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RESEARCH ARTICLE

SOME MORPHOLOGICAL TRAITS AND HEAVY METAL ACCUMULATION
IN MUSCLE TISSUE OF Ruditapes decussatus (Linnaeus, 1758)

Burcu YESILBUDAK ~

Department of Biology, Faculty of Science and Letters, Cukurova University, Adana, Turkey
ABSTRACT

This study aimed to investigate some morphological characteristics and heavy metal accumulation in muscle tissue of
Ruditapes decussatus (Linnaeus, 1758) in the spring and autumn seasons of 2018 in the Yumurtalik Coastline of Iskenderun
Bay located in the northeastern Mediterranean Sea. To this end, shell length (SL), total weight (TW), shell height (SH), shell
inflation (SI), shell weight (SW), roundness index (RI), cup index (CI) and total length-weight relationship (LWR) of
Bivalvia and heavy metal accumulation in the muscle tissue of Bivalvia were measured for two seasons. Minimum and
maximum values of SL, TW, SH, SI, SW, Rl and Cl were determined as 21.50-39.00 mm, 0.80-22.15 g, 10.50-28.70 mm,
9.11-20.90 mm, 3.08-4.66 g, 1.03-2.14 and 0.58-0.67 respectively. The relationship between total length and total weight of
R. decussatus was calculated to be W=0.0052*SL2%* for spring and W=0.0031*SL2%8 for autumn. The growth type of
Bivalvia specimens was determined as isometric growth (2.971). Heavy metal accumulation in the muscle tissue in spring
and autumn seasons was found as statistically significant only for zinc and copper in different seasons (P<0.05). Biometric
data of Bivalvia speciemens and muscle tissue heavy metal level are given and discussed in comparison with the results
obtained from other studies. Considering the height-weight relationship, growth type and tissue heavy metal accumulation, it
can be said that this area is ecologically suitable for R. decussatus.

Keywords: Bivalvia, Ruditapes decussatus, Morphological traits, Heavy metal

1. INTRODUCTION

Biometric measurements based on the morphology of the studied Mollusca species are very important
in terms of giving information about the population. The shells of Mollusca, which have an important
place among the living groups where morphological studies are carried out, can show a variable
structure by being affected by environmental and climatic changes [1, 2]. The bivalves are in some
ways the most highly modified of all the mollusks [3] and shell part of mollusks has variable structure
in the chaotic area [1]. It has been reported in various studies that growth changes in bivalves are used
to obtain information about the conditions that cause global and local environmental changes [4, 5]. R.
decussatus is a member of the family Veneridae. This family (common name: venus clams) is a very
large family of marine bivalve mollusks, and hence, makes up a significant proportion of bivalves. A
great proportion of Veneridae family is exploited as food sources in other countries such as Portugal,
Egypt, and Spain [6, 7, 8, 9]. It has been suggested to grow members of this family in wastewater from
aquaculture [9]. Additionally, it has been reported that some species belonging to Veneridae family
prefer suspension, endogenous, and coralligen beds as their habitat and can go down to 700 m [10].
Veneridae family lives in areas protected from possible strong waves such as sheltered bays and sea
lakes because it is a rare and sensitive bivalve species; also, it belongs to the group of endogenous
suspensivores, burying itself at a certain depth in loose sediments [10, 11]. Distribution of R.
decussatus has been reported along the Atlantic coast, from Norway to Congo and on the West and
South coasts of the British Islands, and in the North Sea only in Norway and Denmark and the Atlantic
Ocean. In addition, it can be found through the Mediterranean Sea as well as in the Red Sea where this
species migrated through the Suez Canal. R. decussatus also exists from the south to western Morocco
and Senegal, West Africa [12, 13]. Since mussels and oysters feed by filtering the water, they can

*Corresponding Author: yesilbudak@gmail.com
Received: 25.12.2021 Published: 26.07.2022
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absorb the metals in the water. They can accumulate heavy metals in the processes of exchanging and
binding dissolved ions in water with their absorption in water to get nutrients. Therefore, Mollusca has
a high potential for monitoring heavy metals uptake from the water along with the sediments [14].
Heavy metals are toxicants that disrupt the ecological balance and are carried to living beings through
the food chain or waterway in the aquatic environment and have the potential to damage all life
activities of the living beings and change this metabolic structure [15, 16]. According to the literature
review, there are no detailed morphological measurement studies for R. decussatus in the Yumurtalik
Lagoon, which is located in the northeastern part of the Mediterranean and is very rich in terms of
both fish and invertebrate species [17, 18]. Therefore, giving the morphological characteristics of the
mussel in terms of length, width, height and weight is important for the comparison of mussel
morphology in future studies. Although there are a few studies which attempt to determine the
distribution areas of the R. decussatus species on the Yumurtalik coast [17, 19, 20], there are not
enough studies on morphological characteristics and heavy metal accumulation together. This study
firstly aims to examine shell composition of the Yumurtalik coast and depending on this, investigates
shell evaluations about some morphological parameters and heavy metal levels of R. decussatus
sampled from the Yumurtalik coast.

