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Abstract
Background  The enhancement of fish immune system and growth performance throughout the administration of bio-friendly 
agents such as diet supplements (taurine) is considered a promising alternative in farmed aquatic species.
Materials and methods  The present study was aimed to examine the effect of supplementation of dietary taurine (0, 5 g-TAU5 
and 10 g-TAU10) in crystalline form (99% purity) in L. calcarifer juveniles, taking into account growth performance, general 
health indices and immune related-genes mRNA transcript abundance.
Results  The results confirmed that the supplementation of taurine enhances significantly all the growth parameters and a 
better flesh quality. While the blood biochemical and immunological factors didn’t present any significant differences, the 
expression of growth-related genes showed that IGF-1 was almost 3 times higher in fishes fed diet Tau 5 and Tau 10 com-
pared to the control group.
Conclusions  Finally, it can be concluded that at the maximum dose tested (10 g) the treatment was effective for Asian seabass. 
In addition, Tau inclusion in an FM-based diet can increase the productivity parameters along with raising the antioxidant 
status.
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Introduction

Fish health management and improving diet formulations in 
large production practices are major factors in the aquacul-
ture industry and for this reason, with the increased develop-
ment of the aquaculture industry; different strategies such as 
natural additive components have been used to handle these 
factors [1, 2]. Among different classes of supplements, tau-
rine is a β-amino sulfur amino acid and its essentiality in fish 
metabolism could be conditionally related to the species, the 
developmental stages and the nutrient behavior [3]. Some 

studies reported that its deficiencies in marine fish, fed plant 
protein (PP)-rich diets, could have symptoms of anemia and 
green liver syndrome while manifesting a slowed growth 
and reduced hepatic and plasma taurine concentrations [3].

Unfortunately, taurine (Tau) concentration in several 
kinds of FM including jack mackerel, white, menhaden 
and brown has been respectively reported as 0.23%, 0.34%, 
0.5%, 0.6%. Since, 50% FM is usually included in a FM-
based diet for carnivorous fish, the mentioned concentra-
tions of Tau in FM in these diets would reduce to half [4, 5]. 
Moreover, there are two different types of FM including high 
and low grades in the industry, which are different in terms 
of nutritional quality and composition [6].

On the other hand, there are several enzymes in fish, 
whose activity is vital for the endogenous synthesis of 
Tau, such as cysteamine dioxy-genase (CDO), cysteine 
sulphinate decarboxylase (CSD) or cysteic acid decar-
boxylase (CAD). In most marine fish, the activity of these 
enzymes is limited as reviewed by El-Sayed [3] and Salze 
and Davis [7]. However, due to low levels of Tau in com-
mercial FM-based diets, Tau requirement in a marine 
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carnivorous species, whose determined range is between 
1 and 15 g kg−1 diets, is not met by FM in a formulated 
diet and is often added to compensate for this reduction.

Some previous studies showed positive effects on 
growth performance, digestive enzyme activity, immunity 
status, antioxidative capacity and, in general, the stress 
resistance for example in Anoplopoma fimbria [8], Scoph-
thalmus maximus juveniles [9], Epinephelus Aeneus [10], 
Dicentrarchus labrax [11], Argyrosomus regius [12]) and 
Takifugu obscurus [13]. It seems that different duration of 
Tau administration, life stage and/or different fish species 
and dosage are the main factors that influence the benefi-
cial effect of dietary Tau on fish. Hence, recommending 
this amino acid as a feed additive in aquaculture relies on 
the prior determination of its metabolic effects on differ-
ent aquatic species under specific rearing conditions [14].

The species chosen for this experiment was the Asian 
seabass (Lates calcarifer), because it is considered a very 
interesting species for developing marine cage culture pro-
jects in tropical and semitropical areas. The aquaculture 
of this species due to high growth, survival and market 
demand and its ability to adapt to culture condition fluc-
tuations has been started from a decade ago in the coastal 
saline waters as well as in cage culture in the Persian Gulf 
and Oman Sea [15].

Despite there are some studies on Tau’s effects in 
aquatic species related to growth indices, feed efficiency 
and body composition, however very limited information 
is available about the supplementation of Tau in FM-
based diets and its impact on fish health, immunity and 
antioxidant status and gene expression. So, the present 
study was aimed to examine the effect of Tau integration 
in a FM-based diet for L. calcarifer juveniles, taking into 
account growth performances, general health indices and 
immune-related and growth-related genes mRNA tran-
script abundance.

