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ABSTRACT. Taurine supplementation has shown survival and feeding efficiency in larval fish development. 

Thus, the present study aims to evaluate the effects of adding taurine to the longfin yellowtail (Seriola rivoliana) 

diet for 60 days. Fish (n = 270) were distributed in three treatments: T0 without taurine, T1, and T2, 

supplemented with taurine at 1 and 2%, respectively. Growth performance, blood serum biochemistry, fatty acid, 

and amino acid profiles in skeletal muscle were evaluated. Notable improvements (P < 0.05) were observed in 

T1 and T2 in terms of specific growth rate (SGR) and weight gain (WG). Survival rates (SR) did not show 

significant differences (P > 0.05). In addition, a decrease was observed in intraperitoneal fat (IPF). Still, an 

increase was observed in blood parameters, including higher total protein (TP) and globulin (GLO) 

concentration, as well as a reduction in cholesterol (CHO) levels. Changes in fatty acid profiles were also 

detected in skeletal muscle with an increase in omega-3 fatty acids (EPA and DHA) and elevation in taurine 

concentration in T2. The results showed that adding 20 g kg-1 of taurine to the diet improved growth, skeletal 

muscle, and blood serum biochemistry. Therefore, the use of higher taurine concentrations is recommended in 

future studies to understand fully the extent of the benefits to longfin yellowtail juveniles. 
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INTRODUCTION 

In the aquaculture industry, one of the most widely used 

ingredients for food processing is fishmeal because it 

has been considered a valuable nutritional source in 

feeding carnivorous fish bred in captivity due to its high 

protein content and amino acids (AA) profile (Zhou et 

al. 2004, NRC 2011). However, processed foods do not 

always fully cover nutritional requirements. Therefore, 

supplementing fish with other food additives, such as 

taurine, is very important since its absence has been  
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linked to diseases such as green liver in species such as 

red seabream Pagrus major, Japanese amberjack 

Seriola quinqueradiata, and totoaba Totoaba 

macdonaldi (Takagi et al. 2006, 2008, Satriyo et al. 

2017). Feed supplemented with this AA provides 

different health benefits to fish, including enhancing fat 

absorption, boosting bile acid secretion, fostering 

retinal function, developing the brain, and improving 

liver function. Taurine is a β-sulfonic AA considered 

one of the conditionally essential amino acids (EAA) 

for fish development (Salze & Davis 2015). Although 
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taurine is regarded as a semi-EAA, it is not part of the 

protein structure; instead, it stands out as the most 

abundant free amino acid (FAA) in vertebrate skeletal 

muscle (Schuller-Levis & Park 2003). 

Several studies have focused on the importance of 

taurine use in diets for different fish development 

stages. For example, taurine supplementation has 

shown beneficial effects on survival and feeding 

efficiency in larval stage for cobia Rachycentron 

canadum (Salze et al. 2010), red seabream (Kim et al. 

2016), Atlantic bluefin tuna Thunnus thynnus (Koven 

et al. 2018), greater amberjack Seriola dumerili 

(Matsunari et al. 2013), and yellowtail amberjack 

Seriola lalandi (Hawkyard et al. 2016). Similarly, 

supplying taurine to diets of carnivorous fish in the 

reproductive stage is essential due to their reduced 

ability to biosynthesize taurine within their body (El-

Sayed 2014), which allows them to be healthier, have 

better reproductive performance (Hernandez-de Dios et 

al. 2022), and improve spawning quality in species, 

such as Japanese amberjack (Matsunari et al. 2006), 

yellowtail amberjack (Salze et al. 2019) and greater 

amberjack (Sarih et al. 2019). 

Although taurine requirements in fish have not yet 

been precisely established, for some years, taurine 

deficiency has been suggested to be the cause of poor 

growth in various species fed diets with low animal 

protein levels (Yokoyama et al. 2001, Takagi et al. 

2008, Magalhães et al. 2019, Sampath et al. 2020). 

Studies have also been conducted to examine how 

taurine affects fish growth and has a positive effect on 

their growth and body composition in species such as 

Japanese amberjack (Matsunari et al. 2005), yellowtail 

amberjack (Garcia-Organista et al. 2019, Candebat et 

al. 2020), Colorado snapper Lutjanus colorado 

(Hernández et al. 2018), red seabream (Matsunari et al. 

2008), totoaba (Satriyo et al. 2017), rainbow trout 

Oncorhynchus mykiss (Biasato et al. 2022), striped 

catfish Pangasianodon hypophthalmus (Peter et al. 

2022), and sterlet sturgeon Acipenser ruthenus (Bavi et 

al. 2022). 

Longfin yellowtail (Seriola rivoliana) is a species of 

great commercial interest in aquaculture due to its 

growth potential, given that its success in culture lies in 

its good adaptation to captive production. In addition, 

this species is characterized by its resistance, fast 

growth rate, and high market value (Blanco et al. 2022). 

These qualities support current research and awaken 

future interest in the aquaculture development of this 

species. However, the AA requirements that the species 

requires for better growth as taurine are still unknown. 

Therefore, the present study aims to evaluate the effect 

of dietary taurine incorporation on the growth and 

biochemical composition of longfin yellowtail 

juveniles. 

MATERIALS AND METHODS 

Ethical procedures 

Secretariat of Agriculture, Livestock, Rural Develop-

ment, Fisheries, and Food (SAGARPA, by its Spanish 

acronym, Mexico) approved all the procedures used for 

fish handling through the Mexican Official Standard 

(NOM-062-ZOO 1999). 

Experiment design and culture system 

The experiment was conducted at Centro de Investi-

gaciones Biológicas del Noroeste (CIBNOR, Baja 

California Sur, Mexico). The organisms were obtained 

by donation from the commercial company King 

Kampachi, Mexico. Before starting the experiment, the 

fish were acclimatized at 24.5°C for 20 days. Subse-

quently, 270 physically healthy fish were selected with 

an initial weight of 286.8 ± 35 g and a total length of 

26.6 ± 1.2 cm, distributed homogeneously in 3000-L 

tanks with an open system, and evaluated in triplicate, 

using 30 fish per replicate. To maintain water quality, 

daily measurements of temperature (24.5 ± 0.5°C), 

dissolved oxygen (7.4 ± 1.2 mg L-1), salinity (36 ± 0.7), 

and pH (7.8 ± 0.2) were taken using a multiparameter 

(YSI PRO20, YSI Inc/Xylem Inc, OH, USA). Nitrite 

(<0.25 ppm), nitrate (<5 ppm), and ammonium (<0.25 

ppm) were also measured by colorimetry with the API® 

Saltwater Master Test Kit (USA). Treatments had a 

daily water replenishment rate of 100%, corresponding 

to a flow rate of 125 L h-1. The organisms were 

maintained under a 12:12 h light:dark photoperiod. 

