxin M1

Determination of the amount of aflatoxin
M1 was determined in 60 samples of raw milk.
In two samples a concentration higher than
0.05 ng/kg was detected by ELISA method. The

amount of aflatoxin ATM1 in those two samples
were additionally analysed by HPLC with
fluorescent detector, as a confirmation method
(Galvano et al.,, 1996). AFM1 concentrations in
both samples (3.3%) exceeded the maximum
permissible levels, and the highest detected
concentration was 0.58 ng/ kg, which is 0.08 ng/
kg above the permissible limit (Ghorbanian et
al., 2008).
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Figure 1. A sample enzyme-linked immunosorbent assay calibration curve.

Somatic cell count in 89 samples of raw milk/scc/mL
(January-June)
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Figure 2. Somatic cell count in 89 samples of raw milk from the “Ov¢e Pole” region for period January-June,
2018.

Total bacterial count

According to the analysed 1320 samples
that were taken twice in the first and second
half of the month (analysis 1- 667 samples and
analysis 2-653 samples) only 138 samples that
meet the national standards while according to
the EU (Council Directive 92/46 EEC). Presented

by months as the average value of the bacteria
were determined in raw milk it is obvious that
the average value in January is the lowest with
326069.44 cfu/mL while in May it is the highest
with 623395.6 cfu/mL.
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Table 1. Total bacterial count (average value from January-June, 2018).

Total bacteria count in samples of raw milk for the period (January-June 2018 year)
Month Number of Number of Mean value 1 Mean value 2
samples from samples from
Analyst 1 Analyst 2

January 80 72 348860,75¢ 326069,444

February 87 81 392069,76¢ 332160,49¢

March 102 102 464715,68¢ 454764,70¢

April 124 124 581274,19° 538637,09°

May 137 137 623395,6° 605548,18°

June 137 137 538208,82° 552102,9°

Note: Mean values were calculated of two replicates and two analytical measurements. The different
superscript letters (a-d) mean significant differences (p < 0.05) among the results in the same column in

decreasing order.

The results of our research on the samples
selected from the Ovce Pole region showed
that only 10.45% meet the criteria according
to the Rulebook on amending the rulebook on
special requirements for safety and hygiene and
the manner of the procedure for performing
official controls of milk and dairy products
(Official Gazette of the Republic of Macedonia,
No. 197 of 28.10.2016) where the limit for the
allowed number of bacteria is 400 000 cfu/mL,
while none of the samples meet the criteria of
the European legislation. The highest statistical
significance had samples collected in May, while
the lowest significant values indicated samples

collected from January which can be linked by
the temperature fluctuation. According to the
findings of O’ Connell et his research group, the
bulk tank milk can be stored at 2°C or 4°C for up
to 96 h with minimal deterioration of quality as
long as the milk entering the tank has minimal
bacterial contamination (O’ Connell et al., 2016).

Many of microorganisms gain entry to
the milk from equipment and/or personnel,
zoonotic pathogens can also be introduced into
milk from unhealthy animals. As a consequence
of this risk, posterization or other treatments
are employed to remove disease-causing
microorganisms.

CONCLUDING REMARKS

The results presented in this research
showed that the quality of raw milk in relation
to the somatic cell counts and the presence of
aflatoxin is at a satisfactory level. Monitoring
of somatic cell numbers has been simplified
by automated cell counters that allow large
numbers of milk samples to be evaluated
quickly. Somatic cells tend to be higher in
afternoon milking’s, which undoubtedly occurs
because of the shorter milking interval and
lesser fluid milk dilution of sloughed epithelial
cells. Therefore, increased frequency of milking
(three or four times/day) may slightly elevate.

The previous Aflatoxin crisis due to high
AFM1 contamination of maize in 2013 has

increased the awareness of the food safety
risk managers; induced regulatory measures,
research, and innovation activities; and
reinforced the consciousness of the food
business operators. Consequently, they have
implemented strict monitoring and regular
control along the feed and food chain utilizing
the availability of rapid and less expensive
detection kits. This self-control and corrective
measures at dairy farms resulted in the slow
decrease of AFM1 contamination. In the text,
the references should be cited as the following
examples: Novakov (2001) or (Dumas et al,
2006, 1999).
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The paper remarks the importance among
the milk production and food safety, closely
related to the assurance of the milk quality
and the prevention of milk spoilage. The dairy
industry management programmes as for food
safety, the milk quality and the dairy products
are preventing the microbial contamination.

Actually, dairy farms are to reduce the milk
contamination source from udder and the dairy
cow herd health status and the production

environment, by hygiene practices in the cow
herd management and good milk conserving
in the raw milk bulk tank. The food hygiene
protocols are fundament for to reduce the
microbial contamination of the raw milk and
pasteurized milk, regarding the health risk by
the microbial pathogens in the food borne
diseases and bacterial spoilage, source of
deteriorating dairy products and milk.
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BKYMNEH BPOJ HA BAKTEPUWU, COMATCKU KNETKU N MPUCYCTBO HA A®JIATOKCUH M1 BO
CYPOBO MJIEKO O] PETMOHOT HA OBYE IMNOJIE, PENYBJIMKA CEBEPHA MAKEAOHWUJA

Camba KoctagnHoBuKk BennukoBcka'’, 3opaH ApceBcku', [laHnena filnmoBcka’',
OupgaHka Unuesa’', Ayo Kysenos'
'3emjodencku ¢pakynmem, YHusepaumem ,loye [lenyes’; Kpcme Mucupkog 66, 2000 LLImun, Penubnuka CesepHa
Makedonuja
*Konmakm asmop: sanja.kostadinovik@ugd.edu.mk

Pesnme

MOHUWTOPMHIOT Ha KBaNUTETOT Ha MIIEKOTO 1 MIIEYHUTE MPOU3BOAM 3arnoyHyBa off papma, a 3aBpLUyBa BO
paLeTe Ha KOHCyMmeHTUTe. CypOBOTO MIIEKO MOpPa [ia M1 3aj0BOJIM KPUTEPUYMUITE 3a KBaIUTET, LITO nogpa3burpa
[a Hema ocTaToum of NeKkoBu, AOAAAEHA BOAa, Aa HEMA MOjaBa Ha Tafor, 3aragyBayun Unn ApYrn HeMoOXenHu
KOHTaMWHeHTU. Bo HalweTo mcTpakyBarbe onpepenviBme BKyneH 6poj Ha GakTepun, COMaTCKM KNETKU ©
npucycTBo Ha adpnatokcmH M1 Bo npumepoun of cypoBo mneko of OBYENONICKMOT PernoH cenekTnpaHu
BO nepwvof jaHyapu-jyHu 2018 roguHa. 3a notpebute Ha oBaa UCTpaxyBarbe, BO 1320 npumepoum belue
onpepeneH BKyneH 6poj Ha 6akTepuu, 6POjOT Ha cOMaTCKM KneTKkn belle onpeneneH Bo 478 npumepouy,
poneka maeHtnduKkauvja n KBaHTuduMKaumja Ha apnatokcmH M1 Gewe onpefeneH Bo 60 npumepoun Ha
CYpOBO MNeKO.

Pesyntatute o 0Ba ncTpaxyBarbe Nokaxaa Aeka 95,5 % o aHanv3npaHuTe NprMepoLm ro 3agoBonyBsaat
CTaHAapAoT 3a 6POjoT Ha COMATCKM KNeTKW, AofeKa BO 2 NPYMepOKa O CypOBO MIIEKO MMalle AeTeKTUPaHO
3ronemMeHo NpucycTBo Ha adnatokcmH M1 co makcumanHo konmuectso of 0,58 mg/kg ceexo mneko. Bo
cornacHocT co EBponckute cTaHAapAun 3a KBanuTeT Ha CYpOBO MJIEKO, Hajroniem fAen of nprvMmepoumTe Ha
cypoBo mneko of OBYENONCKM PerMoH BO KO ce aHanm3mpallue BKyneH 6poj Ha 6akTepun (89,55%) He ro
3a/l0BONyBaa CTaHAapAoT. Pesyntatute fobrieHn of aHanusnTe Ha CypoBO MIEKO MHAMLMPaa Aeka dapmepuTe
He ce NpuAap»KyBane KoH fobpa 3emjofenicka npakca U HUBOTO Ha KOHTaMUHaLwMja 6eLle BUCOKO Nopaam nowa
XWUTieHa, HeCOOABETHO UyBak€e Ha MIIEKOTO MO MON3eHEeTO M HeJOBOJTHA eflyKaLja Ha papmepuTe 3a XUrneHa
npu NPOV3BOACTBO HA MEKO.

KnyuHun 360poBu: cyposo mseko, 8kyneH 6poj Ha 6akmepuu, 8KyneH 6poj Ha4 COMAamcku Kriemku,
agnamokcuH M1
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Abstract

Arsenic polluted groundwater was found in the Strumica region located in the south-east part of the
Republic of North Macedonia where an intensive agriculture production is concentrated on the area of around
1000 km?2 Out of 185 samples collected from boreholes, 64 samples have arsenic in their concentrations
greater than 10 pg/L, from which 30 samples have a concentration greater than 50 pg/L with a maximum
concentration of 176.56 pg/L. Pollution mostly occurs in the groundwater located in the central part of the
valley characterized by alluvial plains and young aquifer. Around 57% of the polluted samples have origin from
deep groundwater with a depth greater than 40 m. Reductive environment, high Fe, Mn, HCO, as well as low
SO,” and NO, content in polluted samples suggests that reductive dissolution is a major mechanism by which
arsenic is released into the groundwater. Highly polluted samples are characterized with high concentrations
of Mn and Fe. Other investigated ions are presented in low concentrations. One factorial ANOVA showed
significant differences between the As concentrations in shallow and deep groundwater. Multivariate factor
analysis was performed to identify the covariance structure between the investigated variables. Arsenic
was positively correlated with HCO, and Mn in shallow groundwater and with HCO,, Ca, and Mn in deep
groundwater suggesting that arsenic is mobilized in groundwater by reductive dissolution of Mn oxides from
the bedrock.

Keywords: arsenic, shallow groundwater, deep groundwater, reductive dissolution

INTRODUCTION

Groundwater is a major source of irrigation
in the world. If arsenic polluted groundwater
is used for irrigation, serious problems may
occur in agriculture production. Permanent
irrigation of soil with arsenic polluted water
may contribute to the accumulation of this
toxic element in the topsoil or subsoil and after
some time render the soil unfit for agriculture
production (Bhattacharyaetal., 2002). According
to Jiang and Singh (1994), agricultural inputs
like pesticides and fertilizers may also increase
the concentration of arsenic in topsoil while
environmental and climate conditions may
contribute to its leaching into the groundwater.
Plants can accumulate some amount from
the soil or the contaminated irrigation water.
The quantity of the accumulated As depends

on plant variety and the contamination level.
Arsenic is a phytotoxic element which may
cause chlorosis, yield decrease, and stunt of the
plant growth. Plants usually accumulate arsenic
in roots and shoots, but some plants like rice,
lettuce, carrot, and potatoes are capable to
accumulate As in the edible parts of the plant
making it unsuitable for human consumption
or other intended use (Kabata-Pendias A.
and Mukherjee B. A., 2007). The pollution of
groundwater with arsenic has become a global
concern problem. Polluted groundwater has
beenfoundinmany partsoftheworldindifferent
hydrogeological and geochemical conditions.
Literature data show that majority of the
arsenic polluted groundwater provinces are in
young unconsolidated sediments, usually from
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Quaternary or Holocene age in arid or semiarid
settings (Rosas et al., 1999; Smedley et al., 2002),
orinlargealluvial deltaic plains (Berg et al., 2001;
Smedley et al., 2005; Polya et al., 2005). This,
heavy metalloid and oxyanion-forming element
can reach the groundwater from natural sources
like mineralization and geothermal activity
or human activities like mining, industry, and
the use of arsenical pesticides in agriculture
and forest preservation. Arsenic pollution of
groundwater which is related to mineralization
and mining activities are localized in recognized
regions and have been reported worldwide like
the USA (Twarakawi N.K.C. and Kaluarachchi J.J.,
2006) Canada (Bernard D.W., 1983; Grantham
D.A. and Jones J.F, 1977), Africa (Smedley et
al., 2007), Greece (Komnitsas K. et al, 1995),
India (Chakraborti D. et al., 1999; Pandey PK. et
al.,, 2002), Mexico (Armienta M.A. et al., 2005),
Thailand (Williams M., 1996), England (Thornton
[, 1994), etc. Arsenic polluted groundwater
associated with geothermal fluids has been
reported in the USA (Wilkie J.A. and Hering J.G,,
1998; Welch A.H. et al., 2000), Japan (Swedlund
PJ. and Webster J.G., 1998), and New Zeland

(Robinson B. et al., 1995). Data related to arsenic
contamination of groundwater associated with
pesticide applications are limited and until
now have been reported only in the United
States (Bednar AJ, 2002; Cai Y. et al, 2002
and Wiegand GE., 1999). In the Republic of
Macedonia arsenic polluted groundwater has
been found in Pelagonia valley the region of
Prilep (max. 75 pg/L) (Mircovski V. et al.,, 2014),
and the region of Strumica (max. 117.8 75 pg/L)
(lvanova S. and Ambarkova V., 2015). According
to Ravenscroft et al. (2009), there are four
mobilization mechanisms of arsenic in nature:
reductive dissolution (RD), alkali desorption
(AD), sulphide oxidation (SO), and geothermal
(GT). The purpose of this study was to make
an assessment of arsenic pollution origin in
groundwater which is used for irrigation and
situated under intensive agriculture activities
using chemometric methods like single factorial
analysis of variance and multivariant factor
analysis.