Materials and methods

Fish and husbandry settings

One hundred and eighty (n = 180) juveniles of Asian seabass 
(L. calcarifer) with average weight of 13.7 ± 0.5 g were 
stocked into 9 fiberglass tanks (3 treatments in triplicates) 
of 300 L cylindrical polyethylene tanks (with more than 50% 
of daily recycling). The water physicochemical parameters 
including water temperature, pH and salinity were recorded 
28.6 ± 0.5 °C, 8.2 ± 0.2 and 40.0 ± 1.0 ppt, respectively and 
the photoperiod was 12 L:12 D (Light:Darkness). Fish were 
fed on the experimental diets twice a day (08h00 and 16h00) 
to apparent satiation for 6 weeks.

Experimental feeds

Three experimental diets were provided from a commer-
cial pellet diet (Beyza, Iran, crud protein = 51%, lipid = 
14%, ash = 15% and fiber = 2%) containing 0 (Control), 
5 g (Tau 5) and 10 g (Tau 10) Tau (crystalline form, 99% 
purity, Sumchun Pure Chemical, South Korea).

Sampling

At the end of the experiment, biometric indices were 
determined measuring individually 20 fish of each tank. In 
order to assess the body composition and liver antioxidant 
enzymes activity, 6 fish of each tank were randomly eutha-
nasia with overdose of an anaesthetic (2-phenoxyethanol) 
and the blood samples for plasma biochemical assays were 
drawn from the caudal vein and instantly eviscerated on 
an ice surface.

Chemical composition

The analyses of proximate composition of fish’s whole 
body including protein, lipid, moisture and ash were deter-
mined using standard methods of AOAC [16].

Antioxidant enzymes

The homogenate samples for antioxidant enzymes activ-
ity prepared according to Regoli et al. [17]. Glutathione 
reductase (GR) activity was measured in liver from 3 fish 
in each replicate, according to Cohen and Duvel [18]. Glu-
tathione S-transferase (GST) activity was measured by the 
absorbance increase at 340 nm as described by Habig et al. 
[19]. The soluble protein of crude enzyme extracts was 
measured according to the method described by Bradford 
[20]. Glutathione (GSH) and malondialdehyde (MDA) 
concentration were measured in the homogenate accord-
ing to Paglia and Valentine [21] and Buege and Aust [22], 
respectively.

Blood biochemical parameters

Biochemical parameters including glucose, albumin, total 
cholesterol and triglyceride were analyzed by means of 
an auto-analyzer, using commercial and standard kits 
(Pars Azmun, Tehran, Iran). The total protein content was 
assessed using bovine serum albumin as a standard accord-
ing to the method described by Bradford [20].
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Mucosal immune parameters

At the end of the experimental period, skin mucus samples 
were collected from 9 fish per group using a polyethylene 
bag containing 50 mMNaCl [23]. After mucus collection, 
fish were returned to the corresponding tank. The skin 
mucus lysozyme activity was measured according to a 
method based on the lysis ability of the skin mucus, using 
the lysozyme sensitive bacterium Micrococcus luteus 
(obtained from IBRC microorganism’s collection) [24]. 
The total Ig level in mucus samples was gauged according 
to the method that considers immunoglobulin precipita-
tion by means of polyethylene glycol [25]. The alterna-
tive complement pathway hemolytic activity (ACH50) was 
estimated following the procedure of Bagni et al. [26].

Gene expression

Elongation factor 1α (Ef1a with accession number 
GQ507427.1 and Sequences of primers Forward: AAA​
TTG​GCG​GTA​TTG​GAA​C and Reverse: GGG​AGC​AAA​
GGT​GAC​GAC​) was applied for internal housekeeping 
gene. The genes determined in the present study included 
Insulin-like Growth Factor I (IGF-I with accession number 
XM_018697285.1 and Sequences of primers Forward: ACG​
CTG​CAG​TTT​GTA​TGT​GG and Reverse: CCT​TAG​TCT​
TGG​GAG​GTG​CA) and Interleukin-1β (IL-1β with acces-
sion number XM_018669006.1 and Sequences of primers 
Forward: CCT​GTC​GCA​TTT​CAG​TAC​GG and Reverse: 
ATT​TCC​ACC​GGC​TTG​TTG​TC). All protocol and real-time 

quantitative RT‐PCR was performed according to Zeynail 
et al. [27].

