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Abstract
Two feeding trials, one under laboratory conditions and the other under practical conditions in a farm, were performed
to determine the effect of inclusion of yeast and/or phytase to diets with soybean meal as main protein source, on the growth,
P and N excretion, oxygen consumption and serum lysozyme activity of juvenile rainbow trout (Oncorhynchus mykiss). A
basal diet (soybean meal, 400 g/kg diet and fish meal, 200 g/kg diet as protein sources) was added either with yeast (Diet Y,
15 g/kg diet), phytase (Diet Ph, 0.4 g/kg diet) and yeast and phyatse (Diet Y+Ph, 15 and 0.4 g/kg diet of yeast and phytase,
respectively). A commercial diet was used as a control. Triplicate groups were fed the diets during 70 days (laboratory trial,
initial weight 1.2 ± 0.06 g, mean ± standard error) and 75 days (farm trial, initial weight 2.8 ± 0.1 g). At the end of the trials,
growth performance, oxygen consumption, P and N excretion and serum lysozyme activity were determined. A trend of
higher values of growth was observed in the juvenile fed the diets with soybean meal and yeast (Diets Y and Y+Ph) in both
feeding trials. As well, lower values of excretion of P and N were observed in the fish fed Diet Y. Significantly higher value
of serum lysozyme activity was observed in the fish fed diet Y under laboratory conditions. Use of diet with 75% of
substitution of the fishmeal with soybean meal, added with yeast and/or phytase is reported for the first time to feed rainbow
trout under laboratory and farm conditions. The results show the possibility to use such diets, particularly the one with yeast
(Diet Y), to fed juveniles without affecting the growth and the immune responses.
Keywords: Growth performance, lysozyme activity, phytase, rainbow trout, soybean meal, yeast.

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 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
(Gatlin et al., 2007). Plant origin meals are an
alternative to fishmeal (Hardy, 2010), but
substitutions are still low (Slawki et al., 2011) as such
feedstuffs usually contain high levels of fiber, starch,
non-soluble carbohydrates and anti-nutrients that
affects digestibility, fish normal growth (Krogdahl et
al., 2010) and immune responses (Burrells et al.,
1999). Thus, the aquaculture requires find ways to use
more effectively plant-origin feedstuffs for the future
development of the industry (Gatlin et al., 2007;
Kaushik and Seiliez, 2010).
High inclusions of plant-origin meals in fish
diets might require the use of additives such enzymes

or probiotics that allow a better digestibility and
proper use of nutrients, which will be reflected not
only in growth, but on an adequate immune response
as well. Particularly, one of the major concerns in
using high levels of soybean meal in fish diets is its
content of phytic acid (myo-inositol 1,2,3,5,6-hexakis
dihydrogen phosphate) that usually causes low
availability of minerals and reduces digestibility
(Cheryan, 1980). A way to reduce the effect of this
compound is by using phytase, a phosphohydrolase
enzyme that catalyse the release of P from the phytic
acid (Jorquera et al., 2008). Several authors (Cheng
and Hardy, 2003; Cheng et al., 2004; Wang et al.,
2009) found that the apparent digestibility of protein
from soybean meal was improved with the inclusion
of phytase. Recently (Cruz et al., 2011) it was report
that juveniles of rainbow trout fed a diet with soybean
meal (400 g/kg diet) as main source of protein and
phytase (0.8 g/kg diet) had a similar growth
performance and showed a reduction in P and N
excretion, compared to those fed a commercial diet
and one with fishmeal as sole protein source. On the
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other hand, the inclusion of yeast of genus
Saccharomyces on feed improved the growth of
several species of fish (Lara-Flores et al., 2003;
Adbel-Tawwab et al., 2008; Chiu et al., 2010; Barnes
et al., 2006), and despite the fact that Saccharomyces
yeast are able to produce phytase when the phytic acid
is present (Nayini and Markakis, 1984) so far there
are not reports of its use on diets with high contents of
soybean protein sources. Therefore, the aim of the
present research was to determine the effects of the
inclusion of yeast and/or phytase to a basal diet with
75% of soybean meal (400 g/kg diet) and 25% of
fishmeal (200 g/kg diet) in the growth, P and N
excretion, oxygen consumption and serum lysozyme
activity of juvenile rainbow trout (Oncorhynchus
mykiss) reared under laboratory and farm conditions.