2. MATERIALS AND METHODS

This study was carried out at the Yumurtalik Coastline of Iskenderun Bay in the spring and autumn
seasons of 2018 (Figure 1). The temperature and salinity levels of the sea water in the spring and
autumn seasons were measured by YSI EcoSense. A total of 602 shells were collected from the sea
coast and sediment of the sea (about 0-15 m). Samples were stored in labelled plastic container for
being subjected to morphometric measurements. Species names were updated according to the
checklist of species-group taxa of the Taxonomic Database on Marine Mollusca [21]. For heavy metal
analysis, the samples kept in the deep freezer were taken out and washed by removing salt water. The
muscle was completely removed from the shell and other parts, taken into jars to be dried, and then
dried in an oven at 70 °C for 48 hours. The dried samples were divided into small pieces by a
microwave homogenizer and homogenized. Nitric acid and hydrogen peroxide were used for mussel
muscle samples (1:1). All samples were completed in 10 ml polypropylene tubes with distilled water
and the levels of heavy metals (Zn, Cu, Cd, Pb) were measured using inductively coupled plasma mass
spectrometry (ICP-MS) [22]. Standard solutions of the analyzer were calibrated with chemicals
prepared from Merck. Standard reference material (SRM, Dorm-2) was used to analyze the accuracy
and precision of our results. Allometry was examined for morphometry (LWR) [23] and shape indices
of individual bivalves were determined [24]. Shell length (maximum antero-posterior distance), shell
height (maximum distance from hinge to ventral margin), shell inflation (maximum distance between
outer edges of two valves), roundness index [RI=SL/SH] and cup index [CI=SI/(SL*SH)%°] of
individual organisms were measured accurately to 0.01 mm using digital calipers [24]. The total
weight of individual mussels and their shell weight were determined by digital balance (precision of
0.001 g). Ricker's [25] length-weight equation and Pauly's t-test [23] were applied. Independent
samples t-test was applied for evaluation of heavy metal analysis in muscle tissue by using the SPSS
software (SPSS Statistics V 27.0.1.0, IBM, Corp., USA).

40
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Figure 1. In the left side; The sampling site (Yumurtahik Coastline in Iskenderun Bay) and Ruditapes decussatus, in the right
side; bivalve dimensions can be viewed at wileyonlinelibrary.com

3. RESULTS AND DISCUSSION

Morphometric analysis and measurement of the heavy metal accumulation in the muscle tissue of R.
decussatus were carried out at the Yumurtalik Coastline in iskenderun Bay. The mean sea water
temperatures were measured to be 23.45+1 and 19.77+1 in spring and autumn, respectively. The
salinity levels, however, were 37.10+0.16 and 35.65+0.33 ppt in spring and autumn, respectively.
Biotope characteristics of the sample area were determined as gravelly, sandy, muddy and silt
bottoms. All the 602 shells were collected from the Yumurtalik coast. A classification of them showed
that they belonged to Anomioidea (0.99%), Arcidae (1.99%), Cardiidae (5.81%), Chamidae (1.32%),
Glycymerididae (11.29%), Lucinidae (1.49%), Mytilinidae (2.82%), Nassariidae (1.16%), Ostreidae
(11.46%), Pectinidae (0.99%), Pteriidae (1.99%), Semelidae (0.99%), Strombidae (0.83%),
Spondylidae (0.83%), Tellinidae (1.22%), Veneridae (1.34%) and other (53.48%) families. These
results were in line with the findings of previous systematic studies [17,19,20]. The descriptive
statistics of the body size measurement of R. decussatus are presented in Table 1. For both seasons, the
arithmetic means and standard error of measurements of the SL, TW, SH, SI, SW, RI, Cl were
obtained as 29.05+1.01 cm, 8.59+0.84 g, 19.97+1.13 mm, 14.53+0.70 mm, 3.65+0.10 g, 1.52+0.07
and 0.62+0.01, respectively. The minimum and maximum values of the SL, TW, SH, SI, SW, RI, and
Cl of both seasons were calculated as 21.50-39.00 mm, 0.80-22.15 g, 10.50-28.70 mm, 9.11-20.90
mm, 3.08-4.66 g, 1.03-2.14 and 0.58-0.67 respectively. The arithmetic means and standard error
values of Bivalvia measurements according to the seasons were found to be 32.45+1.10 mm,
15.57+1.04 g, 22.35+1.20 mm, 16.9+0.70 mm, 4.02+0.11 g, 1.48+0.08 and 0.62+0.00 for spring and
25.65%£0.70 mm,1.60+0.18 g, 17.60£1.60 mm, 12.16+£0.40 mm, 3.27+£0.02 g, 1.56+0.11 and 0.61£0.00
for autumn. The minimum and maximum values were calculated as 28.50-39.00 mm, 7.12-22.15 g,
17.30-28.70 mm, 13.9-20.90 mm, 3.37-4.66 g, 1.06-1.90 and 0.60-0.67 for spring and 21.50-28.0 mm,
0.80-2.75 g, 10.50-25.50 mm, 9.11-14.21 mm, 3.08-3.38 g, 1.03-2.14 and 0.58-0.67 for autumn. The
coefficient R? of determination for bivalves was found to be 0.879 for both seasons. Similarly, the
values of a and b were found as 0.011 and 2.971. The growth type of Bivalvia specimens was
determined to be isometric growth. A positive correlation was reported in the relationship between the
total weight and shell length (P<0.01; 0.8795; Figure 2). A similar situation was observed between the
cup index and roundness index, as well (P<0.01; 0.9898; Figure 2). In general, descriptive features in
bivalves were measured mostly in the spring season (Figure 3), except for the roundness index
(1.48+0.08) and b (2.540) value (Table 1). The growth type of Bivalvia specimens was determined as
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negative allometry in spring and isometric growth in autumn (Table 1). R. decussatus has a wide
distribution in the world and an important ecological and economic value in terms of its place in the
trophic chain of lagoons and marine systems. One may study it as a bioindicator in these areas in terms
of its place in the culture of shellfish [6]. Therefore, the morphometric indices and length-weight
relationships of R. decussatus have been estimated widely in several areas as an indicator to compare
the differences between ecosystems (Table 1). Environmental factors such as water temperature and
nutrient availability are primary factors for the development of Bivalvia while salinity and photoperiod
have a secondary effect [26].
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Figure 2. The relation of R. decussatus's total weight (TW, g), shell length (SL, cm), cup index (CI) and roundness index
(RI).
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Figure 3. Morphological traits of R. decussatus's in spring and autumn season
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Table 1. The shell length (mm), total weight (g), shell height (mm), shell inflation (mm), shell weight (g), roundness index

and cup index with growth parameters (LWR) of Ruditapes decussatus (n=18).