Statistics

The analysis of variance by means of the Statistical Analysis 
System (version 9.4, SAS Institute, Cary, NC, USA) was 
undertaken on fish growth performance and physiological 
responses data. A Tukey’s post-test was used for multiple 
comparisons at significance of 0.05.

Results

Growth and feeding performance of the fishes of Asian sea-
bass juveniles (L. calcarifer) are reported in Table 1. While 
the final weight was significantly higher with diet Tau 10, 
the SGR and WG were similar in diet Tau 5 and Tau 10 
(3.2442, 3.3786 and 290.62, 313.50, respectively, vs. 3.0608 
and 261.70 in control) (P < 0.05). FCF and DFI were sig-
nificantly better in Tau 10 (P < 0.05). Food conversion ratio 
(FCR) and protein efficiency ratio (PER) showed similar 
better values in Tau 5 e Tau 10 (P < 0.05).

Moister (%) showed lower levels in diet Tau 5 and Tau 
10 than the control (P < 0.05, Table 2). Protein content (%) 
of the carcasses was higher in diet Tau 5 e Tau 10 (P < 0.05, 
Table 2). Lipid (%) presented a different trend, in fact their 
level was lower with diet Tau 10 (3.835), intermediate in 
control (4.500) and higher in diet Tau 5 (5.2103) (P < 0.05, 

Table 1   Growth and feeding performance of Asian seabass juvenile fed the different levels of Tuarine (Tau) for 6 weeks (mean ± SE)

In each row, groups with different superscript are statistically different (P < 0.05)
Legenda:
SGR (Specific Growth Rate) = 100 ×

[

Ln (Mean final body weight) − Ln (Mean initial body weight)
]

∕time (days);

WG (Weight Gain) (%) = 100
[

(Mean final body weight − Mean initial body weight)∕Mean initial body weight
]

;

FCF = Fulton’s Condition Factor = 
(

BWf∕standard length3
)

× 100

DFI (g) = Dry Food Intake (g)∕time (days);

FCR (Food Conversion Rate) = dry feed intake (g)∕wet weight gain (g);

PER (Protein Efficiency Ratio) = wet weight gain (g)∕protein intake (g);

Standard Error (SE)

Parameters Control Tau 5 Tau10

Initial weight (g) 13.89 ± 0.21079a 13.0508 ± 0.08492a 13.9358 ± 0.04652 a

Final weight (g) 50.2267 ± 0.35783b 50.9833 ± 0.61488 b 57.6200 ± 0.80829 a

SGR (% day−1) 3.0608 ± 0.02379b 3.2442 ± 0.01323 a 3.3786 ± 0.05120 a

WG (%) 261.70 ± 3.61993b 290.62 ± 2.16978a 313.50 ± 8.88988a

FCF 1.3752 ± 0.00980a 1.3737 ± 0.02194a 1.3006 ± 0.00121b

DFI (g) 9.9204 ± 0.04777a 9.2803 ± 0.04939a 10.4930 ± 0.00684b

FCR 0.9555 ± 0.00816a 0.8567 ± 0.01652b 0.8413 ± 0.01600b

PER 2.2271 ± 0.01892b 2.4853 ± 0.04795a 2.5307 ± 0.04804a
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Table 2). No significant differences were observed for the % 
of ash in the carcasses (P > 0.05, Table 2).

After 6 weeks of experimental feeding, no significant 
differences in terms of mucus immune response such as 
lysozyme, complement activity (ACH50), total immuno-
globulin (total Ig), total protein, albumin, triglyceride, cho-
lesterol and glucose in Asian seabass (P > 0.05; Table 3).

The investigation about the expression of immune-related 
and growth-related genes permitted to observe that IGF-1 in 
almost 3 times higher in fishes fed diet Tau 5 and Tau 10 (P 
< 0.05). It was considered also IL1B, but no significant dif-
ferences among the three treatments were observed (Fig. 1; 
P > 0.05).