Food design and feeding  

Three diets were prepared based on a commercial 

AQUATEC® (QRO, Mexico) brand feed; the food was 

initially pulverized with a 1-HP meat grinder. The 

resulting particles were mixed with a 20-kg industrial 

mixer for 20 min. With a purity of 99.9% (Encap-

suladoras Mexico®), taurine was previously dissolved 

in water and carefully added to ensure its effective 

incorporation and achieve the desired concentrations of 

1 and 2%. The control diet (T0) was not supplemented 

with taurine. During the mixing process, 35% water 

was incorporated; subsequently, the feed was processed 

through an extruder, cutting it into pieces of 

approximately 5 mm. These pieces were collected and 

dried in a horizontal airflow oven (VWR 1680 Hafo 
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Series, USA) at 35°C for 15 h. Finally, the feed was 

stored at -20°C for later use.  

The whole elaboration process was carried out at the 

CIBNOR Aquaculture Nutrition Laboratory. Table 1 

shows the proximate composition analysis, including 

the methods for protein (960.52), lipids (920.97), and 

ash (942.05), carried out following the methods of the 

Association of Official Analytical Collaboration 

Methods of Analysis (AOAC 1995). In addition, the 

AAs (Barreto et al. 2019) and fatty acid composition 

were evaluated (Folch et al. 1957). The fish were fed 

for 60 days at 4% of total biomass four times daily 

(09:00, 12:00, 15:00, and 18:00 h). The amounts 

supplied were adjusted every 20 days according to 

biomass. 

Serum biochemical parameters 

Blood extractions were performed at the beginning and 

end of the experiment (n = 9 per treatment) using the 

methodology of Guzmán-Villanueva et al. (2014) with 

modifications. The organisms were previously 

anesthetized with eugenol (1 mL 10 L-1) to facilitate 

extraction. Blood samples were obtained from the 

caudal vein using sterile syringes; subsequently, the 

samples were centrifuged at 3000 g for 5 min 

(GUSTO® High-speed, Heathrow Scientific, IL, USA) 

and stored at -80°C for biochemical analyses. The 

blood obtained was used to measure various 

parameters, including total protein (TP), albumin 

(ALB), glucose (GLU), and cholesterol (CHO), which 

were determined using kits from Pointe Scientific, Inc. 

(USA). Triglycerides (TRI), alanine aminotransferase 

(ALT), and aspartate aminotransferase (AST) were 

determined using Sigma-Aldrich® (USA) kits. 

Arithmetic calculations determined globulin (GLO), 

ALB:GLO, and AST:ALT ratios. Absorbance measure-

ments were carried out using a Thermo Scientific 

VarioskanTM Flash multimode spectral scanning reader 

(Thermo Fisher Scientific, Inc., MA, USA). 

Growth and somatic indexes 

Length and weight measurements were performed on 

days 1, 20, 40, and 60 of the experiment to evaluate fish 

growth. In addition, nine fish per treatment were 

euthanized at the experiment's beginning and end. Each 

fish was measured and weighed to calculate specific 

growth rate (SGR), weight gain (WG), survival rate 

(SR), feed conversion ratio (FCR), protein efficiency 

ratio (PER), condition factor (K), and thermal growth 

coefficient (TGC). Liver and visceral fat samples were 

obtained to evaluate somatic indices at the beginning 

and end of the experiment. These samples were used to  

Table 1. Biochemical composition means values of longfin 

yellowtail diets. HIS: histidine, ARG: arginine, THR: 

threonine, VAL: valine, MET: methionine, LYS: lysine, 

ILE: isoleucine, LEU: leucine, PHE: phenylalanine, ASP: 

aspartic acid), SER: serine, GLU: glutamic acid, GLY: 

glycine, ALA: alanine, TYR: tyrosine, TAU: taurine. 

 

Analytical contents (dry matter %) T0 T1 T2 

Crude protein 49.4 49.4 49.3 

Lipids 15 15.2 15 

Ash 9.5 9.4 9.5 

Amino acid (g 100 g-1) 

HIS 3.3 3.3 3.3 

ARG 5.7 5.8 5.7 

THR 2.2 2.2 2.2 

VAL 1.5 1.5 1.5 

MET 1.7 1.7 1.8 

LYS 2.9 2.8 2.8 

ILE 1.8 1.8 1.8 

LEU 3.7 3.7 3.6 

PHE 2.3 2.3 2.3 

ASP 2.8 2.9 2.8 

SER 2.7 2.7 2.7 

GLU 5.8 5.9 5.8 

GLY 6.2 6.2 6.4 

ALA 3.1 3.1 3.1 

TYR 1.8 1.8 1.8 

Others    

TAU 1.4 1.4 1.4 

Synthetic TAU 0 1 2 

Fatty acids (%)    

Ʃn3 19.5 19.6 19.5 

Ʃn6 13.7 13.6 13.7 

Ʃn9 26.3 26.3 26.3 

EPA+DHA 13.9 13.9 13.9 

 

calculate the hepatosomatic index (HSI) and the intra-

peritoneal fat (IPF) amount. 

 

SGR = 
ln (final weight) - ln (initial weight) 

number of days
 × (100) 

WG = final weight - initial weight 

SR = 
number of fish at the end

 number of fish at the start
 × (100) 

FCR = 
total amount of feed consumed 

total weight gain
 

PER = 
total wet weight gain 

protein intake (dry weight, g)
 

K = 
total weight 

total length
3

 × (100) 

TGC = 
final weight ⅓ - initial weight ⅓ 

T(°C)×days
 × (1000) 
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HSI = 
liver weight 

total body weight
 × (100) 

IPF =
 intraperitoneal fat weight

 total body weight
 × (100) 

Amino acid and fatty acid profile 

In the AA analysis, 100 mg of defatted and dried 

samples were taken and then hydrolyzed with a mixture 

of 6N HCl and 0.06% phenol. The mixture was then 

digested at ~113°C for 15 h in a closed vial under a 

nitrogen atmosphere to avoid oxidation and produce 

FAA. After the hydrolysis period, the samples were 

adjusted to a final volume of 100 mL, where they were 

filtered through 0.45 µm Acrodiscs (Cytiva, P.N. 

