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A B S T R A C T

A 70-days feeding trial was performed to determine the effect of diets with whole plant-origin proteins added
with different ratios of taurine:methionine on the growth, macrophage burst activity and antioxidant capacity of
rainbow trout (Oncorhynchus mykiss) fingerlings. Triplicated groups of 70 fingerlings of an initial weight of
0.54±0.1 g (mean± ±SD) were fed diets with soy protein isolate and Spirulina powder as protein sources
(46% crude protein) and added (10 g/kg diet) with different taurine and methionine ratios: 0.0 and 10.0 (diet
T0/M100), 2.5 and 7.5 (diet T25/M75), 5.0 and 5.0 (diet T50/M50), 7.5 and 2.5 (diet T75/M25) and 10.0 and
0.0 (diet T100/M0), respectively. At the end of the trial, growth performance, lipid and protein contents in liver
and muscle, macrophage burst activity and liver antioxidant activity, were determined. The growth perfor-
mance, macrophage burst activity and antioxidant activity were improved as the taurine increased in the diets.
The ratio of 7.5 and 2.5 g/kg of taurine:methionine in diets with SPI and Spirulina powder as protein sources
(diet T75/M25), seems to be the best inclusion for rainbow trout fingerlings.

1. Introduction

The rapid growth of the aquaculture during the last 20 years has
been accompanied by an increasing demand for aquafeeds (Gatlin et al.,
2007). Fishmeal is still the main source of protein in commercial diets
and with no expectations to increase the production beyond the current
levels (Hardy, 1996) the demand for fishmeal will exceed the supply in
a few years (Tacon &Metian, 2008). Plant-origin meals are pointed out
as an alternative to fishmeal and particularly, the protein concentrates
and isolates of oilseeds are good candidates, as they contain low of
levels of fiber, starch, non-soluble carbohydrates and anti-nutrients
compounds (Brown, Kaushik & Peres, 2008). Still, such protein sources
might be deficient in some indispensable amino acids (such as me-
thionine) and lack certain components such as taurine, hydroxiproline
and nucleotides, which appear to have some beneficial proprieties on

growth and well-being of fish (Bañuelos-Vargas, López, Pérez-
Jiménez & Peres, 2014).

Methionine is a sulfur-containing amino acid and it has several
metabolic roles, such as being a precursor in the protein synthesis,
production of S-adenosylnethionine (SAM), L-cystein, glutathione,
taurine, phosphatidylcholine and other phospholipids. On the other
hand, taurine is a non-proteic amino acid (2-aminoethanosulfonic acid),
which is involved in several physiological processes: bile acid con-
jugation, osmoregulation and membrane stabilization and antioxidant
activity (Divakaran, 2006; Salze & Davis, 2015). The taurine biosynth-
esis starts with the methionine conversion to cysteine, which is oxidized
to cysteine sulfonic acid mediated by cysteine dioxygenase (CDO), then
a decarboxylation to hypotaurine mediated by the cysteine sulfonate
decarboxylase (CDS) and a final step of oxidation to taurine
(Salze & Davis, 2015; Wang, He, Mai, Xu & Zhou, 2015). The taurine
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biosynthesis from methionine, has been detected in the rainbow trout
(Oncorhynchus mykiss) (Yokoyama, Takeuchi, Park & Nakazoe, 2001);
but, it seems not to occur at adequate levels when plant proteins sources
are used to substitute fish meal (Boonyoung, Haga & Satoh, 2013;
Gaylord, Teague & Barrows, 2006) and might be a conditionally indis-
pensable amino acid (Takeuchi, Park, Seikai & Yokoyama, 2001). It has
been reported that inclusion of taurine to diets with plant-origin protein
sources improved the growth of rainbow trout (Gaylord et al., 2006).
Gaylord et al. (2007) found that supplement diets with three levels of
taurine and/or three levels of DL-methionine to diets with soy protein
concentrate fed to rainbow trout juvenile showed an improved of
growth performance and that methionine supplementation above the
requirement did not influence spare taurine. Boonyoung et al. (2013)
reported that a methionine hydroxy-analog might be converted to
taurine and improve the growth of rainbow trout fingerlings when fed a
diet with soy protein concentrate. So far, there is no information
available about the inclusion of methionine and/or taurine in diets with
soy protein isolation. In addition to these, the importance of methionine
as a precursor of taurine, the role of the latter in the immune and an-
tioxidant activity, as well the necessity to include them in diets with
plant-origin proteins, the aim of the present work is to determine the
effect of diet with soy protein isolate and Spirulina powder as protein
sources added with different ratios of taurine:methionine on the
growth, macrophage burst activity and antioxidant capacity of rainbow
trout (Oncorhynchus mykiss) fingerlings.

