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Selenium, total mercury and methylmercury in sardine: Study of molar ratio and
protective effect on the diet

Tain�a Elisa de Mello Lazarini, Raquel Fernanda Milani , and Marcelo Antonio Morgano

Science Center and Food Quality (CCQA), Institute of Food Technology (ITAL), Campinas, Brazil

ABSTRACT
The purpose of this work was to evaluate the risk-benefit associated with canned sardine con-
sumption, considering the selenium, the mercury and the methylmercury contents and the Se:Hg
molar ratio and the Se-health benefit value (HBV) index. In this study, 63 canned sardine samples
were purchased worldwide and for the determination of selenium and mercury species, the
inductively coupled plasma optical emission spectrometry and thermal decomposition and amal-
gamation atomic absorption spectrometry were employed. The mean results obtained for the
Brazilian samples varied between 12.6 and 65.5lg kg�1 for Hg; <3.7 and 45.4lg kg�1 for methyl-
mercury; 310 and 1370lg kg�1 for Se. The MeHg/Hg ratio showed that the most toxic forms of
Hg (MeHg) is predominant in 52 and 39% of the Brazilian samples conserved in tomato sauce and
in oil, respectively. Nevertheless, the Se-HBV index and the Hg:Se and Se:Hg molar ratios indicated
that the selenium content in canned sardine samples is enough to provide a protective effect on
the Hg species.
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Introduction

Fish can accumulate substantial mercury (Hg) levels in their
tissues, being considered one of the main sources of this
toxic metal to humans.[1] Hg is distributed in the environ-
ment by industrial activities and by natural process, while
the amount of Hg accumulation in fish tissues is mainly
related to the concentration of this element in the environ-
ment.[2] Mercury is found in three oxidation states: elemen-
tal or metallic Hg, inorganic Hg and organic species
(methylmercury, MeHg), which vary according to their
exposure routes, metabolism and toxicity.[3,4]

MeHg is a neurotoxin easily absorbed by the gastrointes-
tinal tract and, when distributed throughout the body and
tissues is capable to injury the central nervous system,
mainly fetuses of pregnant women.[5,6] Based on some epi-
demiological studies, provisional tolerable weekly intakes
(PTWI) of 1.6 lg kg�1 and 4 lg kg�1 per body weight were
established for MeHg and Hg, respectively.[7]

On the other hand, it is important to mention that fish is
a source of essential nutrients,[8] proteins, fatty acids (omega
3), vitamins and minerals, such as selenium that exhibits
antioxidant properties and a protective effect against the free
radicals.[4] Fish represents one of the best sources of selen-
ium in the human diet[9] and some studies reported a
remarkable Se content sardines, tuna and swordfish.[10–13]

Even though individually high exposure of Se or Hg can
lead to human intoxication, an antagonist effect between
these elements, especially MeHg, may reduce or eliminate
the toxicity symptoms.[14]

Peterson et al.[14] reported in their comprehensive review
that Hg toxicity is related to Se-dependent enzymes (such as
selenoenzymes) inhibition by Hg presence. Apparently, Hg
bonding with Se results in both organic and inorganic com-
plexes in brain and body tissues and, as intracellular Hg
level exceeds Se, the symptoms of Hg toxicity appears.
Therefore, the ratio of Hg:Se in tissues become a remarkable
tool to the accurate assessment of Hg toxicity: when Hg:Se
ratio is near or above 1:1, Se-dependent enzymes activities
are not inhibit by Hg, increasing the protect effect.

Raymond et al.[15] evaluated the selenium content in
1100 foods and reported that the main sources of dietary
selenium were originated from fish. Although mercury is
also found in these foods, selenium is usually more abun-
dant. Some studies show that the Hg:Se molar ratio and the
Se-health benefit value (HBV) index have been useful tools
to verify the risk associated with fish ingestion.[16]

Squadrone et al.[17] and Ralston et al.[8] suggested that the
Se:Hg molar ratio above one and a positive value for the Se-
HBV index indicate protective effects against the adverse
effects of Hg consumption, while when the Se:Hg molar
ratio is lower than one, the risk of toxicity increases.

