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Abstract
The selenium distribution in the scales or skin as one of the inedible tissues of several species of fish (Yellow tail Seriora quin-
queradiata, Red sea bream Pagrus major and Puffer Takihugu rubripes) was investigated in order to clarify the possibility of the 
utilization of selenium from those discarded tissues, in relation with the mercury distribution involving tissue. Both distributions 
were compared with those of the ordinary muscle. As a result, each selenium level in the scales or skin was about the same or 
somewhat higher than that involving muscle between those cultured and wild species of subjected fish in the present study. 
On the other hand, the mercury level was extremely low or nearly zero and Se/Hg (the molar ratio of selenium to mercury) was 
drastically high compared with that involving muscle, suggesting that the scales or skin will be usually inedible but significantly 
safe tissue which few heavy metals such as mercury will tend to accumulate. These findings suggested that the available utiliza-
tion of selenium may be expected from the scales or skin of fish, including the improvement of environment.

Key words
selenium, mercury, distribution, scale, available utilization

1.  Introduction
Previous research has already reported the profiles of 

mercury distribution in the ordinary muscle of cultured olive 
flounder, red sea bream, amberjack and Japanese scad, in re-
lation to those of selenium distribution (Kai et al., 2007; 2008; 
2009; 2010; 2011; 2012). On the other hand, the mercury dis-
tribution in the scales of a few species was also investigated, 
but surprisingly little mercury accumulation was observed in 
involving submitted fish during the breeding in the culture 
facility. The scales or the skin of fish is usually discarded as 
an inedible tissue. Therefore, if the selenium level of such 
discarded tissues is about the same or higher compared with 
that of the ordinary muscle, in addition to no mercury ac-
cumulation, the new utilization of selenium will be expected 
as an essential element (not only detoxification of mercury) 
from the inedible tissues of marine products, including the 
improvement of environment.

In the present paper, the selenium distribution in the scales 
or skin as one of the inedible tissues of several species of 
cultured and wild fish was investigated in order to clarify the 
possibility of the utilization of selenium from those discarded 
tissues, in relation with the mercury distribution involving tis-
sue.

2.  Materials and methods
2.1  Materials

In cultured species, three, ten and five individuals of Yellow 
tail Seriora quinqueradiata, Red sea bream Pagrus major from 

Oita Prefecture and Puffer Takihugu rubripes from Yamaguchi 
Prefecture were used in this study, respectively. On the other 
hand, in all wild species, three, nine and five individuals of Yel-
low tail, Red sea bream and Puffer from Fukuoka Prefecture 
were also used in this study, respectively. There was little def-
erence of the degree of growth between wild and cultured 
species in each sampled fish.

In the present study, the ordinary muscle as edible tissue 
and the scales (skin only in the case of Puffer) as inedible tis-
sue were removed from these fish bodies, and stored in a 
freezer until analyzed, and then submitted for analysis.

2.2  Methods
2.2.1  Determination of mercury

The total mercury concentration in each specimen was 
measured by a flow injection analysis system using cold va-
por atomic absorption spectrometry (FIAS-CV-AAS) preceded 
by a wet digestion in a microwave oven, and abbreviated as 
T-Hg (Aduna de Paz et al., 1997).

2.2.2  Determination of selenium
The oxidation number of selenium exists as –2, +4, and +6 

in aquatic organisms. The minus divalent selenium exists as 
an organic form, and this form will be the selenide species as-
signed to the selenohydryl groups (–SeH or SeHg and SeCd) 
substituting for the sulfur of the thiol group or bonding to 
heavy metals such as Hg and Cd. The chemical forms of the 
plus tetravalent and hexavalent seleniums will be selenite 
and selenate species joined to two neighboring thiol groups 
in the protein, respectively (Gasiewicz and Smith, 1978; Cap-
pon and Smith, 1981; Iwata et al., 1982).
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The total selenium concentration and the concentration 
of the low oxidation states of selenium (selenide and selenite 
species) (abbreviated as T-Se and [Org.Se+Se (IV)], respec-
tively) in each specimen were then measured using gas 
chromatography with an electron capture detector (Toei and 
Shimoishi, 1981). The concentration of the selenate species 
was estimated by the difference between T-Se and [Org.Se + 
Se (IV)], and abbreviated as Se (VI).

