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An evaluation of dietary selenium nanoparticles for red sea bream
(Pagrus major) aquaculture: growth, tissue bioaccumulation,
and antioxidative responses
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Abstract
Selenium nanoparticles (Se-NPs) were added at 0, 0.5, 1, and 2 mg per kg diet to assess its effects on the performance, Se
bioaccumulation, blood health, and antioxidant status of red sea bream. After 45 days, Se-NPs positively impacted the growth
and feed efficiency of red sea bream especially by 1 mg per kg diet. No significant (P > 0.05) changes in survival and somatic
indices were noticed among groups. Dietary Se-NPs significantly (P < 0.05) increased the protein, lipid, and Se contents in the
whole body, muscle, and liver tissues, whereas decreasing the whole-body moisture content of treated groups compared with the
Se-NP-free group. Using of Se-NPs at 2 mg per kg diet resulted in the highest Se content in the complete body, muscle, and liver.
Significantly enhanced intestine protease activity and hematocrit levels accompanied with low cholesterol and triglyceride were
observed in fish fed Se-NP-enriched diets. Fish fed on Se-NPs at 0.5, 1, and 2 mg Se-NPs per kg diet exhibited significantly
higher values of biological antioxidant potential than the control group (P < 0.05). Therefore, the obtained results recommends
adding 1 mg Se-NPs per kg diet to improve the growth, feed efficiency, blood health, and antioxidant defense system of red sea
bream.
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Introduction

Selenium (Se) is an indispensable microelement and vital for
better performance and well-being of aquatic animals (Gobi
et al. 2018; Pacitti et al. 2016). The importance of Se supple-
mentation in fish feed has been well accepted since Se from

ambient water and feed itself cannot supply the optimal level
required by the cultured aquatic species. Even though Se is
typically required in much lower quantity in fish diet, its sup-
plementation at optimum level is a critical issue in fish feed
formulation (Rider et al. 2009; Rotruck et al. 1973). Scientific
reports gathered over last two decades indicate that Se is quite
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sensitive and proper care should be taken to ensure their in-
clusion at optimum level in fish feed formulation (Aliko et al.
2018; Le and Fotedar 2013; Sarkar et al. 2015;Watanabe et al.
1997; Zhu et al. 2012). Se bioaccumulation is affected by the
interaction between environmental factors like hardness, tem-
perature, salinity, and pH, as well as species-specific factors
such as feeding habits, metabolism, digestion, and excretion
efficiency, in addition to Se bioavailability in the water
(McCarty and Mackay 1993). In a low concentration of Se
in aquatic environments, aquatic animals can accumulate in
their tissues at acceptable levels without side effects.

Se deficiency may depress growth and appetite, as well as
cause peroxidative damage to cell membranes and result in
high mortality, while excessive Se may reduce feed efficiency
and result in reproductive failure, tissue destruction, and tera-
togenic deformities of organs (e.g., spine, head, mouth, and
fins) (Watanabe et al. 1997). Hence, an optimal dietary Se
level is important for different cultured fish species. Se can
protect the animal cell from oxidation which happens by sev-
eral stressors including, high density, transportation, poor wa-
ter quality, and infectious diseases by increasing the activity of
antioxidant-related enzymes and thyroid hormone metabolism
and reproduction (Hefnawy and Tórtora-Pérez 2010; Pacitti
et al. 2016). Se existed in fish meal as a major ingredient in
fish diets, but further inclusion of Se is highly recommended
to afford the requirements of some fish species (Le and
Fotedar 2013; Le and Fotedar 2013; Watanabe et al. 1997;
Zhu et al. 2012). The aquatic animals require more balanced
diets which contain the macro and micro ingredients to meet
the high metabolic rates associated with the increased growth
performance (Aliko et al. 2018; Sarkar et al. 2015). The addi-
tion of Se in fish diets can be affected by Se forms, diet for-
mulation, and fish body sizes and species (Zhu et al. 2016).
Normally, Se which occurs in both organic and inorganic
forms has been included in fish diets (Saffari et al. 2017).
Recently, Se nanoparticle (Se-NP) form has been applied
due to its high bioavailability and low harmfulness when fed
to fish (Saffari et al. 2017, 2018; Wang et al. 2007; Zhou et al.
2009). Additionally, nano-Se improved the growth, feed utili-
zation, and the antioxidant defense capacity of numerous cul-
tured fish (Ashouri et al. 2015; Naderi et al. 2017a, b, c;
Saffari et al. 2017).