Descriptive statistics LWR
SL T™W SH Sl SW RI (¢f]
Season X £SEM X £SEM X +SEM X +SEM X +SEM X £SEM X +SEM a b R? GT
Min-Max  Min-Max Min-Max Min-Max Min-Max Min-Max Min-Max
Spring 32.45+1.10 15.57+1.04 22.35+1.20 16.90+0.70 4.02+0.11 1.48+0.08 0.62+0.00
28.50-39.00 7.12-22.15 17.30-28.70 13.90-20.90 3.37-4.66 1.06-1.90 0.60-0.67 0.005 2.540 0.877 -A
Autumn 25.65+£0.70 1.60+0.18 17.60+1.60 12.16+0.40 3.27+0.02 1.56+0.11 0.61+0.00
21.50-28.0 0.80-2.75 10.50-25.50 9.11-14.21 3.08-3.38 1.03-2.14 0.58-0.67 0.003 2.888 0.863 |
In this study
(%)
X+SEM  29.05+£1.01 8.59+0.84 19.97+1.13 14.53+0.70 3.65+0.10 1.52+0.07 0.62+0.01
Min-Max  21.50-39.0 0.80-22.15 10.50-28.70 9.11-20.90 3.08-4.66 1.03-2.14 0.58-0.67 0.011 2971 0.879 |
In other studies
Moroccan 25.86-49.36 5.30-22.01 20.29-33.94 14.18-24.23 ns ns ns ns ns ns ns
Coast [27]
Lake Timsah, 26.36+1.51 3.95+0.99 17.84+1.73 11.7+1.32 2.66+0.67
Egypt [28] 11.70-40.60 0.31-10.51 8.40-27.00 4.90-17.3 0.23-6.71 ns ns 0.000 2.864 0.980 |
Pag Bay - 31.945.5
Eastern 17.7-43.5 ns ns ns ns ns ns ns 2.910 0.965 |
Adriatic Sea
[29]
Port Said- =16-35.9 =0.70-5.80 =0.70-2.25 ns =0.70-5.50 ns ns 0.091 3.350 0.857 +A
Egypt [30]
Lake Timsah, 22.00 0.86-1.15 ns ns 1.27-1.65 ns ns 355 281 0.979 |
Egypt [31]
Aquaculture, 32.10+£3.01 11.46+1.57 33.67+1.61 ns 8.88 £1.37 ns ns ns ns ns ns
Turkey [32]
Galicia, N.W. 48.79+2.42 26.47+3.99 34.92+1.71 23.27+1.26 14.17+2.24 ns ns ns ns ns |
Spain [33]

LWR: total length and weight relationship, X £SEM: arithmetic mean+ standard error of the mean, Min-Max: the range of

variability of the linear and mass indices, a and b, coefficients of the equations; R?: coefficient of determination, GT: growth

type (I: isometric growth, -/+A: negative or positive allometry), ns: not specified.

Figure 4. Accumulation level (ng/g) of metals in muscle tissue of R. decussatus. The sign of cross and sharp (x, #) in bars
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within season indicate statistically significant differences (P<0.05).

In our study, negative allometry (b=2.540, R®=0.877) and isometry (b=2.888, R?*=0.863) were
observed in the Yumurtalik coast in the spring and autumn seasons, respectively. The growth
characteristics of Bivalvia species sampled from the Urdaibai Estuary (North Spain) also showed
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isometric characteristics (b=2.900, R?*=0.903) [34]. The dominance of isometries and negative
allometries over positive allometries is an important phenomenon in bivalve growth types. This may
be related to the creature's continuous egg-laying strategy. A similar situation was observed in
different studies (e.g.: [31]). In a study by Sherif [30], it was reported that the shell growth of bivalve
V. decussatus was mainly affected by temperature. In another study conducted with R. decussatus, it
was reported that shell development slowed down in the winter season [35]. Descriptive
measurement values of bivalves in the Yumurtalik coast were calculated mostly in the spring season,
and found to be 23.45+1 °C and 37.10+0,16 ppt. It has been reported that bivalves develop well when
the water temperature is 20-24 °C and the salinity is between 32-40 %o [36]. When Bivalvia samples
from different regions are compared with the Bivalvia samples in our study in terms of the height-
weight relationship and growth patterns, we can conclude that this species has average morphometric
characteristics and this area is ecologically suitable for the species. The average Zn, Cu, Cd, and Pb
concentrations in the muscle tissue of R. decussatus in this study and some species belonging to the
Veneridae family in different localities are given in Table 2.

Table 2. Compare with the average Zn, Cu, Cd, and Pb concentrations in muscle tissue of R. decussatus in this study and
other species belonging to Veneridae family in different study (ng/g dry weight).

Species Zn Cu Cd Pb References
Year
Ruditapes decussatus
Yumurtalik Coast, 0.278+0.001 0.028+0.001 0.006+0.000 0.003+0.000 In this study
Turkey

In other studies

Circe scripta

Region: Daya Bay, China 9.79+0.82 0.90+0.03 0.07+0.03 0.34+0.10 [37]
2020

Gafrarium divaricatum

Region: Daya Bay, China 10.64+0.52 1.10+0.59 1.14+0.25 0.24+0.13 [37]
2020

Ruditapes decussatus

Region: Sardinian 16.00+0.85 1.24+0.05 0.010+0.0013 0.059+0.0063 [38]

(Calich) Coast, Italy 2018

Ruditapes philippinarum
Region: Laizhou Bay

(Southern), China 53.47+30.21 12.13£3.40 1.98+0.86 1.06+0.28 [39]
2017

Ruditapes decussatus

Region: Alexandria coast, ns ns 2.063+0.26 8.090+0.19 [40]

Egypt 2013

Paphia undulata,

Region: Alexandria coast, ns ns 0.903+0.10 3.120+0.17 [40]

Egypt 2013

Tapes decussata

Region: Egyptian 14.13+0.02 3.46+0.32 0.115+0.002 0.29+0.003 [41]

Mediterranean coast 2012

Paphia undulata

Region: Egyptian 9.72+0.06 1.92+0.32 0.13340.002 0.14+0.003 [41]

Mediterranean coast 2012

Venerupis decussata

Region: Egyptian 8.354+0.06 1.54+0.12 0.036+0.003 0.05+0.004 [41]

Mediterranean coast 2012

Gafrarium pectinatum

Region: Egyptian 51.83+0.02 11.854+0.32 0.13140.001 0.43+0.002 [41]

