
RESEARCH

1 3

Biological Trace Element Research (2026) 204:7426–7440
https://doi.org/10.1007/s12011-026-05198-z

	
 Hüseyin Ender Gürmeriç
hegurmeric@gumushane.edu.tr

	
 Burhan Basaran
burhan.basaran@erdogan.edu.tr

Mustafa Şengül
msengul@atauni.edu.tr

1	 Department of Food Processing, Şiran Mustafa Beyaz 
Vocational School, Gümüşhane University,  
Şiran, Gümüşhane 29700, Türkiye

2	 Department of Food Engineering, Faculty of Agriculture, 
Atatürk University, Erzurum 25240, Türkiye

3	 Department of Nutrition and Dietetics, Faculty of Health 
Sciences, Recep Tayyip Erdogan University, Rize  
53100, Türkiye

Abstract
This study investigated potentially toxic metal (PTM) levels in cheeses produced in different regions of Türkiye and evalu-
ated the associated dietary exposure and non-carcinogenic health risk. A total of 84 cheese samples were collected from 
seven geographical regions and classified according to milk source, ripening stage, and production type. After microwave-
assisted acid digestion, PTM levels were quantified by inductively coupled plasma mass spectrometry (ICP-MS), and 
exposure and non-carcinogenic risk were evaluated using Estimated Daily Intake (EDI), Target Hazard Quotient (THQ), 
and Hazard Index (HI). Aluminium (Al), iron (Fe), and zinc (Zn) ranged from <0.00215 to 7.29,<0.00769 to 38.8, and 
0.68 to 56.6 mg/kg wet weight, respectively, whereas chromium (Cr), nickel (Ni), copper (Cu), selenium (Se), cadmium 
(Cd), and lead (Pb) ranged from <0.58 to 244, <1.26 to 369, <1.88 to 4067, <0.91 to 1378, <0.06 to 12.3, and <2.19 to 
1754 µg/kg wet weight, respectively. Values marked with “<” represent concentrations below the limit of quantification 
(LOQ). Arsenic (As) was not detected in any sample. Significant differences were observed for selected PTMs accord-
ing to ripening stage, milk source, production type, and region (p<0.05). The toxicological contribution (TC) values for 
nutritional PTM exposure were low. THQ and HI values remained below 1, suggesting a low overall non-carcinogenic 
risk; however, Pb exceedances in some samples indicate the need for continued PTM monitoring.

Keywords  Food safety · ICP-MS · Hazard index · Toxicological contribution · Non-carcinogenic risk

Received: 27 April 2026 / Accepted: 22 June 2026 / Published online: 27 June 2026
© The Author(s) 2026

Potentially Toxic Metal Levels in Cheeses Produced in Türkiye:  
Regional Variation, Milk Source, Ripening Stage, Production Type,  
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Background

Cheese is a nutrient-dense dairy product that provides 
high-biological-value proteins, calcium, vitamins, essential 
minerals, and lipids [1]. Its consumption has been associ-
ated with reduced risk of cardiovascular disease, coronary 
heart disease, and stroke, as well as with potential benefits 
for bone and cognitive health [2]. The natural enzyme and 
microorganism content of cheese provides a suitable envi-
ronment for probiotic bacteria and bioactive peptides with 
antioxidant and anti-hypertensive properties that may have 
health-promoting effects [3]. Cheese is also widely con-
sumed and has high economic value. Global production was 
reported at 26.1 million tonnes in 2024, with Türkiye pro-
ducing 844 thousand tonnes [4].

Rapid industrialisation and urbanisation, coupled with 
intensive agricultural activities, have led to an increase in 
pollutants and harmful potentially toxic metals (PTMs) in 
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the soil, water, and air in recent years [5, 6]. In particular, 
the concentration of persistent and toxic metals in ecosys-
tems is increasing due to factors such as industrial produc-
tion, mining activities, fossil fuel use, agricultural practices, 
and electronic waste [7, 8]. Once released into the environ-
ment, these metals can persist for extended periods and 
enter the food chain through plants and water sources [5, 9]. 
They may then be transferred to humans when dairy animals 
consume contaminated feed and water, followed by the con-
sumption of dairy products made from the milk of exposed 
animals [6]. During cheese production, some of the water is 
removed with the whey, which can result in contaminants 
such as PTMs becoming more concentrated in the cheese 
[10]. Milk and dairy products may contribute to PTM expo-
sure in humans. Their inability to be broken down by the 
body leads to their accumulation in tissues over time, which 
increases long-term health risks [11].

In the context of food safety, the quantified metals were 
evaluated as PTMs, as their health relevance is determined 
by exposure level and concentration rather than by a simple 
essential–toxic distinction. PTMs such as iron (Fe), zinc 
(Zn), copper (Cu), and selenium (Se) are considered essen-
tial because they play critical roles in oxygen metabolism, 
the immune system, enzymatic reactions, prevention of oxi-
dative damage, and metabolic processes within the organ-
ism [12]. However, while some PTMs such as chromium 
(Cr) and nickel (Ni) have beneficial effects in trace amounts 
for carbohydrate, fat, and protein metabolism and enzymatic 
activity, they can exhibit toxic effects in high concentrations 
[13, 14]. In contrast, PTMs such as lead (Pb), cadmium (Cd), 
and arsenic (As) have no known physiological function in 
the human body and can produce toxic effects even at low 
concentrations [15]. Pb has been reported to inhibit brain 
and nervous system development in children [16], Cd has 
been associated with carcinogenic effects [17] and immune 
system disorders [18], and As has been linked to nervous 
[19], respiratory, and cardiovascular system disorders [20]. 
Aluminium (Al), on the other hand, is not considered an 
essential PTM and is associated with neurotoxic effects, 
particularly exposure to which can lead to neurodegenera-
tive diseases such as Alzheimer’s and Parkinson’s [21, 22].

Cheese is one of the most widely consumed dairy prod-
ucts in Türkiye and is produced under diverse regional, 
technological, and raw-material conditions. This diversity 
may influence contaminant occurrence, since PTM contam-
ination can reflect environmental exposure as well as dif-
ferences in milk source, ripening, and production practices. 
Although several studies have reported metal concentrations 
in individual cheese types, comprehensive data comparing 
products from different regions of Türkiye according to milk 
source, ripening stage, and production type remain limited. 
Therefore, a broader assessment is needed to characterise 

variability and to clarify dietary exposure and potential non-
carcinogenic health risk. The aim of this study was to deter-
mine PTM levels in cheeses produced in different regions 
of Türkiye, compare them according to milk source, ripen-
ing stage, and production type, and evaluate the associated 
dietary exposure and non-carcinogenic health risk.