Red sea bream (Pagrus major) is an important farmed fish
in Japan, Korea, and China because of its suitability for aqua-
culture, marketability, and stable market prices (Dawood et al.
2017; El Basuini et al. 2017). The present experiment clearly
demonstrated that red sea bream has a specific requirement
level for dietary Se-NPs which cannot be met by regular feed
and ambient water. Inclusion of dietary Se-NPs at optimum
level is imperative to promote the maximum growth, tissue
s a t u r a t i o n , a nd an t i o x i d a t i v e r e s pon s e s . Th e
immunoprotective effects of Se-NPs on red sea bream were
observed by Dawood et al. (2019a). However, there is no data

about the efficacy of Se-NPs on the growth and antioxidative
responses of red sea bream. Thus, this design was to find out
the ameliorative properties of Se-NPs on the growth, blood
health, oxidative status, and tissue bioaccumulation of red sea
bream.

Materials and methods

Experimental diets and procedure

The Se-NPs (Nacalai Tesque, Inc., Kyoto, Japan; particle size
is 38.7 nm) were added at the rates of 0, 0.5, 1, and 2 mg per
kg semi-purified basal diets (Table 1). The diet components
and Se-NPs were mixed to prepare the test diets by following
the Dawood et al. (2019a). Characterization of Se-NPs was
done according to Salahuddin et al. (2017) and Dawood et al.
(2019a) (Supplementary file).

Red sea bream were transferred from Tawaki farm,
Kumamoto, Japan, to the indoor wet Lab. at the
Kamoike Marine Production Laboratory, Faculty of
Fisheries, Kagoshima University, Japan, and kept in
500-L fiberglass tank for 2 weeks for acclimatization in

Table 1 Formulation and proximate composition of the experimental
diets

Item Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

Ingredients (g kg−1 dry diet)

Brown fish meal 280 280 280 280

Casein 280 280 280 280

Dextrin 70 70 70 70

α-starch 60 60 60 60

Soybean lecithin 50 50 50 50

Pollack liver oil 60 60 60 60

Vitamin mixture 30 30 30 30

Mineral mixture (Se free) 30 30 30 30

Activated gluten 50 50 50 50

Stay-C 0.8 0.8 0.8 0.8

α-Cellulose+Se-NPs 89.2 89.2 89.2 89.2

Proximate composition

Crude protein (g kg−1) 497.8 495.3 493.6 493.9

Total lipid (g kg−1) 109.4 108.7 109.9 111.3

Moisture (g kg−1) 92.8 96.3 97.0 94.6

Ash (g kg−1) 112.9 111.3 111.6 110

Gross energy (kJ g−1)1 19.3 19.4 19.3 19.2

Se content (mg kg−1) 0.3 0.9 1.3 2.3

1 Calculated using combustion values for protein, lipid, and carbohydrate
of 23.6, 39.5, and 17.2 kJ g−1 , respectively. Carbohydrate was calculated
by the difference: 100 − (protein + lipid + ash + moisture)
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accordance with “the guidelines on the care and use of
animals for scientific purpose set by Kagoshima
University.” Great attention was paid to minimize the suf-
fering of fish. Similar-sized 20 fish (4.04 ± 0.02 g) per
tank were randomly assigned in 12 tanks (100 L) (3 tanks
per treatment, triplicates) provided with “a flow-through
sea water system” with a continuous aeration. Water qual-
ity indices in each tank were as follows: “temperature,
26.5 ± 1.5 °C; dissolved oxygen, 6.1 ± 0.5 mg L−1; pH,
7.1; and light–dark photoperiod cycle was maintained at
12 h light and 12 h dark” (Dawood et al. 2015a, b;
Zaineldin et al. 2018). For 45 days, the fish were fed by
hand, twice daily, until apparent visual satiation level.

Final sampling

At the end of the trial, all fish in the different experimental
groups were weighed individually to calculate the growth and
survival parameters using the following formulae:

Weight gain (WG, %) = (W1 − W2) × 100/W1, where W1

and W2 are initial and final body weight (g) of fish.