dextrin (Sigma Aldrich Co., St. Louis, MO, USA) was
added as a source of carbohydrates. A vitaminmineral mix (Micro Rovimix for carnivorous fish,
DSM Nutritional Products of Mexico, Guadalajara,
Mexico) and wheat gluten (Sigma Aldrich Co., St.
Louis, MO, USA) as a binder were added. Finally, αcellulose (Sigma Aldrich Co., St. Louis, MO, USA)
was used to fill diet up to 100%. Diets were prepared
according to Cruz et al. (2011) by mixing all the
powdered ingredients with oils and water (40 %) to
obtain wet dough, which was passed through a meat
chopper and produce 5-mm diameter pellets. Diets
were dried at 60°C for 2 hours and stored at -20°C
until use. The experimental diets were compared with
a commercial diet (Api-trucha 1, 45% protein, MaltaCleyton de Mexico, Mexico).

Materials and Methods

Experimental Fish

Experimental Diets

Rainbow trout of 60 days post-hatching were
obtained at the rainbow trout reference centre of
Mexico, “Centro de Producción Acuícola El Zarco”,
located in the State of Mexico. Fish came from two
different spawning seasons, one in December 2011
and used for the trial under laboratory conditions at
the Laboratorio de Producción Acuícola. The second
batch was obtained on December, 2012 and use under
practical conditions at the trout farm “Rancho Los
Alevines”, located in the municipality of Amanalco
de Becerra, State Of México, Mexico.

A basal diet was formulated according to Cruz et
al. (2011) with soybean meal (crude protein,
50.6±1%; Pronasoya, S.A. de C.V., Mexico) and
fishmeal (crude protein, 55±1%; Vimifos S.A. de
C.V., Mexico) as protein sources (Table 1). Three
experimental diets were prepared by adding the
Baker’s yeast (Diet Y, 15 g/kg diet), phytase (Diet Ph,
0.4 g/kg diet) or a combination of both (Diet Y+Ph,
15 and 0.4 g, respectively). Phytase was added
according to Cheng et al. (2004) and obtained from
DSM Nutritonal Products of Mexico (Ronozyme
P5000, 5,000 FYT/g). In the other hand, the yeast
(Saccharomyces sp., approximately 8.5 x 109 cells/g)
was added according with Lara-Flores et al. (2003)
and obtained from a local baker shop. Cod liver oil
(Drotasa S.A. de C.V., México) and soybean lecithin
(Abastecedora de Productos Naturales, S.A. de C.V.,
Mérida, México) were use as lipid sources, and

Table 1. Basal formulation of the test diets fed to juvenile
of rainbow trout. Proximate composition was of (% dry
weight basis ± standard error): crude protein, 42.1±1.0;
lipids, 11.2±0.7; ash, 12 ± 0.5
Ingredients
Fish meal2
Soybean meal3
Cod liver oil4
Soybean Lecithin5
Dextrin6
Vitamin and mineral mix7
Wheat gluten6

g/kg1
200
400
50
50
100
40
50

α-cellulose was added to fill up the diets to 1 kg according to: Diet
Y, 15 g yeast+95 g α–cellulose; Diet Ph, 0.4 g phytase+109.6 αcellulose; Diet Y+Ph, 0.4 g phytase+15 g yeast+94.6 g α-cellulose.
2
Vimifos S.A. de C.V., Mexico
3
Pronasoya, S.A. de C.V., Mexico
4
Drotasa S.A. de C.V., México
5
Abastecedora de Productos Naturales, S.A. de C.V., México)
6
Sigma Aldrich Co., St. Louis, MO, USA)
7
DSM Nutritional Products of Mexico, Mexico
1