Materials and Methods

Materials

A purposive, stratified market-based sampling strategy was 
used to include commercially available cheeses represent-
ing different geographical regions, milk sources, ripening 
stages, and production types. The sampling was designed 
for comparative evaluation across these predefined catego-
ries rather than for estimating national prevalence. In this 
study, a total of 84 cheese samples produced in different 
regions of Türkiye were examined. Two units of each sam-
ple were obtained in their original packaging, and the sam-
ples were stored in a refrigerator until analysis. The samples 
were selected to represent the seven geographical regions 
of Türkiye, and their regional distribution was as follows: 
East Anatolia Region (EAR, n = 14), Marmara Region (MR, 
n = 14), Aegean Region (AR, n = 10), Mediterranean Region 
(MER, n = 10), Black Sea Region (BSR, n = 11), Central Ana-
tolia Region (CAR, n = 14), and Southeast Anatolia Region 
(SAR, n = 11). The samples were also classified according 
to the type of milk from which they were produced. In this 
context, the groups were formed as cow milk (n = 26), sheep 
milk (n = 15), goat milk (n = 17), buffalo milk (n = 10), and 
mixed milk (cow+sheep+goat+buffalo) (n = 16). According 
to ripening status, the samples consisted of ripened (n = 45) 
and fresh (n = 39) cheeses; according to production type, 
they consisted of industrial (n = 39) and traditional (n = 45) 
cheeses. This sampling approach allowed PTMs in cheeses 
to be comparatively evaluated according to regional origin, 
milk type, ripening status, and production type.

Sample Preparation and Analysis

PTMs were determined with minor modifications based on 
the method described by Basaran and Sadighara (2025). 
Briefly, 0.6 g of each wet cheese sample was weighed into 
polytetrafluoroethylene (PTFE) digestion vessels, and 6 mL 
of 65% HNO3 (Merck, Darmstadt, Germany) and 2 mL of 
30% H2O2 (Supelco, Darmstadt, Germany) were added. 
The samples were then digested in a microwave digestion 
system (Milestone START D, Italy). The digestion program 
was set to raise the temperature to 200 °C within 15 min, 
followed by a 15 min holding period at 200 °C under 120 W 
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per vessel, until clear solutions free of visible residue were 
obtained. After digestion, the solutions were diluted to a final 
volume of 50 mL with ultrapure water (Millipore Direct Q 
8UV, Massachusetts, USA) and stored at 4 °C until analysis.

PTM analysis was performed using an inductively cou-
pled plasma mass spectrometry (ICP-MS) system (Agilent 
Technologies, 7700 Series, Japan). Instrument operating 
conditions were as follows: argon was used as the carrier 
and plasma gas, and helium was used as the collision gas. 
The argon gas pressure was 500–700 kPa, the helium gas 
pressure was 90–130  kPa, the carrier gas flow rate was 
0.99 L/min, the helium gas flow rate was 4.5 mL/min, and 
the plasma gas flow rate was 15 L/min. The plasma power 
was set at 1550 W. The cooling water temperature ranged 
from 15 to 45 °C, and the spray chamber temperature was 
maintained at 2 °C. The turbomolecular pump (TMP) speed 
was 95–100%. Analyses were performed in He/No Gas tune 
mode under Low Matrix plasma mode. The nebulizer pump 
speed was 0.3 rps, sample uptake time was 42 s, stabiliza-
tion time was 45  s, and the integration time was 0.1–1  s 
per point. Data acquisition and processing were carried out 
using MassHunter software (version B.01.03).

Quality Control

External calibration was performed using multi-point cali-
bration curves constructed from certified stock solutions at 
different concentrations. The analytical performance char-
acteristics of the method, including mean recovery (%), lin-
ear calibration equations, coefficients of determination (R2), 
and the limits of detection (LOD) and quantification (LOQ), 
are summarized in Table S1. Recoveries ranged between 
95.5% and 103%, and calibration linearity was high for all 
analytes (R2 = 0.9992–1.0000). The relative standard devia-
tion (RSD) values ranged from 2.22% to 4.57% for all ana-
lytes (Table S1).

Health Risk Assessment

In this study, potential adverse effects associated with PTM 
exposure through cheese consumption were evaluated using 
Estimated Daily Intake (EDI), toxicological contribution 
ratio, Target Hazard Quotient (THQ), and Hazard Index 
(HI) (Table 1).

Statistical Analysis

The data obtained in the study were analyzed using IBM 
SPSS Statistics version 26. Descriptive statistics were 
expressed as mean ± standard deviation, median, minimum, 
and maximum. The assumption of normality was assessed 
using the Kolmogorov–Smirnov test. Since the data did not 

meet the assumptions required for parametric analysis, com-
parisons between independent groups were performed using 
the Kruskal–Wallis test. Bonferroni-adjusted post hoc com-
parisons were used to identify statistically significant differ-
ences among groups. For the calculation of dietary exposure 
and risk assessment, values below the LOQ were treated as 
0. This approach was used to provide a conservative lower-
bound estimate of exposure and risk, particularly because 
several PTMs showed high < LOQ frequencies. Mean expo-
sure levels were calculated accordingly. Different letters 
within the same group indicate statistically significant dif-
ferences (p < 0.05). Figures were generated only for statisti-
cally significant PTMs.

Results

PTM Levels in Cheeses

PTM levels in the different cheese types examined showed 
wide variability. The concentration ranges for Al, Fe, and 
Zn were determined as < 0.00215 (LOQ)–7.29, < 0.00769 
(LOQ)–38.8, and 0.68–56.6  mg/kg wet weight, respec-
tively. The corresponding ranges for Cr, Ni, Cu, Se, Cd, 
and Pb were < 0.58 (LOQ)–244, < 1.26 (LOQ)–369, < 2.28 
(LOQ)–4067, < 0.91 (LOQ)–1378, < 0.06 (LOQ)–12.3, 
and < 2.19 (LOQ)–1754 µg/kg wet weight, respectively. In 
addition, the high < LOQ rates, particularly for As (100%), 
Se (95.2%), Cd (92.9%), Pb (91.7%), Cr (84.5%), and Ni 
(66.7%), indicate that these PTMs remained at low or unde-
tectable levels in the majority of the samples (Table 2).

Ripened cheeses showed the maximum Al and Cd con-
centrations, while fresh cheeses had the highest values for Cr, 
Fe, Ni, Cu, Zn, Se, and Pb (Table S2). In the ripening-stage 
comparison, Fe was higher in ripened samples, whereas Cu 
was higher in fresh samples (p < 0.05); no significant differ-
ence was observed for Al or Zn (p > 0.05) (Fig. 1).