Lino et al.[18] studied the Hg and Se levels in Tapaj�os
River basin fishes (Brazil) and the authors found that carni-
vore species presented higher Se:Hg molar ratio and Se-
HBV than the non-carnivore ones. The authors also
observed that fishes in lowest trophic levels (iliophagous and
herbivorous) presented the highest levels of Se, Se:Hg molar
ratio and Se-HBV while carnivorous fishes exhibited Se:Hg
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ratios above 1. Even though a reduction on carnivorous fish
species consumption may possibly be recommended, further
studies are needed evaluating the Hg contamination on dif-
ferent fish species.

In this context, the objectives of this work were: (i) to
evaluate the risks and the benefits associated with the con-
sumption of canned sardines, considering the Se, Hg and
MeHg levels and (ii) to determine if the consumption of sar-
dines is healthy based on the Hg:Se and Se:Hg molar ratios,
as well as the Se-HBV index.

Material and methods

Samples, reagents and solutions

Fifty canned sardine samples of five different brands (A, B, C,
D and E), conserved with oil (n¼ 25) and tomato sauce
(n¼ 25) were purchased in local markets in the state of S~ao
Paulo, Brazil. The canned sardine samples commercialized in
Brazil are predominantly from Sardinella brasiliensis species,
which inhabit mainly the regions of S~ao Gonçalo do Sapuca�ı,
MG, (Southeastern Brazil) and Navegantes, SC, (Southern
Brazil). However, as the national production cannot attend the
great demand, in some months of the year sardines are
imported from other countries, such as Morocco. Furthermore,
13 samples were purchased in markets from Germany (Sardina
pilchardus, n¼ 1, conserved with olive oil), Argentina (n¼ 1,
conserved with olive oil), Canada (Clupea harengus, n¼ 1, con-
served with soybean oil), France (Sardina pilchardus, n¼ 1,
conserved with extra virgin oil), Spain (Sardina pilchardus,
n¼ 2, both conserved with olive oil), Morocco (Sardina pilchar-
dus, n¼ 3, conserved with sunflower oil (2) and olive oil),
Portugal (n¼ 3; conserved with tomato sauce, soybean and
olive oil) and Thailand (n¼ 1, conserved with tomato sauce)
were also evaluated. For Argentina, Portugal and Thailand sam-
ples, sardine species were unavailable. All samples were drained
and milled individually using a domestic processor after remov-
ing the scales, pimples and viscera. Homogenized samples were
frozen (�18 �C) until the analyses.

Instrumentation

The total mercury and MeHg contents were evaluated using
the thermal decomposition and amalgamation atomic
absorption spectrometry system with a direct mercury ana-
lyzer (DMA-80, Dual Cell, Milestone, Sorisole, Italy). MeHg
was determined after an extraction step carried out using a
closed microwave system (Start E, Milestone, Sorisole, Italy),
according to Paiva et al.[19]

The selenium content was determined using an induct-
ively coupled plasma source optical emission spectrometer
(ICP OES, 5100 VDV, Agilent Technologies, Tokyo, Japan)
under the conditions adapted from Paiva et al.[20]

Determination of total mercury and MeHg

For total Hg evaluation, samples were weighed (wet weight)
into nickel recipients (100mg) and transferred to the Hg

analyzer.[21] For the determination of MeHg the sardine
samples were subjected to the microwave assisted closed
extraction system using toluene in an acid medium. One
gram of sample was weighed into a Teflon PFA recipient,
and then 8mL of toluene (Synth, Diadema, Brazil), 1mL of
purified water (18.2 MX cm, using a reverse osmosis system
(Gehaka, S~ao Paulo, Brazil) and 0.75mL of 30% (v/v) HCl
(Merck, Darmstadt, Germany) solution were added. The
analytical conditions for the digestion in the microwave
extractor were: power applied 1000W; heating up to 110 �C
for 10min, followed by the maintenance at this temperature
for 5min. After cooling, the recipients were opened, and
4mL aliquots of the organic phase were transferred to grad-
uated tubes containing 2mL of a 2.5% (m/v) L-cysteine
(Sigma, Steinheim, Germany) solution. Then, the tubes were
stirred and the solutions were centrifuged (Fanem, S~ao
Paulo, Brazil) for 6min at 3500 rpm. A 100mg portion of
the aqueous phases were weighed into a quartz recipient
and the optimized instrumental conditions for the determin-
ation of MeHg were: sample drying temperature¼ 120 �C
for 60 s; decomposition temperature of 300 �C for 180 s;
desorption temperature of 850 �C for 12 s and wavelength of
253.7 nm. The tests were performed in triplicate.