Mediterranean coast 2012

Tapes decussata

Region:Varano Lagoon, ns ns 0.22+0.06 0.14+0.006 [42]

Italy 2001
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The levels of Zn, Cu, Cd, and Pb found in muscle tissue of R. decussatus indicated statistically
significant differences for only zinc and copper accumulation within seasons (P<0.05; Figure 4). The
arithmetic means and standard error values of heavy metals in the muscle tissue for the sum of the
two seasons were reported to be 0.278+0.001 ug Zn/g, 0.028+0.001 pg Cu/g, 0.006+0.000 ug Cd/g,
0.003+0.000 pg Pb/g (Table 2). Copper and zinc are trace elements that are normally required for
metabolic cellular activities, but cadmium and lead are non-essential heavy metals that pose a threat
to life even at low concentrations [38]. Essential metal levels (Zn-Cu) and non-essential metal levels
(Cd-Pb) in the investigated coastal bivalves were found to be in the range of 0.19-0.35 pg Zn/g;
0.019-0.039 pg Cu/g and 0.004-0.009 pg Cd/g; 0.0019-0.005 pg Pb/g. These concentrations were
observed below the concentrations determined in the species in China, Italy, and Egypt (Table 2).
Heavy metals cause accumulation in the tissues of bivalves far above normal levels. At non-lethal
toxic stressor levels for bivalves, situations such as escaping from the environment (withdrawal by
siphoning) and closing of the valve to maintain its internal balance have been observed; in contrast,
inhibition of byssal yarn production, impaired burrowing behavior in the dune field, inhibition of
respiration, inhibition of filtration rate, inhibition of protein synthesis and suppressed growth have
been observed in cases where toxicity exposure was fatal [43]. It has been reported that small
organisms show more heavy metal accumulation than others [44] but V. senegalensis was reported in
their sensitivity to heavy metal accumulation and their resistance to metal in another study [45]. R.
decussatus has a high filtration capacity and is therefore viewed as an important biological model for
an indication of environmental pollution and contamination [6]. The molybdenum intolerance of V.
senegalensis belonging to Veneridae was investigated, and it was concluded that molybdenum was
not toxic at the levels encountered in the marine environment. In addition, the lethal and non-lethal
effects of the copper were examined, and it was reported that V. senegalensis had a high tolerance to
heavy metals and a high recovery rate [45]. As we can see in Table 2, where comparisons were made
with the species belonging to the Veneridae family sampled from different regions, heavy metal
levels did not seem to be at high levels in the samples collected from the Yumurtalik coastal area.
This was a very important and positive situation for the area from an ecological point of view. Some
bivalve catcher was found to be naturally important in the predation of shorebirds of some species
belonging to Veneridae family [46]. It is suggested that the average heavy metal levels in the wet
tissue of bivalves should be below 50.0 mg kg1 for Zn, 1.0 mg kg 1 for Cu and Cd, and 0.50 mg kg
1 for Pb [47]. Accordingly, we can conclude that the metal pollution in the area where the samples
were collected was not at a high level.

4. CONCLUSION

In this study, in which morphological characteristics and muscle tissue heavy metal concentrations
of R. decussatus were examined, statistically significant differences were found only for zinc and
copper accumulation over the seasons. As a consequence of these values, this species has average
morphometric properties and this area is ecologically suitable for the species. In addition to its
ecological importance, the species R. decussatus has an important socio-economic role in all regions.
Nevertheless, intense fishing pressure can lead to the extinction of the natural population stock. The
coastal area of Yumurtalik is very important in terms of fish species and shorebird richness. A
commercial evaluation of the area within ecological disciplines in crustacean cultivation, in which
this species is included, may be of importance for development.
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ABSTRACT

Canine hepatozoonosis is a tick-borne protozoan disease spread by hard ticks of the Ixodidae family. Although this illness
has been seen in numerous locations in Tiirkiye, its existence in the Batman and Van provinces has yet to be confirmed. The
purpose of this research was to look into canine hepatozoonosis in stray dogs from two distinct areas in Tiirkiye using
conventional polymerase chain reaction (PCR). Between 2019 and 2021, blood samples were collected from 197 stray dogs
in Batman and Van provinces in Tiirkiye. A unique 486-520 bp segment of the 18S rRNA gene of Hepatozoon spp. was
amplified using PCR. According to the PCR findings, none of the 197 stray dogs tested positive for Hepatozoon spp. This
research offers epidemiological data on the prevalence of canine hepatozoonosis in Tiirkiye, which may be useful in future
studies with larger sample sizes and dogs of varied origins.

Keywords: Batman, Canine hepatozoonosis, PCR, Stray dogs, Tiirkiye, Van

1. INTRODUCTION

In America, Latin America, Europe, Asia, and Africa, Hepatozoon canis and H. americanum cause
canine hepatozoonosis, a tick-borne disease. H. canis is a more frequent species than H. americanum
[1]. Hard ticks of the Ixodidae family transmit both species. Although Rhipicephalus (Boophilus)
microplus and Rhipicephalus turanicus are the main vectors of H. canis, other tick species, such as
Amblyomma ovale, Haemaphysalis longicornis, Haemaphysalis flava, and Rhipicephalus (Boophilus)
microplus and Rhipicephalus turanicus have been reported to carry the parasite in recent years [2-8].
A. maculatum is the vector tick that transmits H. americanum [9]. Ticks operate as vectors, physically
or physiologically transmitting various infections of parasitic, bacterial, or viral origin from one
vertebrate host to another. Furthermore, certain infections are spread both vertically and horizontally.
H. canis and H. americanum transfer their sprozoites to intermediate hosts by vector ingestion, which
is a horizontal transmission mode [10]. In Tirkiye, only three tick vector studies on canine
hepatozoonosis in dogs have been undertaken [11, 12, 13]. According to these investigations, R.
sanguineus sensu lato might be considered a possible H. canis vector in our country. In general, canine
hepatozoonosis is asymptomatic. Although fever is a frequent symptom in both species, H.
americanum infection has been associated with more serious clinical symptoms, such as lameness and
mucopurulent eye discharge [14]. Canine hepatozoonosis has been recorded in a few clinical case
investigations and epidemiological surveys in Tirkiye, and has been linked to Hepatozoon canis and
Hepatozoon sp. MF [1, 11, 13, 15-25]. Canine hepatozoonosis has been diagnosed using blood smears,
serology, and molecular methods [17, 25, 26]. Of these, DNA-based approaches are the most preferred
among them because of their remarkable sensitivity and specificity in distinguishing between H. canis
and H. americanum. Previous research from several provinces of Tiirkiye, such as Diyarbakir,
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Kayseri, Konya, Karaman, Sivas, and Samsun, found canine hepatozoonosis. However, to the best of
the authors' knowledge, canine hepatozoonosis has not been studied in Van province. It has yet to be
discovered in Batman province. The purpose of this study was to use genetic approaches to evaluate
the existence of Hepatozoon species in dogs residing in the Batman and Van province of Tiirkiye.