2. Materials and methods

2.1. Experimental diets

A basal diet was formulated with a minimum content of 45% of
crude protein and 10% of lipids to cover the requirements previously
reported for the species (NRC, 2011). Fishmeal was substituted at 100%
with a mixture of soy protein isolate (SPI, crude protein 90±1%,
Agridient México S. de R.L. de C.V., Mexico) and Spirulina powder (SP,
crude protein 55±2%; Pronaquim, S.A. de C.V., México), according
with Table 1. Taurine (catalog number T0625, purity ≥99%, Sigma
Aldrich Co., USA) and DL-methionine (Evonik Mexico S.A de C.V.,

Mexico) were added at a level of 10 g/kg diet, considering the following
ratios: 0.0 and 10.0 (diet T0/M100), 2.5 and 7.5 (diet T25/M75), 5.0
and 5.0 (diet T50/M50), 7.5 and 2.5 (diet T75/M25) and 10.0 and 0.0
(diet T100/M0), respectively (Table 2). A diet without addition of
taurine or methionine (diet T0/M0) was used as well. Finally, and as
control, a commercial diet (Comm, Api-trucha-1 pellet, 45% protein,
Malta-Cleyton de Mexico) was also use. Cod liver oil (Drotasa S.A. de
C.V., Mexico) and soybean lecithin (Abastecedora de Productos Nat-
urales, S.A. de C.V., México) were used as lipid sources and dextrin
(Sigma Aldrich Co., USA) as carbohydrate source. A mixture of vitamins
and minerals (Micro Rovimix for carnivorous fish, DSM Nutritional
Products of Mexico, Mexico) and wheat gluten (Sigma Aldrich Co.,
USA) were used. Diets were prepared according to Cruz, Hernández,
Fernández, Ramírez and Angeles (2011) by mixing all the powered
ingredients for a period of 20 min and then, the oils and purified water
(40%) were added and mixed again for other 20 min. The resulting wet
dough was passed through a meat chopper to obtain 5-mm diameter
pellets, which were dried at 60 °C in a constant temperature oven for
60 min and then, store at −24 °C until used.

2.2. Experimental fish

Eyed eggs of rainbow trout (Oncorhynchus mykiss) were obtained
from the “Centro Acuícola de Calimaya” (municipality of Calimaya,
State of Mexico, Mexico) and translated to the farm “Los Alevines”
(municipality of Amanalco de Becerra, State of Mexico, Mexico) and
incubated there. After reabsorbing the egg yolk, fingerlings were fed on
a commercial diet (Api-trucha 1, crumble, 50% protein and 15% lipid,
Malta-Cleyton de Mexico) until the beginning of the feeding trial.