4426T). A final volume of 1.5 mL was placed in a 

previously cleaned, calcined, and amber-colored vial. 

The samples were refrigerated at -30°C until processing 

in high-performance liquid chromatography (HPLC). 

Derivatization was carried out directly on the Agilent 

HPLC (Model 1200 Infinity Series, CA, USA). In 

general, 2.5 µL of phosphate buffer (Part Num. 5061-

3339) was taken, followed by 0.5 µL of the sample at a 

1:1:1 ratio of OPA:FMOC (orthophthaldehyde: fluore-

nylmethyloxycarbonyl). Subsequently, they were injected 

in a continuous sequence into the HPLC. A reverse-

phase C18 Zorbax Eclipse AAA column (4.5  150 mm, 

3.5µm, PN 963400-902) was used for the AAs 

separation, with an injection volume of 5 µL. For the 

run, a sodium phosphate buffer gradient at 40 mM 

(Sigma Aldrich, MO, USA, cat num. 71500-250 g) and 

a mixture of acetonitrile at 45%, methanol at 45%, and 

HPLC-grade water at 10% were used at a flow rate of 1 

mL min-1. The system is coupled with a fluorescence 

detector (1260 FLD series, Agilent Technologies, USA) 

and a DAD detector (1260 DAD-UV, Agilent 

Technologies, USA). These detectors were configured 

at two wavelengths, 340/450 nm for excitation/ 

emission in fluorescence and 266/305 nm for 

excitation/emission, and for the DAD, at 380 nm (OPA) 

and 262 nm (FMOC). 

The calibration curve was performed using a 

standard solution of AA (PN 061-3330) with concen-

trations from 50 to 350 pmol. Finally, the area under the 

curve was estimated using the "OpenLAB" program 

(Agilent Technologies 2000, CA, USA), thus obtaining 

the percentage of AAs concerning protein content in the 

samples. 

The lipids used for fatty acid analysis were extracted 

according to the methodology described by Folch et al. 

(1957). Small modifications were incorporated, such as 

adding 0.01% of butyl-hydroxy-toluene or BHT 

(C15H24O) as an antioxidant solution, working at the 

lowest possible temperature, and making lipid 

extraction. The fatty acid methyl esters (FAMEs) of the 

lipid extracts from muscle tissues were prepared 

according to Christie (1993). The fatty acids were 

separated, identified, and quantified using gas chroma-

tography. An AGILENT GC 7820A gas chromatograph 

(Agilent Technologies 2000, CA, USA) equipped with 

a Split/Splitless injector was used, including a flame 

ionization detector (FID) and an AGILENT 122-2361 

DB-23 capillary column measuring 60 m × 0.25 mm 

with an internal diameter of 15 mm. Calculations were 

performed using the GC Chemstation Data Analysis 

software. The initial injection temperature was set at 

50°C for 1 min, then raised to 190°C at a rate of 25°C 

min-1, held for 0 min, and subsequently increased to 

230°C at a rate of 6°C min-1; nitrogen (N2) was used as 

the carrier gas at a flow rate of 0.9 mL min-1. Fatty acids 

were identified by comparison with retention times of 

the following standards: 37 Component FAME Mix 

(Supelco®/ Sigma- Aldrich, USA); GLC 87, GLC 96 

(Nu-ChekPrep®, MN, USA); RM-2, RM-6, and GLC90 

(Supelco®/Sigma-Aldrich®); and PUFAs from marine 

oils (PUFA1 and 3, Supelco®/Sigma-Aldrich, USA) 

was also used as an identification standard; the 

OpenLab-CDS program (Agilent Technologies 2000, 

CA, USA) was used, and the composition of each fatty 

acid was calculated according to the corresponding area 

in the respective chromatogram. C19:0 fatty acid was 

used as an internal standard. The results are shown as 

the total percentage of methylated fatty acids. 

Statistical analysis 

Data related to growth, blood biochemistry, and 

amounts of fatty acids and AAs were tested for 

normality (Shapiro-Wilk) and homogeneity of variances 

(Levene). Where data followed a parametric distri-

bution, a one-way analysis of variance (ANOVA) was 

used, followed by a Tukey's test to compare means. On 

the other hand, when the data were non-parametric, the 

Kruskal-Wallis test was applied, followed by Dunn's 

test for multiple comparisons. To evaluate growth 

(weight, length) and blood biochemistry, a factorial 

ANOVA was used to analyze the interactions between 

time and treatments. 

A factor analysis was performed using the principal 

component analysis (PCA) method with Varimax 

rotation to explore the underlying structure of the body 

composition indices and blood parameters. This 

analysis aims to simplify data interpretation and 

improve the understanding of the interactions between 

these variables concerning the treatments. 
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RESULTS 

Longfin yellowtail growth 

The study showed differences in weight when an 

interaction between time (days) and groups supple-

mented with and without taurine (Fig. 1b). At the 

beginning of the experiment, the fish had a mean 

weight of 286.8 ± 35 g. After 20 days, no significant 

differences (P > 0.05) in weight were observed 

between the groups with and without taurine, with a 

mean weight of 392.9 ± 52 g. However, after 40 days, 

the fish of the T2 group (591 ± 22 g) started showing 

significant differences (P < 0.05) compared to T0 (505 

± 48 g). At the end of the experiment, T2 showed a 

greater WG, reaching 704 ± 95 g (P < 0.05) in contrast 

to T1 and T0, which recorded weights of 655 ± 88 and 

611 ± 62 g, respectively. 

Total length showed differences when an interaction 

of time (days) and groups supplemented with and 

without taurine (Fig. 1a). At the beginning of the 

experiment, no differences (P > 0.05) were observed 

between T0, T1, and T2 when fish started with a mean 

length of 26.6 ± 1.2 cm. After 20 days, no significant 

differences (P > 0.05) were found between the taurine 

and without taurine groups. However, at 40 days, T0 

and T1 showed no difference between them (P > 0.05), 

but T2 (32.6 ± 1 cm) showed differences concerning T0 

(P < 0.05). At the end of the experiment, T2 reached a 

total length of 37 ± 1.3 cm, showing significant 

differences with T1 and T0 (P < 0.05), which recorded 

lengths of 34 ± 1.9 cm and 33.4 ± 1.2 g, respectively. 