Maximum Al and Cu levels were identified in cheeses 
produced from cow milk, whereas the highest Cr and Zn 
levels were found in sheep and goat milk cheeses, respec-
tively. The highest Fe and Ni values were determined in 
cheeses produced from mixed milk. Although Se, Cd, 
and Pb were determined as < LOQ in most samples, they 
reached higher maximum values in cheeses produced from 
the milk of certain animal species (Se: goat milk [1378 µg/
kg wet weight]; Cd: mixed milk [12.3 µg/kg wet weight], 
sheep milk [8.69  µg/kg wet weight], and buffalo milk 
[8.69 µg/kg wet weight]; Pb: cow milk [1754 µg/kg wet 
weight] and goat milk [1281  µg/kg wet weight]) (Table 
S3). Statistical evaluation revealed that the PTM profile 
of the cheese samples varied according to the animal spe-
cies from which the milk was obtained (p < 0.05). Cheeses 



1 3

7429Potentially Toxic Metal Levels in Cheeses Produced in Türkiye: Regional Variation, Milk Source, Ripening Stage,…

Ta
bl

e 
1 

H
ea

lth
 ri

sk
 a

ss
es

sm
en

t f
or

m
ul

a,
 v

ar
ia

bl
es

 a
nd

 c
rit

er
ia

C
ut

off
 p

oi
nt

Fo
rm

ul
a

Va
ria

bl
es

C
rit

er
ia

Es
tim

at
ed

 D
ai

ly
 In

ta
ke

 (E
D

I)
 

(µ
g/

kg
/d

ay
)a

E
D

I
=

C
×

I
R

b
w

×
10

00
w

he
re

 C
 re

pr
es

en
ts

 th
e 

co
nc

en
tra

tio
n 

of
 e

ac
h 

PT
M

 in
 th

e 
ch

ee
se

 sa
m

pl
e 

(µ
g/

kg
), 

IR
 is

 th
e 

ch
ee

se
 in

ta
ke

 ra
te

 (g
/d

ay
), 

bw
 

is
 th

e 
bo

dy
 w

ei
gh

t (
kg

), 
an

d 
10

00
 is

 th
e 

co
nv

er
si

on
 fa

ct
or

. A
 

ch
ee

se
 c

on
su

m
pt

io
n 

ra
te

 o
f 4

0 
g/

da
y 

fo
r t

he
 g

en
er

al
 p

op
ul

at
io

n 
ag

ed
 >

 15
 y

ea
rs

 w
as

 u
se

d 
in

 th
e 

ca
lc

ul
at

io
ns

 [2
3]

, w
hi

le
 b

od
y 

w
ei

gh
t w

as
 a

ss
um

ed
 to

 b
e 

70
 k

g.
To

xi
co

lo
gi

ca
l c

on
tri

bu
tio

n 
(T

C
)a  

(%
)

T
C

=
E

D
I

×
10

0
T

D
I

o
r

R
D

A
w

he
re

 T
D

I i
s t

he
 to

le
ra

bl
e 

da
ily

 in
ta

ke
 a

nd
 R

D
A

 is
 th

e 
re

co
m

-
m

en
de

d 
di

et
ar

y 
al

lo
w

an
ce

.
PT

M
 e

xp
os

ur
e 

le
ve

ls
 sh

ou
ld

 re
m

ai
n 

be
lo

w
 th

e 
TD

I o
r R

D
A

 v
al

ue
s.

A
l: 

28
6 

µg
/k

g/
da

y1,
b,

 *

C
r: 

Fe
m

al
e:

 0
.3

6 
µg

/k
g/

da
y,

 M
al

e:
 0

.5
0 

µg
/k

g/
da

y2,
c,

 *

Fe
: F

em
al

e:
 2

57
 µ

g/
kg

/d
ay

, M
al

e:
 1

14
 µ

g/
kg

/d
ay

2,
c,

 *

N
i: 

13
 µ

g/
kg

/d
ay

1,
d,

 *

C
u:

 1
3 

µg
/k

g/
da

y2,
c,

 *

Zn
: F

em
al

e:
 1

14
 µ

g/
kg

/d
ay

, M
al

e:
 1

57
 µ

g/
kg

/d
ay

2,
c,

 *

Se
: 0

.7
9 

µg
/k

g/
da

y2,
c,

 *

C
d:

 1
 µ

g/
kg

/d
ay

2,
e,

 *

N
o 

TD
I/R

D
A

 v
al

ue
s a

re
 d

efi
ne

d 
fo

r A
s a

nd
 P

b.
Ta

rg
et

 H
az

ar
d 

Q
uo

tie
nt

 (T
H

Q
)a

(I
t h

as
 n

o 
un

its
)

T
H

Q
=

E
D

I
R

f
D

o
r

T
D

I

w
he

re
 R

fD
/T

D
I i

s t
he

 o
ra

l r
ef

er
en

ce
 d

os
e/

to
le

ra
bl

e 
da

ily
 in

ta
ke

 
(µ

g/
bw

/d
ay

). 
R

fD
 fo

r A
l, 

C
r, 

Fe
, N

i, 
C

u,
 Z

n,
 A

s, 
Se

, C
d 

an
d 

Pb
 

28
6,

 3
, 7

00
, 2

0,
 4

0,
 3

00
, 0

.3
, 5

, 1
 a

nd
 4

 µ
g/

kg
/d

ay
, r

es
pe

ct
iv

el
y 

[2
4,

 2
5]

.

TH
Q

/H
I v

al
ue

 >
 1 

in
di

ca
te

s a
 p

ot
en

tia
l n

on
-c

ar
ci

no
ge

ni
c 

he
al

th
 

co
nc

er
n,

 w
he

re
as

 a
 T

H
Q

/H
I v

al
ue

 <
 1 

su
gg

es
ts

 th
at

 th
e 

as
so

ci
at

ed
 

he
al

th
 ri

sk
 is

 n
eg

lig
ib

le
 [2

6]
.

H
az

ar
d 

In
de

x 
(H

I)
a

(I
t h

as
 n

o 
un

its
)

H
I

=
∑

10 i=
1

T
H

Q

a  [2
7]

, b  [2
8]

, c  [2
9]

, d  [3
0]

, e  [3
1]

. 1  T
D

I, 
2  R

D
A

. * Fo
r d

et
er

m
in

in
g 

TD
I/

R
D

A
 v

al
ue

s f
or

 P
TM

s, 
th

e 
w

ei
gh

t o
f a

n 
ad

ul
t i

nd
iv

id
ua

l w
as

 c
on

si
de

re
d 

to
 b

e 
70

 k
g



1 3

7430 H. E. Gürmeriç et al.

C
he

es
e 

ty
pe

N
um

-
be

r o
f 

sa
m

pl
es

C
ou

nt
ry

M
ilk

 
ty

pe
R

ip
-

en
in

g 
ty

pe

Pr
od

uc
-

tio
n 

ty
pe

A
la

C
rb

Fe
a

N
ib

C
ub

Zn
a

A
sb

Se
b

C
db

Pb
b

R
ef

er
-

en
ce

Va
rio

us
 

ch
ee

se
s

84
Tü

rk
iy

e
C

ow
 

m
ilk

Sh
ee

p 
m

ilk
G

oa
t 

m
ilk

B
uf

-
fa

lo
 

m
ilk

M
ix

ed

R
ip

-
en

ed
Fr

es
h

In
du

st
ria

l
A

rti
sa

na
l

M
in

:<
 

LO
Q

M
ax

: 7
.2

9

M
in

:<
 

LO
Q

M
ax

:2
44

M
in

: <
 

LO
Q

M
ax

: 3
8.

8

M
in

: <
 

LO
Q

M
ax

: 3
69

M
in

: <
 

LO
Q

M
ax

: 4
06

7

M
in

: 0
.6

8
M

ax
: 5

6.
6

< 
LO

Q
M

in
: <

 
LO

Q
M

ax
:1

37
8

M
in

: <
 

LO
Q

M
ax

:1
2.