2. MATERIAL AND METHODS
2.1. Animals

During 2019-21, 197 reportedly asymptomatic stray dogs from municipal animal care and
rehabilitation centers in Batman (97 sample) and Van (100 sample) provinces were investigated
(Figure 1). Regulations define the responsibilities of these centers, which include actions for gathering
and collecting stray animals, providing health treatment (including endo and ecto-parasitic
applications), sterilization, and immunization. The age and gender of the animals were recorded (data
not shown). Animal ethics, method and sampling approval was obtained from the University of Van
Yuzuncu Yil Animal Ethics Committee (approval number: 2021/12-10). For DNA isolation, blood
samples were collected from the cephalic veins and placed in sterile tubes containing EDTA.

Bulgaria Black Sea Georgia

EDTA blood Gamont DNA
Sample

Figure 1. Map of Tiirkiye, locations Batman and Van. (https://tr.pinterest.com)

2.2. DNA Extraction and PCR

Using the Blood Genomic DNA Isolation Kit (Cat no: MG-GDNA-01-250, Hibrigen, Tiirkiye), total
genomic DNA was extracted from 200 ul blood samples according to the manufacturer's instructions.
Until used, genomic DNA was stored at -20 °C. The BJ1 (5'-GTCTTGTAATTGGAATGATGG-3")
and BN2 (5-TAGTTTATGGTTAGGACTACG-3") primers were used to amplify the 486-520 bp
region of the 18S rRNA gene of Hepatozoon spp. using a PCR technique [27]. The peculiarity of these
primers is that they are specific for all Babesia species and can amplify blood parasites, such as
Hepatozoon spp., Hemolivia mauritanica, and Theileria spp [23, 24, 28]. The PCR was performed in a
final volume of 25 pL, which included 7.5 pL of DNase-and RNase-free sterile distilled water
(Biobasic, Canada), 10 L of 5X MyTaq Reaction buffer, 1 pL of each primer (20 pmol), 5 uL of
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template DNA (100-200 ng), and 0.5 uL of Tag DNA polymerase (1.25 IU) (MBI Fermentas,
Lithuania).The PCR conditions were as follows: 5 min at 95 °C(initial denaturation), 35 cycles of 60 s
at 94 °C, 60 s at 55 °C, 2 min at 72 °C, and finally 5 min at 72 °C(final extension) [27]. The PCR
products were separated on 1.5% agarose gels, stained with ethidium bromide, and photographed
using an UV transilluminator.

3. RESULTS
According to the PCR data, none of the 197 stray dogs tested positive for Hepatozoon spp. This

study's positive control sample was amplified properly (Figure 2). All dogs were treated for
ectoparasites.

| —
N
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—
—
e
i)

Figure 2. The single-PCR products of Hepatozoon species. M: Marker 24/63/42/59/60/68/12/33/29/27/22/17: samples, PC:
Positive control, NC: Negative control

4. DISCUSSION

Babesiosis, anaplasmosis, dirofilariosis, hepatozoonosis, bartonellosis, ehrlichiosis, borreliosis, and
leishmaniosis are the most commonly diagnosed canine vector-borne illnesses in dogs [29, 30]. These
infections are spread by blood-feeding arthropods such as ticks, fleas, mosquitoes, and sand flies [31].
Ticks and fleas are the most common arthropods in dog, cat, and human vector-borne diseases [32].
Hepatozoon spp. were not discovered in any of the stray dogs in our investigation. However, the
existence and prevalence of Hepatozoon spp. in dogs in several provinces of Tiirkiye has been
reported. The prevalence of canine hepatozoonosis in dogs in Tiirkiye ranges between 0.5 and 54.3%
[13, 17, 18, 20, 22-25]. Bolukbas et al. [20] and Aslantas et al. [24] reported a H. canis PCR
prevalence of 0.5% in shelter dogs in Samsun and Hatay. According to Aktas and Ozubek et al. [13],
H. canis was found in 54.3% of stray dogs in a Diyarbakir shelter. They stated that all canines in the
Samsun research were administered anti-endo and anti-ectoparasitic medications. All of the dogs in
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the Hatay study were clinically healthy and free of ectoparasites. However, Aktas et al. [19] in
Diyarbakir stated that no tick or flea management therapy was provided to the animals. In a recent
survey conducted in five different parts of Sivas province, Ulas was the most prevalent region for
canine hepatozoonosis (67.85%). The prevalence of canine hepatozoonosis was found to be quite low
in another part of the province (Susehri) (3.84%). The difference in infection rates between studies
could be due to the use of ectoparasiticides on a regular basis.