Condition and food efficiency indexes 

The different taurine levels significantly impacted the 

experimental fish's condition, feeding, and somatic 

indices (Table 2). WG was significantly higher (P < 

0.05) in T2 (406.9 ± 63.8 g) compared to T1 (378.28 ± 

83) and T0 (326.94 ± 53 g). In addition, SGR increased 

as the addition of taurine in the diet increased (P < 0.05) 

from 1.27 ± 0.06% in T0 to 1.48 ± 0.09% in T2, 

indicating faster growth with the addition of taurine (20 

g kg-1) in the diet. Regarding FCR, T0 (2.83 ± 0.5) 

showed the highest values (P < 0.05) concerning T1 

(2.51 ± 0.6) and T2 (2.25 ± 0.3) (P < 0.05), which is a 

positive indicator since it suggests higher efficiency in 

feed conversion to body mass. On the other hand, PER 

showed a significant increase (P < 0.05) in T2 (1 ± 

0.15) compared to T0 and T1 groups, which suggests a 

better utilization of dietary protein with a higher 

amount of taurine, contributing to the observed WG. 

Regarding K, T1 showed the highest values, 1.68 ± 0.1, 

with significant differences (P < 0.05) concerning T0 

and T2. It is essential to highlight that a higher K value 

does not always indicate a better performance. Finally, 

HSI was higher in T0 (2.0 ± 0.24%) compared to T1 

and T2 groups, but these differences were not 

significant (P > 0.05). In addition, IPF was significantly 

higher (P < 0.05) in T0 (2.03 ± 0.76%), with a diffe-

rence of 1% compared to T2, suggesting an increase in 

fat accumulation in the abdominal cavity of longfin 

yellowtail juveniles due to the absence of synthetic 

taurine in the diet. 

Blood biochemistry 

Differences were found in blood parameters when the 

interaction between time (initial and final) and the 

groups supplemented with and without taurine were 

analyzed (Table 3). The T2 group at the final time 

showed differences concerning T0 and T1 (P < 0.05), 

increasing TP concentration (4.8 ± 1 g dL-1), GLO (3 ± 

0.1 g dL-1), as well as a decrease in GLU (201 ± 10 mg 

dL-1). However, taurine had no significant effect (P > 

0.05) on ALB levels, maintaining a constant value of 

1.6 ± 2 g dL-1 among the different treatments. Similarly, 

no differences (P > 0.05) were observed in TRI 

concentrations, with a mean of 114.6 ± 28 mg dL-1 

between T0, T1, and T2. In addition, the T0 group 

showed higher CHO levels at the end (216 ± 20 mg dL-1) 

than T2 (P < 0.05), suggesting a positive effect of 

taurine on total cholesterol levels. Variations in liver 

enzymes were also observed at the end of the 

experiment, where the T1 group presented differences 

(P < 0.05) in AST levels (74.2 ± 20 U L-1) concerning 

T0 (45 ± 22). No significant differences (P > 0.05) were 

observed in ALT at the end between T0 (41.3 ± 28), T1 

(64.1± 25), and T2 (63.6 ± 3) treatments. On the other 

hand, the AST:ALT ratio in T2 was lower (0.88 ± 0.2) 

compared to T0 and T1; however, no significant 

differences (P > 0.05) were observed, remaining 

similar to the initial values of the experiment. 

Principal component analysis  

The PCA applied to the blood parameters shows that 

PC1 is the most influential component, explaining 

40.7% of the total variance and an eigenvalue of 4.07. 

The variables ALT, TP, and GLB have a strong 

relationship with this component, with loadings of 0.89, 

0.91, and 0.90, respectively. The variables AST and 

ALB are also associated with PC1, although with lower 

loadings of 0.587 and 0.683. In addition, PC1 ordered 

GLU and ratio TGO: TGP, but with negative loadings 

of -0.167 and -0.77, respectively. As for PC2, which 

explained 19.12% of the total variance with an 

eigenvalue of 1.9, ordered TRI and CHO with loadings 
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Figure 1. Growth evolution of longfin yellowtail during 60 days. a) Represents total length reached, and b) shows weight 

gain. Different letters indicate significant differences between time-treatment interactions (P < 0.05). 

 

Table 2. Longfin yellowtail growth parameters, food efficiency, and somatic indexes (n = 3 per tank) fed taurine and control 

diet without taurine. Mean ± standard deviation. WG: weight gain, TGC: thermal growth coefficient, SGR: specific growth 

rate, FCR: food conversion ratio, PER: protein efficiency index, K: condition factor, HSI: hepatosomatic index, IPF: 

intraperitoneal fat index, and SR: survival rate. A different superscript letter in the same row indicates statistically significant 

differences (P < 0.05). 
 

Parameters T0 T1 T2 P-value 

WG (g) 326.94 ± 53c 378.28 ± 83.8b 406.9 ± 63.8a <0.001 

TGC 001.29 ± 0.11c     1.47 ± 0.21b 1.54 ± 0.12a <0.001 
SGR (% d-1) 1.27 ± 0.06b    1.44 ± 0.15a 1.48 ± 0.09a <0.001 

FCR 2.83 ± 0.52a    2.51 ± 0.67b 2.25 ± 0.3c <0.001 

PER   0.8 ± 0.13c    0.9 ± 0.2b 1.0 ± 0.15a <0.001 

K (%) 1.61 ± 0.07b  1.68 ± 0.1a 1.54 ± 0.04c <0.001 

HSI (%) 2.00 ± 0.24a    1.97 ± 0.33a 1.77 ± 0.38a   0.087 

IPF (%) 2.03 ± 0.76a     1.56 ± 0.32ab 1.00 ± 0.23b <0.001 

SR (%)   99 ± 1a  98 ± 1a 99 ± 1a   0.421 

 

 

of -0.679 and -0.51, respectively, and ALB:GLO ratio 

with a loading of 0.60. The biplot (Fig. 2a) highlights a 

correlation between the initial treatments and the 

parameters ALB, GLO, TP, and ALT; in contrast, the 

final group T0 is more associated with the AST:ALT 

ratio. The final groups, T1 and T2, show a higher 

correlation with GLU and CHO values. 