3.  Results and discussion
3.1  Mercury distribution
3.1.1  Yellow tail

The range of T-Hg in the ordinary muscle and scales of cul-
tured species were 0.074 to 0.084 and 0.003 to 0.005 μg/g (0.080 
± 0.004 and 0.004 ± 0.001 μg/g as each mean concentration), 
respectively. On the other hand, those of wild species were 
0.142 to 0.186 and 0.007 to 0.011 μg/g (0.161 ± 0.018 and 0.004 
± 0.002 μg/g as each mean concentration), respectively. Each 
mean mercury level is shown in Figure 1.

As Figure 1 shows, the mercury level of the scales in both 
species was significantly lower than that of the ordinary mus-
cle, and was nearly zero or below the detection limit.

3.1.2  Red sea bream
The range of T-Hg in the ordinary muscle and scales of cul-

tured species were 0.064 to 0.087 and 0.001 to 0.004 μg/g (0.072 
± 0.006 and 0.003 ± 0.001 μg/g as each mean concentration), 
respectively. On the other hand, those of wild species were 
0.059 to 0.173 and 0.001 to 0.005 μg/g (0.097 ± 0.027 and 0.003 
± 0.001 μg/g as each mean concentration), respectively. Each 
mean mercury level is shown in Figure 2.

As Figure 2 shows, the mercury level of the scales in both 
species was significantly lower than that of the ordinary 
muscle, and was nearly zero or bellow the detection limit as 

the case of Yellow tail.

3.1.3  Puffer
The range of T-Hg in the ordinary muscle and scales of cul-

tured species were 0.048 to 0.058 and 0.003 to 0.008 μg/g (0.051 
± 0.004 and 0.005 ± 0.002 μg/g as each mean concentration), 
respectively. On the other hand, those of wild species were 
0.036 to 0.084 and 0.005 to 0.015 μg/g (0.063 ± 0.019 and 0.008 
± 0.004 μg/g as each mean concentration), respectively. Each 
mean mercury level is shown in Figure 3.

As Figure 3 shows, the mercury level of the skin in both 
species was significantly lower than that of the ordinary 
muscle as the cases of Yellow tail and Red sea bream but was 
somewhat high compared with that of scales.

Figure 1: Mercury levels in (A) cultured and (B) wild Yellowtail
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Figure 2: Mercury levels in (A) cultured and (B) wild Red sea 
bream
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Figure 3: Mercury levels in (A) cultured and (B) wild Puffer
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3.2  Selenium distribution
3.2.1  Yellow tail

The ranges of [Org.Se + Se (IV)], Se (VI) and T-Se in the or-
dinary muscle of cultured species were 0.091 to 0.106, 0.146 to 
0.163 and 0.237 to 0.266 μg/g (0.100 ± 0.006 , 0.154 ± 0.007 and 
0.254 ± 0.012 μg/g as each mean concentration), respectively. 
Those in the scales were 0.162 to 0.177, 0.120 to 0.246 and 0.297 
to 0.408 μg/g (0.168 ± 0.006 , 0.188 ± 0.052 and 0.356 ± 0.046 
μg/g as each mean concentration), respectively.

On the other hand, those in the ordinary muscle of wild 
species were 0.167 to 0.202, 0.176 to 0.253 and 0.343 to 0.441 
μg/g (0.186 ± 0.014, 0.213 ± 0.031 and 0.399 ± 0.041 μg/g as 
each mean concentration), respectively. Those in the scales 
were 0.175 to 0.195, 0.160 to 0.170 and 0.345 to 0.355 μg/g (0.186 
± 0.008, 0.164 ± 0.004 and 0.350 ± 0.004 μg/g as each mean 
concentration), respectively. Each mean selenium level is 
shown in Figure 4.

As Figure 4 shows, the selenium level of the scales in both 
species was about the same as that of the ordinary muscle, 
not as in the case of the mercury level.