MATERIAL AND METHODS

Investigated area

The investigation was conducted in the
Strumica valley, located in the south-eastern
part of North Macedonia, approximately 15
km to the west of the border with Bulgaria. The
groundwater of the investigated area belongs
to the transboundary Petrich valley aquifer
shared by the Republic of North Macedonia
and Bulgaria and it is hydraulically linked with
the surface water of the Struma/Strymonas
river basin (Fig.1). The Aquifer is made up of
Pliocene, predominantly, and Quaternary Lake
sediments, alluvial sands, gravels, clays, and
sandy clays (UNECE 2011). The Strumica river
is a transboundary tributary to the Struma/
Strymonas river which source is in western
Bulgaria (Vitosha Mountain, south of Sofia) and
ends in the Aegean Sea (Strymonikos Gulf -
Greece) (Fig. 1). The discovered thickness of the
basal lithozone ranges from 20-50 m (Rakicevik
et al., 1973). The region is characterized by an
intensive agriculture production since the
1950’s when cotton was the main cultivated
crop for the existence of domestic growers.

The construction of the irrigation systems
Turia and Vodocha in 1979, contribute to the
replacement of cotton production with early
vegetable production which contributes to the
development of the food cane industry. The
region is reached in hydro geothermal water
whichaccordingto Gorgievaetal.(2000) belongs
in the hydrothermal systems in the fractured
granites of Paleozoic or Mesozoic age. Springs
and boreholes with different temperatures are
present within small distances in the village of
Bansko.The maximum measured temperature is
73°C and the predicted maximum temperature
is 120°C (Gorgieva, 1989). The reservoir in the
granites lies under thick Tertiary sediments. An
abundant mine with copper and gold deposits
is present in the village of llovitca located in a
northwest-southeast striking Tertiary magmatic
arc, that covers large areas of Macedonia, Serbia,
Central Romania, Southern Bulgaria, Northern
Greece, and Eastern Turkey (Carter S., 2008).
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Figure 1. Geographic location of the investigated region, the Strumica valley.

Chemical analysis

Each sample was collected from a borehole
located in the field of agricultural production,
according to EPA guidelines (Johnston, 2007)
and analysed for the quantity of major cations,
anions, heavy metals, and trace elements.
Anions like chlorine, carbonate, and bicarbonate
were analysed by volumetric methods. Sulphate
(50,%), nitrate (NO,), nitrite (NO,), and ammonia
(NH,") were determined by the colorimetric
method using spectrophotometer type JENWAY
6715,UVVis (EPA375.4;EPA352.1; EPA354.1; EPA
350.2). pH is measured by pH meter HANNA HI
2211-01 and electrical conductivity is measured
with conductometer JENWAY 4520, in situ. The
total oxidation state of arsenic (As), magnesium
(Mg), sodium (Na), potassium (K), calcium (Ca),
phosphorus (P), manganese (Mn), copper (Cu),
nickel (Ni), cobalt (Co), iron (Fe), zinc (Zn) and
lead (Pb) were analysed by inductively coupled
plasma-mass spectrometry (ICP-MS), (Agilent
7500 CX). The equipment was linearly calibrated
from 1 to 100 ug/L, using a certified standard
solution (Sigma ICP Multielement Standard

Solution). Linearity was checked after every 10
samples. Accuracy has been tested by analysing
a certified reference material, NIST SRM 1643
¢ “Trace elements in water” Bias ranged from
2 to 7%. Precision expressed as intermediate
precision was better than 10% for all analysed
elements.

Statistical analysis

Descriptive statistics analysis was used
to perform analysis of data, including mean,
median, maximum and minimums, standard
deviation, and variance. One factorial ANOVA
in excel was performed to see if there are
significant differences of As concentrations in
shallow and deep groundwater. Groundwater
composition was subject to a factor analysis to
understand the covariance structure between
As and other variables. Varimax normalized type
of rotation and multiple R - square methods
were used for the extraction of the loadings.
Descriptive and factor analysis are performed
in the statistical program Statistica version 10
(StatSoft Inc., 2011).
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RESULTS AND DISCUSSION

Chemical and physical characteristics of

groundwater

A total number of 185 groundwater
samples have been analysed for their quality
and heavy metal content (Tab. 1). The depth of
the investigated boreholes ranged between 4.5
and 130 m with a median of 21 m. The analytical
results show that the pH values of groundwater
samples varied between 6.84 and 8.67 with a
median of 7.83, which indicates that waters
are generally slightly alkaline. The electrical
conductivity of groundwater varies between
1.22 and 17.49 dS/m at 25°C with a median value
of 4.74 dS/m. According to Sawyer N.G and Mc
Cartly D.L. (1967), the total hardness expressed
as mass of CaCO, ranged between 0.03 - 915.07
mg/L. Around 32% of groundwater samples
belongin the very hard category, 25% in the hard
category, 28% belong in the moderately hard
category and 25% were characterized in soft
category. All heavy metals and trace elements
except As, Mn, and Fe are found below the
national MCL (Maximum Concentration Limits).

Almost 35% of investigated samples have
total arsenic content greater than 10 pg/I, from
which 16% have concentrations greater than 50
pg/L with a maximum concentration of 176.56
pg/L. The most polluted were samples from the
village of Robovo (eight out of nine investigated
samples) with a concentration range from
65.23 - 176.56 ug/L, then samples from the
village of Sachevo where seventeen out of
nineteen investigated boreholes exceeded the
level of 10 pg/l, with the concentration range
from 23.31 to 172.42 pg/L. In the village of
Ednokukjevo, thirteen out of eighteen samples
(range 10.37 - 109.46 pg/L) and in the village
of Borievo eleven out of twelve investigated
samples were polluted (11.54 — 80.42 ug/L) with
a concentration greater than 10 pg/l. Arsenic
polluted groundwater was sampled mostly
from the boreholes located in the central part
of the valley characterized by alluvial plains and
young aquifer.

Table 1. Statistic summary of concentrations of chemical variables resulting from the descriptive analysis of
investigated samples

Min Max Mean Median SD cv

d(m) 4.50 130 40.2 21.00 34.32 85.36
pH 6.84 8.67 7.85 7.83 0.45 5.67
ECw (dS/m) 1.22 17.49 4.88 4.74 2.46 50.41
HCO_ (mg/L) 0.04 750.97 269.65 265.25 156.61 58.08
Cl-(mg/L) 4.19 614.31 39.59 25.13 55.77 140.88
NO, (mg/l) 0.14 284.44 23.30 2.98 45.50 195.27
NO_ (mg/L) <LOD 35.85 0.73 0.025 3.99 546.69
NH,* (mg/L) <LOD 55.89 1.12 0.09 5.01 448.86
SO,> (mg/L) <LOD 300.45 24.97 17.57 37.73 151.06
Na (mg/L) 1.4 36.71 7.06 5.95 5.07 71.84
PO (mg/l) <LOD 7.8 0.54 0.19 1.1 202.62
K(pg/L) 1.15 354.44 12.06 5.38 2.35 16.58
Ca (mg/L) 7.43 411.18 51.10 39.84 39.61 77.52
Mg (mg/L) 1.07 96.14 13.55 9.77 12.51 92.33
As (pg/L) 0.08 176.56 21.58 2.60 38.51 178.45
Mn (pg/L) <LOD 3328.88 465.10 288.55 606.78 130.46
Fe (ug/L) <LOD 3165.71 212.29 71.69 386.89 182.25
Ni (ng/L) 0.32 21.58 3.36 2.59 2.67 79.49
Cu (ng/L) <LOD 21.55 1.35 1.04 1.74 128.66
Zn (pg/L) 2.34 1371.41 49.79 14.22 160.16 321.67
Pb (ng/L) 0.06 16.35 0.92 0.47 1.66 181.78

o (ng/L) 0.25 2.1 0.39 0.25 0.36 91.62
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Most of the arsenic polluted samples (42
samples) have depth between 21-100 m. Only
fifteen samples have depth not greater than
20 m and 7 samples have a depth between
100 - 125 m. The contaminated groundwater
is mostly alkaline (pH between 7.5 — 8.53), with
a high concentration of bicarbonate (HCO,
177.06 — 511.87) and moderate conductivity
(ECw 2.48 - 7.2) (Tab. 2). Arsenic bearing rocks
like calcite forms of limestone, iron oxide
minerals, and sodium feldspars are common
for the investigated region (Rakicevik and
Pendzerkoski  1973). Groundwater from

the boreholes in the village of Bansko, an
area rich in geothermal springs, shows no
significant content of arsenic in groundwater.
The most important geothermal spring in this
region has an arsenic concentration of 22.52
pg/L, suggesting that arsenic presence in
groundwater in the region have no geothermal
origin. Reducing environment present in the
groundwater of the investigated area, high Fe,
Mg, HCO, as well as low SO, and NO, content
suggests that reductive dissolution is a major
mechanism by which arsenic is released into the
groundwater.

Table 2. Statistic summary of concentrations of chemical variables resulting from the descriptive analysis of
arsenic polluted samples

Min Max Mean Median SD cv

d(m) 17.00 125.0 64.77 76.50 38.38 59.26
pH 7.50 8.53 8.02 8.035 0.34 4.22
ECw (dS/m) 248 7.20 4.95 4.98 1.17 23.65
HCO_ (mg/L) 177.06 511.87 359.23 385.45 92.34 25.70
Cl (mg/L) 6.28 49.53 15.89 11.09 11.67 73.45
NO_- (mg/L) 0.65 19.81 3.77 1.60 533 141.27
NO_- (mg/L) <LOD 0.120 0.03 0.03 0.02 63.23
NH_* (mg/L) <LOD 17.930 1.51 0.39 3.39 224.34
SO,> (mg/L) 0.77 25.760 7.06 2.50 7.91 112.01
Na* (mg/L) 1.66 18.350 8.39 7.45 3.61 42.98
PO 3 (mg/L) <LOD 7.80 1.09 0.23 1.87 172.32
K (mg/L) 1.23 10.26 4.83 4.84 2.59 53.59
Ca (mg/L) 12.71 70.97 41.40 37.44 16.22 39.18
Mg (mg/L) 3.39 42.33 9.30 6.51 9.26 99.63
As (ug/L) 50.04 176.56 101.93 90.60 38.61 37.88
Mn (ug/L) 68.42 2175.17 692.13 592.86 498.72 72.06
Fe (ng/L) 28.01 1048.61 258.33 112.52 270.58 104.74
Ni (ng/L) 0.54 8.99 2.64 1.70 2.49 94.17
Cu (ng/L) <LOD 4.25 0.86 0.38 1.00 115.7
Zn (pug/L) 2.90 88.73 21.73 12.1 22.04 101.43
Pb (ug/L) <LOD 16.35 1.16 0.25 3.04 261.92
Co (ug/L) <LOD 0.70 0.30 0.25 0.12 40.24

Highly polluted samples with arsenic
concentration greater than 50 pg/L are
characterized with low content of sulphate
(0.77 - 25.76 ug/L), phosphate (0.025 - 7.8
pg/L), potassium (1.23 — 10.48 pg/L), calcium
(12.71 - 75.48 pg/L), magnesium (3.39 — 42.33
pg/L), nickel (0.54 - 8.99 pg/L), cuprum (0.25 -
4.25 pg/L), zinc (2.91 - 88.73 ug/L), lead (0.25
- 16.35 pg/L) and cobalt (0.25 - 0.7 pg/L).
Concentrations of iron (28.01 — 3165.71 ug/L)
and manganese (68.42 — 2175.17 pg/L) showed
higher values than in unpolluted samples.

Statistical analysis

One factorial ANOVA

Single-factor ANOVA was performed to
investigate if there are significant differences
between As concentrations in shallow
groundwater with depth up to 40 m and deep
groundwater with a depth greater than 40 m.
For that purpose, the obtained values for As
concentrations were previously normalized
using Box-Cox transformation. The analysis
showed that F (37.97) is higher than F critical
(3.89) and p-value (4.17 E®) is much lower than
0.05 which indicates that there is a significant
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difference between shallow groundwater and
deep groundwater regarding As concentration.
The mean values of As concentrations 15.86
ppm and 34.05 ppm for shallow and deep

groundwater respectively, indicate that higher
concentrations are presentin deep groundwater
suggesting its natural origin.

Table 3. Single factor ANOVA for As concentrations in shallow and deep groundwater

Source of Variation ) df MS F P-value F crit
Between Groups 93.83 1 93.83 37.97 4.17E-09 3.89
Within Groups 472 191 247
Total 565.83 192

Factor analysis analysis was performed separately for shallow
Factor analysis performed for all and deep groundwater. Factor analysis for

groundwater samples revealed two factors with
eigenvalues greater than one which explains
only 29.96% of the total variance and 44.35%
of communalities leaving too many residuals
(unexplained sums of squares) (Table 4). Due
to the information from this analysis, it was not
possible to give a logical explanation of the
association of variables. It is assumed that this
outcome due to different chemical processes
dominated in shallow and deep groundwater.
The composition of shallow groundwater
is more prone to the processes of sorption
and desorption as a result of clay and organic
matter content in the topsoil and subsoil. The
composition of deeper groundwater is more
prone to the processes related with the aquifer
composition. To lower the percent of residuals,
and to obtain more clear associations, factor

shallow groundwater revealed four factors with
eigenvalues greater than one which explain
43.64% of the total variance and 50.19% of
communalities (Table 5). The analysis positively
associates As with HCO3- and Mn suggesting
that arsenic is mobilized in groundwater by
reductive dissolution of Mn oxides from the
bedrock. Factor analysis for deep groundwater
revealed five factors with eigenvalues greater
than one. Arsenic was positively associated
with HCO3-, Ca, and Mn in the third factor
which explains 10% of the total variance (Table
6). The obtained result is in accordance with
the association obtained from the analysis
of shallow groundwater, which is difficult to
conclude based on the analysis when shallow
and deep groundwater were statistically
processed together.