Specific growth rate SGR;%per dayð Þ
¼ Ln W2ð Þ–Ln W1ð Þð Þ=duration 45 daysð Þf g � 100

Feed efficiency ratio FERð Þ
¼ live weight gain gð Þ=dry feed intake gð Þ

Protein efficiency ratio PERð Þ
¼ live weight gain gð Þ=dry protein intake gð Þ

Survival SUR;%ð Þ ¼ 100� N2=N1ð Þ
where N2 and N1 are initial and final number of fish.

Randomly, 5 fish per tankwere carefully chosen for carcass
proximate analysis and the amount of Se bioaccumulation in
whole body, muscle, and liver tissues, then stored at − 20 °C.

Another 3 fish were used to collect blood using 1.0 mL
heparinized syringes (1600 UI mL−1, Nacalai Tesque,
Kyoto, Japan) and divided for two portions. The hemato-
crit (HCT) was analyzed by following Dawood et al.
(2015c). Then, the residual blood portion was centrifuged
at 3000×g for 15 min, and resulting plasma samples were
kept at − 80 °C for further analysis. Following blood
sampling, the digestive tracts of fish were removed, cut
into small pieces, rinsed with pure water, and finally kept
at − 80 °C until protease activity assay. Then, the viscera
and the liver were dissected out from the fish above and
individually weighed and length was measured to calcu-
late the condition factor (CF), viscerasomatic index (VSI),
and hepatosomatic index (HSI) using the following for-
mulae:

Condition factor ¼ fish weight= fish lengthð Þ3 cmð Þ3 � 100

Viscerasomatic index ¼ viscera weight=fish weight� 100

Hepatosomatic index ¼ liver weight=fish weight� 100

Biochemical analysis

The diets and carcass composition were analyzed for mois-
ture, crude protein, crude lipid, and ash using standard
methods (AOAC 1998). Se contents of test diets, whole body,
muscle, and liver were assessed by the digestion of samples in
nitric acid (AOAC 1998). The concentration of Se in the di-
luted digested solution was determined using Atomic
Absorption Spectrophotometer-Graphite furnace (GBC
Avanta E, Victoria, Australia).

Plasma chemical parameters including “total bilirubin,
blood urea nitrogen, glutamyl oxaloacetic transaminase
(GOT), glutamic-pyruvate transaminase (GPT), triglycerides
(TG), and total cholesterol (T-CHO) were measured spectro-
photometrically with an automated analyzer (SPOTCHEM™
EZ model SP-4430, Arkray, Inc., Kyoto, Japan)” according to
Tatsumi et al. (2000). Samples of digestive tract were used to
analyze the protease activity according to Sigma’s non-
specific protease activity assay (casein as a substrate).

Antioxidant status

The antioxidative response was measured by analyzing the bi-
ological antioxidant potential (BAP) and reactive oxygen me-
tabolites (d-ROMs). BAP and d-ROMs were measured spec-
trophotometrically from blood plasma with an automated ana-
lyzer (FRAS4, Diacron International s.r.l., Grosseto, Italy) by
following Dawood et al. (2015c) and Morganti et al. (2002).

Statistical analysis

The normality and homogeneity of the data was checked with
the Shapiro–Wilk test (SPSS software). The data (means ±
standard error of means, SEM) were statistically analyzed by
one-way analysis of variance (ANOVA) followed by Duncan
to compare the means between levels of supplementation with
SPSS (Version 22) at P < 0.05 level.

Results

Growth and protease activity

Table 2 represents the growth, feed efficiency, and survival
results. The survival rates were 95% and 98.3% without sig-
nificant (P > 0.05) alterations. Dose-related enhancements for
the FBW, WG, SGR, FER, and PER, with the highest values
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in fish fed 1 mg. Fish fed Se-NPs displayed significantly (P <
0.05) higher FBW, WG, and SGR than in the control group.
The highest values of FER and PER were significantly (P <
0.05) detected in fish fed 1 mg.

Dose-related increases were detected regarding the intesti-
nal protease enzyme activity of fish fed Se-NPs (Fig. 1), with
higher significant values in fish fed 0.5 and 1 mg (P < 0.05).
However, insignificant (P > 0.05) changes were detected in
protease activity between 0.5 and 1 mg.

