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Abstract:

The results of heavy metals contents (Zn, Cu, Mn and Cd) in foot, shell and digestive gland (midgut
gland or hepatopancreas) of Turkish snail (Helix lucorum L.) from 10 localities in Skopje region
are presented in this paper and its value as food resource was assessed. Obtained results and
their analysis shows that the distribution pattern of studied heavy metals in the organs of Turkish
snail in different localities in Skopje follows basic physiological principles for this species. The
highest content of Zn, Mn and Cu was detected in digestive gland as being the main storage organ.
However, Cu content in digestive gland was comparable to the values in foot and shell pointing out
that the digestive gland has lower potential to accumulate Cu. The values of Zn, Mn and Cu in our
study are much lower than the ones recorded in other snail species in some polluted areas. Also,
the concentration of Cd in foot was very low and thus it does not present any risk to human health
in Skopje region when consummated.
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Bo TpyAoT ce npuKaxaHW pe3yntaTuTe 3a COAPXMHATa Ha HeKonKy Tewkn metanu (Zn, Cu, Mn un
Cd) Bo cTanano, yepynka u xenatonaHkKpeac Ha LWyMCKMOT (rpagnHapcku) nonxas (Helix lucorum
L.) cobupanum oa 10 nokanuteTn BO CKOMCKMOT pernoH. Bp3 6a3a Ha pe3yntatuTe e M3BpLUEHA
NnpoLeHKa 3a KBaNWTETOT Ha MoKaBUTe Kako xpaHa. [lobneHuTe pe3yntaTm uU HUBHATa aHanusa
nokKaxyBaaT AeKa pacrnopeioT Ha TELWKNTE METasIN BO OPraHUTe Ha WWYMCKUOT noskas o4 CKONCKMoT
pervoH e pesynTtaT Ha GU3MONOoWKUTE MexaHusMn. HajBucokm BpegHOCTM 3a Zn, Mn u Cu 6ea
KOHCTaTUpaHW BO XernaTornaHKpeacoT KOj CYXW KaKo r/laBeH OpraH 3a AenoHWpare Ha TelKkuTe
meTanu. CneuunduueH e cnyyajot co Cu kage belwe yTBpAEHO AeKa XenaTonaHKpeacoT MMa noman
noTeHuMjan 3a Heroea akyMmyfauuja WTO pe3yntvpa co 6AMCKu BpeAHOCTU 3a COoApXMHaTa BO
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MCNUTYyBaHUTE opraHu. BpegHoctuTte 3a cogpxuHa Ha Zn, Mn n Cu ce NMOHUCKWN OTKONKY
OHMe Kou ce objaBeHW BO NMTepaTypaTa, a Ce oAHecyBaaT 3a HEKOMW 3arafeHun nogpadja.

WcTo Taka, KoHueHTpaumjaTta Ha Cd
3aK/ly4yoKOT AeKa TOj He NMpeTcTaByB
MoJiXKaBWn BO CKOMCKUOT PErvoH.

BO CTananoTto 6ewe MHOMy HUCKa LWTO HaBeayBa Ha
a 3aKaHa 3a YOBEKOBOTO 34paBje npu ncxpaHaTa co

KnyuHum 360poBu: LLlymckn nomxas, Helix lucorum, Tewkun metanu, Ckonje

Introduction

Turkish snail (Helix lucorumL.) isdistributed
from southern France, Italy, Balkan Peninsula
Asia Minor to Iran (Neubert 2014). It is often
used as food by local communities (Yildirim et
al. 2004). It is believed that Turkish snail was
introduced in France and Italy because of its
edible features (Neubert 2014).

Five species of snails in Macedonia are
used as food: Helix lucorum, H. pomatia,
H. philibinensis, H. figulina and Cepea
vindobonensis  (Stojkoska and Jordanov
2004).

Turkish snail in Macedonia is also collected
for food in restaurants and for export in
significant quantities. Collected quantities
reached over 1300 tons in 2001, valued at 3
million dollars when exported (MoEPP 2003)
and 120 tons in 2002, 31 tons being collected
from Skopje region (Stojkoska and Jordanov
2004). The Ministry of Environment and
Physical Planning issued licenses for collection

of 1760 tons of Turkish snails in the period
2011-2013, although exact collected quantities
are not known (MoEPP 2014). According to
some estimations its numbers have declined
due to the uncontrolled collection (MoEPP
2003; Stojkoska and Jordanov 2004).

Heavy metal content in other edible
snail species was studied and it is generally
recognized that higher levels were recorded in
polluted areas and the value for biomonitoring
has been shown (Martin and Coughtrey 1982;
Pihan and de Vaufleury 2000; Roma et al.
2017; Mahmutovic et al. 2018).