Table 4. Factor analysis for all investigated samples

F1 F2 Comm

HCO, -0.15 0.76 70.34
Cr 0.68 0.55 85.64
NO, 0.56 -0.01 47.48
SO* 0.67 0.27 64.97
Na 0.11 0.04 29.39
PO > -0.16 -0.06 17.88
K 0.29 0.10 45.74
Ca 0.61 0.65 88.76
Mg 0.45 0.50 67.71
As -0.49 030 36.04
Mn -0.16 0.60 44,44
Fe -0.30 0.12 15.59
Ni 0.23 0.32 37.36
Cu 0.19 0.02 18.74
Zn 0.01 0.10 16.67
Pb 0.06 -0.00 10.53
Co 043 0.55 56.67
E-value 3.69 1.41 44.35%
Total variance % 21.68 8.28
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Table 5. Factor analysis of investigated variables for shallow groundwater of the Strumica region

F1 F2 F3 F4 Comm
HCO, 0.38 0.67 0.04 0.01 71.03
cl 0.87 -0.01 -0.07 0.14 86.85
NO, 0.23 -0.27 0.07 0.66 55.16
SO % 0.69 -0.21 0.03 0.15 67.04
Na 0.15 0.05 -0.27 0.28 29.28
PO*> -0.22 -0.05 0.05 0.54 31.44
K 0.18 0.01 -0.21 0.47 53.15
Ca 0.84 0.11 0.18 0.24 90.28
Mg 0.71 0.04 -0.12 -0.12 65.83
As -0.18 0.65 -0.04 0.02 4337
Mn 0.28 0.58 0.07 -0.09 54.30
Fe -0.09 0.34 -0.00 -0.05 13.41
Ni 0.24 0.24 0.36 0.35 39.22
Cu 0.09 -0.08 0.59 -0.03 35.09
Zn 0.13 0.02 0.61 -0.11 37.46
Pb -0.06 0.03 0.25 0.04 13.36
Co 0.74 0.12 0.12 0.05 66.92
E-value 3.71 1.63 1.09 1.01 50.19%
TV % 21.85 9.58 6.40 5.95
Table 6. Factor analysis for investigated variables for deep groundwater of the Strumica region
F1 F2 F3 F4 F5 Comm
HCO, -0.12 0.24 0.86 -0.01 -0.13 86.33
cl 0.84 0.15 -0.06 0.19 0.12 84.43
NO, 0.58 -0.32 -0.11 0.13 -0.26 71.20
SO 0.41 0.10 0.06 0.05 0.71 69.35
Na 0.13 0.06 0.09 0.09 0.77 79.76
PO* -0.04 0.05 0.09 -0.75 -0.07 57.72
K 0.84 0.04 0.05 -0.07 0.31 84.14
Ca 0.40 -0.01 0.80 0.15 0.12 85.21
Mg 0.22 0.14 0.16 -0.03 -0.45 54.66
As -0.23 0.14 0.59 -0.07 0.03 53.85
Mn -0.04 -0.39 0.50 -0.14 -0.21 63.87
Fe -0.07 0.01 -0.05 -0.65 -0.08 48.10
Ni 0.21 -0.79 -0.00 0.11 -0.09 74.67
Cu 0.36 -0.37 -0.19 0.23 -0.01 60.74
Zn -0.04 -0.14 0.07 0.09 -0.09 32.65
Pb -0.10 -0.63 -0.25 -0.03 0.13 68.88
Co -0.06 -0.75 -0.05 0.00 0.03 65.85
E-value 3.00 2.56 1.83 1.44 1.24 67.14%
TV % 16.66 14.22 10.19 7.98 6.91

CONCLUDING REMARKS

The assessment of arsenic pollution of
groundwater situated under the intensive
agriculture activities was investigated in this
study. The investigation was performed on the
Macedonian part of the Petrich valley aquifer,
located in the central part of the Strumica

valley. Although, the region has potential
for agrochemical, industrial and geothermal
pollution, the investigation shows that
groundwater is naturally contaminated from
arsenic reach geological formations.
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The mechanism of reductive-dissolution
from Mangan oxides are recognized as the
main process that contributes to groundwater
pollution. The obtained concentration levels of
pollution show that groundwater from these
contaminated boreholes could be hazardous
for humans and animals and should not be
considered as a potential source for drinking
water. Regarding the agricultural production
no significant symptoms of plant toxicity were

observed in the field (unpublished data). Even
though, there should be an awareness for the
possible threat of As contamination in the
critical points for agriculture production in the
future. The investigation of soil pollution in
these critical points should be priority in order
to determine the impact of polluted irrigation
water in the region.
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EAHO®AKTOPUJAJTHA AHOBA BO NPOLEHKA HA KBAJIUTETOT HA NOA3EMHUTE BOAN BO
KPUTUYHW OBJIACTU HA 3ATAALYBAKE KOE MOTEKHYBA O SEMJOAENICKN AKTUBHOCTU
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'3emjodesncku ¢pakynmem, YHusep3umem ,foue [endes’, yn.,,Kpcme Mucupkos” 66, 2000, LLimun,
Penyb6nuka CesepHa MakedoHuja
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Pesume

3ronemMeHn KOHLEHTPaLUM Ha apCeH ce AeTeKTMPaHU BO nof3eMHuTe Boan Ha CTPYMUYKMOT PErvioH,
NOUMpaH BO jyroUCTOYHWOT fen Ha MakefoHuja, Kaje LWTO WHTEH3MBHO 3eMjofesiCKo NPOW3BOACTBO €
KOHLIEHTPVPaHO Ha MoBpLWMHa of okony 1000 km?. Og BKynHO 185 npumepouu Ha Mof3emMHa Bofga cobpaHm
of pasnnyHu ByloTMHK, 64 MOKaXkaa KOHUeHTpauuu nosucokn og 10 ug/l. Og Hue, 30 npumepouun nmaa
KOHLIeHTpaumm noBmcokn og 50 pg/L co makcmmanHa KoHueHTpauwmja og 176,56 pg/L. BakBuTe 3ronemeHu
KOHLIEHTpaLMM Ha apceH ce 3abenexaHn Kaj mpumepouuTe of Nof3emMHa BOAa CobpaHu of OyWwOTUHU
NouMpaHn raBHO BO LieHTPanHuoT aen Ha CTpyMurykaTta KoTivHa Koj ce KapaKTepusnpa co anyBujanHu Noysm
1 Mnagu nogsemHm 6asenn. Okony 57% og 3arageHvTe nprMepoLm ce cobpaHu of 6yloTnHW co anabounHa
noronema of 40 m. Pegyumpaukata cpefuHa, BMCOKUTe BpedHocTu 3a Fe, Mn, HCO*, Kako u HuCKWTe
BpeaHocTM fgobuenn 3a SO4> n NOs cyrepupaaT Aeka pedyKTMBHaTa AUCONyUMja € FaBHUOT MexaHK3am
Ha ocnobopyBatbe Ha apCeHOT BO Moa3eMHuTe Boau. Mpumepouunte Kage WTo 6ea 3abenexaHy NOBUCOKM
KOHLIeHTpaLuun Ha As ce KapaKTepu3npaaT Co BUCOKM KOHLieHTpaLumu Ha Mn 1 Fe. [lpyrute ucnityBaHu joHU 6ea
NPUCYTHN BO HUCKM KOHLEHTpaumn. AHanm3aTa co egHodpaktopujanHata AHOBA nokaa 3HauMTeNHa pasfvka
romery KoHLeHTpauunTe Ha As BO nautkute (< 40 m) u gnabokute (> 40 m) npumepouy Ha Nog3emHa Boa.
MynTtuBapujaHTHaTa paKTopHa aHanM3a Nokaxa No3uTMBHa kopenauwja nomery As, HCO* u Mn Bo nauTknte
npumepoun n As, HCOs,, Ca n Mn Bo anabokute nprMmMepoLm Ha NoA3eMHa Bofa. BakBmoT pesyntaT ogm Bo
MPWIOT Ha 3aKNy4yoKoT feKa As e ocnobofeH BO MOA3EMHUTE BOAM CO PeAYKTMBHA AMNCONYLIMja Ha OKCUANTE Ha
Mn Kou BneryBaaT BO COCTaBOT Ha KapnuTte of noa3emMHuTe 6aseHn.

KnyuHun 36o0poBu: apceH, niumka nod3eMmHa 800d, 071aboka no03eMHa 800d, pedyKmusHa oucosyyuja.

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 19, No. 2, pp. 27 - 36
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Abstract

Real-time PCR (Polymerase Chain Reaction) or gPCR is a method by which the amount of the PCR product
can be determined in real-time, and is very useful for investigating gene expression. The main advantages of
gPCR are that it provides fast and high-throughput detection and quantification of target DNA sequences
in different matrices. The lower time of amplification is facilitated by the simultaneous amplification and
visualization of newly formed DNA amplicons. The development and application of molecular methods for
the detection of pathogens has significantly changed the diagnosis and control of plant diseases, various
environmental samples, including hosts tissues, soil, water and air. With real-time PCR method, it is possible not
only to identify and detect the presence or absence of the target pathogen, but it is also possible to quantify
the amount present in the sample allowing the quantitative assessment of the number of the pathogen in the
sample. Detection and accurate identification of plant pathogens is one of the most important strategies for
controlling plant diseases to initiate preventive or curative measures.

Plum pox virus (PPV), the agent of sharka, is the most devastating virus infecting stone fruits. The PPV
control is mainly based on prevention, and its quick and reliable detection is considered crucial in this strategy.
In this study DAS-ELISA and real-time PCR were compared for evaluating their potentialities and limits for large
scale surveys. Plum (Prunus domestica L.) hosts and apricot (Prunus armeniaca L.) samples from several different
locations were included in laboratory test analyzes, plant organs (phloem, buds, flowers, leaves and fruits)
and parts of them, different seasons (spring, summer and winter period 2017/20), presence or absence of
symptoms were considered for comparison. Using DAS-ELISA tests and a universal set of antibodies (BIOREBA),
have proved the presence of virus of Plum pox in all examined samples, especially from samples collected in
summer, but also in virus status examination in winter and early spring season. The examination found high
concentrations of viral antigens in plant samples (OD 2.912-2.752, for 30 min / 405 nm). Real-time PCR show
amplification plot for positive PPV samples on plums and apricot.

Keywords: DAS-ELISA tests, real-time PCR, molecular methods, plant disease detection, target pathogen, PPV

INRODUCTION

Plum pox potyvirus (PPV), the causal
agent of sharka disease, is most economically
destructive virus diseases affecting stone fruits
in Europe and Mediterranean region. The virus
is very detrimental because it reduces the
quality of fruits and cause a premature dropping
(Dunez & Sutic, 1988; Nemeth, 1994). PPV is
considered one of the significant limiting factors
for a profitable plum growing, predominately
peaches, nectarines, apricots, plums and prunes
(Plesko et al., 2011).

Since its discovery, sharka has been
considered as a calamity in plum orchards. In
highly susceptible plum varieties present in
North Macedonia, such as PoZzegaca and Stenlej,
PPV causes a premature fruit drop and reduces
fruit quality, which leads to total yield loss. The
same symptoms and loses are obviously in the
peach and cherry orchards. Eight PPV strains
(PPV-M, PPV-D, PPV-EA, PPV-C, PPV-Rec, PPV-W,
PPV-T and PPV-CR) have been recognized so
far. Three major strains (PPV-M, PPV-D and PPV-
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Rec) are the most widely dispersed and occur
frequently in many European countries (Bagi et
al,, 2016, Jevremovi¢, 2012).

DAS-ELISA test (Double antibody sandwich
enzyme - linked immunosorbent assay) using
BIOREBA kits and One Step Real Time PCR
using Applied Biosystems 7500 Real-time PCR
System, are one of the most effective molecular
diagnostic tools for PPV.

The method of choice for quantification
of nucleic acid (DNA, RNA) in all areas of
molecular biology is the polymerase chain
reaction in real-time or the quantitative PCR
(gPCR) method. Quantitative PCR is the “gold
standard” technology for quantifying nucleic
acids, and since its first report describing real-
time PCR detection in 1993, its use has grown
exponentially. Newer technological advances
expand the range of applications, from high-
resolution melting detection to digital PCR.
Nowadays, it is a very affordable technique to
achieve robust and reliable analysis. Real-time
PCR (Polymerase Chain Reaction) or qPCR is
a method by which the amount of the PCR
product can be determined, in real time, and is
very useful for investigating gene expression.
The main advantages of qPCR are that it
provides fast and high-throughput detection
and quantification of target DNA sequences
in different matrices. The lower time of

amplification is facilitated by the simultaneous
amplification and visualization of newly formed
DNA amplicons (EPPO 2004, 2006).

The most obvious is the use of gPCR
in molecular diagnostics, where it is slowly
replacing conventional methods. It is used to
detect, identify and quantify disease-causing
microorganisms (bacteria, viruses and fungi).
With gPCR the metro decreases, contamination
and erroneous results. It also allows large
quantities of samples to be processed in less
time (up to 384 or even 1536 reactions) and has
thus proven to be an indispensable method
in diagnostic laboratories. However, it should
be noted that the method detects only the
presence of DNA or RNA of a microorganism
and does not report its viability (Varga & James,
2005). As a result, conventional microbiological
techniques are sometimes still needed along
with gqPCR, is also used to detect and quantify
genetically modified organisms or to perform
genotyping. This means that different alleles
of the same gene or individual nucleotide
polymorphisms (SNPs) can be detected that
can be used as genetic diagnostic or prognostic
markers for certain diseases (Klarik & Ricchi,
2017).

MATERIAL AND METHODS

Plant material

One of the most important strategies
for controlling plant diseases is accurate,
early detection and identification of plant
pathogens. In fact, this is the basis of plant
disease management. Improved disease control
with appropriate phytosanitary monitoring for
identification and diagnosis of viruses, bacteria,
fungi, phytoplasmas, nematodes and insects
as well as the introduction of new diagnostic
methods for detection of pathogenic plants
are necessary in order to respond to emerging
environmental challenges in agriculture.
Detection and accurate identification of harmful
plant pathogens is essential to improve plant
disease control strategies. Early detection and
identification of plant pathogens and viruses
provide a basis for understanding their biology
and appropriate strategies for controlling that
particular pathogen.