2.3. Feeding trial

The feeding experiment was conducted in 24 glass-fiber tanks of
1000-L. Seventy fingerlings of an initial weight of 0.54± 0.1 g
(mean± ± standard deviation) were randomly stocked in each tank.
Each test diet was fed to triplicate groups of fingerlings. Fish were fed
the respective diet at 7% of their body weight and the daily ration size
was divided into two equal feedings, offered in the morning and eve-
ning. The fingerlings were weighed every 10 days and ration size was
adjusted accordingly. Water parameters (mean± ±SD) were: dis-
solved oxygen 4.5±1.0 mg/L, pH 7.2±0.5 and water temperature of
13± 1 °C. Water flow in each tank was of 5 L/min during the entire
experiment. All tanks were maintained under natural photoperiod,
which was of 11 h light, 13 h dark during March and April. The feeding
trail using the diets was conducted for a period of 70 days. At the end of
the feeding experiment, fish were maintained un-fed for 24 h. To obtain
the growth performance, they were weighted and measured for total
length. Five organisms form each were sacrificed with an overdose
(300 mg/L, Popovic et al., 2012) of MS-222 (ethyl 3-aminobenzoate,
methanosulfonic acid, Sigma Aldrich Comp., USA) and were dissected
to obtain the samples of liver and muscle for the lipid and protein
contents analysis. As well, another 5 fingerlings for each tank were
sacrificed as previously described and the kidneys were dissected
aseptically and put into sterile test tubes containing 5 ml Leibovitz L-15
medium (Sigma Aldrich Co., USA) supplemented with 0.1% fetal bovine
serum (FBS, Biowest SAS, France) (Burrells, Williams,
Southgate & Crampton, 1999). Then, the liver was also dissected and
put into sterile plastic tubes and frozen on liquid N2. All samples were
transported to the Laboratorio de Producción Acuícola, Facultad de
Estudios Superiores Iztacala, UNAM, where the analysis were per-
formed.

2.4. Chemical analysis

The contents of protein and lipid in the diets, muscle and liver were
determined with the technique reported by AOAC (1990) and the Blight

Table 1
Basal formulation of the test diets fed to fingerlings of rainbow trout.

Ingredients (g/kg diet)

Soy protein isolate 392
Spirulina powder 22
Cod liver oil 50
Soybean lecithin 50
Dextrin 186
Vitamin and mineral mixa 40
Wheat gluten 150
α-celluloseb 110
Proximate composition (% on dry weight basis)
Crude protein 46± 3
Crude lipid 12± 1
Ash 9±2

Amino acid profile (% of the diet, dry weight basis): arginine, 2.85±0.05; histi-
dine, 1.02± 0.01; isoleucine, 2.00±0.01; lysine, 2.11± 0.02; methionine,
0.61± 0.01; phenylalanine, 2.34± 0.02; threonine, 1.49± 0.05; valine,
2.04± 0.01.

a Vitamin and mineral mixture (g/kg): ρ-aminobenzoic acid, 1.45; biotin, 0.02;
myo-inositol, 14.5; nicotinic acid, 2.9; Ca-pantothenate, 1.0; pyridoxine-HCl, 0.17;
riboflavin, 0.73; thiamine-HCl, 0.22; menadione, 0.17; α-tocopherol, 1.45; cya-
nocobalamine, 0.0003; calciferol, 0.03, L-ascorbyl-2-phosphate-Mg, 0.25; folic
acid, 0.05; choline chloride, 29.65, NaCl, 1.838; MgSO4·7H2O, 6.85;
NaH2PO4·2H2O, 4.36; KH2PO4, 11.99; Ca(H2PO4)2·2H2O, 6.79; Fe-citrate, 1.48;
Ca-lactate, 16.35; AlCl3·6H2O, 0.009; ZnSO4·7H2O, 0.17; CuCl2, 0.0005;
MnSO4·4H2O, 0.04; KI, 0.008 and CoCl2, 0.05.

b Different ratios of the taurine and methinine was added at the expense of 10 g
of the α-cellulose
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and Dyer (1959) of chloroform and methanol extraction, respectively.
The amino acid profile of the basal diet was performed in triplicate by
Evonik Mexico S.A de C.V, by using a HPLC, after a protein digestion.

2.5. Macrophage burst activity

The isolation and culture of the kidney macrophages was after
Chung and Secombes (1988) and Secombes (1990). The macrophage
superoxide anion activity (respiratory burst) of the macrophages was
determined by the reduction of the redox dye nitro-blue tetrazolium
(NBT) by using a Sunrise microplate reader (Tecan Group Ltd., Swit-
zerland) at a wavelength of 620 nm (OD620). Later, the macrophage
number in each well was determined. Results are expressed as OD620

per 105 cells.