Glutathione S-transferase (GST) presented similar con-
centrations in the 3 different treatments (Fig. 2; P > 0.05). 
GR levels were about 8.07 and 8.77 in diet Tau 5 and Tau 

10, respectively, vs. 7.15, observed in diet control (Fig. 2; 
P < 0.05). Great differences were reported for GSH, in fact 
the value for control (6.96) was significantly lower (almost 
a half) towards the concentration in diet Tau 5 (15.97) and 
Tau 10 (15.62) (Fig. 2; P < 0.05). The MDA had the lower 
concentration in diet Tau 5 (0.17), intermediate in Tau 10 
(0.38) and higher in control (0.66) (Fig. 2; P < 0.05).

Discussion

In fish tissues, Tau is present in high concentrations in 
various organs and for these reasons, recently, a number of 
studies have concentrated on evaluating and demonstrating 
the essentiality of its inclusion in the diet of many com-
mercially teleosts fish [3]. It is interesting to underline that, 

Table 2   Body composition of 
Asian seabass (L. calcarifer) 
juvenile fed the different levels 
of Tuarine (Tau) for 6 weeks (% 
of wet weight, mean ± SE)

In each row, groups with different superscript are statistically different (P < 0.05)

Parameters Control Tau 5 Tau 10

Moisture (%) 70.6563 ± 0.11844a 69.3107 ± 0.17017b 69.2447 ± 0.01062b

Protein (%) 18.8332 ± 0.24609b 19.6916 ± 0.5050a 20.0969 ± 0.13067a

Lipid (%) 4.5002 ± 0.22318ab 5.2103 ± 0.37873a 3.8350 ± 0.26325b

Ash (%) 4.1068 ± 0.15298a 4.1297 ± 0.06452a 3.9367 ± 0.02799a

Table 3   Blood biochemical and 
mucus immunological factors 
of Asian seabass (L. calcarifer) 
juvenile fed the different levels 
of Tuarine (Tau) for 6 weeks 
(mean ± SE)

No significant changes were observed (P > 0.05)

Parameters Control Tau 5 Tau 10

Lysozyme (U/ml) 11.4500 ± 0.63509 12.7000 ± 0.20207 11.9500 ± 0.40415
ACH50 (U/ml) 1.3000E2 ± 0.57735 1.3000E2 ± 1.15470 1.3390E2 ± 1.73205
Total Ig (mg/dl) 6.7300 ± 0.51962 6.2300 ± 0.11547 7.6300 ± 0.40415
Total protein (g/dl) 61.3437 ± 2.12921 64.4657 ± 2.74718 66.8410 ± 1.29950
Albumin (g/dl) 0.11755 ± 0.05290 0.20361 ± 0.08677 0.8470 ± 0.11755
Triglyceride (U/l) 0.02153 ± 0.12705 0.03729 ± 0.04621 0.9383 ± 0.02153
Cholesterol (mg/dl) 1.4163E2 ± 1.69878 1.4619E2 ± 1.36054 1.4412E2 ± 3.71459
Glucose (mg/dl) 0.7933 ± 0.17893 0.7170 ± 0.09035 0.7287 ± 0.31771

Fig. 1   Expression of immune-
related and growth-related 
genes in Asian seabass (L. 
calcarifer) juvenile fed the 
different levels of Tuarine (Tu) 
for 6 weeks. Different letters 
mean significant differences (P 
< 0.05)
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actually, in the past, Tau had not been considered essential 
in fish nutrition, but plenty of recent literatures indicate that 
its metabolic synthesis widely differs between fish species. 
In particular, some species lack at all of the ability of its 
endogenous synthesis or they are not able to produce it in a 
sufficient amount. Furthermore, Tau is commonly applied in 
diets in which fish meal (FM) is replaced with plant source 
protein to cover the reduction of FM in these diets. However, 
Tau levels in FM-based diet are also low compared to the 
base requirement and fresh food [28]. Therefore, the present 
study aimed to determine whether a FM-based diet requires 
to supplementing Tau and it could improve the productivity 
parameters of Asian seabass juvenile (D. labrax).