Laboratory analyses

The laboratory analyses of the collected
material were completely performed in the
UNILAB laboratory at the Department of Plant
and Environmental Protection, Faculty of
Agriculture.

For direct PPV detection using DAS
ELISA Technique, 0.5 g of fresh leaves were
homogenized with tissue homogenizer
(BIOREBA, by using Bioreba extraction bags) with
5 ml plant extraction buffer from commercial kit.
Different laboratory analyses and methods are
used to identify PPV (Plum pox potyvirus), ELISA
serological method, and the greatest emphasis
is placed on laboratory analysis using state-of-
the-art molecular real-time PCR analysis. DAS
ELISA “ready to read plates” were read after 30
and 60 min of incubation at 25°C and samples
were considered positive if absorbance (A, . )
was greater than or equal to two times that of
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negative control.

Real-time PCR (quantitative PCR, gPCR)
is now a well-established method for the
detection, quantification, and typing of
different microbial agents in the areas of
clinical, veterinary diagnostics, environmental,
food safety, plant disease its. Although the
concept of PCR is relatively simple, there are
specific issues in gPCR. These include the
use of correct terminology and definitions,
understanding of the principle of PCR,
difficulties with interpretation and presentation
of data, the limitations of gPCR in different areas
of microbial and environmental diagnostics,
parameters important for the description of
gPCR performance (Fig. 1).

With the increasing amount of sequencing
data available, it is literally possible to design
gPCR assays for every microorganism (groups
and subgroups of microorganisms, etc.) of
interest. The main advantages of qPCR are that
it provides fast and high-throughput detection
and quantification of target DNA sequences
in different matrices. The lower time of
amplification is facilitated by the simultaneous
amplification and visualization of newly formed
DNA amplicons. Moreover, gPCRis safer in terms

Real-time PCR
{qPCR)

-
Intercalating dye
Based method )

-

{

Hydrolysis probe
Based method

of avoiding cross contaminations because no
further manipulation with samples is required
after the amplification. Other advantages
of gPCR include a wide dynamic range for
quantification (7-8 Log10) and the multiplexing
of amplification of several targets into a single
reaction. The multiplexing option is essential
for detection and quantification in diagnostic
gPCR assays that rely on the inclusion of internal
amplification controls. The principle of real-
time PCR relies on the use of fluorescent dye.
In general, the principle of the present method
is stated below. The amount of the nucleic acid
present into the sample is quantified using
the fluorescent dye or using the fluorescent-
labelled oligos. When a dye or probe binds with
the target template, it releases a fluorochrome
which resultantly emits fluorescence for the
detector to detect. The detector captures a
signal as a positive template amplification. Two
types of chemistry are available for the real-time
quantitative PCR:

DNA binding dye (Intercalating dye-
based method)

Sequence-specific probe
Probe-based detection method)

(Hydrolysis

1

Fluorescent dye / Sequence
DMNA binding dye specific probe
Linear probe Molecular beacon Scorpion probe

Figure 1. Principle of real-time PCR (qPCR)

If DNA is present in the sample in a higher
quantity, amplification and quantification start
at the early stage of the reaction; otherwise, the
amplification starts in the late stage. As like the
conventional PCR, there are three main steps in
real-time PCR:

Denaturation
Annealing

Extension

Denaturation occurs at 94°C where the
double-stranded DNA is denatured and two
single-stranded DNA is generated. The DNA is
melted. This single-stranded DNA is the sight of
the annealing for the primers in the later step of
the amplification.
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Annealing occurs at 55°C to 66°C in
which the sequence-specific primer binds to
the single-stranded DNA. Along with it, the
fluorescent dye or the probe bind to the DNA
sequence too. Extension occurs at 72°C at which
the Taq DNA polymerase activated highest. In
this step, the Taq adds dNTPs to the growing
DNA strand. The real-time quantitative PCR is
more sensitive and accurate than the endpoint
PCR. Because, the amplification is measured
in real-time, during the reaction. After each
reaction, the fluorescence is emitted and it is
reported by the detector.

The real-time PCR method is undoubtedly
more accurate and reliable than other methods
(Kralik & Ricchi, 2017).

Itis used for the quantification of DNA, RNA
and gene expression. The sample source for the
real-time quantification is gDNA, cDNA, RNA,
Gene of interest, synthetic oligos, total RNA
or plasmid DNA. The real-time or quantitative
analysis is divided into two other methods:

«  Standard curve analysis

Relative quantification

Advantages of Real-time PCR:

The method is cost-effective.

It is time-efficient

More sensitivity and specificity

Fewer templates required

DNA binding dye method is the best
technique for real-time detection.

The dye has its own fluorescence. Once
the dye binds to the double-stranded DNA the
fluorescence emitted by the dye increases 100
to 1000-fold than the original signal. However,
the original dye fluorescence is taken as the
baseline (as a reference) for the detection.

The method is rapid, quick, reliable and
cost-effective. Also, the chance of error in the
experiments is less and the reaction setup is
simple & easy to use.

The result of the experiment depends on
the specificity of the primers used in the PCR
reaction. Because even though the primers
remain bound non-specifically, the DNA
binding dye binds to the non-specific sequence
and gives the fluorescent signals. As the dye
detects the double-stranded DNA to bind, even
if the dsDNA is non-specific, the dye binds to
it. Therefore, the chance of the non-specific
detection is high in the SYBR green dye-based
method. The SYBR green is one of the most
popular dyes used in real-time PCR.

>N =

A melting curve analysis helps to identify
non-specific bindings during the reaction.
After completion of the amplification reaction
and capturing fluorescence signals, melting
the template (again) determines non-specific
bindings if any. During melting, at a high
temperature, the template starts denaturing
which consequence dye dissociation and
reduce fluorescence.

The quantification is achieved by
amplifying and monitoring the DNA or RNA
present in the sample. For the quantification of
the gene expression, the RNA is quantified into
the real-time PCR.

Eight PPV strains (PPV-M, PPV-D, PPV-
EA, PPV-C, PPV-Rec, PPV-W, PPV-T and PPV-
CR) have been recognized so far. Three major
strains (PPV-M, PPV-D and PPV-Rec) are the
most widely dispersed and occur frequently
in many European countries. DAS-ELISA test
using BIOREBA kits and ONE Step Real Time
PCR using Applied Biosystems 7500 Real-Time
Laboratory analyses were performed on a 7500
real time PCR instrument with appropriate kits
for detection and amplification of Plum pox
virus - Plum pox virus One-Step Real-Time PCR
with Tag-Man® technology.

The collected material or sampleiis first RNA
extruded by manual method with a suitable
plant RNA extraction kit - PureLink ™ RNA Mini
Kit which provides a simple, reliable and fast
column method for isolating high quality total
RNA from a wide range of samples without the
need for hazardous reagents such as phenol
(RNeasy Plant Mini kit (Qiagene, USA).

The resulting RNA is then used for further
laboratory analysis. The used kit for detection
and amplification of Plum pox virus - Plum
pox virus One-Step Real-Time PCR contains:
prepared master mix, enzyme for reverse
transcription, positive and negative control.

The protocol is entered into the real-time
polymerase chain reaction instrument with the
following conditions given in the appropriate
detection kit.

The interpretation of the results is as
follows:

The sample is positive:

«  When the Ct value of the gain curve is

below or equal to 35.

The sample is negative:

«  When there is no amplification curve
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«  When the Ct value of the gain curve is

higher than 35.

The cDNA od each sample was used in
separate real-time PCR reactions for detection
of PPV. The 20pl real-time PCR reactions for PPV
were performed in TH TagMan Universal Master
Mix (combine 19,375 pl of the PPV Master Mix
with 0.625 pl of the RT-Enzyme per reaction,
and 1/10 diluted cDNA as a template.

Real-time PCR reactions were run in
duplicates for each undiluted or dilute cDNA
on Applied Biosystems 7500 Real-time PCR
Systems, using cycling conditions for the One-
step Real-time RT-PCR kit (55°C for 15 min., 95°C
for 10 min., 95°C for 15 sec. (denaturation) and
60°C for 60 sec. (annealing and elongation).
Data were acquired and analysed using the
7500 Real-time PCR System Sequence Detection
System Software v2.3.

RESULTS AND DISCUSSION

In our paper, plum (Prunus domestica L.)
hosts and apricot (Prunus armeniaca L.) samples
from several different locations were included in
laboratory test analyses, plant organs (phloem,
buds, flowers, leaves and fruits) and parts of
them, in different seasons (spring, summer and
winter period 2017/20), presence or absence
of symptoms were considered for comparison
(Fig. 2 & 3). DAS-ELISA and One Step Real Time
PCR techniques are included to confirm the
presence and concentration of PPV in different
plant material (leaves, stem, flower and fruits).
Using DAS-ELISA tests and universal set of
antibodies (BIOREBA), has proved the presence
of virus of Plum pox in all examined samples,
especially in samples collected in winter and
early spring season. The examination found
high concentrations of viral antigens in leaves
samples (OD 2.912-2.752, for 30 min, 405 nm)
(Fig. 4).

Total RNA extraction and quality of
extracted tot RNA was different between plant
samples. The quality of totRNA from plum
samples was high and uniform while quality of
totRNA from apricot samples was much lower
(data not shown).

Real-time PCR show amplification plot
for positive samples (Fig. 5). For Real-time

diagnostic we used One-Step Real Time RT-
PCR kit for Detection of Plum pox potyvirus, by
running method using the following conditions
and pre-heat the thermal cycler block to 45°C.

Real-time positive sample is:

Ct value of the gain curve is below or equal
to 35 (Ct=30 for our PPV positive samples)

The sample is negative:

When there is no amplification curve
(negative control)

When the Ct value of the gain curve is
higher than 35 (some of our plum and apricot
samples) (Fig. 5b)

As expected, results have proved presence
of Plum pox potyvirus (PPV) in plums and apricot
in Eastern part of our country. The results were
supported by application of state-of-the-art
molecular methods for rapid, accurate detection
and quantification of pathogenic viruses.

The results from laboratory testing
and quantification of PPV from plum and
apricot samples, showed that the highest
concentrations of viral antigens were found in
leaves, followed by flowers and stem, but the
samples from fruits did not showed presence of
PPV.The latest might be due to very low titter of
antigen and they cannot be identified by DAS-
ELISA.
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Figure 3. PPV symptoms on apricot (season 2020)
a) Chlorotic rings on apricot leaves.
b) Chlorosis on leaves and morphological deformation on fruits.
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Measurement count: 1 Filter: 405 30 min

1 2 3 4 5 6 7 8 9 10 11 12
A 2,912 2,752 2,728 2,866 0,096 0,1 0,093 0,097 0,092 0,099 0,096 0,094
B 0,094 0,082 0,09 0,083 0,787 0,836 0,866 0,869 0,085 0,083 0,085 0,081
C 0,18 0,161 0,448 0,437 0,444 0,384 1,201 1,211 1,247 1,38 1,243 1,196
D 1,584 1,119 1,003 0,967 1,276 1,673 0,686 0,654 1,016 0,999 1,118 1,212
E 0,22 0,15 0,979 0,878 0,987 0,972 0,822 0,664 0,076 0,083
Measurement count: 1 _Filter: 405 60 min

1 2 3 4 5| 6 7 8 9 10 11 12
A 3,428 3,323 3,265 3,39 0,101 0,106 0,103 0,108 0,104 0,119 0,114 0,103
B 0,102 0,085 0,095 0,089 1,618| 1,663 1,733 1,61 0,093 0,086 0,084 0,083
C 0,269 0,245 0,77 0,777 0,835 0,762 2,297 2,274 2,346 2,803 2,118 2,188
D 2,659 2,361 2,297 2,186 3,063 3,047 1,494 1,484 1,928 1,934 2,124 2,124
E 0,364 0,235 2,189 2,11| 2,128 2,112 1,635 1,647 0,077 0,084

Figure 4. Measurement count on ELISA reader, OD 405 nm, after 30- and 60-min. Green number is referring
positive control and the last number from the plate is negative reference control. Yellow coloring indicates all
our positive samples from plums in row A, B, C and D and E indicates apricot positive samples.
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Figure 5. One step Real Time PCR results from plum and apricot samples 2018/19 (using One-Step Real-time
RT-PCR Kit, Tag-Man® technology).
a) Amplification curves associated to Prunus (blue curves for plum and green for apricot) and red line for
negative control (healthy plant)
b) Amplification plot for positive Prunus samples, negative samples and negative control.

CONCLUDING REMARKS

One of the most important strategies
for controlling plant diseases is accurate,
early detection and identification of plant
pathogens. In fact, this is the basis of plant
disease management. Improved disease control
with appropriate phytosanitary monitoring for
identification and diagnosis of viruses, bacteria,
fungi, phytoplasmas, nematodes and insects
as well as the introduction of new diagnostic
methods for detection of pathogenic plants
are necessary in order to respond to emerging
environmental challenges in agriculture.

Plant pathogens and viruses infect a wide
range of plant species and cause high losses

of yields crop quality. Detection and accurate
identification of harmful plant pathogens is
essential to improve plant disease control
strategies. Early detection and identification of
plant pathogens and viruses provides a basis for
understanding their biology and appropriate

strategies for controlling that particular
pathogen.
PCR based methods, including real-

time PCR are widely used for the detection of
plant viruses. In the viral status detection, the
most important method is choice of nucleic
acid extraction procedure which can greatly
influence the reliability of detection and
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quantification of target sample. It is important
to validate the extraction procedure for
different sample matrixes and the ability of the
extraction method to provide suitable nucleic
acid from each matrix.