2.6. Hepatocyte antioxidant capacity

Livers were homogenized in cold (4 °C) phosphate-buffered saline
solution (Sigma Aldrich Comp., USA). Samples were centrifuged for
10 min at 14,000 rpm and 20 μl of the supernatant were used. The
antioxidant capacity was measured after Cao, Alessio, and Cutler
(1993) by using a Quantichrom™ antioxidant assay kit (BioAssay Sys-
tems, USA) and optical density was determined with a Sunrise micro-
plate reader (Tecan Group Ltd., Switzerland) at a wavelength of
570 nm. Results are expressed as μM Trolox equivalents per mg per ml.

2.7. Statistical analysis

Data on final body weight (FW), weight gain (WG), specific growth
rate (SGR), feed intake (FI), total length (TL), condition factor (K),
survival, contents of lipid and protein in muscle and liver, macrophage
burst activity and hepatocyte antioxidant capacity were tested for
normality with the Shapiro and Wilk W tests and the Barletts´s test,
respectively (Zar, 1999). Since all data showed to be normal and
homoscedastic, a one-way ANOVA test was used (Prism for Mac, Graph
Pad Software Inc., USA). Significant differences among the treatments
were determined by a Fisher LSD test (Zar, 1999), with a significance
level of 5% (p<0.05) for each set of comparisons.

3. Results

Means of final body weight (FW), weight gain (WG), specific growth
rate (SGR), total length (TL) and condition factor (K) are show in
Table 3. There was a trend in which FW, WG and SGR increased with
the increasing level of taurine. These indices increased until the treat-
ment T75/M25, beyond which they decreased significantly. The WG
and SGR were the lowest in treatments T100/M0 and T0/M0. No sig-
nificant differences were observed among the fingerling fed diet T75/
M25 and the commercial diet. Regarding TL, a significantly lower value
was observed in the fingerlings fed the diet T100/M0. The K values
were not significantly different among the treatments. Survival rates
were higher than 95% in all the groups and no significant differences
were observed among the treatments. Survival rates of all the groups
was higher than 95% and no significant differences were observed
among the groups (T100/M0, 100%; T75/M25 100%; T50/M50,

95± 7%; T25/M75, 98±3%; T0/M100, 97±4%; T0/M0, 100%;
Comm, 95±7%).

Lipid contents in the liver (Fig. 1A) were significantly lower in the
fish fed the diets with the inclusion of taurine and/or methionine than
those observed in the fish fed diets T0/M0 and commercial diet. Re-
garding the lipid contents in muscle (Fig. 1B), a tendency to lower
values was observed as the methionine level decreased in the diet, but
significant differences were only observed between fish fed the diets
T25/M75 and those fed T50/M50 and T75/M25.

The Fig. 2A shows the protein content in liver and a tendency of
decreasing values was observed as the methionine concentration low-
ered in the diets. The lowest value was observed in the fish fed the
commercial diet. Muscle protein content (Fig. 2B) did not show sig-
nificant differences among the treatments.

The antioxidant capacity of hepatocytes is show in Fig. 3 and a trend
of increasing values was observed as the taurine concentration increase
in the diets. The highest value among the experimental diets was ob-
served in the fish fed the diet T75/M25. Significant higher value was
observed in the fish fed the commercial diet when compared with the
diets with the other diets, except for that observed in T75/M25.

There was a tendency of increased values of the macrophage burst
activity with the increment of taurine in the diets (Fig. 4). The burst
activity of the fish fed the diet T100/M0 was significantly higher than
the other groups, including the fish fed the commercial diet.