Determination of selenium

Approximately 1 g of fish was weighed into a Teflon diges-
tion flask, 4mL of concentrated nitric acid (Synth, Diadema,
Brazil) purified in a sub-boiling distiller (Distillacid,
Berghof, Eningen, Germany) were added and the samples
were kept overnight. For the digestion in the microwave sys-
tem, 4mL of purified water and 2mL of 30% hydrogen per-
oxide (Merck, Darmstadt, Germany) were added. The
sardine samples were digested using four heating ramps as
follow, with the application of 1000W power: (a) room tem-
perature to 70 �C for 5min; (b) from 70 to 120 �C for 5min;
(c) from 120 to 170 �C for 5min and (d) maintenance at
170 �C for 25min. The digested samples were diluted to
25mL with purified water and the selenium content was
quantified in ICP OES using the following optimized condi-
tions: radiofrequency generator power (RF¼ 1200W); stabil-
ization and reading time (17 s); argon flow rate (12.0 L/min),
auxiliary air flow rate (1.0 L/min); seaspray concentric nebu-
lizer with flow rate of 0.60 L/min; number of readings (3);
axial view of plasma and wavelength k¼ 196.026 nm. All
experiments were done in triplicate and analytical blanks
were also performed.

Analytical curves
The analytical curves were prepared from the dilution of
mercury (1000mg L�1, Fluka, Sigma-Aldrich, Steinheim,
Germany) and selenium (1000mg L�1, Specsol, Quimlab,
Jacare�ı, Brazil) certified standard solutions in 0.5% (v/v)
solution of purified HNO3 using the following concentration
ranges: 0.5–1000 lg L�1 for mercury and 2.5–1000 lg L�1

for selenium.
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Statistical analyses
The results were evaluated using one-way ANOVA and
Tukey post-hoc test, with a significance level of 95%
(P< 0.05), by XLSTAT program (Addinsoft, Paris, France).

Determination of Se-HBV index and the protective effect
The calculation of Se-HBV index was done according to the
following equation proposed by Ralston et al.[8]:

Se�HBV ¼ Se½ �� Hg½ � or MeHg½ �ð Þ
� �

Se½ �x Se½ � þ Hg½ �
� �

or MeHg½ �ð Þ (1)

where: [Se], [Hg] and [MeHg] correspond to the molar con-
centrations of the analytes.

The protective effect of selenium present on sardine sam-
ples with respect to mercury was estimated using the Hg:Se
and Se:Hg molar ratios.

Analytical quality control

The validation of the analytical methods considered the fig-
ures of merit: precision, limits of detection and quantifica-
tion, accuracy and linearity of the analytical curves,
according to recommendations of the National Institute of
Metrology, Quality and Technology (INMETRO).[22] The
results obtained are shown in Table 1.

The limits of detection (LOD) and quantification (LOQ)
were calculated as 3 and 5 times the standard deviation val-
ues for 10 analytical replicates of a sardine sample with low
content of the analytes and multiplied by the sample dilu-
tion factor (25�). The accuracy of the method was evaluated
using the certified reference materials: Lobster
Hepatopancreas (NRC TORT-2) for Hg, MeHg and Se; and
Oyster Tissue (NIST SRM 1566b) for Se. The recovery assay
for MeHg was performed at the fortification levels of 10,
100 and 1000 lg kg�1 and the recoveries obtained were 105,

89 and 100%, respectively. All recovery values are in accord-
ance with the conditions recommended by AOAC[23]

(80–110%). The linearity of the analytical curves was deter-
mined from the coefficient of determination and r2 values
were above 0.999. The precision of the method was eval-
uated from analytical replicates of a sardine sample analysis
performed with eight measurements on two distinct days.
The results for Hg, MeHg and Se were below 11%, accord-
ing to the AOAC recommendation [23]

Results and discussion

Total mercury (Hg), methylmercury (MeHg) and
selenium (Se)

The Hg, MeHg and Se levels present in the canned sardine
samples commercialized in Brazil are shown in Table 2.