Carcass composition and somatic indices

The carcass compositions of fish are displayed in Table 3.
Compared with the control group, dietary Se-NPs had insig-
nificant (P > 0.05) influences on the whole-body ash content
and somatic indices including CF, HSI, and VSI. Dietary Se-
NPs significantly (P < 0.05) decreased the values of whole-
body moisture content compared with control group.
Significantly higher carcass protein and lipid contents were
observed in fish fed Se-NPs than the control group (P <
0.05). Dose-related increases were detected concerning the
body protein and lipid contents, with the highest values sig-
nificantly detected in fish fed 1 mg diet compared with the
values found in fish fed the Se-NP-free diet (P < 0.05).
However, insignificant variations were noticed in the carcass
protein content of fish fed 1 and 2 mg (P > 0.05).

Selenium bioaccumulation in fish tissues

Se in the carcass, liver, and muscle tissues were increased by
Se-NP supplementation in fish diets (Table 4). Fish fed 2 mg
exhibited significantly higher Se levels in the whole body over
the other diets (P < 0.05). Regarding liver and muscle Se
contents, dose-related increments were observed, being signif-
icantly higher in fish fed 1 and 2 mg (P < 0.05) compared with
the values of fish fed the control. Se tended to be more
bioaccumulated in the liver than in muscle tissue.

Blood parameters

Se-NP supplementation had no influence on the blood biochem-
istry of fish except for HCT, TG, and T-CHO (Table 5). Se-NPs
showed significantly (P < 0.05) improvedHCTespecially for 0.5
or 1 mg. On contrary, TG was significantly (P < 0.05) lower in
fish fed 2 mg, while fish fed 1 and 2 showed insignificant differ-
ences (P > 0.05). T-CHO was significantly increased in fish fed
the Se-NP-free diet regarding the fish fed 1 mg (P < 0.05).

Antioxidative response

The antioxidative response of fish is shown in Table 6 and Fig. 2.
The BAP was significantly (P < 0.05) upregulated in fish fed the
Se-NPs, while d-ROMs showed insignificant (P > 0.05) differ-
ences (Table 6). The combined d-ROMs and BAP responses
showed that 0.5 and 2mg groups are located in zone A reflecting
a lower intensity of oxidative stress and a higher tolerance ability
against oxidative stress (Fig. 2). Moreover, the fish group fed Se-
NPs at 1 mg is located in zone B showing higher BAP and d-
ROMs while the control group is located in zone C that refers to
lower BAP and low d-ROMs (Fig. 2).

Discussion

Micronutrients are highly recommended at adequate levels in the
formulated diets to afford cultured fish requirements in order to
keep the standard growth and health condition (Dawood et al.
2018; Dawood and Koshio 2018; El Basuini et al. 2016, 2017;
Pacitti et al. 2016; Yan et al. 2017). The obtained results revealed
that FBW,WG, and SGR parameters of fish were upregulated at
1 mg Se-NPs per kg, but presented no changes between 0.5 and
2 mg Se-NPs per kg, indicating that Se could be supplemented
for red sea bream at 1 to 2 mg Se-NPs per kg.

In general, our observations agree with previous trials con-
ducted to assess the role of Se in different fish species including
grouper (Lin and Shiau 2005), cobia (Liu et al. 2010), carp
(Ashouri et al. 2015), Nile tilapia (Lee et al. 2016), and rainbow

Table 2 Growth performance and
survival of red sea bream fed
different levels of selenium
nanoparticles*

