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Abstract

The aim of this study was to provide a quantitative exposure assessment to essential elements through the consumption of canned
fish in Serbia. This objective was fulfilled by analyzing content of essential elements in canned fish and by using data from a food
consumption survey. Consumption survey of canned fish was designed and performed to general principles and EFSA guidelines
on data collection of national food consumption. The questionnaire was performed on 1,000 respondents during 2018. Determi-
nation of coppet, zinc and iron levels were performed on 454 canned fish and seafood samples divided into four groups (canned
tuna, canned sardines, canned other sea fish and canned seafood) during five consecutive years (2014-2018). This study showed
significant association between sex, BMI and weight and consumption patterns. Obtained average weekly consumption of canned
fish confirms our assumption that consumption of canned fish is significant in Serbia. Zinc and iron were found in all 454 samples
(100%), and copper in 222 samples (48.9%). The average obtained concentration in all samples were 1.268 mg kg™ for Cu, 5.661 mg
kg for Zn and 9.556 mg kg™ for Fe. The highest concentration for all three minerals were found in canned sardines (Cu — 6.49 mg
kg, Zn — 37.2 mg kg and Fe — 21.8 mg kg™). Obtained mean exposure to intake of copper, zinc and iron from canned fish was
1.2241 ug/kg bw/day, 5.4634 ug/kg bw/day and 9.2231 ug/kg bw/day, respectively. Exposure of Serbian population to zinc, copper,
and iron through consumption of canned fish is less than recommended daily reference intakes and there is no risk of reaching toxic

levels by consuming fish.

Introduction

It is considered that eating fish has beneficial impact on
human health. It is reach in omega-3 fatty acids, highly di-
gestible good quality proteins containing all the essential
amino acids and liposoluble vitamins (A and D), as well as
vitamin B, [1]. Amounts of essential elements in fish, such
as zinc, copper, and iron, are significant [2]. Although cop-
per, zinc and iron have important biochemical functions,
their excess can cause adverse health effects, as well as defi-
cit. Copper and zinc are present in numerous metalloen-
zymes and co-factors [3]. Copper is present in numerous
oxidative stress-related enzymes and enzymes involved in
redox system [4]. However, copper generates superoxide
and hydroxyl radicals, which are toxic and excessive ex-
posure can lead to cellular damage. Copper intoxication
could be related to Wilson’s disease and development of
Alzheimer’s disease [5,6]. Zinc is involved in signal con-
version and gen expression. If there is excess or deficit of
zinc in the organism, it may affect cell function and mul-
tiplication, threatening cell survival, which may lead to
disease [7]. Iron has an important role in major metabolic
processes in the body, such as oxygen transfer, electron
transfer and DNA synthesis [8]. Excess levels of iron in hu-
man body can lead to liver damage, and can affect pancre-

as, heart, and lungs. It can lead to hormonal irregularities,
diabetes mellitus, pancreatic hypertrophy and other health
disorders [9].

Whether fish can be considered a significant source
of zinc, copper, and iron? To obtain such an information
it is needed to perform exposure assessment to these el-
ements through fish consumption. Levels of exposure of
population depends on fish consumption pattern and lev-
els of these essential elements in fishery products in the
local markets. Since Serbia does not have a developed fish
production industry, mainly imported fish is consumed.
Canned fish is cheaper, and it can be assumed that it is
widely consumed. There is publication of essential ele-
ments exposure of Serbian population from canned fish
consumption, but using SORS (Statistical Office Of Re-
public Serbia) data [10]. SORS includes only official data
of imported fish, which may differ from real consumption.
However, to estimate real exposure of the population to
essential elements through canned fish consumption, it
is needed to perform valid canned fish consumption sur-
vey. In order to obtain relevant data on food consumption,
EFSA has issued a guide [11] which provides general prin-
ciples on the collection of data on food consumption at the
national level.
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The aim of this study was to provide a quantitative ex-
posure assessment to essential elements through the con-
sumption of canned fish in Serbia. This objective was ful-
filled by analyzing content of essential elements in canned
fish in period of five years (2014-2018) and by using data
from a food consumption survey performed during 2018.