3

M
in

:<
 

LO
Q

M
ax

:1
75

4

Th
is

 
st

ud
y

H
ar

d 
go

at
 

ch
ee

se

30
U

kr
ai

ne
G

oa
t 

M
ilk

R
ip

-
en

ed
A

rti
sa

na
l

M
in

: 0
.0

1 
M

ax
: 0

.0
4 

M
ea

n:
 

0.
03

M
in

: 0
.5

8 
M

ax
: 1

.5
6 

M
ea

n:
 

1.
20

M
in

: 
0.

03
1

M
ax

: 0
.0

7 
M

ea
n:

 
0.

05

M
in

: 0
.7

9 
M

ax
: 4

.2
8 

M
ea

n:
 

2.
46

M
in

:3
.2

7 
M

ax
:1

5.
6 

M
ea

n:
7.

72

M
in

: 0
.2

8 
M

ax
: 0

.5
9 

M
ea

n:
 

0.
48

< 
LO

D
< 

LO
D

M
in

: 0
.1

6 
M

ax
: 0

.2
2 

M
ea

n:
 

0.
19

M
in

: 1
.8

4 
M

ax
: 2

.5
2 

M
ea

n:
 

2.
28

 [3
2]

B
uff

al
o 

an
d 

co
w

 
ch

ee
se

s

80
R

om
a-

ni
a

B
uf

-
fa

lo
 

m
ilk

C
ow

 
m

ilk

N
S

In
du

st
ria

l
A

rti
sa

na
l

M
in

: 0
.0

2 
M

ax
: 0

.0
4 

M
ea

n:
 

0.
03

M
in

: 1
2.

0 
M

ax
: 2

3.
0

M
ea

n:
 1

17

N
/A

M
in

: 9
.0

0 
M

ax
: 2

3.
0 

M
ea

n:
 

15
.6

M
in

: 1
60

M
ax

: 2
80

M
ea

n:
 2

13

M
in

: 5
.6

5 
M

ax
: 8

.1
0 

M
ea

n:
 

6.
67

M
in

: 
0.

70
 

M
ax

: 
1.

20
 

M
ea

n:
 

0.
98

N
/A

< 
LO

D
M

in
: 5

.0
0 

M
ax

: 1
4.

0 
M

ea
n:

 
8.

15

 [3
3]

A
ho

, 
go

lo
t, 

te
lli

 
ch

ee
se

s

30
Tü

rk
iy

e
N

S
N

S
A

rti
sa

na
l

M
in

: 0
.7

0 
M

ax
: 3

4.
6 

M
ea

n:
 

9.
70

M
in

.1
7.

4 
M

ax
: 3

42
 

M
ea

n:
 

77
.1

M
in

: 0
.9

3
M

ax
: 1

5.
6 

M
ea

n:
 

4.
96

M
in

: <
 

LO
D

 
M

ax
: 3

.6
8 

M
ea

n:
 

69
1

M
in

: 2
22

 
M

ax
: 8

37
4 

M
ea

n:
 7

59

M
in

: 6
.0

1 
M

ax
: 7

6.
6 

M
ea

n:
 

35
.7

M
in

: <
 

LO
D

 
M

ax
: 

8.
90

 
M

ea
n:

 
3.

59

N
/A

M
in

: <
 

LO
D

 
M

ax
: 1

0.
7

M
ea

n:
2.

98

M
in

: 1
0.

6 
M

ax
: 

17
89

 
M

ea
n:

 
11

6

 [1
4]

Fe
ta

, 
Lo

w
-

sa
lt 

so
ft,

 
Is

ta
n-

bo
lly

, 
K

ar
ei

sh
 

ch
ee

se
s

10
0

Eg
yp

t
N

S
Va

ri-
ou

s
A

rti
sa

na
l

N
/A

< 
LO

D
M

in
: 0

.0
1

M
ax

: 0
.0

8 
M

ea
n:

 
0.

04

N
/A

M
in

: 0
.2

9 
M

ax
: 2

.7
3

M
in

: 0
.0

2 
M

ax
: 0

.5
4 

M
ea

n:
 

0.
34

N
/A

M
in

: 0
.1

1 
M

ax
: 0

.9
4 

M
ea

n:
 0

.3
3

< 
LO

D
< 

LO
D

 [3
4]

So
ft,

 
se

m
i-

ha
rd

, 
ha

rd
 

ch
ee

se
s

27
Ir

aq
N

S
N

S
In

du
st

ria
l

N
/A

N
/A

N
/A

N
/A

M
in

:<
 L

O
D

 
M

ax
: 2

13
0

M
ea

n:
 6

60

N
/A

M
in

: <
 

LO
D

 
M

ax
: 2

10
 

M
ea

n:
 

34
.0

N
/A

M
in

: <
 

LO
D

 
M

ax
: 9

0.
0 

M
ea

n:
 

10
.6

M
in

:<
 

LO
D

 
M

ax
: 8

0.
0 

M
ea

n:
 

16
.1

 [3
5]

Ta
bl

e 
2 

So
m

e 
st

ud
ie

s r
ep

or
tin

g 
PT

M
 le

ve
ls

 in
 c

he
es

es



1 3

7431Potentially Toxic Metal Levels in Cheeses Produced in Türkiye: Regional Variation, Milk Source, Ripening Stage,…

C
he

es
e 

ty
pe

N
um

-
be

r o
f 

sa
m

pl
es

C
ou

nt
ry

M
ilk

 
ty

pe
R

ip
-

en
in

g 
ty

pe

Pr
od

uc
-

tio
n 

ty
pe

A
la

C
rb

Fe
a

N
ib

C
ub

Zn
a

A
sb

Se
b

C
db

Pb
b

R
ef

er
-

en
ce

H
ar

d,
 

se
m

i-
ha

rd
, 

so
ft,

 
sp

re
ad

, 
w

he
y 

ch
ee

se
s

10
2

G
re

ec
e

C
ow

 
m

ilk
Sh

ee
p 

m
ilk

G
oa

t 
m

ilk
M

ix
ed

N
S

In
du

st
ria

l
M

in
:<

 
LO

D
 

M
ax

: 3
0.

0

M
in

: 6
00

M
ax

: 6
00

M
in

: 1
.8

0
M

ax
: 7

9.
0

N
/A

M
in

: 5
40

M
ax

: 5
00

0
M

in
: 3

.9
5 

M
ax

: 5
5.

0
M

in
: <

 
LO

D
 

M
ax

: 
16

.0

M
in

:<
 L

O
D

 
M

ax
: 2

5.
0

N
/A

M
in

:<
 

LO
D

 
M

ax
: 1

60

 [1
2]

Va
rio

us
 

ch
ee

se
s

51
Tü

rk
iy

e
N

S
Va

ri-
ou

s
In

du
st

ria
l

M
in

:<
 

LO
D

 
M

ax
: 8

.0
1 

M
ea

n:
 

1.
75

M
in

:<
 

LO
D

 
M

ax
: 3

12
 

M
ea

n:
 

69
.0

N
/A

M
in

: <
 

LO
D

 
M

ax
: 4

61
M

ea
n:

 1
31

M
in

: 3
8.