Parameters Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

Final weight (g) 16.3 ± 0.2a 18.2 ± 0.6b 20.5 ± 0.6c 18.1 ± 0.3b

Weight gain (%) 301.9 ± 4.9a 350.9 ± 15.5b 409.4 ± 13.1c 347.7 ± 7.7b

SGR (% day−1) 3.09 ± 0.03a 3.34 ± 0.08b 3.62 ± 0.06c 3.3 ± 0.04b

FER 0.96 ± 0.03a 0.98 ± 0.04a 1.2 ± 0.05b 0.98 ± 0.01a

PER 1.92 ± 0.05a 1.98 ± 0.07a 2.43 ± 0.11b 1.98 ± 0.02a

Survival (%) 95 ± 2.9 97 ± 3.3 98.3 ± 1.7 98.3 ± 1.7

*Values represented with different subscripts are significantly different
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trout (Wang et al. 2018). Specifically, a significant enhancement
in growth performance has been previously demonstrated in carp
(Ashouri et al. 2015; Saffari et al. 2017; Zhou et al. 2009) and
tilapia (Lee et al. 2016) fed Se-NPs. Interestingly, Ashouri et al.
(2015) reported an improved growth performance at a similar
inclusion level (1 mg Se-NPs per kg) for common carp using
nanoform of Se. However, beneficial effects were achieved by
higher levels (5.56 mg) in yellowtail kingfish (Le and Fotedar
2013) and by lower levels in grouper (0.77 mg) (Lin and Shiau
2005). The minimum Se level giving maximum growth perfor-
mancemay vary according to Se forms, period of administration,
and experimental procedures as well as fish species and sizes.
Nonetheless, remarks of this study more confirm the hypothesis
that identical growth performance in aquatic animal species can
be achieved by lower levels of microminerals supplemented in
nanoforms rather than inorganic and organic ones (Apines et al.
2003; Lee et al. 2008). It is generally accepted that Se-NPs are
more readily available to fish (Ashouri et al. 2015; Saffari et al.
2017) and probably display wider and greater biological efficacy
(Wang et al. 2007) compared with other Se sources.

Oversupplementation of Se can negatively affect the fish
growth performance (Kim and Kang 2014, 2015; Pham and
Fotedar 2017). Excess Se supplementation may force P. major
to use energy for detoxification of Se rather than for toxicity for
growth and development, and accordingly growth is retarded.
Regardless, our results indicate that Se could be supplemented
to red sea bream at 1 to 2 mg Se-NPs per kg diets without
antagonistic effects on fish growth and feed efficiency.
However, the declined performance at 2 mg, compared with
1 mg Se-NPs per kg, suggests that a dietary Se-NPs up to
1 mg Se-NPs per kg diet may be beneficial for growth of red
sea bream under the circumstances of this study. Also, these
results confirmed the crucial demand for dietary Se for red sea
bream. Yet, specific Se requirements under different farming
conditions remain to be determined for red sea bream.

The Se-induced improvement on the growth and feed effec-
tiveness was due to the role of Se in the stimulation of growth

hormone production, synthesis of selenoproteins, activation of
intestinal protease enzyme, or enhancing in the intracellular pro-
tein of intestinal cells. Se can increase the production of growth
hormone and enhance growth performance in fish (Khan et al.
2017). In this study, the best feed efficiency values (FER and
PER) were in fish fed 1 mg Se-NPs per kg. Wang et al. (2013)
reported an increase in the intracellular protein of intestinal epi-
thelial cells of the crucian carp whichmay cause better utilization
of the fed diets, resulting in higher feed efficiency and growth
performance (Saffari et al. 2017). In addition, the expression of
selenoprotein genes was upregulated due to the role of Se in
selenoproteins synthesis, which resulted in the improved feed
utilization and growth performance in rainbow trout (Wang
et al. 2018). Furthermore, increased PER was verified in
African catfish fed Se (Abdel-Tawwab et al. 2007).
Micronutrients including Se act as co-enzymes in production/
activation of digestive enzymes (Shenkin 2006). Previous obser-
vations reported that dietary Se enhances protein digestibility and
utilization through increasing the amount and activity of intesti-
nal microbes and digestive protease (Chaudhary et al. 2010; Shi
et al. 2011). Thus, better feed efficiency values of sea bream fed
Se-NPs may be explained by the high intestinal cell protein con-
tent which resulted in well metabolism of absorbed nutrients.

The high carcass protein and lipid contents observed in fish
fed Se-NPs indicate that the protein and lipid contents of diets
were utilized efficiently by fish. This could be attributed in part to
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Fig. 1 Protease activity (unit mg−1 protein) in the intestine of red sea
bream fed diets supplemented with Se-NPs for 45 days. Values represent
means ± pooled SEM. Values with different letters are significantly dif-
ferent (< 0.05)

Table 3 Whole-body proximate analysis (g kg−1) and somatic
parameters in red sea bream fed different levels of selenium
nanoparticles*