Objects and methods

Consumption of fish and seafood

Consumption survey of canned fish was designed and
performed to general principles and EFSA guidelines on
data collection of national food consumption [11]. The
questionnaire was performed on 1,000 respondents. The
tested population was similar in gender and age to the Ser-
bian population. Average body weight of all interviewees
was 71.3 kg which corresponds to recommendation given
by EFSA to take 70 kg as average body weight of an adult
European citizen, when unknown [12]. Demographic pro-
file of tested population is given in Table 1. The question-
naire was done anonymously during 2018 and all respon-
dents were informed of the purpose of the survey. After
excluding the respondents that do not consume canned
fish (155), for further analyses left 845 fully answered ques-
tionnaires.

Table 1. Demographic profile of the sample (N=845)

Male 366 (43.3%)
Gender
Female 479 (56.7%)
Less than 24 years 105 (12.43%)
25-34 years 154 (18.22%)
Age 35-49 years 237 (28.05%)
50-64 years 240 (28.40%)
Over 65 years 109 (12.90%)
Below 70 kg 446 (52.8%)
Weight
Above 70 kg 399 (47.2%)
14.5 < BMI < 24.9 528 (62.5%)
BMI
BMI >24.9 317 (37.5%)
Average body weight [kg] 71.3+10.4
Average weekly consumption [g] 228.8 £210.9

n — represents the number of respondents; (%) represents their share in
the sample.

The questionnaire consisted of three sections. In the
first section respondents were asked about general demo-
graphic information (sex, age, weight and height, and BMI
was calculated later as BMI =weight/height?). The second
section included questions about frequency of consump-
tion of canned fish. In the third section the respondents
were asked to recall their consumption of canned fish in
the last seven days and to state the amount of consumed
canned fish (in grams) in four defined categories (canned
tuna, canned sardines, other canned sea fish or canned
seafood). By choosing 7-day recall instead of 1-day recall,
authors tried to avoid bias from dietary habits, according
to EFSA recommendations.

Samples

Analyses were performed on 454 canned fish and
seafood samples divided into four groups (canned tuna,
canned sardines, canned other sea fish and canned sea-
food) during five consecutive years (2014-2018).

Chemicals and Standards

The chemicals were of analytical grade and supplied by
Merck (Darmstadt, Germany): nitric acid 65% and hydrogen
peroxide 30% (for analysis EMSURE® ISO). Deionized water
(electrical resistivity 18.2 M(Q) cm™) was obtained using the
Simplicity® water purification system (Merck Millipore, Burl-
ington MA, USA). For the quantification of copper, zinc, and
iron certified standards were used (Certipur®, Merck, Darm-
stadt, Germany) in concentrations of 1000 ug mL™. For qual-
ity control of the analytical procedure the certified reference
material DORM-2 (dogfish muscle, NRC Canada) was used.

Sample preparation

After homogenization, test portion of about 0.5 g were
used for further analyses. Into polytetrafluoroethylene
(PTFE) vessels with test portions, 7 mL of nitric acid and
2 mL of hydrogen peroxide were added. Samples were
mineralized in a microwave closed digestion system (Ethos
Touch, Milestone, Italy). The following temperature pro-
gram was used: heating up to 180 °C for 15 min, followed
by heating up to 220 °C for 15 min, and then heating up to
240 °C for 10 min, with a maximum power of 1000 W. After
digestion, solutions were quantitatively transferred into
50 mL volumetric flasks and diluted with deionized water.

Instrumentation and analytical procedure

Content of copper, zinc and iron was determined ac-
cording EN14084:2003 [13]. Flame atomic absorption
spectrometer (932 plus, GBC, Australia) was used.

Method validation and assurance

of the quality of the results

Validation of analytical procedure was performed accord-
ing ISO/IEC17025:2017 [14] requirements, by determination
of the following parameters: linearity, accuracy, precision,
limit of detection (LOD) and limit of quantification (LOQ)
(Table 2). Certified reference material (DORM-2, NRC Can-
ada) was used for determination of accuracy and precision.
Linearity is expressed as a correlation coefficient (r*), accu-
racy as recovery, and precision as relative standard deviation
in repeatability conditions (RSD ), and in reproducibility
conditions (RSD,). LOD and LOQ were expressed as the
analyte concentration corresponding to 3 times and 10 times,
respectively, the standard deviation (SD) of 10 sample blanks.