Although it is important as food, the heavy
metals’ contents in Turkih snail have not been
studied so far in Macedonia.

In this paper we aim to present the results
of some heavy metals contents (Zn, Cu Mn
and Cd) in foot, shell and digestive gland
(midgut gland or hepatopancreas) of Turkish
snail in Skopje region and assess its safety as
food resource.
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Fig. 1. Map of Skopje region with studied localities
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Study area

Turkish snail specimens were collected
from 10 localities in Skopje region (Fig. 1).
Local population collects snail for consumption
from all of these localities. Five localities
(Crnice, Zelezara, Kisela Voda, Gazi Baba and
Karpos III) are part of the central (urban)
area of Skopje city. Localities Gjor¢e Petrov
and Madzari are part of the suburban city
area. Dracevo (close to Pintija) and Mralino
are considered as part of the rural area of
Skopje region. PatiSka Reka is a locality that is
situated outside of the Skopje city area, in the
foothills of Karadzica mountain.

The climate in Skopje region is continental
with strong Mediterranean influence that
spreads through Vardar river valley. The
average annual temperature is 11.5°C while
annual precipitation varies between 500 and
600 mm (Lazarevski 1993).

Materials and methods

Ten (10) adult specimens of Turkish snails
were collected from each of the 10 studied
localities. Snails were starved for three days
in laboratory in order to empty their digestive
tracts. Specimens were then put in distilled
water for 24h. Dead snails were dissected
and three organs for analysis were extracted:
digestive gland, foot and shell. The organs
were immediately put in liquid nitrogen and
stored in a refrigerator at -20°C.
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About 0.5 g of the freezed organs was
measured on analytical scale with precision of
0.1 mg. Organs were transferred into Kjeldahl
flasks and 8ml mixture of nitric, sulfuric and
perchloric acid (10:2:1) were added and
digested. Digested material was transferred
into 25 ml flasks with hot distilled water. The
content of heavy metals (Zn, Mn, Cu and Cd
in digestive gland) was determined by flame
atomic absorption spectrometry (Agilent
55A). Graphite furnace atomic absorption
spectrometry (Agilent 240Z) was used for
quantification of Cd content in foot and shell
but the content of Cd was below the detection
limit (3 pg-kgt). Same procedure was applied
for blanks which were subtracted from the
sample results.

Results

The majority of heavy metals is
accumulated in the digestive glands (Fig. 2).
The contents of Zn and Mn in digestive gland
were more than 90 mg-kg? in average. The
content of Zn in foot and shell was significantly
lower, 7.9 and 4.5 mg-kg, respectively. The
content of Mn also showed much lower values
in foot and shell (1.0 and 2.7 mg-kgt). The
content of Cu was the highest in the digestive
gland (8.0 mg-kgt), but the value in foot
was comparable (4.7 mg-kg?) and the lowest
values was recorded in the shell (1.1 mg-kg?).

Differences in the content of Zn, Mn and
Cu in the investigated localities are presented

m digestive gland
| foot

shell

Cu Cd

Fig. 2 Average contents of Zn, Mn, Cu and Cd in organs Turkish snail (Helix lucorum L.) in

Skopje.
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Tab. 1. Content of Zn in organs of Turkish snail (Helix lucorum L.) in different localities in

Skopje (mg-kg).

Locality Digestive gland Foot Shell
Crnice 52.6 + 5.5 51+£05 2.0+04

[ Dragevo | s62+52 | 62+03 [15%0.2|
Gazi Baba 81.6 + 8.6 62+0.7 1.7%0.4

|Gjorée Petrov [ 74744 | 62+04 [53x38|
Karpos III 14.3 +

127.8 + 20.3 12.6 + 1.3 3.4

| Kisela Voda | 1274+187 | 59+09 [38=%1.1|
Madzari 139.3  11.2 11.0+15 6.1+08

[ Mralino | 924179 | 11.3+1.2 |[65+1.1 |
PatiSka Reka 42,5+ 5.6 7.5+ 0.4 1.7 £0.3

| Zelezara | 1157+43 | 81+05 [26%04|

Tab. 2 Content of Mn in organs of Turkish snail (Helix lucorum L.) in different localities in

Skopje (mg-kgt).