Utilization of DAS-ELISA tests and universal
set of antibodies (BIOREBA), has proved the
presence of virus status of Plum pox in all
examined samples from plum and apricot,
especially in samples collected during winter
and early spring season. The results showed
high concentrations of viral antigens in leaves
samples (OD 2.912-2.752, for 30 min, 405 nm).
The universal reagents in the DAS-ELISA format
are detecting the ‘full spectrum’ of PPV isolates
(D, M, EA, C, W and Rec strains). In our study,
we have much more samples detected by DAS-
ELISA as positive, but we didn't confirm all of
them by real-time PCR.

For real-time diagnostic we used One-Step
Real Time RT-PCR kit and real time PCR, and pre-
method of total RNA extraction by using Plant
Mini Kit (Qiagene, USA). The results showed

amplification plot for positive plum and apricot
samples, randomly chosen ELISA positive
samples were used for totRNA quantification.
According to our results we would recommend
utilization of different method and commercial
kit for totRNA extraction and afterwards usage
of cDNA dilute 1/10 in real-time.

Quantitative real-time PCR is an accurate,
fast, sensitive, cheap and adequate method in
genomic research. Real-time PCR has provided
a significant value during pandemics or
epidemics for sensitive, real-time and rapid
detection of pathogens to reduce the mortality
and morbidity rate. Real time PCR method is
methodology that is used very often today
in our country nowadays in human medicine
diagnostics, but previously it was intensively
exploited in plant pathology. gPCR technology
represents a powerful tool in microbial,
environmental, food, plant diagnostics.
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REAL TIME PCR METHOD FOR PPV DIAGNOSTIC ON PLUMS AND
APRICOT IN THE REPUBLIC OF NORTH MACEDONIA

YMNOTPEBA HA METO/ NOJINMMEPA3HO BEPUMHA PEAKLINJA BO PEAJIHO BPEME 3A
ANJATHOCTUKA HA LUAPKA KAJ CZIBU U KAJCX BO PENYBJIMKA CEBEPHA MAKEAOHWUJA

LBeTtaHka KynykoBcka'*, Cawa Mutpes', EMununja Apcos’
'YHUJIAB nabopamopuja, Kamedpa 3a 3awumuma Ha pacmeHujama u Xueomuaama cpeouHd, 3emjooescku
¢axkynmem, YHusep3umem ,foye [lenyes” - LLImun, Peny6nuka CegsepHa MakedoHuja
*koHmakm asmop: cecekulukovska@t.mk

Pesume

MNonumepasHa BepwkHa peakuunja Bo peanHo Bpeme real time PCR (Real time Polymerase Chain
Reaction) unn qPCR e metoa co Koj konmumHata Ha PCR npou3BogoT Moxe Ja ce ogpenmn Bo peasiHO Bpeme
N e MHOTY KOPMCEH 3a NCTPa)KyBarbe Ha reHeTckaTta ekcrnpecuja. maBHute npegHoct Ha qPCR ce Toa wro
o0b6e36enyBa 6p3a U BUCOKONPOMYCHa AeTeKUMja U KBaHTUdUKaumja Ha LenHute [JHK cekBeHLM BO pas3fimyHu
MaTpuum. KpaTkoTo Bpeme Ha amnnndrikaumja e onecHeTo CO MCTOBPEMEHO 3acuiyBame 1 Bu3yenmsaymja
Ha HoBodopmupaHute [IHK amnnukoHW. Pa3BojoT n NprvMeHaTa Ha MONEKyNapHUTE MeToAM 3a OTKpMBake
Ha naToreHu 3HaYWTENHO ja MPOMEHU AMjarHo3aTa U KOHTpoMaTa Ha 6onecTute Ha pacTteHujaTa, PasnnyHK
nprMmepoLn Of XMBOTHaTa CpefiiHa, BKNYYyBajK/ ' TKMBaTa Ha JOMaKMHUTE, MoYBaTa, BOAATa Y BO3LYXOT.
Co metopoT Ha PCR BO peanHo Bpeme, MOXHO e He camo fa ce naeHTUdUKyBa 1 OTKpre NpUCyCcTBOTO UN
OTCYCTBOTO Ha LieIHVOT NaToreH, TyKy CTO Taka € MOXHO Aia Ce U3Mepur KONMUYMHaTa NprcyTHa BO MPUMEPOKOT
LUTO OBO3MOXKYBa KBaHTUTaTUBHa NPOLIeHKa Ha 6p0ojoT Ha MaToreHOT BO NPUMepPOKOT. OTKpMBaHETO 1 TOYHATA
naeHTUdrKaumja Ha pacTUTENTHUTE NaTOreHN e eAHa Of HajBaXkHUTE CTpaTerny 3a KOHTPOsIa Ha pacTUTeNHMTe
60necTu 3a fa ce MHULUMpPaaT NPEBEHTVBHMW UV KYPaTVBHU MEPKN.

BupycoT Ha wapka kaj cnveata (PPV) e HajonacHMOT BMpPYC WITO O MHOUUMPA KOCKECTOTO OBOLLje.
KoHTponaTta Ha PPV rnaBHO ce 3aCHOBa Ha MPEeBEHLM)a, @ HEj3MHOTO OP30 1 CUTYPHO OTKPKBakbEe Ce CMeTa 3a
KNy4HO BO OBaa cTpaTeruja. Bo oBaa ctyaunja, DAS-ELISA 1 PCR Bo peanHo Bpeme 6Gea criopefieH 3a eBanyauuja
Ha HUBHUTE NOTEHUMjany 1 rpaHnLM 3a UCTPaxyBarba of ronemu pasmepu. lomaknHute Ha PPV cnusata (Prunus
domestica L.) n npumepouuTe of KajcujaTta (Prunus armeniaca L.) o HEKOJIKY pa3finuHU MecTa 6ea BKITyUYeHM 3a
nabopaTopmUCKM TECT aHaNMU3K, CO KONEKLMOHNPare Ha PacTUTENHN opraHm (brioem, NynKu, LBeKMHa, ncja u
NJOAO0BY) 1 AeNIOBU Of HMB BO PasfIMyHM NEPUOAM Of roamnHaTa (NposeT, neTeH 1 3umckn nepuog 2017-2020)
1 NPUCYCTBOTO MMM OTCYCTBOTO Ha CUMNTOMM 6ea 3eMeHU Kako BaxkeH dakTop 3a cnopepba. Co KopucTene
Ha DAS-ELISA TectoBu 11 ynotpeba Ha yHVBep3aneH ceT Ha aHTutena (BIOREBA) e foKakaHO NpUCycTBOTO Ha
BMPYCOT Ha LWapKa Kaj c/imBaTa BO CUTe MCMUTaHU NPUMEPOLIM Of CAIMBa U Kajcuja, ocobeHo of nprmepouuTe
cobpaHu BO 1eTO, HO U NPV NPOBEpPKa Ha CTaTycoT Ha BUPYCOT BO 3MMa 1 paHa nposieTHa ce3oHa. TecTupareTo
OTKPW BNCOKM KOHLIEHTPALUWN Ha BUPYCHU aHTUIeHN BO pacTuTenHuTte npumepoum (OD 2,912-2,752 3a 30 MUH.
/ 405 nm). PCR Bo peanHo Bpeme npurKaKyBa amnnvburKaumja 3a nosntueHM npumepoun PPV Ha cnvBu n
Kajcuja.

KnyuHu 36opoBwu: DAS-ELISA tests, real-time PCR, monekynapHu Mmemoou, namozeH, PPV.
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Abstract

Biodiversity and agriculture have an inseparable relationship, with interdependent interactions between
their constituent components. Agriculture as a basic anthropogenic activity is one of the main factors in the
directions of development in biodiversity. Agrobiodiversity is the basis of the existence of food production
processes and provides and secures many essential aspects of modern living. Many of these processes are
completely unknown, and some of them we are not even aware that they are a consequence of the biological
activity of various organisms. Thus, biodiversity provides food, clean drinking water, energy, raw materials for
industry, tourism and recreational opportunities, scientific research, and medicine. If agricultural practices that
promote biodiversity are used, such as: crop rotation, cover crops, buffer zones, use of biopesticides, beneficial
insects and intercrops, then natural processes in soil, plants and environment are significantly intensified for
the benefit of farmers, plants and the overall environment. On the other hand, if techniques and methods
that reduce biodiversity are applied in the agroecosystem and its environment, such as fertilizers, chemical
pesticides, hormones, intensive processing, monoculture and others, processes of reduction, disappearance
and pollution of the environment and the overall biodiversity occur. Therefore, careful selection of agricultural
practices is needed that would not jeopardize the survival of the species, and at the same time high yields with

good quality will be achieved.

The aim of this review paper is to present up to date relationship between biodiversity and agriculture
and to highlight current issues of biodiversity loss and methods for its conservation.

Keywords: genetic resources, indigenous varieties, agrobiodiversity, organic production, sustainable

agriculture, protection, conservation

INTRODUCTION

There are many different definitions
of agrobiodiversity, but they all describe
the variability of many plants, animals and
microorganisms that are directly or indirectly
involved in the production of food, textiles, fuels,
pharmaceuticals, fodder, forestry, aquaculture
and livestock, but also microorganisms, insects
or animals involved in an agroecosystem such
as predators, pollinators or soil microorganisms
that have a beneficial effect on crops growth
(Brookfield & Stocking, 1999).

Agrobiodiversity can be defined as an
interaction between genetic resources, the
environment and the practices undertaken
by a group of different people, so managing
water and soil as resources are quite different.
Therefore, agrobiodiversity covers a wide range

of animals, plants and microorganisms that are
essential for sustainable agroecosystems (FAO,
2005).

Agrobiodiversity is a result of natural
selection, but also many years of careful
inadvertent selection of good and healthy
plants and animals by farmers and ranchers
(FAO, 2005). Farmers have seen by experience
that only the best species survive and each
year from their yields they keep only seeds with
the best characteristics and highest quality for
the next sowing or the healthiest animals for
reproduction. Thus, according to FAO (2005)
agrogenetic resources include:

1. Post-harvest residues of certain crops,
animal species, wild plant species and
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wild-caught animals.

2. Species that support the food production
process such as soil microorganisms,
pollinators, predators and other insects
and animals.

3. The wider environment in which

agroecosystems are located, that also has

an impact on food production.

When we talk about agrobiodiversity, we
should distinguish it from the term biodiversity

which is a much broader term and includes
agrobiodiversity itself. Biodiversity tells us about
the overall variability of all living organisms
that can be found on planet Earth. While
agrobiodiversity includes only those organisms
that are involved in agricultural production and
food production (Fig. 1).

Biodiversity

Agrobiodiversity

Species, varieties,
ingenious varieties,
microorganisms, plant
and animal plasm,
local population
knowledge

Figure 1. The components of biodiversity.

According to the Ecological Society of
America agrobiodiversity could be divided into
3 interrelated levels (Fig. 2):

1. Genetic agrobiodiversity - includes all
domesticated species and their wild
relatives used in agriculture. It includes
all newly created man-made varieties and
animals. It includes wild species that are a

significant source of genetic variability.

2. Species agrobiodiversity - includes all
species whether wild or domesticated that
are dependent on agricultural practices.

3. Agroecosystem variability - includes the

ecological habitats of plants, animals and
microorganisms that fit in time and space,
at the level of farm, field or relief.

."J/ /g .\\\__‘ . ) ) ‘
' é ) Genetic biodiversity
&
FO
-é‘ﬁaﬁ”- L
a0 Species biodiversity
=
Ecosystem
biodiversity

Figure 2. Three different levels of agrobiodiversity division.

Genetic  resources of
agrobiodiversity
All the diversity in the ecosystem is

delivered from genetic resources. Genetic

as part resources could be defined as a source of genetic
variability. Total genetic material or all alleles
from different genes present in cultivars and

other wildlife is called plant genetic resources.
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Plant genetic resources are once again called
plant germplasm, gene pool or genetic reserve.
Germplasm is a seed or other plant reproductive
material, such as a leaf, stem, root, pollen, cell
culture, DNA, from which it can be made as a
mature plant. It is any kind of genetic material
that can be used to protect the species and the
populations. In the genetic sense of germplasm,
a substance is felt in the cell nucleus, which
determines the following properties of the
organism and transmits their characteristics to
future generations. Germplasm has not only

Breeding

material

Indigenous
species

wild

species

Agrobiodiversity

reproductive value, but also with the selection
and breeding can be improved and used to
improve other crops and obtain new varieties
(Ilieva, 2012). A variety could be defined as
group of plants within a species, recognized for
some improved features, that are retained after
reproduction.

Ilieva(2012)accordingtooriginofcultivated
plants found in certain agroecosystem, divides
them into four groups: indigenous species,
introduced species, wild species, and breeding
material (Fig. 3).

Imported
species

Figure 3. Agrobiodiversity’s plant components.

Contribution of the biodiversity to

agriculture

Agriculture represents a basic source of
food for humans and animals as well as one
of the main sources of raw materials for the
textile, pharmaceutical and leather industries.
The great diversity of our diet would not be
possible without biodiversity. Biodiversity is
the result of continuous evolution of plants and
animals (Dudley & Alexander, 2017). The life we
live would not be the same if the evolution of
animals and plants did not take place in the
direction in which it has taken place to this
day. The large selection of crops contributes to
the health and well-being of people through
the various nutritional values that cultures
possess. Biodiversity is the basis of agriculture.
Its existence is crucial for the production of
food and other agricultural goods, the benefits

of which provide food, nutritional value and
human well-being. Biodiversity is also the basis
for the existence of all plant and animal species
and their varieties (Convention on Biological
Diversity, 2008).

According to the Convention on Biological
Diversity (2008), services and benefits of
biodiversity are:

1. Direct services - food, fuels, textile fibres,
biochemicals, fresh water and genetic
resources.

2. Regulatory services - flood protection,
erosion control, pollination, pest control,
climate impact and disease.

3. Cultural services - knowledge of farmers,

profession, education, recreational
services, cultural and religious values,
inspiration.
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4. Support to other processes - water cycle,
nutrient cycle, primary production, provide
habitat and atmospheric oxygen.