Table 2. Validation parameters
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Assurance of the quality of the results were provided
by analyzing CRM (DORM-2, NRC Canada) within every
sample set. The obtained results were monitored through
control charts. If recovery of CRM was within satisfactory
range, results of all samples in the sample set were accept-
ed, if it was not, all samples were analyzed again.

Exposure estimation

Obtained results from the analyses of levels of copper, zinc
and iron in canned fish and results from the canned fish con-
sumption survey were combined to estimate exposure of Ser-
bian population to these elements through eating canned fish.
Estimation was calculated according following equation [15]:

> F
EDI= "7 x - x C,

EDI is the estimated daily intake of Cu/Zn/Fe [ug/kg
bw/day]. F.is the amount of canned fish consumed weekly
[kg]. Body weight (bw) is taken to be 70 kg as recommend-
ed by EFSA for adult European citizen (EFSA, 2012a). C, is
the concentration of Cu/Zn/Fe [ug/kg].

To assess exposure, with including the variability of the
population, the Monte Carlo simulation, as one of the most
common methods [16], was used.

Statistical methods

Canned fish consumption patterns of demographic
groups (defined by sex, age, weight, and BMI) were com-
pared by Chi-square test for association. An independent
sample t-test was used for analyzing average consumption
with statistical significance of 0.05.

For estimation the intake of copper, zinc and iron from
canned fish consumption, the Monte Carlo analysis of
100,000 simulations was used. Calculating levels of Cu/Zn/
Fe was based on their mean values (Table 4). According
FAO/WHO [17] it can be assumed that an individual expo-
sure over time is equal to this level.

Minitab was used for probability distribution fitting
for body weight and weekly intake of canned fish and for
Monte Carlo simulation. For fitting of the probability dis-
tributions visual analysis was equally considered [18].

Results and discussion

Consumption of canned fish

Frequency consumption patterns for canned fish ob-
tained from consumption survey are given in Table 3.
Obtained average weekly consumption of canned fish is
228.8 g (Table 1). It confirms our assumption that con-
sumption of canned fish is significant in Serbia.

Relationships between canned fish consumption pat-
terns and demographic characteristics of the sample
were tested (Chi-square test for association). On aver-
age, depending on the demographic group, consumption
on a weekly basis was confirmed by 26.3% to 62.0% of
interviewed consumers. This study showed significant
association between sex, BMI and weight and consump-
tion patterns (p <0.05). Male respondents, respondents
with weight over 70 kg and with BMI >24.9 eat canned
fish more frequently than females, consumers with
weight below 70 kg and with “ideal” BMI. There were no

Table 3. Frequency of consumption of canned fish (tuna, sardine, sea fish, seafood)

Gender On a weekly basis On a monthly basis Once a year or less Total
Female 126 (26.3%) 49 (10.2%) 304 (63.5%) 479 (100%)
Male 227 (62.0%) 33 (9.0%) 106 (29.0%) 366 (100%)
x> =114.557; p < 0.05
Below 70 kg 134 (30.1%) 43 (9.6%) 269 (60.3%) 446 (100%)
Above 70 kg 219 (54.9%) 39 (9.8%) 141 (35.3%) 399 (100%)
x> =58.189; p < 0.05
BMI (14-5-24.9) 201 (38.1%) 48 (9.1%) 279 (52.8%) 528 (100%)
BMI<14.5 / BMI>24.9 152 (47.9%) 34 (10.7%) 131 (41.3%) 317 (100%)
X =10.589; p < 0.05
Below 35 103 (39.9%) 23 (8.9%) 132 (51.2%) 258 (100%)
35-49 104 (43.7%) 26 (10.9%) 108 (45.4%) 238 (100%)
Above 50 146 (41.8%) 33 (9.5%) 170 (48.7%) 349 (100%)
x> =1.834;p > 0.05
Table 4. Concentration of essential elements in canned fish
Canned Tuna Canned sardine Canned sea fish Canned seafood ALL
Number of samples (positive samples) 276 (69) 122 (105) 54 (47) 2(1) 454 (222)
Copper Mean [mg kg™'] 0.769 2.100 1.931 1.565 1.268
Range [mg kg™'] 0.5-3.08 0.5-6.49 0.5-3.11 0.5-2.63 0.5-6.49
Number of samples (positive samples) 276 (276) 122 (122) 54 (54) 2(2) 454 (454)
Zinc Mean [mg kg'] 4.824 7.382 6.016 6.395 5.661
Range [mg kg'] 1.92-8.7 2.9-37.2 2.61-8.64 4.11-8.68 1.92-37.2
Number of samples (positive samples) 276 (276) 122 (122) 54 (54) 2(2) 454 (454)
Iron Mean [mg kg™'] 8.401 11.607 10.848 9.005 9.556
Range [mg kg'] 1.3-13.9 2.71-21.8 2.11-15.4 6.91-11.1 1.3-21.8
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statistically significant association between age groups
(p>0.05).