In the PCA of growth-related parameters, PC1 is the 

principal component, explaining 63.2% of the total 

variance and an eigenvalue of 5.05. The variables TGC, 

WG, PER, and SGR have a strong relationship with this 

component, with loadings of 0.99, 0.94, 0.94, and 0.96, 

respectively. However, FCR shows a loading of -0.911. 

Regarding PC2, which explains approximately 21.1% 

of the total variance with an eigenvalue of 1.69, HSI 

and IPF present high loadings of 0.83 and 0.93, 

respectively, while K loads 0.469 on this component. 

The biplot (Fig. 2b) highlights a strong correlation 

between T0 and the somatic indexes HSI, IPF, as well 

as the condition factor K; in contrast, T2 is mainly 

linked to the parameters SGR, TGC, PER, and WG, 

while T1 shows a stronger relationship with WG and 

FCR. 

Fatty acid and amino acid profiles in muscle 

According to the data presented in Table 4, a decrease 

in the proportion of saturated fatty acids (SFA) is 

observed, of which T2 is the one that showed the lowest 
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Table 3. Serum biochemical parameters of longfin yellowtail at the initial time (day 1) and at the final time (day 60) (n = 3 

per tank). Mean ± standard deviation. TP: total protein, ALB: albumin, GLO: globulin, ALB:GLO ratio, GLU: glucose, 

TRI: triglycerides, CHO: total cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase, and AST:ALT 

ratio. A different superscript letter in the same row indicates statistically significant differences between time-treatment 

interaction (P < 0.05).  
 

  Initial time  Final time   

Parameters T0 T1 T2   T0 T1 T2 P-value 

TP (g dL-1)   5.5 ± 2a   4.9 ± 0.01b     5.6 ± 0.09a    4.3 ± 2c   4.4 ± 0.3c    4.8 ± 1b <0.001 

ALB (g dL-1)   2.0 ± 0.02a   1.7 ± 0.04bc     1.8 ± 0.1b    1.6 ± 0.08c   1.6 ± 0.08c   1.6 ± 0.2c <0.001 

GLO (g dL-1)   3.4 ± 0.2b   3.1 ± 0.2c     3.7 ± 0.02a     2.8 ± 0.02d    2.7 ± 0.04d   3.0 ± 0.1c 0.006 

ALB:GLO   0.6 ± 0.03a 0.55 ± 0.02a   0.50 ± 0.03a   0.58 ± 0.02a  0.57 ± 0.03a 0.55 ± 0.1a 0.163 

GLU (g dL-1)  224 ± 21abc  245 ± 27a    207 ± 29bc   236 ± 26ab  210 ± 13bc 201 ± 10c 0.009 

TRI (g dL-1)  117 ± 0.6a  104 ± 8a    109 ± 4a  124 ± 44a 118 ± 23a   102 ± 17a 0.328 

CHO (g dL-1)  215 ± 9ab  218 ± 4ab    223 ± 8a    216 ± 20ab  200 ± 18bc   194 ± 8c 0.007 

AST (U L-1) 73.0 ± 12ab 63.3 ± 10abc   80.3 ± 18a  45.0 ± 22c 74.2 ± 20ab  55.6 ± 13bc 0.001 

ALT (U L-1) 95.6 ± 5ab 78.3 ± 15bc 108.0 ± 23a  41.3 ± 28d 64.1 ± 25cd 63.6 ± 3cd 0.008 

AST:ALT 0.76 ± 1a   0.8 ± 0.06a   0.73 ± 0.02a      1.3 ± 0.5a   1.3 ± 0.4a   0.88 ± 0.2a 0.094 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Principal component analysis (PCA) biplot. a) Indicates the relationship between blood biochemistry and diets, 

and b) shows the relationship of condition indexes concerning diets with and without taurine. TP: total protein, ALB: 

albumin, GLO: globulin, ALB:GLO ratio, GLU: glucose, TRI: triglycerides, CHO: total cholesterol, AST: aspartate 

aminotransferase, ALT: alanine aminotransferase, AST:ALT ratio, SGR: specific growth rate, WG: weight gain, FCR: food 

conversion ratio, PER: protein efficiency index, K: condition factor, TGC: thermal growth coefficient, HSI: hepatosomatic 

index, IPF: intraperitoneal fat index. 
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Table 4. Fatty acid profile of the different treatments and starting values (SV) in skeletal muscle of longfin yellowtail at 60 

days. Mean ± standard deviation. NID: not identified, ND: not determined. A different superscript letter in the same row 

indicates statistically significant differences (P < 0.05). 

 