The values obtained for Hg, MeHg and Se showed a sig-
nificant difference, with a level of significance of 95%, for
the brands with the same type of conserve. However, con-
sidering both conserves (oil and tomato sauce), the results
did not vary significantly, meaning that the type of conserve
used in canned sardines did not have an effect on total Hg,
MeHg, and Se contents. Thus, the contamination is possibly
characteristic of the area in which the fish live.

The canned sardine conserved with oil presented values
between 16 and 66lg kg�1 for total Hg; <3.7 and
45 lg kg�1 for MeHg; 410 and 1370 lg kg�1 for Se, whereas
the results for the samples conserved with tomato sauce
ranged from 13 to 59lg kg�1 for total Hg; from <3.7 to
45 lg kg�1 for MeHg and from 310 to 1070 lg kg�1 for Se.

Regarding the MeHg/Hg ratio, the results varied from 12
to 71% and from10 to 96% for samples conserved with oil
and tomato sauce, respectively. The average values for the
oil and tomato sauce conserves were 39 and 52%, respect-
ively, indicating that the MeHg predominates in most of the
canned sardine samples analyzed.

Table 1. Results obtained for validation of the analytical methods.

Analyte Certified values (mg kg�1) Obtained values (mg kg�1) Recovery (%) LOD (mg kg�1) LOQ (mg kg�1) Precision (%)

Total Hg 270 ± 60a 266 ± 2 99 ± 1 1.3 2.2 4.3
MeHg 152 ± 13a 161 ± 5 106 ± 3 2.2 3.7 5.4
Se 5630 ± 670a 5126 ± 100 91 ± 2 0.03 0.04 3.1

2060 ± 150b 2028 ± 21 98 ± 1

LOD, limit of detection; LOQ, limit of quantification.
aCertified reference material (Lobster Hepatopancreas – NRC TORT-2).
aCertified reference materials (Oyster Tissue – NIST SRM 1566b).

Table 2. Mean values ± standard deviation for total Hg, MeHg, MeHg/Hg ratio and Se in canned sardines samples commercialized in Brazil.

Brand

Sardine conserved with oil (n¼ 25) Sardine conserved with tomato sauce (n¼ 25)

Total Hg (mg kg�1) MeHg (mg kg�1) MeHg/Hg (%) Se (mg kg�1) Total Hg (mg kg�1) MeHg (mg kg�1) MeHg/Hg (%) Se (mg kg�1)

A 32 ± 9ab

(24–45)
20 ± 6a

(13–28)
60 ± 7
(54–71)

958 ± 13a

(920–1030)
34 ± 16A

(16–58)
24 ± 13A

(9–45)
67 ± 9
(54–77)

912 ± 71A

(840–1010)
B 22 ± 5b

(16–29)
4 ± 1a

(<3.7–5)
22 ± 9
(13–34)

446 ± 36b

(410–500)
29 ± 15A

(13–48)
18 ± 9A

(7–31)
65 ± 19
(44–96)

510 ± 135C

(310–650)
C 47 ± 13a

(29–66)
28 ± 17a

(<3.7–45)
52 ± 27
(14–71)

960 ± 371a

(600–1370)
32 ± 14A

(21–56)
11 ± 3A

(<3.7–14)
42 ± 10
(31–53)

878 ± 103AB

(700–960)
D 29 ± 6ab

(22–37)
7 ± 3a

(<3.7–10)
22 ± 8
(12–30)

644 ± 220ab

(470–1000)
24 ± 4A

(18–30)
10 ± 4A

(4–14)
41 ± 12
(21–51)

700 ± 99BC

(570–830)
E 36 ± 15ab

(18–60)
13 ± 8a

(5–25)
33 ± 12
(17–43)

912 ± 222a

(630–1120)
48 ± 10A

(34–59)
20 ± 15A

(5–42)
44 ± 28
(10–70)

950 ± 121A

(750–1070)
a,b,A,B,CValues followed by different letters in the same column significantly differ according to Tukey test (P� 0.05).
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The results for the inorganic contaminants content (Hg
and MeHg) were evaluated with respect to the maximum
values established by the Brazilian legislation[24] and the rec-
ommendations of the FAO/WHO.[7] All samples showed
lower values than the maximum limits of these compounds
in fish, which corresponds to 500 lg kg�1 (wet weight) for
Hg[24] and MeHg.[7]

Considering the mean value of total Hg in canned sar-
dine samples commercialized in Brazil (33 lg kg�1), this
result is close to those reported in the literature. Panichev
et al.[25] studied canned sardines (Sprattus sprattus) con-
served with vegetable oil from Latvia and verified an average
value of 27.7lg kg�1 for total Hg. Evaluating sardines
(Sardina pilchardus) commercialized in Turkey, Yabanli[26]

observed an average value of 30 lg kg�1 for total Hg, while
Olmedo et al.[27] in a similar work with sardines (Sardina
pilchardus) from Spain found an average value
of 34 lg kg�1.