Levels of copper, zinc, and iron in canned fish

Copper, zinc, and iron determination were done in
452 samples of canned fish and 2 samples of canned sea-
food. Obtained concentrations of copper, zinc and iron in
canned fish and seafood are given in Table 4.

Zinc and iron were found in all 454 samples (100%), and
copper in 222 samples (48.9%). Values of copper below the
LOQ were substituted with a constant value of LOQ/2 for
further analyses, as it is recommended [19]. Monte Carlo
uncertainty analysis of 95% CI of the mean values shows
that such results have little effect on the upper percentile
exposures [20]. The average obtained concentration in all
samples were 1.268 mg kg™ for Cu, 5.661 mg kg™ for Zn,
and 9.556 mg kg™ for Fe. The highest concentration for all
of three minerals were found in canned sardines (Cu - 6.49
mg kg, Zn — 37.2 mg kg™, and Fe — 21.8 mg kg™), as well
as the highest average concentrations (Cu 2.100 mg kg,
Zn 7.382 mg kg, and Fe 11.607 mg kg™).

There are two published investigations of levels of Cu, Zn
and Fe in canned fish from Serbian local markets. Popovic et
al. [10] performed analyses in 207 samples of canned tuna,
sardines and mackerel and Novakov et al. [21] in 98 samples
of canned tuna, sardines and sprouts. Popovic et al. [10] found
the highest average concentration for all the three miner-
als in canned sardines, which was in line with our results.
Found levels (Cu - 1.28/1.37 mg kg™ oil/tomato sauce, Zn —
15.1/14.05 mg kg™, and Fe — 13.8/16.78 mg kg™) were lower
than ours for Cu, but significantly higher for Zn and Fe. On
the other hand, Novakov et al. [21] reported higher levels of
Cu and Zn in canned tuna (2.60 mg kg™, 21.96 mg kg™, re-
spectively) than in canned sardines (2.49 mg kg™, 18.21 mg
kg™, respectively), but higher level of Fe in canned sardines
(21.98 mg kg™) then in canned tuna (20.36 mg kg™). All re-
sults are significantly higher than ours, except for Cu, which
is in line for canned sardines and little higher in canned tuna.

Authors from other countries reported different levels of
the elements. Lower levels of Cu in canned sardines are re-
ported by authors from Croatia (0.88 mg kg™) [22], Spain
(0.513-0.898 mg kg™) [23], Turkey (1.024 mg kg™) [24], Iraq
(0.7-2.1 mg kg™) [25], and Nigeria (0.01 mg kg™) [26], but re-
sults from USA (0.83 mg kg™) [27], and Brazil (1.31-2.25 mg
kg™) [28] are in line with our results. In canned tuna, authors
from Spain (0.483 mg kg™) [23], Turkey (0.604 mg kg™) [24],
and USA (0.25 mg kg™) [25] found levels lower than ours. Re-
ported levels of Zn in canned sardines are higher than ours
from Croatia (18 mg kg™) [22], Turkey (23.267 mg kg™) [24],
USA (1145 mg kg™) [27], and Brazil (16.16-36.09 mg kg™)
[28], and lower than ours from Spain (4.329-6.767 mg kg™)
[23], and Nigeria (0.09-4.49 mg kg™) [26]. Regarding canned
tuna, levels of Zn reported by authors from Turkey (10.802 mg
kg™) [24] and Lebanon (7.49 mg kg™) [29] are higher, from
Spain (2.27 mg kg™) [23] is lower, and from USA (4.78 mg kg
1) [27] is in line with our results. Levels of Fe found in canned

sardines by authors from Croatia (19 mg kg™) [22], Turkey
[24], Iraq [25] and Brazil [28] are higher (22.162 mg kg™, 20-
30 mg kg™ and 20.96-88.83 mg kg™, respectively), and from
Nigeria [26] (8.04-48.18 mg kg™), and USA [27] (12.7 mgkg™)
in line with ours. In canned tuna reported level for Fe by au-
thors from USA (15.8 mg kg™) [28] is higher, and from Turkey
(8.105 mg kg™) [24] is in line with our result.