7 
M

ax
: 4

69
 

M
ea

n:
 2

47

N
/A

M
in

: <
 

LO
D

 
M

ax
: 

14
94

 
M

ea
n:

 
59

.0

N
/A

M
in

: <
 

LO
D

 
M

ax
: 0

.0
6 

M
ea

n:
 

0.
01

M
in

: <
 

LO
D

 
M

ax
: 0

.3
8 

M
ea

n:
 

0.
05

 [3
6]

Sh
ee

p 
ch

ee
se

12
Sl

ov
ak

ia
Sh

ee
p 

m
ilk

Fr
es

h
A

rti
sa

na
l

M
ea

n:
 

3.
35

 ±
 2.

25
M

ea
n:

 
40

.0
 ±

 10
.0

M
ea

n:
 

6.
57

 ±
 0.

84
M

ea
n:

 
70

0 ±
 52

0
M

ea
n:

 
26

0 ±
 80

M
ea

n:
 

14
.3

 ±
 5.

60
M

ea
n:

 
73

0 ±
 29

0
M

ea
n:

 
38

0 ±
 35

0
< 

LO
D

M
ea

n:
 

13
0 ±

 90
 [3

7]

Sh
ee

p 
ch

ee
se

14
4

R
om

a-
ni

a
Sh

ee
p 

m
ilk

Fr
es

h
A

rti
sa

na
l

N
/A

< 
LO

D
N

/A
< 

LO
D

M
in

: 3
10

 
M

ax
: 4

02
0

M
ea

n:
10

80
–2

92
0

M
in

: 1
.1

1 
M

ax
: 5

9.
8 

M
ea

n:
1.

82
–3

8.
4

< 
LO

D
N

/A
M

in
: <

 
LO

D
 

M
ax

: 1
20

 
M

ea
n:

 
30

.0
–6

0.
0

M
in

: <
 

LO
D

 
M

ax
: 7

60
 

M
ea

n:
 

17
0–

58
0

 [3
8]

Va
rio

us
 

ch
ee

se
s

80
B

ra
zi

l
N

S
N

S
A

rti
sa

na
l

N
/A

M
in

: 2
0.

8 
M

ax
: 1

47
 

M
ea

n:
 

77
.7

N
/A

N
/A

M
in

: 9
1.

3 
M

ax
: 9

64
M

ea
n 

56
0

N
/A

M
in

: <
 

LO
D

 
M

ax
: N

S 
M

ea
n:

 
27

.2

N
/A

M
in

: 5
.2

5 
M

ax
: 2

7.
2 

M
ea

n:
 

14
.8

M
in

: 5
.7

8 
M

ax
: 2

74
 

M
ea

n:
 

96
.4

 [3
9]

Va
rio

us
 

ch
ee

se
s

88
M

ex
ic

o
N

S
Va

ri-
ou

s
A

rti
sa

na
l

N
/A

N
/A

M
in

: 5
5.

8
M

ax
: 9

7.
4 

M
ea

n:
 

63
.8

M
in

: 0
.2

0 
M

ax
 1

3.
2 

M
ea

n:
 

3.
50

M
in

: 0
.7

0 
M

ax
: 4

3.
7 

M
ea

n:
 2

0.
1

M
in

: 0
.0

2 
M

ax
: 0

.4
4 

M
ea

n:
 

0.
12

N
/A

N
/A

M
in

: <
 

LO
D

 
M

ax
: 1

5.
6 

M
ea

n:
 

2.
30

M
in

: 0
.3

0 
M

ax
: 1

2.
5

M
ea

n:
 

4.
90

 [4
0]

G
oa

t 
ch

ee
se

31
Sl

ov
ak

ia
G

oa
t 

m
ilk

Va
ri-

ou
s

A
rti

sa
na

l
M

in
:<

 
LO

D
 

M
ax

: 1
3.

9

< 
LO

D
M

in
: 2

.0
5

M
ax

: 4
.8

4
< 

LO
D

M
in

. 4
70

M
ax

: 9
90

M
in

: 1
8.

6 
M

ax
: 3

0.
7

< 
LO

D
< 

LO
D

< 
LO

D
< 

LO
D

 [4
1]

C
oa

lh
o 

ch
ee

se
16

B
ra

zi
l

G
oa

t 
m

ilk
Fr

es
h

A
rti

sa
na

l
< 

LO
D

< 
LO

D
< 

LO
D

< 
LO

D
M

in
: 4

20
 

M
ax

. 5
80

M
in

: 2
0.

3 
M

ax
: 2

3.
4

N
/A

N
/A

< 
LO

D
< 

LO
D

 [4
2]

G
al

i-
ci

an
 

ch
ee

se

30
Sp

ai
n

C
ow

 
m

ilk
N

S
In

du
st

ria
l

N
/A

M
ea

n:
 

97
.4

M
ea

n:
 

4.
18

M
ea

n:
 

48
.6

M
ea

n:
 5

16
M

ea
n:

 
56

.7
M

ea
n:

 
4.

31
M

ea
n:

 5
29

M
ea

n:
 

2.
21

M
ea

n:
 

12
.2

 [4
3]

Va
rio

us
 

ch
ee

se
s

12
8

B
an

gl
a-

de
sh

N
S

N
S

In
du

st
ria

l
N

/A
M

in
: 7

6.
0 

M
ax

: 8
86

M
in

: 0
.1

7
M

ax
: 0

.5
9

N
/A

M
in

: 1
18

M
ax

: 2
31

2
M

in
: 0

.0
9 

M
ax

: 0
.2

0
M

in
: 

5.
00

 
M

ax
: 

88
.0

N
/A

M
in

: 1
6.

0 
M

ax
: 4

2.
0

M
in

: 5
.0

0 
M

ax
: 2

5.
0

 [4
4]

Ta
bl

e 
2 

(c
on

tin
ue

d)
 



1 3

7432 H. E. Gürmeriç et al.

produced from buffalo milk were particularly prominent in 
terms of Al and Ni, whereas cheeses produced from mixed 
milk showed higher levels of Fe and Zn. Cheeses produced 
from sheep milk were distinguished from the other groups 
by their Cu levels and also belonged to the high group 
in terms of Fe. In contrast, cheeses produced from cow 
milk showed the lowest level particularly for Fe, whereas 
cheeses produced from goat milk had lower levels in terms 
of Al and Zn (Fig. 2).

Maximum Al, Cr, Fe, Ni, and Cd levels were identified in 
industrial cheeses, whereas the highest Cu, Zn, Se, and Pb 
values were found in traditional cheeses (Table S4). Levels 
of Al, Fe, Cu, and Zn were higher in industrial cheeses than 
in traditional cheeses (p < 0.05) (Fig. 3).