With respect to MeHg, the mean value for the samples
with both conserves was 16 lg kg�1 in the current study,
lower than the values pointed out by Xu et al.[28] The
authors studied sardines (Sardinella jussiu species) from
China and found an average value of 25lg kg�1 for MeHg.
Regarding the selenium levels, the mean value observed was
790lg kg�1, which is lower than the results reported by

Farias et al.[29] for sardines commercialized in Brazil from
Triportheus elongates specie (991lg kg�1).

Table 3 presents a brief comparison of several studies
carried out with sardine samples from 2002 to 2017.

According to Table 3, the Hg, MeHg and Se levels in the
canned sardines appears to differ according to the country
in which they are commercialized, as well as the fish species.
In order to better understand and compare the Hg, MeHg
and Se contents of canned sardines from Brazil, samples
from eight countries (Germany, Argentina, Canada, Spain,
France, Portugal, Thailand and Morocco) were also eval-
uated in the current work. The results obtained are shown
in Table 4.

The sample commercialized in Spain with olive oil had
presented the highest Hg concentration, with an average
value of 76 lg kg�1, in accordance with Falc�o et al.[46] which
analyzed samples from Sardina pilchardus species from
Spain, with values ranging between 70 and 90 lg kg�1. On
the other hand, higher concentrations of MeHg and Se were
observed in sample from Thailand and conserved with
tomato sauce, showing values of 36 and 880 lg kg�1,
respectively. Regarding the MeHg/Hg ratio, only canned sar-
dines commercialized in Thailand, Canada and Brazil con-
served with tomato sauce presented mean values higher than
50%, indicating that the most toxic form of Hg is

Table 3. Total Hg, MeHg and Se contents found in the literature for sardine samples of different origins.

Species Country n

Analyte (lg kg�1)

ReferencesTotal Hg MeHg Se

Sardinella brasiliensis (oil) Brazil 25 33 (16–66) 15 (ND–45) 784 (410–1370) Current study
Sardinella brasiliensis (tomato sauce) 25 33 (13–59) 17 (ND–45) 790 (310–1070)
Sardinella jussiu China 4 92 25 – [28]
Sardine Portugal 4 – 45.25 – [30]
Sardinella sindesis Nigeria – 100 (20–310) – – [31]
Sardina pilchardus Italy 30–40 40 – – [32]
Sardine Korea 4 42 (30–54) 7 (3–15) – [33]
Sardina pilchardus Turkey 15 490 (180–770) – – [34]
Sardina pilchardus Spain 11 40 – – [35]
Sprattus sprattus Latvia 3 27.7 – – [25]
Portuguese Sardine Portugal 5 48 – –
Sardinops sagax South Africa 3 18 – –
Sardina pilchardus Spain 11 – – 279 (17–812) [11]
Sardina pilchardus Turkey 4 30 (10–50) – – [26]
Sardina pilchardus Morocco 9 84 – – [36]
Sardina pilchardus Spain 11 34 (9–67) – – [27]
Sardine Ghana 75 (10–40) – – [37]
Clupeonella cultriventris C�aspia Iran 30 86 (0.3–408) – 1887 (130–4500) [38]
Sardinella brasiliensis Brazil 5 – – 50 (4–200) [39]
Sardina pilchardus Spain 4 10.2 – 268 [12]
Sardine United Kingdom 9 41 (12–104) – – [40]
Sardine Portugal 19 18.2 (11.6–28) – – [41]
Sardinops melanostictus Japan 1 100 – 4100 [13]
Sardinella brasiliensis Brazil 25 127.8 (53–229.7) 49.9 (18–126.9) – [42]
Triportheus elongatus Brazil 12 376 – 991 [29]
Sardina pilchardus Lebanon 1 61.2 – – [43]
Sardina pilchardus Valencia 36 40 (20–300) – – [44]
Sardina pilchardus Madrid 5 250 230 1710 [10]
Sardine France – – 52 – [45]
Sardina pilchardus Spain 3 (70–90) – – [46]
Sardinella longiceps Iran 16 3 (3–5) 2 (2–4) – [47]
Sardine Lisbon 372 30 – – [48]
Sardina pilchardus Madrid 5 300 280 1580 [49]
Sardina pilchardus Italy 300 90 80 – [50]
Sardinella aurita Italy 150 (ND–300) (ND–300) –
Sardina pilchardus Croatia 10 142 – – [51]
Sardina pilchardus Croatia 10 208 – –
�ND, not detected.
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predominant in these samples. The mean values for Hg con-
tent in canned sardine samples from Brazil and Morocco
exhibited near values (33 and 39 mg kg�1, respectively).