The studies about productive parameters conducted by 
Kim et al. [5] reported that a dietary Tau supplementation 
in FM-based diets stimulated the feed intake and the final 
body weight of Japanese flounder (Paralichthys olivaceus). 
Similarly, inclusion of Tau different levels in FM-based 
diets showed that growth performance and feed efficiency 
enhanced in European sea bass (D. labrax) juveniles when 
fish fed 0.7 and 1% Tau diets compared to the control group 
[29]. These juveniles showed a better growth performance, 
due by the addition of 0.2% of this amino acid when fish 
meal and soybean meal were used as the primary sources of 
protein [30]. Some studies that underlines the fact that Tau 
had no significant effects on growth performance in juve-
nile Japanese flounder (FM-based diet with 0.25, 0.5, 1, and 
1.5% Tau) [5], in red sea bream (Pagrus major), (FM-based 
diet with 0.3, 0.6, and 1% Tau and casein-based diet) [28, 
31], and Atlantic salmon (Salmo salar) [32] are also valu-
able, confirming that species, Tau dose, test duration and 
experimental conditions play an important role on enhanc-
ing a positive effect of dietary Tau on growth performance 
of the fish.

The present results confirm that the supplementation of 
Tau enhances significantly all the productive parameters 

compared to the control group. A part for the final weight, 
FCF and DFI, that were significantly better for diet Tau 10, 
the other measurements including WG, SGR, FCR and PER 
didn’t showed differences for the two levels of supplement (5 
or 10 g of Tau added in diet). The positive effects of dietary 
Tau supplementation may be due to different reasons as:

	 (i)	 Although Tau have little role as a feed attractant, it 
seems to increase fish growth performance [7, 30];

	 (ii)	 An increase in feed intake due to the appetite stimu-
lating effect as observed in our study can interpret the 
increased growth;

	 (iii)	 It is known that inclusion of dietary Tau can be asso-
ciated with feed utilization efficiency, which is in line 
with our result regarding FCR and PER;

	 (iv)	 Have a number of essential biological functions such 
as bile salt conjugation and bile acid metabolism to 
anti-oxidation, membrane stabilization, osmoregula-
tion, calcium-signaling and transport, neuro-protec-
tion, immunomodulation, myocardial contractility, 
retina development and several endocrine functions, 
such as detoxification [7];

Due to the carcass analysis, it can be stated that also the 
quality of the whole body in the present study was influ-
enced by the diets Tau 5 and Tau 10. In juvenile European 
sea bass (D. labrax), dietary Tau supplementation increased 
protein value, but decreased lipid content compared to the 
control group [29]. Similar results regarding body composi-
tion have been reported by Li et al. [33] for yellow cat fish 
(Pelteobagrus fulvidraco) and Yun et al. [34] and Qi et al. 
[35] for turbot (S. maximus) that fed the Tau-supplemented 
diets. The Asian seabass (L. calcarifer) juveniles fed with 
the control diet resulted more fat and with low protein lev-
els in comparison with the other two treatments, that were 
probably affected positively by the enhancement of the fat 

Fig. 2   Mean concentration 
of GST Glutathione S-trans-
feraseGST, GR Glutathione 
reductase, GSH Glutathione 
and mean concentration of 
MDA Malondialdehyde of 
Asian seabass (L. calcarifer) 
juvenile fed the different levels 
of Tuarine (Tau) for 6 weeks. 
Different letters mean signifi-
cant differences (P < 0.05)
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metabolism and the feed utilization efficiency by this sulfur 
compound like Tau (as reported by El-Sayed, [3]). It has 
been demonstrated that Tau has a significant effect on lipid 
metabolism and increases lipid absorption in the gut through 
improving bile acid secretion and cholesterol catabolism 
[36].