Apart from offering ecological and
nutritional security through biodiversity,

agriculture is also an important driver of
socio-economic circumstances in society, with
many people their main occupation being
agriculture. The global agricultural workforce
represents 1.3 billion people, agriculture is
their main occupation. It represents 22% of the
total population of the planet and 46% of the
total working-age population (Harris, 2001).
According to Bélanger & Pilling (2019) 7,000
out of approximately 24,000 known higher
plants are directly involved in agriculture.
Nevertheless, this distribution is not equal
as out of these 7,000 plants only 30 plant
species account for 90% of total agricultural
production. Corn, wheat, rice, potatoes provide
half of the total necessary nutrition of mankind.
The situation is no different in the animal world,
where out of 15,000 known mammals and birds,
only 30-40 animals are domesticated, and 14 of
them including chickens, cattle, pigs, sheep and
goats occupy 90% of all domestic animals. That
is the reason for huge genetic erosion in the last
decades (Bélanger & Pilling, 2019).

Agriculture influence on biodiversity

reduction

According to the Convention on Biological
Diversity (2008), agriculture reduces biodiversity
through the following practices:
1. Crop production

Intensive agricultural practices contribute
to the reduction of biodiversity (Benton et al.,
2003). Lack of crop rotation and cultivation in
monoculture is one of those reasons. The use
of pesticides and mineral fertilizers reduces
soil biodiversity, destroying some important
microorganisms and pollinators. Drainage
systems and intensive tillage homogenize
the fields and lead to a lack of diversity in
ecosystems. Encouraging hybrids and superior
varieties neglects the indigenous varieties,
while the destruction of forests, swamps and
meadows contributes to the loss of local flora
and fauna.
2. Livestock production

Modern livestock production emphasizes
animal vyields rather than animal welfare.
Nowadays intensive livestock farming is in

stables where the animals are provided with
constant access to water and selected food
that stimulates them to produce more meat,
milk or eggs. Increasingly, high-yielding breeds
are being bred to replace indigenous and local
domestic animals.

Biodiversity increases the resistance of
plants to stressful conditions, provides an
opportunity to adapt to adverse challenges and
itisakeyfactorinincreasingintake and reducing
output in sustainable agricultural production
(Isbell et al., 2015). The trend of increasing
world population puts additional pressure on
agricultural production to obtain higher yields,
but at the same time restrictions on the use of
chemical pesticides, fertilizers and lack of land
appear as another limiting factor (Pimentel
et al, 1997). All these facts pose a series of
questions about how food and other ecosystem
services would be provided without disrupting
natural flows in nature. Therefore, biodiversity
proves to be extremely important in terms of
contributing genetic resources, pollinators,
predators and microorganisms, if intensively
involved in production, could replace some of
currently used raw materials.

Biodiversity and soil fertility

All  microorganisms such as bacteria,
protozoa, worms, mice, insects, larvae, algae
and fungi are components of biodiversity. Soil
is a living substance that is home to thousands
of micro- and macroorganisms, as well it is a
basis for plant production (Giller et al., 1997).
The number of micro and macroorganisms
in the soil depends on soil type, location,
presence of organic matter and climatic
conditions (Petersen & Luxen, 1982; Koleva
Gudeva et al., 2012). Most microorganisms
are present in soils with high content of
organic matter. The pedosphere is one of the
richest with organisms, often up to 2-3 billion
microorganisms can be found in 1 gram of soil.
The number of microorganisms is referred to
as soil biogenicity. Soil fertility and biogenicity
are interrelated. Soils with higher biogenicity
are also characterized by higher fertility (Hasan,
2000). The application of appropriate agro-
technical and land management measures can
increase the number of organisms in the soil,
but also harm them.

Soil microorganisms are also crucial in the
chemical change of soil and the transformation
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of minerals, with the secretion of various
organic acids that act on the soil minerals. For
example, certain bacteria attack the highly
resistant silicates, such as kaolinite, and break
them down. They also act on some hard-to-
dissolve fertilizers (Rodriiguez & Fraga, 1999).
Microorganisms play an important role in the
oxidation and reduction of nitrogen, sulfur,
iron and manganese minerals. With the help
of nitrifying bacteria, NH,* turns into NO* and
then NO?* a process called nitrification.

Biodiversity and plant pollination

Pollination of flowers can be done by
wind or by animals such as insects, birds and
bats. Insect pollination is essential for many

plants (Fig. 4). Crops of the Rosaceae family are
pollinated by insects. The most common insect
pollinatorsinagricultural systemsare honeybees
represented with 20,000 species (Delaplane et
al., 2000). Wasps, moths, butterflies, and beetles
can also serve as pollinators (Rader et al., 2016).
In addition to honeybees, there are other types
of pollinators, such as beetles, which are bred
and sold for successful pollination. Vertebrate
pollinators include bats, monkeys, rodents,
squirrels, lemurs, etc.

Pollination by insects and other animals
provides us healthy and safe food, increases
yield,  enriches biodiversity,  maintains
ecosystems and ensures the survival of over
75% of plant species.

Figure 4. Insect pollinator (photo: Saso Arsov).

Biodiversity and the fight against

insects and diseases

Modern agricultural production is almost
unimaginable without the use of chemicals that
help farmers in fight with diseases and pests
(Mellon et al., 2001). But nature itself has its own
mechanisms of elimination of the most common
pathogens. The existence of biodiversity in
agro-ecosystems optimizes the fight against
weeds, diseases and pests. There are beneficial
insects that feed on certain insects, such as
ladybugs that feed with aphids (Francis et al.,
2001). Insects are one of the most common
and diverse organisms in the environment.
More than a million different species of insects
are described worldwide, and about 10,000
new species are described each year. The vast
majority of insects are beneficial or neutral to
crop production - less than 1% of known insect
species are considered pests (Stork, 2018).

Some plant-eating insects reach harmful
levels only under special conditions, while
others are well-adapted to tolerate or exploit
certain crops or crop production systems
and can regularly cause economic losses.
Understanding the environmental principles
underlying insect population dynamics and
community population interactions can help
organic producers manage their farm insects,
both pests and beneficial species, to prevent
or reduce crop losses (Pal & McSpadden,
2006). The insect populations are dynamic,
the number of individuals in a population can
change on daily, seasonal and yearly basis as
a result of interactions with the environment.
The environment itself is changeable and can
provide different availability of the resources
that insects need to survive. The number of
resources available can affect the size that an
insect population can achieve (Khaliq et al.,
2014). This concept is sometimes referred to
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as the carrying capacity of the environment
(Schowalter, 2019). Growing unwanted crops
by rotation or resistant varieties and preserving
natural enemies combines factors to reduce
pest populations or promote the attraction of
beneficial insects.

Other benefits of agrobiodiversity

According to Koleva Gudeva et al. (2012),
other benefits of agrobiodiversity are: provision
of medicines, wood products, diversity of
the nature, protection of resources, climate
impact, provision of genetic resources, tourist
opportunities and scientific research.

In addition to the numerous benefits
of agriculture, biodiversity is an essential
component in  many other industries
and elements of human life (Institute of
Biodiversity Conservation, 2005). The variety
and abundance of medicinal plants open a
new door for the pharmaceutical industry
where most of the medicines are derived from
plants. Biodiversity affects the microclimate of
an environment, but also the macroclimate.
The presence of forest strips makes the air
pleasant and protects us from soil erosion.
Forests are also the primary resource for the
wood industry from which are made products
such as furniture, firewood, building materials,
art, etc. Ecosystem biodiversity has been used
for several scientific studies that contribute to
a better understanding of processes in nature
and gives us answers for some long-standing
questions. Biodiversity is a unique opportunity
to attract tourists and visitors who admire the
scenic views of nature and the diversity of plants,
animals, and relief formations. However, all
these industries harm biodiversity if resources
are not used sustainably.

Agrobiodiversity and the

production

Unlike the conventional farming systems,
organic agroecosystems can use pesticides only
as a last option and only limited non-synthetic
or synthetic materials. Organic producers need
to adapt practices which “maintain or enforce
natural resource of work, including soil and
water quality” (USDA, 2000). Environmental
consideration of insects, especially their biology
and interactions with plants, other organisms,
and the environment, is essential to design a
successful organic farm. The environmental

organic

understanding of the insects helps an organic
farmer can develop a farm plan that can be
used to reduce the risk of insects to reach the
economic level of damage, identify them, and
also use them as beneficial for different kind of
agricultural services. Successful organic farm
management has used the environmental
knowledge of insects to recruit them as allies
in terms of maintaining and preventing their
natural resource base and reducing the chances
of them becoming harmful (Culliney & Pimentel,
1986).

Each type of soil organism occupies a
different sequence in the food chains and
favours a different source of substrate and
nutrients. Many organisms in the soil rely on the
organic matter. A rich supply of diverse source
of organic matter generally supports presence
of wider spectre of organisms (Gomiero et al.,
2011). It is highly recommended mixing and
change of spatial-temporal distribution of plant
species and varieties for creation of various
resources that will stimulate soil biodiversity.
Different habitats support complex mixtures
of the organisms and through crop rotation
or intercropping, different organisms may
be present in the soil and their presence can
support different processes: improvement
of nutrient transport, natural processes for
control of harmful organisms, improvement
of soil fertility etc. (Watson et al., 2002). Soil
biodiversity activity can be stimulated by
improving the living conditions in soil, such as
improving the aeration, suitable temperature,
and quantity and quality of nutrients. In this
regard, care should be taken to reduce tillage,
minimize soil compaction and reduce chemical
utilization.

Organic production is a great example of
the symbiosis between modern agricultural
production and the use of biodiversity. Organic
production is based on the principle that
integrates biodiversity and cares about the
environment. It has a holistic approach to the
overall ecosystem and respects natural flows in
nature (Underwood et al., 2011). Thus, organic
production requires a variety of techniques
that promote and maintain biodiversity, such as
intercropping, use of animal and green manure,
use of biopesticides and biological control,
companion plants, reduced soil treatment,
buffer strips, etc.
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Agrobiodiversity as an opportunity to

save the yield

Agricultural production today is reduced
to growing new high-yielding varieties that
are in demand in the market (Frankel & Soule,
1981). Therefore, in one region can happen
only one or two varieties of a certain crop to be
grown. This increases the risk of losing yields,
because that variety, despite all the good
features, probably has a weakness in certain
environmental conditions. Thus, the loss of
the yield of that dominant variety in a certain
vegetation year as a consequence of various
factors would mean the loss of the full yield.
Hence, the existence of divergence would
somehow ensure farmers’ work. Possession of
indigenous crop populations on fields would
mean possession of varieties resistant and
adapted to the microclimate (Vasic et al., 2013).
They are product of natural long-term selection
that has taken place continuously in the same
area (Cleveland et al., 1994).Thus, these varieties
have the best resistance to climatic factors
that occur in that region, but also to sporadic
pathogens. On the other hand, their feature
is the poor- and low-quality yield that does
not meet the needs and tastes of the modern
consumer. It is important to note that yields
in local populations are low but quite stable,
especially in critical environmental conditions.

Local varieties are characterized by
specificity for only one specific region, and they
have high heterogeneity. Their heterogeneity is
often used by breeders to enhance an existing
variety that lacks some quality. They are
characterized by high plasticity and tolerance.
They are resistant to lodging, low and high
temperatures, pathogens, etc., but the main
reason for their avoidance in commercial
production are the low yields. Consequently,
many species have been either completely lost
or lost for local utilization (Jarvis et al., 2011).

Agricultural practices to promote
biodiversity
Promoting agricultural practices that

include greater biodiversity in agroecosystems
would require radical changes in current
agricultural production. Intensive agricultural
production is reduced to great homogeneity in
terms of assortment, relief landscape, uniform
and depleted soil, dependence on fertilizer
application, and mandatory application of

pesticides (Dudley & Alexander, 2017). The
education of farmers shall play a key role in
transformation of this situation, as well as
their financing. Application of the following
practices significantly contributes to increasing
biodiversity in agroecosystems:

«  crop rotation

«  sideration

«  biocontrol

«  selection of suitable variety

« animal manure application

«  cover plants

«  buffer strips

1. Crop rotation represents the rotation of
crops in time and place, as opposed to
monoculture. This would mean that the
same crop should not be sown on the same
plot for several years in a row. The benefits
of crop rotation are well known, certain
weeds, diseases, and insects are eliminated,
yields are increased, plants make optimal
use of soil nutrients, and cultivation of
certain crops such as plants of the family
Fabaceae increases the content of readily
available soil nitrogen (Mihajlov, 2013).
Crop rotation significantly affects not only
the yield but also the agrobiodiversity
in the soil and the attraction of various
insects.

Sideration or green manure is the
cultivation of legumes or other crops
that enrich the soil with organic matter
and necessary nutrients. These plants are
grown until the moment of their flowering
and then incorporated in the soil. Their
presence not only increases the content
of organic matter and nutrients in the soil
but also encourages microbial interaction
in the soil (Underwood & Tucker, 2016).
Soil processes associated with plant
used for green manure are related to the
decomposition of plant residues into
organic matter and the nitrogen-fixing
processes in legumes. Growing plants as
green manure also attracts a variety of
beneficial insects.