PTM levels in the analyzed cheese samples showed 
wide variability by region. Maximum Al and Zn levels 
were identified in CAR, the maximum Cr level in AR, 
and the maximum Cu level in BSR, whereas the highest 
Fe value was detected in MR and the highest Ni value in 
EAR. Although Se, Cd, and Pb were determined at < LOQ 
in most samples, they reached higher maximum values in 
some regions (Se: EAR [1378 µg/kg wet weight] and SAR 
[730 µg/kg wet weight]; Cd: MR [12.3 µg/kg wet weight]; 
Pb: BSR [1754 µg/kg wet weight] and MR [93.5 µg/kg 
wet weight]) (Table S5). Regional comparisons showed 
significant differences in Al, Fe, Zn, Ni, and Cu (p < 0.05). 
Al was more elevated in samples from EAR, BSR, and 
SAR, but lower in MR, AR, MER, and CAR. In terms 
of Fe, the highest levels were identified in MR and SAR, 
whereas the lowest level was determined in BSR. The dis-
tribution of Zn also showed regional differences; MR and 
BSR had higher levels, whereas AR, MER, and CAR had 
lower levels (Fig. 4).

Dietary Exposure

The highest mean exposure value was observed for Zn 
(10.3 µg/kg/day), followed by Fe (1.07 µg/kg/day) and Al 
(0.77 µg/kg/day). In contrast, lower mean exposure values 
were observed for Cu (0.13 µg/kg/day), Se (0.02 µg/kg/day), 
Pb (0.02 µg/kg/day), and Ni (0.01 µg/kg/day). Mean expo-
sure for Cr and Cd remained at negligible levels, whereas 
the exposure value for As was calculated as 0.00 µg/kg/day 
because it was not detected in the cheese samples. Maxi-
mum exposure values showed a similar distribution; the 
highest values were determined for Zn (32.3 µg/kg/day) and 
Fe (22.2 µg/kg/day), followed by Al (4.17 µg/kg/day) and 
Cu (2.32 µg/kg/day). The low maximum exposure observed 
for the other PTMs (Pb: 1.00  µg/kg/day; Se: 0.79  µg/kg/
day; Ni: 0.21 µg/kg/day; Cr: 0.14 µg/kg/day; Cd: 0.01 µg/
kg/day) indicates that cheese consumption represents a lim-
ited source of exposure for these PTMs. Exposure levels 
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according to cheese ripening stage, the animal species from 
which the milk was obtained, production type, and region 
are presented in Tables S6–S9.

When all cheese samples were evaluated together, the 
mean contribution rate was calculated as 0.27% for Al, 
0.07% for Ni, 1.00% for Cu, 2.06% for Se, and 0.02% for 
Cd. For the PTMs for which different reference values were 
used according to sex, the mean contribution rate was calcu-
lated as 0.02% for women and 0.01% for men for Cr, 0.42% 
for women and 0.94% for men for Fe, and 6.55% for women 
and 9.02% for men for Zn (Table S10).

Non-carcinogenic Risk Assessment

The mean (min–max) THQ values of all cheese samples 
were calculated as 0.01 ± 0.01 (0.00–0.03), < 0.00 ± 0.01 
(0.00–0.05), < 0.00 ± 0.00 (0.00–0.03), < 0.00 ± 0.00 (0.00–
0.01), < 0.00 ± 0.01 (0.00–0.06), < 0.03 ± 0.02 (0.00–0.11), 
< 0.00 ± 0.02 (0.00–0.16), < 0.00 ± 0.00 (0.00–0.01), and 
0.01 ± 0.03 (0.00–0.25) for Al, Cr, Fe, Ni, Cu, Zn, Se, Cd, 
and Pb, respectively. Among the PTMs, the highest con-
tribution in terms of mean THQ was observed for Zn, fol-
lowed by Al and Pb. When maximum values were taken 
into account, the highest THQ value was determined for 
Pb (0.25), followed by Se (0.16) and Zn (0.11). THQ levels 
according to the ripening stage of the cheese, the animal 
species from which the milk was obtained, production type, 
and region are presented in Tables S11–S14.

The HI value, which represents the overall non-carcino-
genic risk associated with PTM exposure through cheese 
consumption, was calculated as 0.06 ± 0.09. Nevertheless, 
the fact that HI values remained below the threshold value 
in all subgroups indicates that the observed differences were 
relative in magnitude and that cheese consumption gener-
ally exhibited a low overall non-carcinogenic risk profile 
(Fig. 5).

Discussion

PTM Levels in Cheeses

Regulatory limits for milk and dairy products are available 
only for a limited number of PTMs. In the present context, 
maximum limits are defined as 300 µg/kg for Cr, 100 µg/
kg for As, and 20 µg/kg for Pb [47, 48], whereas no specific 
regulatory limit has been established for Al, Fe, Ni, Cu, Zn, 
Se, or Cd. When these limits were taken into account, all 
analyzed cheese samples were within the acceptable range 
for Cr and As, whereas four samples exceeded the legal 
limit established for Pb. In a recent study conducted in Tür-
kiye, only one of the 51 cheese samples exceeded the legal 
limit for Cr, Pb levels were within the regulatory limits in 
all samples, whereas As levels exceeded the legal limit in 
five samples [36]. The Pb exceedances should be interpreted 
separately from the overall non-carcinogenic risk estimates. 
Although THQ and HI values remained below 1 under the 
evaluated exposure scenario, regulatory exceedance indi-
cates a product-level food safety concern. Therefore, the 
low overall risk estimates do not eliminate the need for 
monitoring individual cheese samples, particularly because 
Pb may occur sporadically and may not be adequately rep-
resented by mean or median values alone.

When the present findings are evaluated together with the 
literature, they appear to show partial agreement with previ-
ously reported cheese data, although a wider variability is 
evident for some PTMs. The Al results showed a broader 
distribution than the recent data reported from Türkiye and 
the narrower ranges documented in Romania [33, 36]. Data 
reported for Aho, Golot, and Telli cheeses in Türkiye also 
indicate wide variability in terms of Al, Cr, Fe, Ni, Cu, Zn, 
As, Cd, and Pb, with particularly higher maximum levels 
reported for Al, Cr, Cu, Zn, and Pb [14]. In contrast, Fe lev-
els remain below the higher maximum levels reported from 
Mexico and Sudan [40, 46]. While Ni levels show a wider 
variability than the 9.00–23.0  µg/kg range reported from 
Romania [33], the present study reveals a more remarkable 
profile for Cu and Zn. In particular, the maximum levels 
determined for Cu are higher than the ranges reported in 
most of the selected studies, whereas Zn levels are above 
the 5.65–8.10 mg/kg range reported from Romania and the 
minimum levels reported from Mexico and Bangladesh 
[33, 40, 44]. The absence of detectable As in the analyzed 
cheese samples differs from the < LOQ–1494 µg/kg range 
reported from Türkiye, the 0.70–1.20 µg/kg levels reported 
from Romania, and the measurable As presence reported 
from Bangladesh, while it is consistent with the studies 
reported from Sudan [33, 36, 44, 46]. For Se, the maximum 

Fig. 2   Statistical comparison of PTM levels (median, wet weight) in 
cheeses classified by animal species used for milk production

Fig. 1   Statistical comparison of PTM levels (median) in cheeses clas-
sified by ripening stage. Al, Fe, and Zn: mg/kg wet weight; Cu: µg/kg 
wet weight
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level observed in the present study is considerably higher 
than the ranges of 0.11–0.94  µg/kg reported from Egypt 
and < LOD–25.0 µg/kg reported from Greece [12, 34]. The 
levels of Cd generally remained low, while the maximum 
Pb values were consistent with those reported by Erol and 
Ürkek [14] but exceeded the ranges reported in many other 
selected studies [12, 33, 34, 36] (Table 2). Maximum values 
were considered in the discussion because PTM contamina-
tion was highly heterogeneous and igh concentrations may 
be relevant for food safety surveillance, even when average 
or median values remain low.