Feeding Trials
The first trial was performed under laboratory
conditions on a recirculation system with 100-L
polypropylene tanks. Each diet was fed to triplicate
groups of 15 juveniles (1.2±0.06 g) at 7% of their
body weight daily, divided into two equal feeding at
09:00 and 16:00. Juveniles were weighed every 10 days
and the ration size was adjusted accordingly. In order
to reduce the leaching of P from fecal matter, it was
collected after 30 min of feeding (Windell et al.,
1978) by siphoning the bottom of each tank and kept
to determine the P contents. After that, unconsumed
feed was removed and quantified for measurement of
the diet intake. This trial lasted 70 days. Through the
feeding trial, the water quality parameters were:
dissolved oxygen 6.5±1.0 mg/L (mean±SD), pH
7.9±0.5 and water temperature of 16±1°C. Water flow
on each tank was of 1.5 L/min during the entire
experiment. All tanks were maintained under a natural
photoperiod. The second trial was under farm
conditions in flow-through system with 12 glass-fibre
tanks of 1000-L. Each diet was fed to triplicate groups
of 65 juveniles (2.8±0.1 g) at 7% of their body weight
daily, as before, divided into two equal rations size.
The juveniles were weight every 15 days and ration
size was adjusted accordingly. The fecal matter was
removed as previously described. This trail was
performed for 75 days. Water parameters (mean±SD)
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were: dissolved oxygen 5.5±1.0 mg/L, pH 7.0±0.5
and water temperature of 12±1°C. Water flow on each
tank was of 5 L/min during the entire experiment.
At the end of both trials, the fish were starved
for 24 h and weighed to determine the growth
performance. In first feeding trial a sample of 5 fish
for each replication were selected randomly to
evaluate the oxygen consumption, and nitrogen and
phosphorus excretion. Fish, finally, were sacrificed
with an over-dose of MS-222 (ethyl 3-aminobenzoate,
methanesulfonic acid, Sigma Aldrich Co., St. Louis,
MO, USA) at 200 mg/L and blood samples were
taken to determine the serum lysozyme activity.
Blood was allowed to clot at 4°C and three h later, the
serum was separated by centrifugation at 3,000 rpm
for 10 min, pooled and frozen at -20°C until used.
Oxygen Consumption, Nitrogen and Phosphorus
Excretion
Fish were fed their respective diets 24 h before
perform the tests were used. A closed recirculated
system of twenty 1-L flask connected in a series by
plastic tubes, was slowly filled with water and one
fish was place in each flask. The initial concentrations
of oxygen, nitrogen and phosphorus were obtained
and the flasks were closed hermetically. Fish were
maintained in such conditions for a period of 30 min
and then, flask were open and dissolve oxygen was
measured again and samples of water were taken for
the determination of nitrogen and phosphorus
concentrations. Dissolved oxygen was measured with
an oxymeter (model 556MPS, YSI Inc., OH, USA)
and oxygen consumption was calculated according
with Hernández et al. (2012). The P excretion (as
PO43-) was determined by method of molibdovanadate
and nitrogen (as NH3-N) by the Nessler method
(Clescerl et al., 1995) respectively. Dry feces were
digested with persulfate acid at 400C and then, total
phosphorus was determined in by the molybdovanate
method (Clescerl et al., 1995).
Lysozyme Activity
It was determined according with Caruso et al.
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(2002) and briefly, 100 µl of the blood serum were
added to an aqueous solution of Micrococcus
lysodeikticus (lyophilized cells, Sigma Aldrich
Chemical, St. Louis, MO, USA) to obtain a mix of
1000 µl, which was incubated at 25°C and absorbance
was read at 530 nm exactly 0.5 and 4.5 min after
adding the sample. One unit of lysozyme activity (U)
was defined as the amount of enzyme that caused a
decrease in absorbance of 0.001 min/L.
Statistical Analysis
Data were tested with the Shapiro and Wilk W
test and Barlett´s test for normality and
homoscedasticity, respectively (Zar, 1999). Data
expressed as percentage were arcsine transformed and
then tested. Since all data showed normality and
homoscedasticity, they were compared by one-way
ANOVA (package Prism 6.0 for Mac, GraphPad
Sofware, Inc.). When found the statistical differences
between treatments were evaluated by a Tukey
multiple comparison test, considering an error of 5%
(P<0.05).

Results
The growth performance of the fish feed on the
trial under laboratory conditions is show in Table 2.
The weight gain (WG) of the juveniles was
significantly higher in the fish fed the diets with
soybean meal than the observed for those fed with the
commercial diet. Among the diets with soybean meal,
the one added with yeast showed the highest WG, but
no significant differences were observed when
compared with the other two treatments. Higher
values was observed on the specific growth rate
(SGR), feed conversion ratio (FCR) and protein
conversion ratio (PCR) on the groups fed the
experimental diets than those observed in the
commercial diet, but no significant differences were
found. Survival was higher of 96% all the groups and
mortality was not related to the treatment with the
diets.
A similar trend was observed in the growth
performance during the trial under practical

Table 2. Growth performance and survival of juvenile rainbow trout fed diets with high content of soybean meal as protein
source and the addition of yeast and/or phytase under laboratory conditions for a period of 70 days
Diets
Wt gain (%)1
SGR (%/day)2
FCE3
PCE4
Survival