4. Discussion

For the first time, here is reported the effect of different ratios of
methionine:taurine included in diets with SPI and SP as the main
sources of protein in rainbow trout of such small size (0.54 g of initial
weight). According to our results, an inclusion of 10 g/kg diet at the
ratio of 7.5:2.5 taurine-methinione improved the growth performance
and the antioxidant activity in liver, while decreasing the lipid content
in the liver. The SPI is considered a good protein source for fish
(Glencross et al., 2005), but lacks certain nutrients that are con-
ditionally indispensable when used as a protein sources in formulated
diets (Takeuchi et al., 2001).

Inclusion of methionine (Espe, Hervrøy, Liaset, Lemme & El-Mowafi,

Table 2
Ratios of taurine and methionine included in the diets for rainbow trout fingerlings.

Amino acid inclusion (g/kg) Treatments

T0/M100 T25/M75 T50/M50 T75/M25 T100/M0 T0/M0

Taurinea 0.0 2.5 5.0 7.5 10.0 0.0
DL-methonineb 10.0 7.5 5.0 2.5 0.0 0.0

a Sigma Aldrich Co., USA.
b Evonik Mexico S.A de C.V., Mexico.

Table 3
Growth performance of rainbow trout fingerlings fed diets with soy protein isolate and
Spirulina powder as protein sources and the addition of different ratios of taur-
ine:methionine. Each value represents the mean of three replicate groups± ± standard
error. Columns with different letters differ significantly (P<0.05).

Diets FW (g) WGa (%) SGRb (%/day) TL (cm) Kc

T0/M100 1.8± 0.2ac 177±21a 1.4±0.1a 5.4± 0.1a 1.2± 0.02
T25/M75 1.9± 0.2ab 243±26a 1.7±0.1b 5.5± 0.1a 1.1± 0.03
T50/M50 2.1± 0.1ab 313±25b 2.0±0.08bc 5.6± 0.1a 1.2± 0.02
T75/M25 2.4± 0.1b 359±27b 2.1±0.09c 5.6± 0.1a 1.1± 0.01
T100/M0 1.4± 0.1c 181±20a 1.5±0.09a 4.7± 0.1b 1.2± 0.03
T0/M0 1.5± 0.1c 232±19a 1.2±0.06a 5.1± 0.1ab 1.1± 0.05
Comm 2.0± 0.2ac 302±30b 1.9±0.1bc 5.5± 0.1a 1.2± 0.03

a Weight gain =((Final weight – initial weight)/initial weight) *100.
b Specific growth rate =((ln final weight – ln initial weight)/70) *100.
c Condition factor =(weight/length) *100,000.
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2008; Mambrini, Roem, Cardevi, Lalles & Kaushik, 1999) to all-plant
protein diets has been previously reported to improve the growth per-
formance in rainbow trout. Interestingly, we observed lower values of
growth performance in the fingerlings fed the diet T0/M100. Pre-
viously, the NRC (2011) reported that methionine is the most toxic of
the primary amino acids, and the concentration of 10 g/kg might be
toxic at some level for the fingerlings.

The inclusion of taurine has been reported (Gaylord et al., 2006,
2007) to improve the growth of fish when fed plant-protein based diets.
We could see increasing values of FW, WG and SGR as the taurine in-
creased in the diet. The role of taurine in the growth is still not clear,
but according to Salze and Davis (2015), it seems to stimulate some
enzymes related to the intermediary metabolism (amino acid catabo-
lism and glucogenesis) and increasing the nutrient utilization
(Bañuelos-Vargas et al., 2014). The inclusion of 10 g/kg of taurine (diet
T100/M0) decreased significantly the growth performance of the fin-
gerlings, which indicates that even a small quantity of methionine
should be added to diets with all plant-origin proteins, which has been
previously reported in rainbow trout (Boonyoung et al., 2013) and
Atlantic salmon, Salmo salar (Espe et al., 2008).