Since Tau has the numerous physiological and metabolic 
activities, it can be affirmed that deficiency symptoms has 
a negative impact on animal welfare and consequently on 
commercial production. Plasma glucose is usually used as 
a stress indicator in fish and its increase is often associated 
with the increased stress status [37]. In our results, plasma 
glucose remained unchanged among different treatments 
that indicating L. calcarifer fed with or without Tau diet 
did not induce physiological stress to fish. Similar to our 
results on blood biochemical parameters, the study of Han 
et al. [37] showed that plasma total protein, total choles-
terol and lysozyme activity were not significantly changed 
with supplementing Tau. However, some experiments 
have stated that blood biochemical parameters and innate 
immune response are also improved by the Tau supplemen-
tation on olive flounder (P. olivaceus) [38] and on yellowfin 
seabream (Acanthopagrus latus) [39]. Gunathilaka et al. 
[40] in red seabream (P. major) juvenile have reported that 
dietary Tau did not change glucose and cholesterol values 
and total immunoglobulin (total Ig) when fish fed Tau-sup-
plemented diet compared to fish fed the control diet. In the 
present study, although fish in the control group and Tau-
supplemented groups did not show significant differences 
in terms of immune response, the trend of total Ig lysozyme 
and ACH50 tended to increase, but this difference was not 
significant. The result of non-specific immune response and 
some biochemical parameters such as total protein and albu-
min indicated that the disease resistance of Asian seabass 
(L. calcarifer) may not change with the Tau supplementation 
under the current conditions.

The IGF-1 mRNA expression was measured in order to 
determine the hypothetic effect of Tau supplementation on 
gene expression. It was observed that IGF-1 was in almost 
3 times higher in fishes fed diet Tau 5 and Tau 10. This peak 
of IGF-1 confirms that it can be up-regulated by the Tau sup-
plementation in diets. Similar conclusions were reported by 
Kim et al. [38] and by Gunathilaka et al. [40] that observed 
the enforcement enhancement of IGF-1 mRNA expression 
by dietary Tau supplement, especially in waters character-
ized by low temperature, in the olive flounder and red sea-
bream, respectively. For these reason, Tau could increase 
the tolerance to low temperature stress [12]. Furthermore, 
since IGF-1 production in fishes is stimulated by the growth 
hormone (GH) and modulated by nutritional immunity of 
fish and shellfish, this can explain the present growth per-
formances observed [40].

Considering the pattern of the antioxidant enzymes of 
the present paper and the significant differences observed 
for GSH and GR, with a value in the control diet almost 
an half towards the other 2 experimental treatments for 
the first enzyme, it can be affirmed that they are consist-
ent with the fact that Tau has a similar function in human, 
mammals and fish. Its role is important in exerting nutri-
tional regulation in fish hepatic activity by eliminating 
different free radicals or by improving and/or recovering 
the antioxidant enzyme activities [41]. Vanitha et al. [42] 
described the modulatory effect of Tau on the liver mito-
chondrial enzyme system, considering the mitochondrial 
lipid peroxidation (LPO), antioxidants, major tricarboxylic 
acid cycle enzymes and electron transport chain enzymes. 
Fang at al. also reported that Tau can directly scavenge 
free radicals [43]. The maintaining of cellular homeosta-
sis and the protection of multiple tissues from systemic 
responses and damage is essentially assured by the redox 
system. Intensive breeding and rearing of fish generally 
exposed the animals to numerous stressors that can affect 
their productivity and the reproductive sphere.

Life stage of fish is important to influence the level of oxi-
dative stress, probably because juveniles are physiologically 
characterized by incomplete development of the endogenous 
antioxidant defense system and/or a delayed response of this 
one [44]. The effect on the reduction of the MDA was more 
evident in diet Tau 5 than in Tau 10, while the control group 
had the highest level of MDA. MDA is commonly consid-
ered as a marker of lipid peroxidation in fish; its presence 
in the muscle indicates muscular oxidative distress and it 
is probably related to the muscular dystrophy. But several 
investigations report that levels of MDA in the hepatic tissue 
are higher than the whole body, which may be determined 
by the significant liver storage of vitamin E. Oxidative stress 
can often be associated with slow growth and feed utilization 
[44], which is consistent with the results obtained with the 
control group in our study.

In conclusion, the results obtained confirmed that the 
supplementation of Tau in an FM-based diet exerts a posi-
tive effect on growth and feeding performances for Asian 
seabass juvenile. Also the antioxidant system activity 
reflected a positive effect. The dose of Tau (5 or 10 g) did 
not seem to exert a significant difference for all the param-
eters measured such as blood biochemical and mucus 
immunological factors. For this reason, it can be stated 
that at the maximum dose tested (10 g) the treatment was 
effective for Asian seabass (L. calcarifer). In addition, Tau 
inclusion in an FM-based diet can increase the productiv-
ity parameters along with raising the antioxidant status.
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