Diet Y
1,043±16a
3.4±0.07
0.70±0.01
2.3±0.2
98

Diet Ph
992±31a
3.4±0.01
0.65±0.02
2.1±0.1
100

Diet Y+Ph
984±23a
3.4±0.02
0.64±0.02
2.3±0.1
98

Commercial
893±8b
3.3±0.06
0.67±0.1
2.7±0.8
96

Data are the means of triplicate groups±standard error. Means with different letters in the same line differ significantly (P<0.05).
1
Weigth gain = ((Final weight – initial weight) / Initial weight) x 100
2
Specific growth rate = ((ln final weight – ln initial weight)/70) x 100
3
Feed conversion efficiency = Weight gain (g) / total feed intake (g dry weight basis)
4
Protein conversion efficiency = Weight gain (g) / total protein intake (g dry weight basis)
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conditions (Table 3), with higher values of the diets
with the soybean meal diets than the commercial diet.
However, no significant differences were observed
between the groups. Again, highest values were
observed on the group fed the diet with yeast and
followed by the Diet Y+PH. Survival rates were
higher the 78% and the mortality observed was not
related to the treatments.
Regarding the physiological responses during
the trial under laboratory conditions, the oxygen
consumptions during the first trial was not
significantly different among the treatments, higher
values were observed on the fish fed the Diets Y and
the commercial (Figure 1a). Nitrogen excretion
(expressed as NH3-N, Figure 1b) showed higher
values in the group fed the commercial diet, but not
significant differences were observed among the
treatments. Organisms fed the Diet Y+Ph showed the
highest N excretion between the groups fed the
experimental diets. Regarding the P excretion (as
PO43-, Figure 1c) the fish fed the commercial diet
showed significantly higher values when compared
the juveniles fed Diets Y and Y+Ph. Regarding the P
content in feces, no significant differences among the
groups were observed in both feeding trials, but a
tendency of higher values were observed on the
commercial diet (Figures 1d and 1e).
Serum lysozyme activities of the juvenile
rainbow trout reared under laboratory conditions are
show in Figure 2a and significant higher values were
observed in the group fed diet Y than the others. In
Figure 2b is show the lysozyme activity of the
juveniles fed under practical conditions and not
significant differences were found among the groups.

Discussion
With a limited supply of fishmeal for aquafeeds
on the next decades (Hardy, 1996), aquaculture
requires to find ways to use more effectively plantorigin feedstuffs for the future development of the
industry (Gatlin et al., 2007; Kaushik and Seiliez,
2010). In the present research we report for the first
time, the use of yeast and/or phytase in diets with
75% of substitution of the fishmeal with soybean

meal to feed rainbow trout under laboratory and farm
conditions. The results show the possibility to use
such diets, particularly the one with yeast (Diet Y), to
fed juveniles without affecting the growth and the
lysozyme activity, an important non-specific immune
response in fish.
Both, under laboratory and farm conditions, data
of growth performance were higher than the
previously reported by Cruz et al. (2011), in which
they fed rainbow trout juveniles with a similar
formulation of 75% soybean and 25% fishmeal as
protein sources and the addition of 0.8 g phytase per
kg of diet. The same was found when SGR was
compared with those obtained by Gomes et al. (1995)
and Wang et al. (2009) when fed rainbow trout
juveniles with soybean meal and the inclusion of
phytase. The addition of phytase has been related to
an improvement of growth in salmonids, mainly
because phytic acid is hydrolysed and allows a better
digestion process (Cheng et al., 2004). Phytase was
added to the experimental diets at a level of 0.4 g/kg,
about 2,000 FYT/kg, and it seems to be an adequate
level to be included when 400 g/kg of soybean is
used. Regarding the use of yeast, it has been reported
previously as growth promoter in several species of
fish such as Nile tilapia Oreochromis niloticus (LaraFlores et al., 2003; Adbel-Tawwab et al., 2008),
grouper Epinephelus coioides (Chiu et al., 2010) and
rainbow trout (Barnes et al., 2006). However, for the
first time is reported its use in diets with high contents
of soybean meal. The improved growth of juveniles
fed the Diets Y and Y+Ph might be related to a better
nutrient digestibility, particularly the protein fraction
(Lara-Flores et al., 2003; Waché et al., 2006) and the
results of the present research indicates that yeast
might contribute to this. During the feeding trials we
were not able to determine the protein digestibility,
but Bureau et al. (2002) reported that N excretion and
oxygen consumption might be useful to estimate the
nutrient utilization of diet, as usually, low values
indicates a better use of the protein (less N excretion)
and less energy spent in its oxidation (less oxygen
consumption). We observed lower values of NH3-N
excretion and similar values of oxygen consumption
on the fish fed the experimental diets. Cruz et al.