Contents of lipids in liver were lower than those reported by
Enriquez, Ramírez, Hernández, and Fernández (2015) in the rainbow
trout fingerlings fed diets with soybean meal or soy protein concentrate.
The inclusion of taurine and/or methionine did influence the lipid de-
position in the liver, as significantly lower values of lipid content were
observed when fish were fed the experimental diets. Previously, the
inclusion of taurine has been reported to be related to a decrease in
lipid deposition in liver of Atlantic salmon (Espe, Ruohonen & El-
Mowafi, 2012) and dentex, Dentex dentex (Chatzifotis, Polemitou,
Divanaach & Antonopoulou, 2008). The hypolipidemic effect of taurine
seems to be related to an increased formation of bile acid synthesis
(Russell, 2003) and a consequent synthesis of bile salt activated lipase
(Chatzifotis et al., 2008). Still, more information is necessary to draw a
conclusion on this. In the other hand, the inclusion of taurine and/or
methionine did not have an effect on the lipid deposition in muscle, as
previously reported for Chatzifotis et al. (2008). As for the lipid content,
the protein content did not show significant difference in muscle.
However, the inclusion of taurine and methionine did influence protein
deposition in the liver, as the levels of taurine increased, a tendency

Fig. 1. Lipid content (% wet basis) in liver (A) and muscle (B) of rainbow trout fingerlings
fed diets with soy protein isolate and Spirulina powder as protein sources and the addition
of different ratios of taurine:methionine. The bars represent the mean of three replicate
groups± ± standard error. Bars with different letters differ significantly (P<0.05).

Fig. 2. Crude protein contents (% on wet basis) of liver (A) and muscle (B) of rainbow
trout fingerlings fed diets with soy protein isolate and Spirulina powder as protein sources
and the addition of different ratios of taurine:methionine. The bars represent the mean of
three replicate groups± ± standard error. Bars with different letters differ significantly
(P<0.05).

O.E.A. Hernández et al. Veterinary and Animal Science 3 (2017) 4–9

7



toward low levels of protein content were observed. So far, there is no a
clear explanation for this, as Bañuelos-Vargas et al. (2014) reported that
totoaba (Totoaba macdonaldi) had higher levels of protein in liver when
taurine was included in diets with soy protein concentrate.

The antioxidant activity is the capacity of cells to slow or prevent
the oxidation from reactive oxygen molecules (Cao et al., 1993) and is
one of the most cited benefits of inclusion of taurine in fish diets
(Salze & Davis, 2015). We were able to see a significant improvement of
antioxidant activity of the hepatocytes, when the rainbow trout re-
ceived the diets T50/M50 and T75/M25. This has been previously re-
ported for other responses related to antioxidant activity, in several
species of fish fed diets with high inclusion of plant proteins (Bañuelos-
Vargas et al., 2014). Taurine seems to be related to a modulation in the
production of reactive oxygen species, rather than a scavenging activity
(Salze & Davis, 2015; Schuller-Levis & Park, 2004) and in fish might be

have a similar role (Takagi et al., 2006).
On the other hand, the macrophage burst activity improved as the

taurine increased in the diet. The macrophages possess a variety of
action mechanisms, but one of the most important is the oxygen-de-
pendent respiratory burst which forms reactive oxygen species such as
superoxide anion, hydrogen peroxide and hypochlorus acid (Rubio-
Godoy, 2010), particularly with the latter one, which forms the long-
lived taurine chloramine (Schulle-Levis & Park, 2004) which might be
helping in the responses of the macrophages burst (Salze & Davis,
2015). In mammals, taurine has been pointed out as a potent regulator
of immune responses and the present results might indicate im-
munoregulatory proprieties for rainbow trout, as well (Salze & Davis,
2015).

In conclusion, the ratio of 7.5 and 2.5 g/kg of taurine:methionine in
diets with soy protein isolated and Spirulina powder as protein sources
(diet T75/M25), did improve the growth and the antioxidant capacity
of the liver in rainbow trout fingerlings. As well, the 10 g/kg inclusion
of just taurine or methionine affects negatively the growth as much as
not inclusion at all in plant protein based-diets. Even if the effects of the
inclusion of taurine and methionine are clear, we still need to address
research to understand better the modes of action.
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