Batman province, which is located in the Tigris Section of the Southeastern Anatolia Region, has a
continental climate. The summers are hot and dry, while the winters are mild and rainy [33]. The
province of Van is located in the Upper Murat-Van Section of the Eastern Anatolia Region, in the
closed basin of Lake Van. Van experiences a continental climate, and the winters are cold and long
[34]. To date, no research on canine hepatozoonosis has been published from Tiirkiye's Van province.
In Batman province, however, a study on canine hepatozoonosis was conducted [24]. According to the
findings, none of the 50 canines tested positive for Hepatozoon DNA. Hepatozoon infection was not
discovered in our current investigation, which is consistent with earlier research. The existence of H.
canis has been confirmed in research conducted in several provinces in the Eastern and Southeastern
Anatolia areas. For example, Aktas and Ozubek [13] found a PCR frequency of 54.3% for H. canis in
Diyarbakir (the nearest city to Batman). In a study conducted in Erzurum, 377 kilometers from Van,
Aktas et al. [19] discovered a 42.8% H. canis PCR infection rate. Guven et al. [22]; however,
discovered a lower H. canis prevalence of 5.3% in the same area. These differences between our
results and previous studies in the same area could be explained by different sampling periods and
animal origins, as well as the spread of arthropod vectors in different parts of Tirkiye [35, 36]. In
regions where R. sanguineus sensu lato is the major tick species, Hepatozoon canis is often seen. In
research done in the Eastern Anatolia Region, the presence of R. sanguineus s.l. in the province of Van
was also documented [37]. The existence of the vector tick species in the Van province increases the
risk of infection, but in our present investigation, we found no positive findings for this species. There
has been no research on the prevalence and distribution of related tick species in the Batman province.
We hypothesize that this somewhat validates the study's negative findings. Furthermore,
hepatozoonosis may have a different transmission mechanism than tick-borne infections, such as
Theileria, Babesia, and Anaplasma [31, 38, 39]. This may have a direct impact on the prevalence and
occurrence of these diseases.

5. CONCLUSION

In our study, dogs in Batman and Van provinces were not infected with Hepatozoon spp. According to
earlier investigations, two genotypes (H. canis and Hepatozoon spp. MF) have been discovered in
dogs in Tirkiye [1, 22, 25]. More research is needed to better understand the pathogenicity and
frequency of emerging new genotypes. Additionally, studies using hunting dogs, sheepdogs, or wild
canids are essential to determine the parasite's existence.
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ABSTRACT

In this study, it was aimed to investigate Aflatoxin M1 and heavy metal pollution in raw milk samples taken from milk collection
centers operating in Nevsehir province. As a result of the analyzes made on raw milk samples; The amount of Aflatoxin M1
was determined in the range of 0.013-0.150 ppb, in 7 raw milk samples remained below the measurement limit. A limit of 0.05
ppb has been determined for Aflatoxin M1 in the Turkish Food Codex and the amount of Aflatoxin M1 was determined above
the legal limit in 15% of the raw milk samples taken. As a result of heavy metal analysis with ICP-MS in raw milk samples,
Mg 41,96+1,88 ppm; Ca 79,83+4,30 ppm; Mn 0,0115+0,007 ppm; Fe 0,176+0,003 ppm; Ni 0,0283+0,002 ppm; Cu
0,0181+0,003 ppm; Zn 1,56+0,005 ppm; As 0,0046+0,000 ppm; Cd 0,001549+0,002 ppm and Pb 0,00048+0,000 ppm were
found, respectively. According to our study results, it was determined that there was no risk human health risk in terms of
heavy metal.

Keywords: Raw Milk, Heavy Metal, Aflatoxin M1, Nevsehir

1. INTRODUCTION

Milk is a vital basic food that can meet the needs of the organism in all mammals due to the wide variety
of nutrients it contains [1].

Milk has a very important place in human nutrition. It can threaten human health if it is not stored and
processed under minimum technical and hygienic conditions.

According to the Turkish Food Codex Contaminants Regulation; “All kinds of foreign substances, such
as animal hair, insect fragments, which are not intentionally added to the food but are found in the food
as a result of the production, manufacture, processing, preparation, processing, packaging, packaging,
transportation or preservation, including the primary production stage of the food, or environmental
contamination is defined as contaminants [2].

If an evaluation is made in terms of raw milk; Veterinary drugs, mycotoxins, pesticides, detergent
residues used in cleaning and disinfection, and heavy metals, not naturally present in the composition
of milk, but contaminate the milk from various sources, can be given as examples for contaminants [2].

The presence of Aflatoxin My in raw milk is an important element that threatens public health. Among
animal products, aflatoxin is mostly found in milk and dairy products. There are two main reasons for
aflatoxin contamination of milk and dairy products. The first is that Aflatoxin B: and Aflatoxin B2,
which are taken by lactating animals as a result of consuming feeds contaminated with molds, are
metabolized in the animal body and passed into milk as Aflatoxin M1 and Aflatoxin M.. The second is
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caused by the contamination of aflatoxin-synthesizing molds and the production of aflatoxins during the
transportation, processing and storage processes after milking [3].

There is no significant change in the amount of Aflatoxin My during pasteurization of milk or processing
into other dairy products, and Aflatoxin M passes into dairy products at various rates [4]. Due to the
reasons stated, legal regulations have been made by the countries regarding the maximum amount of
Aflatoxin M, that can be found in milk and dairy products that are frequently consumed by almost all
age groups, especially children.

Rapid developments in industry and technology not only make life easier for people, but also increase
production and consumption, disrupt natural balances, destroy resources, and pollute air, water and soil.
All living things are adversely affected due to environmental pollution, and exposure of plants and
animals to toxic pollutants in various ways indirectly threatens human health. Heavy metals and
pesticides can be given as examples of these toxic pollutants that contaminate the food chain with
environmental pollution [5].

In terms of mineral matter, milk is an important source of Ca and P; Heavy metal contamination can
occur in raw milk from the pastures where the animal is fed, from the feed, from the water it drinks,
from the containers used to preserve the milk [5-7]. The main elements in metallic contamination arising
from metal containers and operating water used during technological processes or for the preservation
of milk and its products; metals such as copper, zinc, iron, tin, lead, arsenic, cadmium [8].

In our country, milk processing facilities mainly supply raw milk to be processed from collection
centers. Although there are scientific studies on raw milk produced on farms in our country, it is not
sufficient and the necessary precautions cannot be taken effectively.

In this study, it is aimed to evaluate the raw milk in terms of contaminants by investigating the presence
of Aflatoxin M: and heavy metal pollution in raw milk samples taken from milk collection centers
operating in Nevsehir province. Our study will have a unique value with the results obtained in terms of
the lack of available scientific data on the examination of raw milk collected in Nevsehir province in
terms of contaminants.