The differences observed among studies arise not only 
from variation in PTM levels themselves, but also from dif-
ferences in sampling strategy, cheese type, milk source, pro-
duction conditions, and analytical approach. Differences in 
animal species, ripening status, production scale, and process-
ing steps may directly affect the composition of the cheese 
matrix and, consequently, PTM accumulation. In addition, 
factors such as the feed and water sources of the animals, 
regional environmental exposure, geological structure, indus-
trial activities, and mining operations create considerable 
variability at the raw material level. During the production 
chain, stages such as equipment contact, salting, storage, and 
packaging may also provide additional contributions for cer-
tain PTMs. Furthermore, differences in result reporting, such 
as the use of min–max, mean, or mean ± SD values and differ-
ent LOD/LOQ thresholds, further limit direct comparability.

For ripened cheeses, the present findings indicate a wider 
variability when compared with the study conducted in 
Ukraine. While Davydovych et al. [32] reported narrower 
and lower ranges for Al, Cr, Fe, Ni, Cu, Zn, Cd, and Pb in 
ripened cheeses, the ripened cheeses in the present study 
showed higher maximum levels for most of these PTMs; 
in contrast, As was not detected in either study. In terms 
of fresh cheeses, the present findings again present a more 
heterogeneous picture when compared with the studies con-
ducted in Slovakia and Brazil [37, 42]. In particular, while 
measurable As and Se were reported in Almášiová et al. 
[37], As was not detected in the present study; in contrast, 
a wider distribution was observed for Se, Cu, Zn, and Pb. 
Similarly, while Al, Cr, Fe, and Ni were reported at unde-
tectable levels in fresh cheeses in Souza Silva et al. [42], 
measurable maximum levels were determined for these 
PTMs in the present study; in addition, higher upper values 
were also observed for Cu and Zn. These comparisons sug-
gest that the PTM profile, particularly in the fresh cheese 
group, exhibits a wider variation compared with the cheese 
samples reported in the literature (Table 2).

When evaluated according to the animal species from 
which the milk was obtained, the Fe, Ni, Cu, and Se lev-
els determined in cheeses produced from cow milk appear 
generally comparable with the data reported from Spain, 
although they remain below the higher Fe, Cu, and Se lev-
els reported from Georgia. In contrast, higher maximum 
levels are noteworthy in terms of Pb [43, 45]. In cheeses 
produced from sheep milk, Zn levels appear to be consis-
tent with the range reported from Romania, whereas Cu, Cd, 
and Pb levels remain below the maximum levels reported 
in the same study [38]. Cheeses produced from goat milk, 
on the other hand, exhibit a broader PTMs profile, particu-
larly when compared with the data reported from studies 
conducted in Slovakia and Ukraine. Indeed, the maximum 
levels determined for Al, Cr, Ni, Zn, Se, and Pb exceed the 

Fig. 4   Statistical comparison of PTM levels (median, wet weight) in 
cheeses classified by region. EAR: East Anatolia Region, MR: Mar-
mara Region, AR: Aegean Region, MER: Mediterranean Region, 
BSR: Black Sea Region, CAR: Central Anatolia Region, SAR: South-
east Anatolia Region

 

Fig. 3   Statistical comparison of PTM levels (median) in cheeses clas-
sified by production type. Al, Fe, and Zn: mg/kg wet weight; Cu: µg/
kg wet weight
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ranges reported by Almášiová et al. [41] and Davydovych et 
al. [32], whereas the non-detection of As is consistent with 
these studies. Although directly comparable data are more 
limited for cheeses produced from buffalo milk, when the 
values reported in the study conducted on buffalo and cow 
cheeses in Romania are evaluated together, a wider variabil-
ity is noteworthy in the present study, particularly in terms 
of Al, Ni, Zn, and Pb [33]. As directly equivalent literature 
is limited for the mixed milk group, it can only be said that 
this group may be evaluated at a general level together with 
the broad ranges reported from Greece for multiple milk 
sources [12]. Overall, this comparison suggests that there 
is a more pronounced heterogeneity in some PTMs, particu-
larly in cheeses produced from goat, buffalo, and cow milk, 
whereas cheeses produced from sheep milk exhibit a distri-
bution closer to the selected literature (Table 2).

When evaluated by production type, the present findings 
do not indicate a uniform distinction between industrial and 
artisanal cheeses. The higher maximum values of Al, Cr, 
Fe, Ni, and Cd in the industrial group are consistent with 
the wide Cr and Ni ranges previously reported for cheeses 
marketed in Türkiye and with industrial cheese data from 
Spain and Iraq [35, 36, 43]. By contrast, the elevated Cu, 
Zn, Se, and Pb maxima in the artisanal group correspond 
more closely to the broad Cu, Zn, and Pb ranges reported 
for traditional Turkish cheeses [14]. The narrower ranges 
reported in Romania for Al, Ni, Cu, Zn, As, and Pb sug-
gest that production-type-related variability was more pro-
nounced in the present study [33].

Overall, PTM distribution appears to reflect a multidi-
mensional structure shaped by different stages of the dairy 
production chain rather than by a single variable. Ripen-
ing status, animal species, production type, and regional 
environmental conditions each contributed to the observed 
pattern, but none alone explained the entire variation. Differ-
ences among published cheese studies support this interpre-
tation. Industrial activities, agricultural practices, fertiliser 
and pesticide use, traffic, mining, fossil fuel consumption, 
and proximity to residential areas can disperse PTMs into 
the environment [49, 50] and facilitate their transfer into the 
milk chain through the feed–water–soil route [51].

The present findings are also consistent with this frame-
work. The higher Fe levels found in ripened cheeses may be 
related to moisture loss occurring during the ripening pro-
cess and the associated increase in concentration. In con-
trast, the higher Cu levels observed in fresh cheeses suggest 
that this PTM may be influenced not only by the ripening 
process, but also by factors such as the initial milk compo-
sition, production conditions, and equipment contact. The 
absence of a significant difference for Al and Zn indicates 
that ripening does not exert a similar effect on every PTM. 
Likewise, the higher PTM levels observed in industrial pro-
duction may be associated with a more complex processing 
chain, more intensive equipment contact, and the accumula-
tion of environmental and technological inputs in the same 
product due to milk collection from different sources. The 
higher levels of Al and Ni in cheeses obtained from buffalo 
milk, Cu in sheep cheeses, and Fe and Zn in mixed cheeses 

Fig. 5   HI values of cheeses classified by region, animal species, ripening stage, and production type
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indicate that different milk types together with production 
chains may shape the PTM profile. These differences may 
be partly explained by the ability of some PTMs to bind to 
milk casein and the fat phase and pass into the curd [10, 45, 
52]. Changes during coagulation, ripening, and cheese-type-
specific processing may also affect PTM concentrations [32, 
43, 53–56]. The regional results also support this picture, 
with industrial and population pressure appearing more 
explanatory in some regions, mining and geological struc-
ture in others, and pasture-based livestock production and 
production systems in others. Therefore, in the future, rather 
than analyzing cheese samples alone, holistic approaches 
that evaluate milk, feed, water, soil, and production equip-
ment together will be more appropriate for identifying the 
sources of the observed differences more robustly.