Fatty acids (%) SV T0 T1 T2 P-value 

C14:0 3.1 ± 0.1b 3.0 ± 0.0b 3.3 ± 0.1ab 3.7 ± 0.0a <0.001 

C15:0 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a 0.3 ± 0.0a 1 

C16:0 17.2 ± 0.1a 16.0 ± 0.0b 17.1 ± 0.1a 17.2 ± 0.0ª <0.001 

C18:0 8.7 ± 4.6a 6.3 ± 0.7b 6.0 ± 0.6cb 5.6 ± 0.3c <0.001 

ƩSFA 29.3 ± 5.0a 25.7 ± 0.8c 26.7 ± 0.5b 26.8 ± 0.0b <0.001 

C16:1n7 4.7 ± 0.3a 4.6 ± 0.0a 4.6 ± 0.0a 4.8 ± 0.0a 0.112 

C18:1n9 25.5 ± 4.6c 27.9 ± 0.8a 27.1 ± 0.1b 26.9 ± 0.4b <0.001 

C18:1n7 1.6 ± 0.3b 1.7 ± 0.1b 2.0 ± 0.2a 2.0 ± 0.1a 0.002 

C20:1n9 1.5 ± 0.2a 1.5 ± 0.0a 1.4 ± 0.0a 1.4 ± 0.0a 0.441 

C22:1 0.6 ± 0.2a 0.5 ± 0.0b ND ND 0.001 

C24:1n9 0.4 ± 0.0b  0.5 ± 0.0ab 0.6 ± 0.0ab  0.7 ± 0.0a 0.030 

ƩMUFAS 34.3 ± 5.1c 36.7 ± 0.9a 35.7 ± 0.1b 35.7 ± 0.5b <0.001 

C16:2n4 0.5 ± 0.2a 0.5 ± 0.0a 0.5 ± 0.0a 0.5 ± 0.0a 1 

C16:3n4 0.4 ± 0.1a 0.4 ± 0.1a 0.5 ± 0.0a 0.4 ± 0.1a 0.552 

C18:2n6 14.8 ± 0.1a 15.1 ± 0.1a 14.1 ± 0.1b 13.9 ± 0.1b <0.001 

C18:3n3 3.2 ± 0.1b 3.4 ± 0.0a 3.1 ± 0.0b 3.1 ± 0.0b 0.019 

C18:4n3 0.8 ± 0.0b 0.8 ± 0.0b 0.9 ± 0.0ab 1.0 ± 0.0a 0.112 

C20:2 0.7 ± 0.0a 0.7 ± 0.0a 0.7 ± 0.0a 0.7 ± 0.0a 1 

C20:3n3 0.8 ± 0.0a 0.7 ± 0.1a 0.8 ± 0.0a 0.8 ± 0.0ª 0.552 

C20:4n6 0.5 ± 0.0a 0.5 ± 0.0a 0.5 ± 0.0a 0.6 ± 0.1a 0.552 

C20:5n3 5.1 ± 0.1b 5.5 ± 0.0ab 5.5 ± 0.1ab 5.6 ± 0.0a 0.001 

C22:5n3 1.9 ± 0.1a 2.0 ± 0.0a 1.9 ± 0.0a 1.9 ± 0.0a 0.552 

C22:6n3 7.5 ± 0.2c 8.0 ± 0.0b 8.9 ± 0.2a 8.5 ± 0.2a <0.001 

ƩPUFAS 36.1 ± 0.3c 37.7 ± 0.0a 37.4 ± 0.4ab 37.0 ± 0.0b <0.001 

NID 0.4 ± 0.3a - 0.4 ± 0.0a 0.7 ± 0.5a 0.934 

Ʃn3 19.2 ± 0.5c 20.5 ± 0.0b 21.1 ± 0.4a  20.9 ± 0.2ab <0.001 

Ʃn6 15.4 ± 0.1a 15.6 ± 0.1a 14.6 ± 0.1b 14.5 ± 0.0b <0.001 

Ʃn9 27.4 ± 4.5c 30.0 ± 0.8a 29.2 ± 0.2b 28.9 ± 0.4b <0.001 

EPA+DHA 12.5 ± 0.4c 13.5 ± 0.0a 14.3 ± 0.2b 14.1 ± 0.2b <0.001 

 

 

proportion compared to the other groups; this decrease 

was 0.7% compared to T0 (P < 0.05) and is attributed 

to C18:0 (stearic acid) decrease. On the other hand, at 

the end of the experiment, monounsaturated fatty acids 

(MUFAs) were lower than the baseline values (SV, 

34.3%); however, T1 and T2 showed significant 

differences (P < 0.05) compared to T0, with a variation 

of 1%, since C22:1 (erucic acid) was not determined in 

the groups with taurine. 

Polyunsaturated fatty acids (PUFAs) remained 

relatively stable with a slight difference of 0.7% 

between T0 and T2, where docosahexaenoic acid 

(C22:6n3, DHA) and eicosapentaenoic acid (C20:5n3, 

EPA) showed an increase after taurine treatments. DHA 

increased its concentration in T2 and T1 by 0.5 and 

0.9%, respectively, compared to T0 (P < 0.05), while 

EPA increased from 5.1 to 5.6% SV compared to T2. 

Furthermore, the total proportion of omega-3 (Σn3) 

remained constant between T0 and T2 (P > 0.05), 

which was slightly higher in T1 compared to T0 (P < 

0.05). On the other hand, the total omega-6 (Σn6) ratio 

decreased significantly between T0 and taurine groups 

(P < 0.05). 

Regarding the AA profile, the results in Table 5 

demonstrate that the number of AA in longfin 

yellowtail muscle was significantly influenced by 

taurine treatments, except for alanine (P > 0.05). The 

EAA, HIS, ARG, THR, VAL, MET, LYS, ILE, LEU, 

and PHE showed the highest value in T1 compared to 

T0 (P < 0.05). However, no significant differences were 

observed in ARG, MET, and LYS content between T2 

and T0 (P > 0.05). The maximum values of EAA were 
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Table 5. Amino acid profile in skeletal muscle of the different treatments and starting values (SV) for longfin yellowtail at 

60 days. Mean ± standard deviation. HIS: histidine, ARG: arginine, THR: threonine, VAL: valine, MET: methionine, LYS: 

lysine, ILE: isoleucine, LEU: leucine, PHE: phenylalanine, ASP: aspartic acid, SER: serine, GLU: glutamic acid, GLY: 

glycine, ALA: alanine, TYR: tyrosine, TAU: taurine. A different superscript letter in the same row indicates statistically 

significant differences (P < 0.05). 

 

Amino acid (g 100 g-1) SV T0 T1 T2 P-value 

Essential amino acids  

HIS 5.8 + 0.1ab 4.7 + 0.01c 6.0 + 0.4a 5.3 + 0.2b 0.005 
ARG 8.8 + 0.01a 7.7 + 0.1b 9.2 + 0.6a 8.5 + 0.3ab 0.003 

THR 3.0 + 0.01b 2.6 + 0.01d 3.1 + 0.01a 2.9 + 0.01c <0.001 

VAL 2.0 + 0.01b 1.7 + 0.01d 2.1 + 0.01a 1.9 + 0.01c <0.001 

MET 1.9 + 0.1b 2.8 + 0.01a 2.0 + 0.4b 2.3 + 0.2ab 0.005 

LYS 4.5 + 0.1a 3.9 + 0.1b 4.6 + 0.3a 4.3 + 0.1ab 0.005 

ILE 2.5 + 0.01ab 2.2 + 0.01c 2.6 + 0.1a 2.4 + 0.1b 0.007 

LEU 5.2 + 0.01a 4.4 + 0.1c 5.4 + 0.1a 4.9 + 0.1b <0.001 

PHE 2.8 + 0.01b 2.4 + 0.01d 3.0 + 0.1a 2.6 + 0.0c <0.001 

Non-essential amino acids  

ASP 3.8 + 0.01a 3.3 + 0.1b 4.0 + 0.1a 3.7 + 0.3ab 0.005 

SER 3.7 + 0.01a 3.1 + 0.01c 3.8 + 0.1a 3.5 + 0.0b <0.001 

GLU 8.4 + 0.01ab 7.2 + 0.2c 8.6 + 0.0a 8.1 + 0.3b <0.001 
GLY 9.3 + 0.1a 7.2 + 0.2b 9.7 + 1.1a 8.2 + 0.3ab 0.003 