2. MATERIALS AND METHOD
2.1. Material

In this study, one approved milk collection center operating in each district of Nevsehir was determined.
7 raw milk samples were used as material.

2.2. Aflatoxin M1 Analysis

A total of 28 raw milk samples were taken and analyzed for Aflatoxin M analysis in sterile sample
containers in accordance with the sampling rules from the milk collection centers determined in
quarterly periods between January and December 2021.

In Aflatoxin M1 analysis; 10 ml of each sample was weighed. It was homogenized by adding 80 ml of
35°C water. The obtained homogenates were incubated in a water bath at 35°C for 30 minutes. After
homogenization, the samples were centrifuged at 4000 rpm for 15 minutes at room temperature and the
dilution process was started. In the dilution process, the extract was filtered through whatman no:4 filter
paper. After the filtration process was completed, 50 ml of the extract was taken and the adsorption
process was started. The milk sample is passed directly through the immunoaffinity column. Mobile
phase content Methanol / Acetonitrile / Water (2:3:5 v/v/v/) was used as the running fluid for HPLC.
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Aflatoxin M1 mobile phase prepared in this way was kept in an ultrasonic bath for about 15 minutes.
The samples were analyzed by reversed phase liquid chromatography (RP-HPLC) [9]

2.3. Determination of Heavy Metal Analysis

Between January and December 2021, a total of 28 raw milk samples were taken from the same milk
collection centers determined in quarterly periods, and heavy metal and mineral substance analyzes were
carried out in the Inductively Coupled Plasma-Mass Spectrometer (ICP-MS).

The samples were dissolved in acidic medium by wet burning (microwave oven) method. The metal
(Mg, Ca, Mn, Fe, Ni, Cu, Zn, As, Cd and Pb) contents of the samples were measured with the ICP-MS
device using certain standards [10].

3. RESULTS
3.1. Aflatoxin M; Results

The maximum value that can be found for Aflatoxin M in raw milk is specified as 0.05 ppb in the
Turkish Food Codex Contaminants Regulation [2]. The legal limit for Aflatoxin M; in China and the
USA is 500 ng/L [11].

The lowest value for Aflatoxin M; was 0.013+0.003 ppb in the Urgiip district during July-September
2021; the highest value was determined as 0.150+0.006 ppb in the Gulsehir district during the October-
December period. Aflatoxin M; level was below the measurement limit of 0.0088 ppb in 25% of the
raw milk samples taken.

In 15% of the raw milk samples taken, the maximum value that can be found for Aflatoxin M1 in raw
milk reported in the Turkish Food Codex Contaminants Regulation and the EU 1881/2006 commission
regulation was found to be above 0.05 ppb [2, 12].

Aflatoxin M; levels of analyzed raw milk samples are given in Table 1.

Table 1. Aflatoxin M1 levels (ppb)

Districts January-March 2021  April-June 2021  July-September 2021  October-December 2021
Acigol ND 0,016 ND 0,030

Avanos 0,026 0,037 0,020 0,016

Giilsehir 0,078 0,120 0,093 0,150

Derinkuyu ND 0,029 0,036 0,041

Hacibektas ND 0,030 0,027 0,027

Kozakh ND 0,036 0,043 0,025

Urgiip ND ND 0,013 0,034

NOTE: ND (Not Detectable - Limit of Measurement is below 0.0088 ppb.)

Statistical evaluation of aflatoxin M, analysis results was made using SPSS 15.0 package program.
Shapiro-Wilk test was applied to determine whether the obtained findings had a normal distribution, and
it was determined that the data did not have a normal distribution. The findings were evaluated by
applying the Kruskal Wallis H test to examine whether the difference between the sampled districts was
significant. When the aflatoxin M analysis results are evaluated, there is a statistically significant
difference between the districts according to the 5% significance level (p<0,05). When the aflatoxin M1
analysis results were evaluated, there was no statistically significant difference between collection times.
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Aflatoxin M; concentration percentages of the analyzed raw milk samples are given in Figure 1.

0,41-0,05
7%

0,21-0,04
39%

<

*0-0,02 = 0,21-0,04 ~ 0,41-0,05 - >0,05

Cegal Limit : 0,05 ppb

Figure 1. Aflatoxin M1 Concentration Percentages of Analyzed Raw Milk Samples

3.2. Heavy Metal Results

As a result of heavy metal and mineral substance analysis with ICP-MS; The contents of mean heavy
metals in raw milk samples were found that 41.96+1.88 ppm for Mg; 79.83+4.30 ppm for Ca;
0.0115+0.007 ppm for Mn; 0.176+0.003 ppm for Fe; 0.0283+0.002 ppm for Ni; 0.0181+0.003 ppm for
Cu; 1.56+0.05 ppm for Zn; 0.0046+0.000 ppm for As; 0.001549+0.002 ppm for Cd and 0.000488+0.000
ppm for Pb (Table 2 and 3).

Table 2. Heavy metal levels (ppm)

Mg Ca Mn Fe Ni

39,63+3,00° 76,28+3,70° 0,01245+0,009° 0,146+0,002° 0,040+0,0049

Avanos 432143270 83,79+5,500° 0,011375+0,009° 0,202-+0,009¢ 0,031£0,005
Giilsehir 42,46+5,67° 81,70+3,46b¢ 0,010875+0,0070 0,163+0,009P 0,024+0,009P
Derinkuyu 31,48+1,132 60,37+2,732 0,008375+0,0052 0,130+0,0092 0,021+0,0072
Hacibektas 43,7942,19° 187,20+7,59 0,0112+0,008P 0,218+0,006¢ 0,027+0,003P
Kozakli 42,48+2,02° 79,49+4,57P 0,01140,009° 0,178+0,003b 0,034:0,002¢
Urgiip 50,66+2,51¢ 96,01+4,08° 0,0152+0,010° 0,193+0,000° 0,023+0,005P

For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).
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Tablo 3. Heavy metal levels (ppm)