Phytopathology and entomology use
the term biocontrol to refer to the use of
antagonistic microorganisms or insects to
reducethe number of suitable hosts such as
weeds, insects, or pathogens. In a broader
sense, the term also refers to the secretions
obtained from certain organisms which, if
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applied to a suitable undesirable organism
in a certain plot, have an antagonistic
relationship. Throughout their life cycle,
plants and pathogens interact with a wide
range of organisms. These interactions can
significantly affect plant health in a variety
of ways. To understand the mechanisms of
biological control, itis useful to evaluate the
different ways in which organisms interact.
Organisms must have some form of direct
or indirect contact. Odum & Kuenzler
(1955) proposed that the interactions
of two populations can be defined
according to the results obtained for
each. The types of interactions are named
reciprocity, commensalism, neutralism,
competition, amensalism, parasitism, and
predation. While the terminology has been
developed for macroecology, examples of
all these types of interactions can be found
in the nature at both the macroscopic
and microscopic levels. Because the
development of plant diseases involves
both plants and microbes, the interactions
that lead to biological control take place on
multiple levels. From a plant point of view,
biological control can be considered as a
net positive result resulting from various
specific and non-specific interactions.
Using the spectrum of Odom concepts,
we can begin to classify and functionally
differentiate the various components of
ecosystems that contribute to biocontrol.
Mutualism is an association between
two or more species where both species
benefit. Sometimes, it is a mandatory
lifelong interaction that involves close
physical and biochemical contact, such
as those between plants and mycorrhizal
fungi. However, they are generally optional
and opportunistic. For example, bacteria of
the genus Rhizobium can reproduce either
in the soil or, to a much greater extent, by
their interconnection with leguminous
plants. These types of interdependence
can contribute to biological control by
strengthening the plant with improved
nutrition and/or by stimulating the host’s
defences. Protocooperation is a form
of interdependence, but the organisms
involved do not depend solely on each

other to survive. Other examples of
biological control are the cover crops used
to attract natural predators to pests by
providing elements of their habitat. This
is a form of biological control known as
habitat enhancement but achieved using
cover crops. Findings on the relationship
between crop presence and predator/pest
population dynamics are mixed, indicating
the need for detailed information on
specific crop types and management
practices to best complement the given
integrated pest management strategy.
Selection of suitable plant varieties and
animal breeds increases and promotes
biodiversity. According to Mazid & Khan
(2015), the use of a suitable variety
increases the yield by 10-35%. If cultivated
varieties are appropriate for the region
of cultivation, there are economic and
environmental benefits. Cultivation of
suitable varieties and crops reduces
costs for pesticides, fertilizers, and soil
treatment, thus contributes to a cleaner
environment. A clean environment is one
of the preconditions for better biodiversity.
The use of animal manure contributes to
the enrichment of the soil with various
nutrients that are important for plant
growth and development (Fig. 5). Another
more important feature of manure is that
they influence the texture of the soil and
enrich it with organic matter (Darwish et al.,
1995). In intensive agricultural production,
it is recommended to apply manure once
in three years, while in organic farming
it is applied almost every year due to
the limited access to synthetic fertilizers.
Animal manure is added to encourage the
living organisms in the soil and to perform
various interactions and decomposition
processes. Microorganisms transform the
elements in manure and make them easily
available for uptake by plants through the
root system (Henis, 1986). The indirect
value of animal manure for biodiversity
is the reduction of applied synthetic
fertilizers which have negative impact on
soil biodiversity, pollute groundwater and
have a potentially harmful effect on plants
and humans.
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Figure 5. Animal manure (photo: Sasho Arov).

Cover crops are commonly used
agricultural practice. These are plants that
are sown on the agricultural fields before,
after, or together with the main crop. These
crops have many beneficial effects for
both farmers and the environment such as
erosion control, soil fertility conservation,
water quality, pest and disease control,
biodiversity, and wildlife. Most often,
cover plants are not crops of economic
importance and their management is
not intensive, so they create favourable
conditions for biodiversity development
(Snapp et al, 2005). Combining cover
plants with a suitable crop rotation creates
ideal conditions for the development of
very complex biodiversity in agricultural
fields. In a study by Price et al. (2008),
researchers compared the composition
of insect species and sparrows between
conventional and cotton fields, where
cover crops had previously been usedin the
southern United States. Cotton fields and
cotton fields with clover as cover crop, left
to grow between the cotton rows during
the early cotton growing season were
sown for experimental purpose. During
the migration season, they found that
insect densities were 7 to 20 times higher
in cotton fields with clover cover culture
than in conventional cotton fields. Other
examples of cover crops are nematode-
resistant white mustard (Sinapis alba L.)
and radish (Raphanus sativus L) where
the nematode population is significantly

reduced, by 70-99%, depending on the
species and time of cultivation (Hossain et
al, 2015).

7. Buffer belts are primarily used for
protection against soil erosion (Barling &
Moore, 1994). These are usually long strips
of perennial trees planted in large valleys
where wind erosion often occurs. Trees
can be of different types and varieties, but
they are usually deciduous. In addition
to erosion protection, buffer belts are
also recommended in organic farming
to protect crops from the adverse effects
of chemical reagents used nearby. With
the help of the wind, pesticides are easily
transferred to wider distances. Buffer belts
are home to several micro and macro-
organisms with beneficial effects on the
agroecosystems (Ma et al., 2002). In our
country, tree protection zones are used in
Ovce Pole, as protection of the soil from
wind erosion and damage to cereal crops.

Loss of biodiversity

Biodiversity loss can be defined as a
decrease in the number of individuals of a
particular species or the permanent extinction
of a particular species. The loss of biodiversity
does not directly affect only the organisms that
inhabit a certain area, but also certain habitats,
landscapes, and loss of genetic variability.

When we talk about the loss of genetic
variability, we come to the term genetic
erosion, which refers to the disappearance of
a certain gene or allele, and sometimes this
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term describes the complete loss of a certain
species. Genetic erosion occurs as a result of
the disappearance or inability of one parent to
mate in a population of rare endemic species. In
such small, almost homogeneous populations
of organisms, genetic variability is reduced to
minimal genetic differences and inbreeding
depression is very common. Inbreeding is
known to reduce biological viability and may
lead to extinction. In agriculture, genetic
erosion refers to the loss of certain alleles and
complexes of genes such as those found in
indigenous populations that are associated
with high adaptability to the conditions of the
environment from which they originate (Maxted
& Guarino, 2006). The main factor for the loss of
these varieties is their replacement with more
productive varieties, legal decisions, change of
the agricultural system, overuse, degradation
of the environment. Cultivation of introduced
varieties has the greatest implications in the

Main cause for biodiversity
loss

process of extinction. In the case of loss of
domestic breeds of animals, usual reasons
are use of exotic crossings, weak government
conservation laws, neglect of certain breeds due
to low profitability, intensive production, lack
of proper animal disease management, lack of
sufficient pastures, and other elements required
by the environment, lack of control ofinbreeding
and carelessness in selection processes with
rare breeds. Another increasingly common term
in this context is “genetic pollution” and it refers
to the transmission of pollen, and consequently
the genes from genetically engineered plants to
their wild relatives (Meilink et al., 2015).

The main causes of biodiversity loss are
pollution, habitat loss, overuse, climate change,
natural disasters, hunting, and introduction of
invasive species (Fig. 6).

Habitat loss

Climate change

Natural disaster

Pollution

Hunting

Introduction of
invasive species

— Over exploitation

Figure 6. The main causes of biodiversity loss (adapted from Singh et. al., 2021).

AccordingtoSinghetal.(2021), the biggest
causes of biodiversity loss are:

1. Habitat loss - A major threat to biodiversity
and species survival is habitat loss.
This is a serious issue for both wildlife
and humans. Habitat and wildlife are
interconnected.  Habitat  destruction,
degradation, and fragmentation are the
three dominant categories of habitat loss.
Habitat destruction is the mass extinction
of a species of their natural habitat, making
it incapable of supporting domestic
ecosystems and species. The development

of agricultural practices, reduced resources
such as food, water, air quality, mining,
pollution, logging, catastrophic fishing
activities, activities related to urbanization,
and interruption of ecosystem-related
processes are the dominant elements of
habitat degradation. Habitat degradation
affects both habitat species and
humans. Erosion, nutrient depletion, and
desertification cause further degraded
soil loss. Habitat fragmentation is another
giganticissue that arises because of human
development activities. These fragmented
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areas disrupt the habitats of animal and
plant species, isolate animal communities,
and compress genetic diversity.

Climate change - Biodiversity and climate
change are strongly linked. Although the
climatehaschangedconstantlythroughout
Earth’s history with the development and
extinction of ecosystems and species,
accelerated climate change is disrupting
ecosystems and the species’ ability to
acclimatize, increasing biodiversity loss.
Rapid climate change stimulates the loss of
biodiversity, endangering human interests
and the safety of clean water, air, medicine,
and additional natural resources on which
we depend. Climate change, among other
components, such as habitat loss, land
degradation, hunting, over-exploitation of
certain species, etc., is becoming a major
threat to the biodiversity. Allegations
of sudden climate change are often
corroborated by a variety of extinction
statistics on species that until recently
were part of biodiversity.

Natural disasters - Natural disasters, such as
volcanoes, fires, floods, hurricanes, drafts,
epidemics, tsunamis, etc. cause great loss
of biodiversity. In humid tropical areas
such as central Africa, eastern and northern
Australia, some areas in South America,
floods are common. Tropical areas have a
lot of vegetation, and a huge number of
animals survive in the vegetation. Due to
flooding, large amounts of nutrients are
leached from the soil. Drought has also
led to dry soil and decrease of the water
levels. Both animals and plants suffer in
this situation.

Pollution - Air pollution affects the
respiratory system of animals and
adversely  affects their  well-being,

including the ability to lay eggs and
changes in behaviour. Air pollution is also
known to affect the reproductive ability of
animals and hence breeding failure. The
indirect impact of air pollution on animals
is difficult to assess because it is difficult to
investigate in a controlled environment.
Water pollution has a detrimental effect
on biodiversity. Synthetic fertilizers usually
contain nitrogen and phosphorus and
they are added to soil to increase crop
productivity. Nitrogen and phosphorus

are removed from the soil to water
bodies or groundwater. The presence
of these nutrients in the water leads to
eutrophication or the overgrowth of
plants. Eutrophication causes a decrease in
oxygen levels in waters which is harmful to
biodiversity. Fish and other aquatic animals
die due to a lack of dissolved oxygen in the
water. Just like fertilizers, pesticides can
also accumulate in water bodies. Pesticides
adversely affect running water bodies such
as lakes and ponds since fertilizers are
not washed off and aquatic animals have
difficulty in reproduction. Environmental
microplastics also affect larval survival,
reduced food intake, and gradual weight
loss in aquatic animals, which eventually
leads to their extinction. Soil pollution
is another factor that negatively affects
biodiversity. Heavy metal contaminated
soil greatly affects the well-being of
microorganisms necessary to sustain the
life of soil organisms. Excess heavy metals
present in the soil do not decompose
easily and accumulate from plants (Singh
et al., 2021). Immense use of fertilizers,
pesticides, and antibiotics used in
agriculture is very harmful to biodiversity.
The increased presence of nutrients in
the soil causes a vigorous growth of grass
species, which leads to the suppression of
the growth of wildflowers, necessary for
bees and other pollinating insects.

Hunting - Hunting is the leading cause of
the extinction of many animals in the food
chain. Because of this, different species
in certain regions are adversely affected
as they face food shortages or complete
inaccessibility of food compared to the
normal state. Hunting is a major operator
for biodiversity loss. Hunting activities carry
a significant burden on wildlife, causing
a huge decline in wildlife and leading
to disrupted and inefficient ecosystems.
Unsustainable collection of aromatic
and medicinal herbs and mushrooms
also harms biodiversity. The mushrooms
used for consumption are present in
only certain regions and their excessive
and uncontrolled collection may lead to
their non-appearance in the next season.
There are many examples where whole
forests are devastated by wild collectors of



Fidanka Trajkova, Sasho Arsov, Liljana Koleva Gudeva

medicinal plants.

Excessive  exploitation -  Excessive
exploitation of species from their natural
habitat in higher numbers than they can
reproduce new species. Currently, almost
one-third of the Earth’s vertebrates that
are facing extinction are vulnerable to
overexploitation. Extreme fishing and
hunting are examples of over-exploitation.
Similarly, various animals and plants are
collected for use as pets, trophies, or
souvenirs.

Biodiversity conservation

The loss of flora and fauna due to human
activities has been going on for millennia, but
only recently have we begun to understand
the consequences of this loss for structure and
function of ecological systems at the biome scale
and the Earth system (Murray, 2017). Although
relevant biodiversity conservation factors
increasingly recognize the need to restore and
conserve entire systems, their priorities and
interventions remain focused on scales that are
too small to address the functions of the biome
or the system as a whole. It is constantly argued
that a new global initiative is needed to address
the past and current loss of flora and fauna and
its functional units.

According to Britting et al. (2013) there
are generally two conservation approaches
of existing biodiversity: 1. in situ and 2. ex situ
conservation:

1. Insitu-an approach that includes methods
and tools that protect species, genetic
varieties, and habitats in their natural

Frequently use

Area that is not
part of the wild

habitats. It is a favourable approach among
environmentalists for the protection of
habitats and ecosystems.

Ex situ - an approach that includes
methods that remove plants, animals
and microbiological species, and genetic
varieties from their natural habitat. These
methods are popular with agronomists
and biologists and help maintain species
populations.

Restoration and rehabilitation approaches
include methods that rely on in situ and ex situ
tools to re-establish species, genetic varieties,
communities, populations, habitats, and
ecological processes. Ecological regeneration
usually involves the reconstruction of natural
and semi-natural ecosystems on degraded
lands. This includes the reintroduction of
most indigenous species, while ecological
rehabilitation involves repairing ecosystem
processes.

In situ conservation

It is a dynamic way of preserving
germplasm compared to the static nature of ex
situ conservation. Allows continuous evolution
of cultures by allowing natural selection to
act on it. Lately, in situ conservation has been
attracting a lot of attention and efforts are
being made to preserve genetic resources
under its natural environment. It is important to
preserve species that are difficult to preserve in
an extra situation. In situ conservation involves
maintenance of genetic variation in the location
where it occurs, eitherin the wild orin traditional
farming systems (Fig. 7).