Parameters Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

Moisture 714.6 ± 5.6b 696.7 ± 2a 692 ± 0.9a 685.7 ± 4a

Crude protein 142.3 ± 4.4a 158 ± 4b 170.6 ± 9c 168.6 ± 3c

Total lipid 58.7 ± 3a 68 ± 7b 75.9 ± 2.7c 68.7 ± 1.3b

Crude ash 44.7 ± 2.6 43 ± 0.3 44 ± 1 44.8 ± 1

CF (%) 1.82 ± 0.1 1.83 ± 0 1.84 ± 0.1 1.85 ± 0.1

HSI (%) 2.25 ± 0.2 2.39 ± 0.1 2.09 ± 0.3 2.2 ± 0.2

VSI (%) 2.89 ± 0.1 2.87 ± 0.1 2.6 ± 0.03 2.9 ± 0.3

*Values represented with different subscripts are significantly different

Table 4 Se content in whole body, liver, and muscle tissues of red sea
bream fed on different levels of selenium nanoparticles*

Tissue Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

Whole body 0.35 ± 0.02a 0.44 ± 0.03a 0.75 ± 0.05b 0.89 ± 0.02c

Liver 0.43 ± 0.03a 0.69 ± 0.08b 0.88 ± 0.02c 0.93 ± 0.06c

Muscle 0.29 ± 0.01a 0.54 ± 0.05b 0.82 ± 0.04c 0.91 ± 0.02c

*Values represented with different subscripts are significantly different
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the role of Se in enhancing growth hormone production (Ewan
1976) and protein synthesis in the intestinal epithelial cells
(Wang et al. 2013) as discussed above. Wang et al. (2018) re-
ported that selenoproteins accumulated more efficiently in rain-
bow trout tissues by Se supplementation and improved protein
synthesis which might present an interpretation for the increased
whole-body protein content. The increased carcass lipid content
together with increased body weight in groups fed Se-NPs might
be due to the high levels of lipids existed in the abdominal area in
fish body. CF, HSI, and VSI are somatic indices to measure the
energy kept nutritional state of the fish (Dawood et al. 2017). In
this study, CF, HSI, and VSI reflect the enhancement in the body
weight along with the length by Se-NPs. The absence of changes
in somatic indices may be attributed to the short duration of Se
feeding and the small size of our fish. Previous studies indicated
inconsistent responses of hepatosomatic index to dietary Se sup-
plementation (Khan et al. 2017).

The current findings revealed increased rate of Se accumula-
tion in the carcass, liver, and the muscle of fish fed Se-NPs. Se
was accumulatedmore in liver tissue than themuscle, suggesting
that the Se level in liver mirrors a more distinct dose–response to
dietary Se. Similarly, Se concentrations were increased in liver,
muscle, and gill in Nile tilapia fed diets supplemented with Se
(Lee et al. 2016). In contrast, the muscle Se concentrations were
increased in the case of white sturgeon fed Se, whereas the liver
Se was low (Tashjian et al. 2006). The liver is known as “the

main site of Se accumulation in fish, and degeneration of liver
tissue has been reported in fish exposed to an excess amount of
Se” (Apines et al. 2003; Hodson et al. 1980; Lee et al. 2008). In
our study, Se content in liver was similar in fish fed 1 and 2 mg
which imply an enhanced detoxification mechanism in liver at
higher levels of Se intake (Hilton et al. 1980) causing a shortage
of energy available for growth, and this phenomenon may con-
tribute to the interpretation of the little improvement in growth
with Se intake at 2 mg compared with 1 mg Se-NPs per kg.
However, the higher level of Se used in our study did not reach
a detrimental level because of absence of changes in liver func-
tion enzymes.

The values of blood parameters founded in this study are
similar to obtained results in red sea bream (Dawood et al.
2016a, b; Dossou et al. 2018a, b). Fish fed the control diet
hadmeaningfully higher T-CHO and TG but lower HCT values
than those fed Se-NPs. Previously, Se-NP supplementation had
increased the HCT levels in mahseer fish (Khan et al. 2017) and
reduced the T-CHO levels in carp (Ashouri et al. 2015).
Physiologically, plasma T-CHO and TG are reliable indicators
to present fish health status, immunity, and antioxidant ability
(Yang et al. 2014) whereas the HCT count can be used as an
indicator of the general health condition of fish (Song et al.
2014; Dossou et al. 2019). Thus, dietary Se-NPs can positively
affect the welfare of cultured red sea bream.