Exposure assessment

According to our research on the level of minerals in
canned fish and eating habits of the Serbian population,
mean estimated daily intake of copper, zinc and iron in
canned fish were 1.2241 ug/kg bw/day, 5.4634 ug/kg bw/day,
and 9.2231 pg/kg bw/day, respectively (Table 5). Estimated
total daily intake of the three minerals after a Monte Carlo
analysis of 100,000 simulations is shown in Figures la-c.

Table 5. Estimated daily intake of copper, zinc and iron
in canned fish

Copper Zinc Iron
[ug/kgbw/d]  [pg/kgbw/d]  [ug/kg bw/d]
Mean 1.2241 5.4634 9.2231
5% percentile 0.454 2.043 3.373
1% quartile 0.763 3.404 5.746
3" quartile 1.549 6.913 11.669
95" percentile 3.586 16.201 26.936

95% confidence
interval of mean

All values are derived from a Monte Carlo simulation.

1.2203-1.2279 5.4465-5.4803 9.1946-9.2516

Similar investigation of contribution of Cu, Zn and
Fe from fish to dietary intake in Serbia was performed by
Popovicetal. [10]. Investigation included canned fish (tuna,
sardines, and mackerel in oil and in tomato sauce). Results
were expressed as%RDA for men and women for each type
of fish separately. Reported EDI for Cu were in range 0.28-
0.46%RDA, EDI for Zn were in range 0.21-0.57%RDA and
EDI for Fe were in range 0.14-0.64%RDA. The authors
concluded that levels of Cu, Zn and Fe in canned fish do
not represent any health risk, and even do not represent
important dietary source of Cu, Zn and Fe. Reported EDI
of Cu (1.671 pg/kg bw/day) and Zn (6.629 ug/kg bw/day) in
fish from Spain, were slightly higher than our results [30].

Provisional maximum tolerable daily intake (PMTDI)
established by JECFA for Cu is 0.5 mg/kg bw/day [31], for
Zn is 0.3-1 mg/kg bw/day [32] and for Fe is 0.8 mg/kg bw/
day [33]. According Regulation EU EC [34], recommend-
ed daily reference intakes for Cu, Zn and Fe for adults are
1 mg (i. e. 14.286 pg/kg bw/d), 10 mg (i. e. 142.857 ug/kg
bw/d) and 14 mg (i. e. 200.000 pg/kg bw/d), respectively.
According to our results mean estimated daily intake of
the minerals from canned fish is below recommended lev-
els (0.175% RDA Cu, 7.805% RDA Zn and 18.446% RDA
Fe). Moreover, in the «best case scenario», if we take into
account the values for the 95" percentile, the population
does not get enough of these minerals through canned fish.
Obtained values for 95" percentile are 0.025% RDA for Cu,
0.011% RDA for Zn and 0.013% RDA for Fe.
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Figure 1. Estimated total daily intake of Copper, Zinc, and Iron after a Monte Carlo analysis of 100,000 simulations

Obtained results indicates that there is no risk of expo-
sure to the toxic values of copper, zinc and iron through
canned fish consumption and, moreover, canned fish does
not represent source of these three essential minerals.

Conclusion

Consumption of canned fish is significant in Serbia
(228.8 g/w). On average, depending on the demographic
group, consumption on a weekly basis was confirmed by
26.3% t0 62.0% of interviewed consumers. Male respondents,
respondents with weight over 70 kg and with BMI>24.9 eat

canned fish more frequently than females, consumers with
weight below 70 kg and with “ideal” BMI. There were no
statistically significant association between age groups.

Copper was detected in 49% of tested samples, where
zinc and iron were found in all the tested samples. The
highest levels of all three essential elements were found in
canned sardines.

Exposure of Serbian population to zinc, copper, and
iron through consumption of canned fish is less than rec-
ommended daily reference intakes and there is no risk of
reaching toxic levels by consuming fish.
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