3.2.2  Red sea bream
The ranges of [Org.Se + Se (IV)], Se (VI) and T-Se in the or-

dinary muscle of cultured species were 0.043 to 0.064, 0.095 to 
0.258 and 0.150 to 0.312 μg/g (0.056 ± 0.007, 0.145 ± 0.048 and 
0.201 ± 0.049 μg/g as each mean concentration), respectively. 
Those in the scales were 0.061 to 0.177, 0.076 to 0.398 and 0.222 
to 0.510 μg/g (0.125 ± 0.041, 0.230 ± 0.096 and 0.355 ± 0.109 
μg/g as each mean concentration), respectively.

On the other hand, those in the ordinary muscle of wild 
species were 0.485 to 0.104, 0.122 to 0.331 and 0.283 to 0.769 
μg/g (0.194 ± 0.093, 0.206 ± 0.062 and 0.400 ± 0.128 μg/g as 
each mean concentration), respectively. Those in the scales 

were 0.123 to 0.355, 0.187 to 0.581 and 0.357 to 0.786 μg/g (0.194 
± 0.054, 0.328 ± 0.123 and 0.522 ± 0.089 μg/g as each mean 
concentration), respectively. Each mean selenium level is 
shown in Figure 5.

As Figure 5 shows, the selenium level of the scales in both 
species was somewhat high compared with that of the ordi-
nary muscle.

3.2.3  Puffer
The ranges of [Org.Se + Se (IV)], Se (VI) and T-Se in the or-

dinary muscle of cultured species were 0.092 to 0.282, 0.025 to 
0.188 and 0.217 to 0.305 μg/g (0.140 ± 0.072, 0.125 ± 0.055 and 
0.262 ± 0.034 μg/g as each mean concentration), respectively. 
Those in the skin were 0.131 to 0.244, 0.168 to 0.434 and 0.300 

Figure 4: Selenium levels in (A) cultured and (B) wild Yellowtail
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Figure 5: Selenium levels in (A) cultured and (B) wild Red sea 
bream
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Figure 6: Selenium levels in (A) cultured and (B) wild Puffer



130 Studies in Science and Technology, Volume 2, Number 2, 2013

to 0.565 μg/g (0.160 ± 0.042, 0.250 ± 0.097 and 0.410 ± 0.103 
μg/g as each mean concentration), respectively.

On the other hand, those in the ordinary muscle of wild 
species were 0.069 to 0.100, 0.099 to 0.229 and 0.183 to 0.306 
μg/g (0.081 ± 0.010, 0.144 ± 0.045 and 0.226 ± 0.042 μg/g as 
each mean concentration), respectively. Those in the skin 
were 0.102 to 0.204, 0.102 to 0.253 and 0.274 to 0.355 μg/g (0.131 
± 0.039, 0.180 ± 0.056 and 0.311 ± 0.028 μg/g as each mean 
concentration), respectively. Each mean selenium level is 
shown in Figure 6.

As Figure 6 shows, the selenium level of the scales in both 
species was somewhat high compared with that of the ordi-
nary muscle as the case of Red sea bream.

4.  Conclusion
Se/Hg (the molar ratio of selenium to mercury) of the or-

dinary muscle and the scales or the skin in all sampled fish 
species were estimated at molar basis as the indicator on the 
safety of marine products, from the point of the toxicological 
view of a trace amount of heavy metals such as mercury.

The ranges of Se/Hg in the ordinary muscle and the scales 
or the skin of cultured species were 2.89 to 15.81 and 140.99 
to 1285.44, respectively. On the other hand, those of wild 
species were 5.10 to 21.95 and 6.45 to 1191.45, respectively. 
From the facts, the distribution profiles of both ratios were 
about the same, and those mean values were larger than 1, 
suggesting that those sampled marine products are gener-
ally safe against the toxicity due to the accumulation of mer-
cury.  Especially, it is very noteworthy that those values in the 
inedible tissues such as scales or skin were extremely high 
compared with those in the ordinary muscle.  These findings 
mean that the new utilization of selenium as an essential ele-
ment will be expected using the discarded tissues containing 
the present inedible tissues, and moreover that the improve-
ment of environment will be performed by such utilization.

In further studies, using another species of fish, and shell 
crustaceans or seaweeds etc., the possibility of the overall uti-
lization of selenium from discarded or inedible tissues in the 
marine products should be clarified.
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