During injury or damage of the liver cells, the GOTand GPT
are released into the blood to evaluate the liver condition and
functionality (Lemaire et al. 1991; Hossain et al. 2016).
Although did not differ significantly among diets, the lower
values of GOT and GPT in fish fed Se-NP-supplemented diets
than those fed the Se-NP-free diet may indicate that Se-NPs are
not detrimental to liver health. Available information on Se-
induced changes in liver enzymes are controversial; Se-NP ad-
ministration was reported to minimize liver enzymes in loach
(Hao et al. 2014) and carp (Safari et al. 2017); however,
Ashouri et al. (2015) observed an increased activity of these
enzymes in carp receiving 1 and 2 mg.

The most vital role of Se is the antioxidant effect as it forms
“selenocysteine”, which is a part of the active center of the glu-
tathione peroxidase activity (GPx) (Köhrle et al. 2000). Se-NPs
are an effective microelement for the prevention of fish against
oxidative stress (Ashouri et al. 2015; Saffari et al. 2017). The role
of antioxidant enzymes is to “remove damaging reactive oxygen

Table 5 Hematocrit and blood chemistry parameters in red sea bream
fed different levels of selenium nanoparticles*

Parameters Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

HCT (%)1 34.7 ± 0.9a 34 ± 1.2a 38.3 ± 0.3b 42 ± 0.6c

T-BIL (umol L−1)2 11.5 ± 1.7 8.6 ± 1.7 9.8 ± 1.7 10.8 ± 3.4

BUN (mmol L−1)3 1.9 ± 0.1 2.1 ± 0.3 1.8 ± 0.0 2.1 ± 0.3

GOT (ukat L−1)4 1 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 0.8 ± 0.1

GPT (ukat L−1)5 0.6 ± 0.01 0.7 ± 0.01 0.5 ± 0.03 0.5 ± 0.1

TG (mmol L−1)6 1.7 ± 0.02b 1.8 ± 0.1b 1.6 ± 0.1ab 1.5 ± 0.1a

T-CHO (mmol L−1)7 4.6 ± 0.1b 4.3 ± 0.1ab 3.5 ± 0.5a 3.8 ± 0.3ab

*Values represented with different subscripts are significantly different.
1HCT hematocrit, 2 T-BIL total bilirubin, 3BUN blood urea nitrogen,
4GOT glutamyl oxaloacetic transaminase, 5GPT glutamic pyruvate
transaminase, 6 TG triglyceride, 7T-CHO total cholesterol

Table 6 Oxidative stress
parameters in red sea bream fed
different levels of selenium
nanoparticles*

Parameter Selenium nanoparticle level (mg kg−1)

0 0.5 1 2

d-ROMs (U. Carr)1 48 ± 4.6 44.67 ± 2.3 62.3 ± 2 51.67 ± 8.7

BAP (μ MOL L−1)2 2250.3 ± 30.8a 2816.3 ± 79.7b 2981 ± 187.1b 2865 ± 115.4b

*Values represented with different subscripts are significantly different. 1 d-ROMs reactive oxygen metabolites,
2BAP biological antioxidant potential
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species (ROS) from the cellular environment by catalyzing the
dismutation of two superoxide radicals to hydrogen peroxide and
oxygen (Fattman et al. 2003; Lin et al. 2010). Consequently,
levels of antioxidant enzymes have been extensively used as an
early warning indicator of toxicity and/or pollution (Burgos-
Aceves et al. 2018; Dawood et al. 2019b; Faggio et al. 2016;
Hodkovicova et al. 2019; Lin et al. 2001). Recently, oxidative
stress could be determined by measuring d-ROM and BAP in
plasma samples. Oxidative stress occurs when oxidant activity
exceeds the neutralizing capacity of antioxidants (Celi et al.
2010). Using these parameters, our study showed that fish fed
diets supplemented with Se-NPs were more tolerant of oxidative
stress indicating a higher health status”.

Conclusion

Se-NPs are required for better growth, feed utilization, and phys-
iological condition of red sea bream. For the optimal perfor-
mances of red sea bream, Se-NPs could be added at 1 mg per
kg. However, more detailed studies are needed to explain the
molecular mechanisms of Se-NPs in aquatic fish species.
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