Dietary Exposure

Estimated daily intake varied markedly among the analysed 
PTMs. Compared with previous cheese studies, the expo-
sure estimates obtained here differed considerably [14, 32, 
34, 36, 37, 39]. This variation may reflect both differences in 
metal concentrations and variation in the amount of cheese 
consumed at individual and geographical levels.

The contribution of exposure arising from cheese con-
sumption to the recommended TDI/RDA levels for the 
PTMs examined was generally found to be low. A similar 
pattern was also observed when the subgroups were taken 
into account; however, some PTMs showed relatively 
higher contributions in certain classifications. The mean 
contribution rate was particularly more pronounced for Zn, 
varying approximately between 3.97% and 10.3% across 
different subgroups, whereas for Se this rate was found to 
range between 0.00% and 12.4%. Under the upper-limit 
scenario, contribution rates increased particularly for Se 
(up to 99.7%), Zn (20.6–28.4%), Fe (8.63–19.4%), and Cu 
(17.9%), whereas they remained at lower levels for Al, Cr, 
Ni, and especially Cd. These results indicate that cheese 
consumption makes a generally low and limited contribu-
tion to the daily toxicological or nutritional reference values 
for the PTMs examined at mean exposure levels. Neverthe-
less, under some subgroups and maximum exposure sce-
narios, the contribution rates for Se, Zn, Fe, and Cu became 
more pronounced. Since no defined TDI value is available 
for As and Pb, contribution rates were not calculated for 
these PTMs (Table S10).

The generally low concentrations of As, Cd, and, except 
for a limited number of samples, Pb represent a favor-
able finding, considering that the International Agency for 
Research on Cancer classifies As and Cd as Group 1 car-
cinogens, Ni and Pb as Group 2B carcinogens, and Cr as a 
Group 3 agent [57]. The finding that exposure to PTMs from 

cheese consumption generally remained below the TDI/
RDA is consistent with the literature [36]. However, in the 
study by Almášiová et al. (2024), the toxicological contribu-
tion of PTM exposure was highly scenario-dependent and 
was particularly pronounced for As, especially in children. 
The authors reported that As intake exceeded the applicable 
reference level in some adult scenarios and rose markedly 
further in child scenarios, while contributions from most 
other PTMs remained substantially lower. Among nutrition-
ally relevant PTMs, Se and, to a lesser extent, Zn made the 
largest contributions to recommended intake levels.

Non-carcinogenic Risk Assessment

THQ values were generally low, and all remained below 1. 
This indicates a low non-carcinogenic risk under the evalu-
ated exposure scenario and is consistent with many stud-
ies from Ukraine, Türkiye, Egypt, Iraq, Brazil, Mexico, and 
Bangladesh [14, 32, 34–36, 39, 40, 44]. However, THQ 
values above 1 reported for sheep cheese in Slovakia and 
various cheeses in Sudan show that risk levels may vary by 
product type and contamination context [37, 46].

When all samples were evaluated together, HI values 
ranged between 0.00 and 0.70. HI values remained below 
1 in all samples, indicating that combined PTM exposure 
through cheese consumption was associated with a low 
non-carcinogenic risk in the samples examined. Subgroup 
evaluations also supported this overall conclusion. In the 
regional comparison, the relatively highest total risk con-
tribution was observed in the BSR group, whereas in the 
classification according to animal species, the mixed milk 
group stood out in terms of mean level, while the highest 
individual contributions were observed in cheeses produced 
from goat and cow milk. According to ripening status, fresh 
cheeses appeared more noteworthy, whereas according to 
production type, industrial cheeses were more remarkable at 
the mean level and traditional cheeses in terms of the high-
est individual contribution.

Available evidence indicates that the non-carcinogenic 
health risk associated with cheese consumption is generally 
low, although this conclusion is not uniform across all studies. 
Rocha et al. [39] and Yi-Jie Dai et al. [15] reported HI values 
below 1 for all cheese types, indicating no significant non-
carcinogenic risk associated with cheese consumption. Simi-
larly, Erol and Ürkek [14] found that 93.3% of the analyzed 
cheese samples remained below the critical HI threshold, 
although some samples exceeded the safe limit, suggest-
ing that the overall risk was low but not negligible in every 
case. In another study, HI values were generally below the 
threshold, but HI > 1 was reported for one feta cheese sample 
due to its high As level [36]. In contrast, Almášiová et al. 
[37] reported HI > 1 under some consumption scenarios and 
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concluded that the regular consumption of sheep milk and 
cheese produced in an environmentally burdened area could 
not be considered safe, particularly for children. In this con-
text, while current findings support the idea that cheese con-
sumption generally has a low non-carcinogenic risk profile, 
differing results regarding THQ and HI values in the litera-
ture highlight the importance of regular monitoring for spe-
cific product groups and production environments. The risk 
assessment should also be interpreted in relation to the expo-
sure assumptions used in this study. THQ and HI values were 
calculated using a general cheese consumption rate and adult 
body weight assumption. Therefore, the findings indicate a 
low non-carcinogenic risk under the evaluated scenario, but 
they may not fully represent high consumers, children, or 
populations with different dietary habits. This limitation is 
particularly relevant for elements such as Pb, where isolated 
exceedances were observed despite low overall HI values.

Conclusion

This study evaluated PTM levels in cheeses produced in 
different regions of Türkiye and examined how these levels 
varied according to ripening stage, milk source, production 
type, and geographical origin. Overall, PTM concentrations 
showed considerable variability among samples, indicating 
that cheese contamination cannot be explained by a single 
factor alone. In particular, some PTMs differed significantly 
according to ripening stage, milk source, production type, 
and region, while others remained consistently low or below 
the quantification limit. Among the analyzed PTMs, Zn was 
the most prominent contributor to overall exposure, whereas 
As was not detected in any sample. The dietary exposure 
assessment showed that cheese consumption contributed 
only a limited proportion to the relevant toxicological or 
nutritional reference values for most PTMs. Likewise, the 
calculated THQ and HI values remained below the critical 
threshold, suggesting a low overall non-carcinogenic health 
risk under the exposure assumptions used in this study. Nev-
ertheless, the exceedance of the legal limit for Pb in four sam-
ples shows that the overall low THQ and HI values should 
not be interpreted as the absence of contamination concern in 
all individual products. Therefore, continuous monitoring of 
PTMs in cheese remains necessary, particularly for products 
that differ in origin, production practices, and milk source. 
Future studies integrating cheese, milk, feed, water, soil, and 
processing equipment would provide a more robust basis for 
identifying contamination sources and clarifying the mecha-
nisms underlying the observed variability.
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