ALA 4.4 + 0.01a 3.7 + 0.01a 2.3 + 3.1a 4.2 + 0.1a 0.397 

TYR 2.7 + 0.01ab 2.4 + 0.01c 2.8 + 0.1a 2.6 + 0.0b <0.001 

Others  

TAU 1.5 + 0.01bc 1.2 + 0.01c 1.7 + 0.01b 5.1 + 0.3a <0.001 

Total 70.3 60.4 70.8 70.4  

 

 

observed in longfin yellowtail fed with taurine in T1 

and T2 diets. As for non-essential amino acids (NEAA), 

SER, GLU, GLY, and TYR showed significant 

differences (P < 0.05) between T1 and T2 in 

comparison to T0. Finally, the taurine analysis showed 

that its concentration varied significantly between 

treatments (P < 0.05), having a higher concentration in 

T2 (5.1 + 0.3) compared to T0 and T1, indicating that 

taurine supplementation in the diet has an important 

effect on muscle accumulation. 

DISCUSSION 

Growth and condition indexes 

Several authors have documented the benefits of 

incorporating taurine into the diet of different fishes 

(Salze & Davis 2015, Sampath et al. 2020). However, 

taurine requirements in marine fish are still not well 

studied because the optimal amounts in various species 

are unknown; for example, a meta-analysis by Li et al. 

(2022) revealed that marine fish require more taurine in 

the diet than freshwater fish, suggesting an average of 

0.79% taurine. However, as shown, different carnivo-

rous fish species require different taurine concentra-

tions in the diet due to little or no ability to synthesize 

it (Yokoyama et al. 2001), as is the case of Japanese 

amberjack that requires 1-2 g kg-1 (Matsunari et al. 

2005), Colorado snapper 16.3 g kg-1 (Hernández et al. 

2018), European seabass Dicentrarchus labrax 10.0 g 

kg-1 (Saleh et al. 2020), common dentex Dentex dentex 

2 g kg-1 (Chatzifotis et al. 2008) and cobia 0.5 g kg-1 

(Lunger et al. 2007). 

The present study showed a significant impro-

vement when the diet contained 20 g kg-1 taurine (T2), 

with differences occurring after 40 days. Different 

parameters, such as growth, food utilization, and 

somatic indexes, improved in fish-fed taurine compared 

to the treatment without taurine. The inclusion of 

taurine showed an improvement in SGR and WG, 

which is consistent with previous findings in studies on 

yellowtail amberjack (Garcia-Organista et al. 2019), 

Japanese amberjack (Matsunari et al. 2005, Takagi et 

al. 2008), bastard halibut Paralichthys olivaceus (Park 

et al. 2001a, Kim et al. 2005), where taurine has been 

associated with improved growth. The growth 

improvement effect of taurine supplementation could 

be related to the ability to stimulate food consumption, 

as demonstrated with other FAA which have appetite-
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stimulating effects (Kasumyan & Doving 2003); 

enhancing digestive enzyme activity (Park et al. 2001b, 

Abdel-Tawwab & Monier 2018); nutrient absorption, 

due to the increased intestinal brush border membrane 

surface (Tian et al. 2016) and the improvement of 

intestinal barriers (Wen et al. 2020). On the other hand, 

PER showed the highest value in T2 (1 ± 0.10), 

showing similar values to those reported by Hernández 

et al. (2018) in Colorado snapper with 1.2 ± 0.10 in fish 

fed 0.6, 1.2, and 1.8 g 100 g-1, evidencing that taurine 

can help to improve dietary protein utilization. In this 

regard, Salze et al. (2012) also demonstrated an increase 

of trypsin in cobia larvae fed taurine-supplemented live 

foods, which enhance protein digestion.  

In all the treatments, the K factor was found to be 

significantly greater than 1, although a slight difference 

was noted in the value of T0 compared to the taurine-

supplemented groups. This result can be attributed to 

the fact that the fish in T1 and T2 increased their muscle 

mass without experiencing a significant change in 

length. This phenomenon is similar to that observed in 

sterlet sturgeon, where a decrease in the K factor was 

reported as the taurine concentration in the increased 

diet (Bavi et al. 2022). In addition, taurine does not 

affect HSI in longfin yellowtail; on the contrary, as 

reported in cobia, HSI was lower with the addition of 

taurine (3.11%) and higher in the diet without taurine 

(5.07%) (Lunger et al. 2007). However, taurine 

influenced a lower accumulation of IPF, showing a 

difference of 1% between T0 and T2, which suggests a 

possible increase in the concentration of bile acids, as 

reported for Senegalese sole Solea senegalensis (Aragão 

et al. 2023). 

The effects of taurine supplementation in the 

commercial diet on growth and somatic indexes 

demonstrated a strong relationship, clarified through 

PCA. This analysis evidenced a greater separation 

between T0 and T2, corroborating that the absence of 

taurine strongly correlates with increased IPF. At the 

same time, its addition is more related to SGR due to 

the improvement of muscle hyperplasia, as reported by 

(Wijerath-Wiriduge et al. 2020), indicating that taurine 

influences this variable to a greater extent. 

Blood biochemistry 

Blood biochemistry is valuable for evaluating fish 

health (Chen et al. 2004). It allows for identifying 

conditions, such as physiological stress (Lermen et al. 

2004, Huang et al. 2021) and detecting pathological 

diseases or pathophysiological disorders (Stockham & 

Scott 2013).  

The present study indicates that increased dietary 

taurine levels increase TP and GLO values. This 

observation has been corroborated in situations where 

taurine is increased to 30 g kg-1 in the diet, leading to 

an increase in TP levels in species such as sterlet 

sturgeon (Bavi et al. 2022) and North African catfish 

Clarias gariepinus (Adeshina & Abdel-Tawwab 2020). 