Cu Zn As Cd Pb

Acigol 0,0199+0,009¢ 1,52+0,421° 0,0116+0,011¢ 0,004465+0,007¢ 0,0006=0,000¢
Avanos 0,0187+0,004° 1,66+0,892"¢ 0,0057+0,004¢ 0,00152540,001°° 0,0005+0,000°¢
Giilsehir 0,0180+0,003° 1,65+0,714%¢ 0,0038+0,003° 0,001075+0,001° 0,0003+0,000°
Derinkuyu 0,0134+0,0092 0,95+0,1832 0,0036+0,001° 0,0007+0,0002 0,0003+0,000°

Hacibektas 0,0186+0,002° 1,88+1,621° 0,00240,001° 0,0013540,0015¢ 0,0007+0,000¢

Kozaklh 0,0182+0,006° 1,43+0,744 0,0018+0,0012 0,00095+0,000P 0,0004+0,000°
Urgiip 0,0199+0,006° 1,80+1,051¢ 0,0031+0,003° 0,000775+0,0002° 0,0002-+0,0002
For a given metal, mean concentrations followed by the same letter are not significantly different (p<0.05).

Statistical evaluation of heavy metal results was made using SPSS 15.0 package program. ANOVA test
was used for statistical comparison of the means. The statistical significance of the results obtained was
evaluated at the level of p<0.05 and p<0.01 and expressed using different letters in the Tables 2 and 3.

When the results are examined; the lowest values were determined in Derunkuyu district for Mg, Ca,
Mn, Fe, Ni, Cu, Zn and Cd elements. The lowest value was determined in Kozakl district for As. The
lowest value was determined in Urgiip district for Pb.

The highest values were determined in Urgiip district for Mg, Ca, Mn, Fe, Cu and Zn elements. The
highest values were determined in Kozakl district for Pb and Ni. The highest values were determined
in Acigol district for As and Cd.

4. DISCUSSION AND CONCLUSION

In a study conducted in 40 long-life milk samples in our country; the mean amount of Aflatoxin M, has
been reported as 0.0029+0.000 pg/L [13].

Temamogullari and Kanic1 determined that in Sanliurfa with the ELISA method; In 38 raw milk samples
and 12 UHT milk samples, the average Aflatoxin M1 amounts were determined as 56.74+40.32 ng/kg
and 43.1+23.19 respectively.

Hussain and Anwar [15] reported that in 2008, 99.4% of 168 raw milk samples exceeded EU limits for
Aflatoxin M1 content.

Almeida Picinin et al. [16] were determined, in three different climatic conditions, with the ELISA
method, on 129 raw milk samples in Brazil; They found the mean amount of aflatoxin M; to be
0.0195+0.0021 pg/l. They stated that all of the samples were in compliance with the Brazilian legal limit
(0.5 ng/L), and 18 samples (13.95%) exceeded the Codex Alimentarius and EU limits (0.05 pg/L).

In the study of Fallah and his colleagues in which they examined 88 raw milk samples in Iran by TLC;

They found the amount of aflatoxin M in the range of 0.013-0.394 pg/L and an average of 0.052+0.006
ug/L [17].
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Li et al.; They found the average Aflatoxin M1 amount of 5650 raw milk samples collected from main
milk producers in China during 2016 to be 36.8+43.6 ng/L. They stated that only 63 of the samples
exceeded the EU limits [18].

In a study by Duarte and his colleagues in pasteurized and UHT milk; They reported the mean amount
of aflatoxin My as 23.4+24.0 ng/L [19].

The findings obtained as a result of Aflatoxin M; analyzes in this study; It was found higher than the
findings of Almeida Picinin et al., Duarte et al.; It is similar to the study of Kabak and Ozbey. [13,16,19].
On the other hand, the mean amount of Aflatoxin M; was found to be lower than the findings of Fallah
et al., Temamogullari and Kanici, Li et al., Hussain and Anwar [14-15,17-18].

In the study, Aflatoxin M; was detected in 75% of raw milk samples and 15% were not in compliance
with the Turkish Food Codex Contaminants Regulation. It points out the importance of producing,
transporting and storing the feed consumed by animals in suitable conditions, and raising the awareness
of producers and consumers on these issues.

Heavy metal results obtained in our study and literature data are shown in Table 4.

Table 4. Findings Obtained as a result of Heavy Metal Analysis Performed by ICP-MS in Our Study and Comparison with
Literature Data

Heavy metals (ppm) National Ozturan |Ozrenk |Birghilaet. | Lindmark- | Licata et.al. | Gévercin | istanbulluoglul Rana et. al. | Calar

Food (ppm) (ppm) al. (ppm) | Mansson | [25] [26] [27] [28] [29]
Composition | [21] [22] [23] et. al (ppm)
Database [24]
ppm)
[20]

Mg U1,96+18,88 B0 107,33 15,601 r14

Ca 79,83+78,30 080 258,48 p68,104 1140

Mn 0,0115+0,0079 0,022 0,066 0,08 LOD

Fe 0,176+0,122 0,2 0,640 0,309 0,72 0,4

INi ,0283+0,028 0,034 0,189 0,04

Cu 0,0181+0,013 0,079 0,182 0,17 0,1 0,00198

Zn 1,56+0,85 1,406 3,003 0,98 4,4 r,016

IAS ,0046+0,005 0,0379 0,003 0,00068 ,156+0,009

Cd 0,001549+0,0028 0,000004 0,00002 0,00016 ,00009+0,00009

Pb 0,000488+0,0004 0,00012 0,00132 0,01 ,008+0,009

When compared with the literature data, it was observed that the mineral substances obtained in this
study were low. It is known that reasons such as breed, species, lactation status, seasonal conditions,
poor and malnutrition cause mineral substance changes in milk.

When the heavy metal findings were examined in the study, it was seen that, they were not at a level to
risk to human health.

Since milk is a sensitive product; should not be forgotten that pastures where animals are fed, water

consumed by animals, various environmental and industrial pollutants, pesticides, veterinary drugs used
in animal treatment, detergents used in cleaning and disinfection can contaminate milk.
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Control of pollutants that may occur in milk; It is important for both human and public health and milk
technology
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