(scientific purpose

(national parks)

(agricultural land)

Figure 7. In situ methods of biodiversity conservation (adapted from Zegeye, 2016).
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Wildlife conservation includes the location,
designation, management, and monitoring of
genetic diversity at a specific, natural site. This
technique is most suitable for most wildlife
species, as it can be relatively inexpensive when
management is minimal. Genetic variation
present in wild plant populations is a necessary
condition for evolutionary adaptation to the
changing environment and hence the survival
of the species. Genetic variation is therefore
essential for maintaining a sustainable
population.To establish a genetic reserve for the
target taxon or group, the effective population
size must be assessed. Genetic reserves are
suitable for orthodox seeds, i.e. seed types that
can be maintained in long-term storage with
a combination of moisture content reduction
and low-temperature storage and unorthodox
seeds, i.e. seed types that cannot be stored for a
long time. Genetic reserves also allow multiple
storages of the taxon in a single reserve and
allow continuous evaluation of the species.
However, the disadvantages are that the stored
material is not immediately available for human
exploitation, and if the management mode is
minimal, little characterization or assessment
data may be available.

Modern breeding methods have largely
taken the place of traditional farming methods,
leading to the loss of many old varieties. It
is necessary to preserve the diversity found
in both wild relatives and old varieties of
domestic species. Farm preservation involves
maintaining traditional cropping systems or
growing by farmers within traditional farming
systems. The advantage of preserving the farm

Parts from

organism

is that it provides landscaping and those wild
species dependent on traditional agriculture.
However, yields may be lower than their
contemporary successors and may be less
popular within farmers. Therefore, some form
of motivation, even subsidies, associated with
regular monitoring may be needed to ensure
sustainability. Home garden conservation is a
variant of farm preservation. It involves growing
a variety of materials in homes, backyards, or
gardens and focuses on growing food crops,
medicinal plants, herbs, and spices grown
primarily for home consumption. Although
the individual sizes of such gardens are likely
to be small, genetic safety can be achieved
by agglomerating neighbouring households.
Home gardens are often the source of
traditional varieties lost from larger agricultural
systems. It should be noted that modern
economic forces will tend to act against the
continuous maintenance of old varieties, and
they undoubtedly currently suffer from rapid
genetic erosion, therefore, a developed system
of ex situ conservation is necessary.

Ex situ conservation

Ex situ conservation is a technique of
conserving all levels of biodiversity outside their
natural habitats through various techniques
such as zoos, aquariums, botanical gardens,
and gene banks (Borokini et al.,, 2010). It plays
a key role in communicating problems, raising
awareness, and gaining broad public and
political support for conservation and breeding
activities of endangered species (Fig. 8).

. Zoos and botanic
Whole organism
gardens

Figure 8. Ex situ types of conservation (adapted from Zegeye, 2016).

Limitations of ex situ conservation include
keeping organisms in artificial habitats,
deteriorating genetic diversity, inbreeding
depression,  captivity  adjustments, and
accumulation of harmful alleles. Currently,

several stakeholders are actively working
on biodiversity conservation through ex
situ conservation strategies through the
establishment of gene banks, botanical gardens,
and zoos (Zegeye, 2016).
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Zoos

Zoos are places where animals are
confined to cages or semi-natural and open
areas, displayed to the public and in which they
can also breed. They are considered important
means of preserving biodiversity. Zoos attract
as many as 450 million visitors each year and
are therefore uniquely positioned to have very
high educational and economic value (Carrizo
et al, 2013). Zoos not only act as places for
entertainment and observation of animal
behaviour but also institutions, museums,
research laboratories, and information banks for
rare animals, as well as domestic animals. Over
the last few decades, zoos have made significant
progress in the cooperative management of ex
situ populations, both of wild and indigenous
animal.

Botanical gardens

Botanical gardens consist of plants, grown
outdoors or in greenhouses. They are used to
grow and display plants primarily for scientific
and educational purposes (Waylen, 2006). They
also include herbariums, laboratories, libraries,
museums, and experimental or research
plantations. They can contain a certain family,
genus, or group of varieties, natural plants, wild
relatives, medicinal, aromatic, or textile plants.
There are over 2,000 botanical gardens that
have 80,000 plant species in their collections
and receive hundreds of millions of visitors a
year. Furthermore, they have a valuable and
distinctive mix of staff dedicated to plant
research, systematics, conservation education
and raising the public awareness. They are
extremely well networked with each other
and with other professionals, conservation
organizations,and NGOs (Blackmoreetal., 2011).
They provide a variety of services to sectors
that use and preserve plant diversity, such
as agriculture, forestry, pharmaceutical, and
biofuels industry, protected area management
and ecotourism, and have a unique opportunity
to attract visitors and scientific institutions to
document and preserve plant diversity through
shaping and mobilizing citizens towards current
environmental challenges. Botanical gardens

allow cultivated plants to be grown under
relatively modified environmental conditions
(intensive cultivation, relatively high fertility,
and high levels of disturbance).

Genbanks

Genbanks are biological repositories that
aim to preserve genetic material. In plants, it
can be by freezing parts of plants or storing
seeds, and in animals by freezing sperm or
eggs in specially designed refrigerators with a
certain temperature. The main purpose of the
existence of gene banks is to preserve genetic
diversity, which would help in future research
and the formation of new species (Clarke, 2009).
They exist to preserve the wild and cultural
species on which humans depend. In addition
to the genetic resource, there is information
about that organism. They represent the gene
pool which is actually the basis of all genes
contained in a particular seed. The size of the
gene pool directly affects the evolutionary
path of that species. Cryobanks are ex-situ gene
banks. In this way, cultivated plants, plants for
medicinal purposes, or endangered species
are preserved. Avocados, papaya, coffee, and
walnuts have seeds that cannot withstand
low temperatures, and all those protocols are
needed for conventional seed gene banks and
therefore are stored cryogenically. The Russian
Academy of Sciences preserves 7 varieties of
strawberries and raspberries that must also
be cryogenically preserved, 250 endangered
species from Russian territory, and 20 plants
of pharmaceutical importance. In this way,
fruit crops, tropical and subtropical fruits are
preserved. Their seeds are placed in bottles
with liquid nitrogen and they are frozen and
their vital functions are stopped until they are
thawed. In humans and animals, this is applied
by freezing sperm in special ampoules. In vitro
tissue and organ culture techniques gives
possibilities whole organs or part of plant
tissues (buds, rhizomes, meristematic tissue) to
be multiplied in identical plants (clones) with
the same characteristics as the parental plant.
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CONCLUDING REMARKS

Agrobiodiversity is a basic resource in
agricultural production and offers a wide
selection of species, varieties, populations
and genotypes. All processes that take place
in the process of food production are directly
or indirectly related to agrobiodiversity.
Biodiversity, in addition to the numerous
benefits to agriculture, is part of many industries
and provides raw materials. Apart from the
direct benefits, it offers us many regulatory,
cultural and social benefits in all spheres of life.
Taking in consideration all above presented,
we can drove certain conclusions related to
importance and role of agrobiodiversity in
sustainable agriculture:

Agriculture is one of the main drivers of
positive and negative changes in biodiversity,
both in plants and animals. Agroecosystems
can be the biggest promoters of biodiversity,
but also the biggest destructive force.

The principles and techniques applied in
agricultural production determine the direction
of movement of changes in plant and animal
populations.

Soil fertility is a reflection of sail
biodiversity, which is composed of thousands
of micro- and macroorganisms. On the other
hand, soil fertility is directly related to the yield
and health of plants.

A key moment in agriculture is pollination
and many crops are dependent on entomophile
pollination. The biodiversity of insect
pollinators provides security and stability in the
agroecosystem.

Population of beneficial insects in and
near agroecosystems optimizes the control
of weeds and economically harmful insects. A
proper management of beneficial insects and
their attraction brings numerous benefits for an
agroecosystem.

Organic food production is based on
the use of biodiversity and maximization of
natural processes in the environment, as well
as achieving high yields. The symbiosis of
agrobiodiversity and human activities offers
the organic farming as an example for rational
use of land resources without experiencing
negative consequences for any of the parties
involved in the process.

Agrobiodiversity offers practical applicable
solutions for management with extremely rapid
manifestations of nature, which negatively

affect the growth and development of crops.
Agrobiodiversity ensures yields at specific times.

Agriculture shall promote and balance
biodiversity at the same time together with
application of certain agricultural practices.
Proper application of cultivation techniques as
crop rotation, sideration, buffer belts, animal
manure utilization, biological control and cover
crops provides higher yields in the current
cultivation season. Moreover, it contributes to
balanced ecosystems with long-term positive
effect on cultivation. Application of those
practices increases the biological activity in the
soil, improves organic matter content, raises the
populations of beneficial insects, and reduces
the need for application of chemical inputs.

The loss of biodiversity is a direct
consequence of human activities on Earth.
The loss refers to reduction in the number of
individuals in a population or the complete
extinction of a species. The extinction of
the species affects the stability of the food
chains and negatively affects the agricultural
production, particularly when certain species
or varieties with potential to cope extreme
conditions are lost.

Biodiversity conservation is key to
successfully tackling environmental change.
The principles of biodiversity conservation
are commonly known as in situ and ex situ.
It is particularly important all measures for
prevention of loss of some species to be
undertaken. The local farmers who grow
indigenous varieties in their gardens also
contribute to this preservation, as well as
different institutions that intentionally conserve
the genetic resources with various approaches.

Overall, the biodiversity, in addition of
being able to intensify agricultural production,
is an inseparable integral element of any
agroecosystem. It is important to emphasize
that the methods and principles applied in
agriculture should be moderate, balanced
and appropriate to the current situation in
the systems. Techniques that invoke modern
intensive production, including the use of any
synthetic inputs, genetically modified plants,
or overuse of resources, can have a negative
long-term effect on biodiversity. Of utmost
importance are all efforts to conserve and
preserve biodiversity from its extinction.
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YJIOTATA U 3BHAYAHETO HA ArPOBUOANBEP3UTETOT 3A 3EMJOAEJICTBOTO
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Peny6nuka CesepHa MakedoHuja

*Konmakm asmop: fidanka.trajkova@ugd.edu.mk

Pe3nme

BrioguBep3nTeTOT 1 3eMjoAeNcTBOTO MMAaT HEPACKUHANB OJHOC CO MefycebHO 3aBUCHU UHTepaKLmm
Mery HVBHWTE COCTaBHW KOMMOHEHTW. 3eMjofencTBOTO Kako OCHOBHA aHTPOMOreHa akTUBHOCT € efieH of
rmaBHMUTe $aKToOpW BO HACOKUTE Ha PasBoOj BO GUoAMBEP3UTETOT. ArpobuoanBep3nTeTOT € OCHOBaTa Ha
MOCTOeHETO Ha MpoLecuTe Ha MPOM3BOACTBO Ha XpaHa 1 0b0e36efyBa U OCUTypyBa MHOFY eCeHLujaniHu
eneMeHTV Off COBPEMEHOTO XuMBeehe. MHory of Tve npouecu ce LeNOoCHO HEerno3HaTW, a 3a HeKou of
HMB He CMe CBEeCHM fdeKa ce nocsiegmua Ha GuosiowKaTa akTMBHOCT Ha pasHuTe opraHmamu. Ma Taka,
6uogmeep3nTeToT 06€36eyBa XpaHa, YNCTa BOJa 3a NUEHE, eHeprija, CypOBUHY 3a HAYCTPUjaTa, TYPUCTUYKA
N peKpeaTMBHN MOXKHOCTU, HayUHW UCTPaxyBaka W NIeKOBU. [JOKONKY ce KOpUCTaT 3emjofeNiCKM MPaKTUKM
KOW ro NpoMoBKMpaaT b1MoANBEP3NTETOT, KaKo Ha NpuMep: Nnogopes, NOKPUBHU pacTeHuja, bydepHuy nojacu,
ynoTtpeba Ha 6uonecTUUMamn, KOPUCHN UHCEKTU M Mefynocesu, Torawl nNpupogHUTe Npouecs BO MOYBaTa,
pacTeHunjaTa 1 XKMBOTHATA CpeanHa 3HAUUTENHO Ce MHTEH3MBMPAAT BO KOPUCT Ha 3eMjodenunTe, pacteHrjaTa
N LefioKynHaTa KUBOTHa cpefmnHa. Of ppyrata cTpaHa, JOKONKY ce NPUMeHyBaaT TeXHUKU Y MeToAu Ko ro
peayumnpaat 6MoaMBEP3UTETOT BO arpoOeKOCUCTEMOT U HeroBaTa OKOJIMHa KaKo BeluTauku Fy6purBa, XeMUCKM
necTuumnam, XOpMOoHY, MHTEH3UBHa 06paboTKa, MOHOKYNTYPHO ofrneayBake U Apyri, HacTanyBaaT npouecu
Ha pefyunparbe, cHe3HyBakbe 1 3araflyBake Ha »KMBOTHaTa CpefivHa 1 LiefloKynHUOT buogmeep3unTeT. 3aToa e
notpebeH BHUMaTeNEH N300p Ha 3eMjoAeNCKN MPAKTUKIN KOW He 61 ro 3arposuse oncTaHOKOT Ha BUAOBUTE, a
NCTOBPEMEHO Ke Ce MOCTUIHAT BUCOKM MPUHOCK CO fobap KBaNMTET.

Llenta Ha OBOj NpernefeH Tpya e fa ce Npe3eHTUpaaT O4HOCUTe Mefy 61MoBEP3UNTETOT 1 3eMjOAENICTBOTO
W [1a Ce UCTAKHAT aKTyeHMTe NpaLlaka 3a rybereto Ha 61MoMBEepP3nNTETOT 1 METOAMTE 3a HeroBa KOH3epBauyja.

KnyuHn 360poBu: 2eHemcKku pecypcu, dsmoxmoHu copmu,
npou3800CcmMB0o, 00PX/1UBO 3eMjo0eICMB0, 3aumumad, KOH3epsayuja.
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