Some studies have shown that the inorganic contami-
nants concentration depends on the country and the region
in which the fish species live, probably due to the degree of
environmental pollution of a particular region. This fact is
pointed out by Obeid et al.[43] in their study to evaluate the
presence of Hg in sardines from several locations in
Lebanon. The authors observed that the sardines with the
highest Hg concentration were from areas containing one of
the largest coal-fired power plants, which release significant
amounts of mercury, and from areas with cement factories.
Therefore, although the pollution is widespread, it may vary
according to geographic location, affecting mar-
ine organisms.

Determination of the estimated intake of Se and the
exposure of total Hg and MeHg in sardines

In order to calculate the estimated intake of Se for the con-
sumption of canned sardines, the average drained weight of
the samples commercialized in Brazil was determined (84 g).
Taking into account the mean values obtained for the sar-
dines conserved in oil (784lg kg�1) and sauce
(790lg kg�1), as well as the daily intake of Se (34 lg),[52]

the consumption of only 43 g of sardines (approximately
half a can) contributes with 100% of the recommended daily
intake for Se. This fact indicates that sardine can be consid-
ered as a good source of this essential micronutrient.

For the evaluation of the estimated exposure to the inor-
ganic Hg and MeHg present in the sardine samples, the
mean values of inorganic Hg (obtained by the difference
between the total Hg and MeHg contents) and MeHg,
33 mg kg�1 and 16 mg kg�1 were considered, respectively.
Besides, the calculations were done using the PTWI for
inorganic Hg[7] and MeHg[7] (4 and 1.6 mg kg�1 per body
weight, respectively), the average drained weight of a canned
sardine (84 g) and the weight of an adult as 60 kg. The
results showed that the consumption of sardines is respon-
sible for only 0.6 and 1.4% of PTWI for Hg and MeHg,
respectively, indicating a small contribution of the sardine in
this case. Although no risk for canned sardine consumption
was found in this study, a periodic program monitoring Hg
species in canned fish is recommended to ensure
food safety.

Hg:Se and Se:Hg molar ratio; Se-HBV index

For Hg:Se, Se:Hg molar ratios and Se-HBV index, the Hg
and Se mean values for canned sardine samples were divided
by the molecular weight of each respective element (Hg,
MeHg and Se). The parameters Hg:Se, Se:Hg molar ratios
and the Se-HBV index were used to evaluate the safety with
respect to sardine consumption and these results are shown
in Table 5. According to Ralston et al.[8] a healthy food pro-
file is observed under the following conditions: (i) Se:Hg
molar ratio higher than one; (ii) Hg:Se molar ratio lower
than one and (iii) positive value for the Se-HBV index.

In order to evaluate the Se-HBV index,[8] the results were
calculated in two different ways: using the Hg or MeHg
molar concentration (Eq. 1). Same values were obtained for
both equations, demonstrating a positive value of the Se-
HBV index for the two forms of Hg.