Locality Digestive gland Foot Shell
Crnice 46.6 + 8.0 09+0.1  25#£0.5

| Dragevo | 453+120 | 08+01 | 1402 |
Gazi Baba 113.3 + 28.0 1.1 £0.1 3.5+ 0.6

|Gjorée Petrov | 502+77 | 1.1+02 | 1.0+0.2 |
Karpo$ III 111.5 + 18.1 12+02  22%05

| Kisela Voda | 39.1+47 | 0900 | 1.9%03 |
Madzari 164.7 £ 26.0 1301  7.2%08

[ Mralino | 1544+750 | 08+01 | 46+0.38 |
Patiska Reka 34.8 £ 8.8 07+0.1  0.6+0.1

| Zelezara | 1189+183 | 09+01 | 1.8+0.4 |

in Table 1-3. It can be noticed that there is
certain variation in the values across localities,
especially in the case of Zn and Mn. Cu content
seems to be more homogenous in all studied
organs in the 10 studied localities.

Cd content is only presented in digestive
glands (Fig. 3) since the Cd content in foot
and shell was below the limit of detection of 3
Mg kgt. The highest Cd content was recorded
in Zelezara and the lowest in Karpo$ III.

Discussion

In general, the content of Zn and Cu
decreased in the following order: digestive
gland > shell > foot. I Mn content was the
lowest in foot and higher in the shell.

The highest content of Zn, Mn and Cu was
detected in digestive gland as being the main
storage organ (Dallinger and Wieser 1984).

However, the value of Cu content in digestive
gland was comparable to the values in foot and
shell (Fig. 2) pointing out that the digestive
gland has lower potential to accumulate Cu
(Rabitsch 1996; Menta and Parisi 2001; Beeby
and Richmond 2002). Dallinger and Wieser
(1984) presented similar results in the case
of Helix pomatia and explained that Cu is
easily lost from all organs and more evenly
distributed in the body of the snail. The values
for Cd content in foot and shell were very low
(below the detection limit) as was the case in
the other studies concerning Helix pomatia
(Ciri¢ et al. 2018; Mahmutovic et al. 2018).
Obviously, digestive gland performed as an
effective storage organ for Cd, as well (Fig. 3).

The values of Zn, Mn and Cu in our study
(especially in foot) are generally lower than
the ones recorded in other snail species in
some polluted areas (Gomot and Pihan 1997;
Rabitsch 1996; Viard et al. 2004; Ciri¢ et al.
2018). The variation of the studied heavy
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Tab. 3 Content of Cu in organs of Turkish snail (Helix lucorum L.) in different localities in Skopje

(mg-kg™).
Locality Digestive gland Foot Shell
Crnite 5.4+ 2.9 3.£10 1.2+£0.5
[ Dragevo | 23204 [26+03| 05+0.0 |
Gazi Baba 7.1+ 1.6 51+09 0.8+0.1
| Gjorée Petrov | 2104 [23x04 | 08+0.1 |
Karpos III 4.7 £ 0.6 40+05 0.7%0.1
[ Kisela Voda |  123x25 |60x07 | 1.3+0.1 |
Madzari 8.9+ 1.3 45+08 1.3+0.3
[ Mralino |  249+73 [92%24 | 20+14 |
Patitka Reka 4.0 £ 0.6 40+06 1.0+0.2
| Zelezara |  81x11 6.6 08| 0.6+00 |
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Fig. 3. Content of Cd in digestive gland of Turkish snail (Helix lucorum L.) in different localities

in Skopje

metals’ content is probably due to different
environmental factors (pollution, natural soil
chemistry) and other factors such as species
specifics, age, diet, seasonal changes etc.
(Ireland 1984; Laskowski and Hopkin 1996a;
b; Gomot and Pihan 1997; Ciri¢ et al. 2018)
have to be taken into account.

It is well known the Ca makes most of
the shell. In Cepaea vindobonensis Ca was
represented by 98% (Mierzwa 2008). Zn, Mn
and Cu were present in low contents in the
shell in studied Turkish snail populations with
exception of Zn in Karpos III and Cu in Mralino.

The concentration of Cd in foot was very
low and thus it does not present any risk
to human health when consummated. The
value is below the limits prescribed for meat
products (FAO 2012; EC Commission 2006).

National legislation for food safety sets
limit values for Cd in livestock meat, fish
and shell meat of 0.05, 0.05 and 1 mg-kg,
respectively. Limit values for Pb in livestock
meat, fish and shell meat are 0.1, 0.2 and
1.0 mg-kg, respectively (Ministry of Health
2005). All of the recorded values for Cd and
Pb Turkish snail foot are well below the limit
values.

However, thermal meat processing during
food production can significantly increase the
concentration of Cd in the snail meet as a
result of water loss and contamination from
digestive gland (Ziomek et al. 2018).

Obtained results and their analysis shows
that the distribution pattern of studied heavy
metals in the organs of Turkish snail (Helix
lucorum L.) in different localities in Skopje
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follows basic physiological principles for this
species. The concentration of heavy metals in
the foot which is used as a food are below the
limit values and can be used as a safe food
source.
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