Improving these parameters by incorporating taurine 

could indicate a possible recovery from liver damage 

and a positive impact on protein anabolism (Valente et 

al. 2011). Likewise, the increase in these proteins may 

be associated with an increase in defensive proteins, 

which could result in a better physical state of the 

organism (Saleh et al. 2020) and the improvement of 

the immune system in fish (Adeshina & Abdel-Tawwab 

2020). The ALB content was not affected by taurine 

(Table 3), indicating that protein metabolism and 

transport of hormones, unconjugated bilirubin, and 

some fatty acids were not affected (Andreeva 2010). 

Now, the ALB:GLO ratio values vary according to each 

species, where an imbalance in these variables indicates 

inflammation and liver dysfunction (Mazzaferro et al. 

2002, Giannini et al. 2005). Nonetheless, in the present 

study, values were found to range from 0.55 to 0.58, in 

agreement with those reported for Chinese sturgeon 

Acipenser sinensis (Zheng et al. 2023), which did not 

show significant changes in the ALB:GLO ratio 

between its control diet and that supplemented with 

taurine. The blood values for longfin yellowtail 

juveniles indicate that they are in healthy ranges, 

according to Lepkovsky (1930), who established a 

range between 0.26 to 1.7 in the ALB:GLO ratio. 

Including taurine in T1 and T2 diets reduced blood 

serum glucose concentration. This effect may be related 

to the ability of taurine to enhance glucose metabolism 

by boosting the activity and gene expression of several 

enzymes, including glucokinase, pyruvate kinase, 

glucose-6-phosphate dehydrogenase, glycogen synthase, 

and glucose transporter 2 (Sampath et al. 2020). 

Although Martins et al. (2018) did not observe changes 

in glucose levels in European seabass, other studies 

have corroborated that taurine can decrease blood 

glucose levels in totoaba (Bañuelos-Vargas et al. 2014) 

and Persian sturgeon Acipenser persicus (Hoseini et al. 

2018). These findings suggest that taurine may play an 

important role in regulating glucose metabolism in 

longfin yellowtail, which contributes to improving their 

metabolic health. 

Taurine has been demonstrated to reduce cholesterol 

synthesis (Chen et al. 2012), meaning its concentration 

decreases as the amount of taurine in the diet increases. 

An example is the research of Tong et al. (2020), who 
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observed a decrease in CHO when dietary taurine was 

increased (20 g kg-1) in blackhead seabream 

Acanthopagrus schlegelii. This result agrees with that 

reported in the present study, where a significant 

decrease was observed in CHO as the amount of dietary 

taurine increased. In contrast, a decrease was also 

observed in TRI as taurine increased, but the variations 

detected were not statistically significant. Our results 

agree with other studies where the increase of taurine 

decreased the amount of TRI by increasing taurine 

supplementation at 0.5 and 1.5% (Aragão et al. 2023) 

and 15, 30, and 50 g kg-1 (Bavi et al. 2022) in the diet. 

Liver ALT and AST enzymes indicate liver or 

muscle cell damage when released into the bloodstream 

in high concentrations (Center 2007). The results 

showed that AST levels had significant differences, 

higher at T1 (74.2 U L-1), but no differences were 

observed between T0 and T2. Liver ALT did not show 

significant differences between treatments; the values 

of the three treatments for ALT and AST were lower 

than the reference values at the beginning of the 

experiment. These results are like those reported by 

Tong et al. (2020), who found higher AST and ALT 

activities due to taurine supplementation in the diet of 

blackhead seabream. On the other hand, the AST:ALT 

ratio can serve as an indicator of liver failure; a ratio 

higher than 1 indicates a significantly damaged liver, 

but this ratio can increase or decrease depending on the 

conditions in which the fish may be found (Bonifacio 

et al. 2016). In the present study, the AST:ALT ratio was 

significantly lower in T2 (0.88), and T0 and T1 showed 

a ratio of 1.3. Nevertheless, it is difficult to indicate 

some liver damage due to the lack of information since 

it can be highly variable between species and the 

developmental stage of the fish. Further investigations 

should be performed by using other studies, such as 

histology. 

Effects of taurine on muscle composition 

Research has shown that adding taurine as a supple-

ment can increase taurine levels in muscles (Yatabe et 

al. 2009), influencing the regulation of fatty acid 

oxidation and transport (Ito et al. 2010, De Luca et al. 

2015, Thirupathi et al. 2020). Regarding fatty acid 

composition, the results indicate that taurine concen-

tration influenced the concentrations of specific fatty 

acids; for example, a significant increase in the levels 

of C14:0, C16:0, C16:1n7, C18:1n7, C24:1n9, 

C18:4n3, and C20:4n6 was observed in T2 compared to 

T0. However, total omega-3 and DHA concentrations 

were higher in T1, while EPA concentration was higher 

in T2. These differences suggest that taurine may have 

a modulatory effect on the concentration of fatty acids 

in muscle. However, the effect may vary depending on 

the specific type of fatty acid. Further studies are 

needed to fully understand the underlying mechanisms 

of how taurine affects the fatty acid profile and the 

effect they may have on longfin yellowtail juveniles, 

e.g. an imbalance in the ratio of these fatty acids may 

lead to inflammation and other chronic diseases (Harris 

2010, Djuricic & Calder 2021).   

On the other hand, an increase was observed in 

taurine accumulation in muscle when taurine was 

increased in the diet, coinciding with investigations in 

other species such as European seabass (Kotzamanis et 

al. 2019, 2020) and bastard halibut (Kim et al. 2005). 

However, the overall AA profile was higher for T1, with 

a decrease in EAA and NEAA in T2. Nonetheless, both 

were higher than T0 except for MET, which was higher 

than the taurine groups. These results contrast those that 

Ishikura et al. (2011) reported: taurine consumption 

implied a decrease in alanine, threonine, and serine. 

Nevertheless, a direct relationship between taurine and 

other AA has not been established; taurine may 

influence the activity of other AA since both are 

involved in metabolic and energetic processes in the 

body. Therefore, more research is needed to understand 

this possible relationship fully. 

CONCLUSIONS 

The results of the present study demonstrated that 

adding taurine in commercial feed in amounts of 20 g 

kg-1 positively affects growth rates, blood biochemistry, 

and muscle composition of juvenile longfin yellowtail. 

Although the current results are promising and suggest 

that taurine has a positive impact on juvenile fish, 

continuing with further research is essential to deepen 

our understanding of the biochemical mechanisms 

mediating the action of taurine and clarify its 

physiological role in longfin yellowtail by multidis-

ciplinary approaches. 
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