According to Table 5, all canned sardine samples showed
Hg:Se ratio lower than one and Se:Hg ratio values higher
than one, while the Se-HBV index, calculated using the Hg
and MeHg contents, was positive. Thus, these results indi-
cate a safe consumption of sardines with a lower risk of Hg
ingestion, since the Se content is high enough to compensate
for the toxic effects of MeHg.[8]

The characterization of sardine as a healthy fish due to
the protective effect of Se with respect to MeHg was also
stated by Olmedo et al.[11] The authors evaluated canned
sardines of the Sardina pilchardus species, commercialized
in Spain, and found a positive value for the Se-HBV index
(>1000) and values higher than one (>100) for the Se:Hg
molar ratio. Calatayud et al.[12] also studying canned

Table 4. Mean values (triplicate) and concentration range for Hg, MeHg, MeHg/Hg ratio and Se in canned sardine samples purchased from different countries.

Country (conserve) Species n Hg (lg kg�1) MeHg (lg kg�1) MeHg/Hg (%) Se (lg kg�1)

Brazil (Oil) Sardinella brasiliensis 25 33 (16–66) 15 (<3.7–45) 39 (13–71) 784 (410–1370)
Brazil (Sauce) Sardinella brasiliensis 25 33 (13–59) 17 (<3.7–45) 52 (10–96) 790 (310–1070)
Germany (Olive oil) Sardina pilchardus 1 29 6 21 490
Argentina (Olive oil) N.A. 1 69 22 32 770
Canad�a (Soybean oil) Clupea harengus 1 37 19 52 500
Spain (Olive oil) Sardina pilchardus 2 76 (56–95) 20 (4–39) 27 (5–51) 700 (547–861)
France (Extra virgin oil) Sardina pilchardus 1 43 9 21 670
Morocco (Olive oil/Sunflower oil) Sardina pilchardus 3 39 (31–41) 4 (<3.7–6) 11 (5–15) 520 (474–566)
Portugal (Olive oil/Sunflower oil) N.A. 3 64 (42–98) 19 (<3.7–47) 30 (3–73) 550 (474–632)
Thailand (Sauce) N.A. 1 58 36 61 880

N.A., not Available.

Table 5. Molar concentration for [Se], [Hg], [MeHg], [Hg:Se] molar ratio,
[Se:Hg] molar ratio and Se-HBV index obtained for canned sardine samples.

Country [Se]� [Hg]� [MeHg]� [Hg:Se]�� [Se:Hg]��
Se-HBV (Hg)

and
Se-HBV (MeHg)���

Brazil (Oil) 9.9 0.2 0.07 0.02 60 10
Brazil (Sauce) 10.0 0.2 0.07 0.02 61 10
Germany 6.2 0.1 0.03 0.02 43 6
Argentina 9.8 0.3 0.10 0.04 28 10
Canada 6.3 0.2 0.08 0.03 34 6
Spain 8.9 0.4 0.09 0.04 23 9
France 8.5 0.2 0.04 0.03 40 8
Morocco 6.6 0.2 0.02 0.03 34 7
Portugal 7.0 0.3 0.08 0.05 22 7
Thailand 11.2 0.3 0.16 0.03 39 11
�Molar concentration.��Molar ratio.���Se-HBV (health benefit value) calculated according to Ralston et al. [8]
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sardines from Spain, obtained 0.015lg kg�1 for the Hg:Se
molar ratio and 227 for the Se-HBV index. Both studies
meet the parameters necessary to classify the safe consump-
tion of sardines.

The Se-HBV index can be considered a practical and use-
ful tool to evaluate the risks related to the mercury exposure
present in the sardine samples.[15] The results observed in
the current study are in agreement with those established by
Raymond et al.,[15] which established that it is important
that the Se and Hg molar ratios in marine fish are deter-
mined and incorporated into the risk assessments related to
their consumption. In addition, the Se-HBV index can also
be used to establish a food classification, selecting those con-
sidered as sources of selenium and then nutritionally benefi-
cial to health.

Conclusion

� The consumption of half canned sardine commercialized
in Brazil can contribute with 100% of the recommended
daily intake for Se, allowing canned sardine to be consid-
ered as the source of this essential micronutrient.

� The Se-HBV index and the Hg:Se and Se:Hg molar ratios
determined in this work indicated that selenium levels in
canned sardine samples are enough to provide a protect-
ive effect on the Hg species.

� All canned sardine samples analyzed presented Hg and
MeHg levels below the maximum allowable limits.
However, the MeHg/Hg ratio showed that the most toxic
form of Hg (MeHg) is predominant in 52 and 39% of
the Brazilian samples conserved in tomato sauce and in
oil, respectively.
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