Table 3. Growth performance and survival of juvenile rainbow trout fed diets with high content of soybean meal as protein
source and the addition of yeast and/or phytase under practical conditions for a period of 75 days
Diets
Wt gain (%)1
SGR (%/day)2
FCR3
PCE4
Survival

Diet Y
513±35
2.4±0.07
1.07±0.02
1.5±0.03
79

Diet Ph
446±84
2.2±0.2
1.06±0.02
1.7±0.008
86

Diet Y+Ph
480±28
2.3±0.06
1.05±0.02
2.1±0.007
80

Data are the means of triplicate groups±standard error. Not significant differences were observed at this level (P<0.05)
1
Weigth gain = ((Final weight – initial weight) / Initial weight) x 100
2
Specific growth rate = ((ln final weight – ln initial weight)/75) x 100
3
Feed conversion efficiency = Weight gain (g) / total feed intake (g dry weight basis)
4
Protein conversion efficiency = Weight gain (g) / total protein intake (g dry weight basis)

Commercial
396±38
2.1±01
1.26±0.04
1.8±0.8
78
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Figure 1. Physiological responses of juvenile rainbow trout fed diets with high content of soybean meal as protein source
and the addition of yeast and/or phytase. Data are the means of three replicate groups ± standard error. Bars with different
letters differ significantly (P<0.05). (a) Oxygen consumption, (b) nitrogen excretion, (c) phosphorus excretion and (d) total
phosphorus in feces of the fish fed under laboratory conditions. (e) Shows the total phosphorus in feces of fish fed under
practical conditions.

(2011) reported that feeding juveniles of rainbow
trout with a diet based on soybean meal, the oxygen
consumption was as high as double of the found
during the feeding trial under laboratory conditions.
Phosphorus excretion (in urine and feces) was
similar to that reported previously by Cruz et al.
(2011) and Hernández et al. (2012). Soybean storages
most of its P as phytic acid (myo-inositol 1,2,3,5,6hexakis dihydrogen phosphate), an organic compound
that once in the digestive tract, usually forms
complexes phytate-protein or phytate-mineral-protein
(Cheryan, 1980) or binds to trypsin (Singh and
Krikorian, 1982) that reduces the digestibility (Gatlin
et al., 2007) and P is usually excreted in the urine
and/or feces (Coloso et al., 2003), which is a major
concern of aquaculture operations, as it can cause
eutrophication of water bodies surrounding the farms
(Bureau and Cho, 1999). Phytase is a
phosphohydrolase enzyme that catalyses the

sequential release of inorganic orthophosphate from
the phytic acid (Jorquera et al., 2008) and has been
suggested as supplement in diets with soybean meal
(Wang et al., 2009) to improve P retention and thus,
decreased its excretion. After the feeding trials and
with the addition of phyatse to diets with soybean
meal, as expected, the P excretion was lower than the
commercial diet. However, P excretion in feces and
urine tended to be lower on the juveniles fed with
Diet Y. Phytase has been reported to be present in
yeasts of genus Saccharomyces (Nayini and
Markakis, 1984) and the activity of the enzyme has
been found to increase when the phytic acid is in the
growth medium (Gontia-Mishra and Tiwari, 2013).
Our results suggest that the yeast included in the
experimental diets helped to catalyze the phytic acid
present in the soybean meal in a better way than the
phytase used in Diet Ph.
According to Burrells et al. (1999), the
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Figure 2. Non-specific immunological responses of rainbow trout juveniles fed diets with high contents of soybean meal
as protein source and the addition of yeast and/or phytase. Data are the means of three replicate groups ± standard error.
Bars with different letters differ significantly (P<0.05). (a) Serum lysozyme activity under laboratory conditions and (b)
serum lysozyme activity under practical conditions.

incorporation of high levels of soybean protein in fish
feed affects the immune capacity of salmonids, as
nutrition of the organisms play an important role in
maintain the normal response and particularly, the
lysozyme activity is the non-specific response that
often is use to evaluate the fish condition. The nonspecific immune responses are the first line of defence
in fish and usually can avert many microbial until the
specific responses have been developed (Saurabh and
Sahoo, 2008). The data obtained under laboratory
conditions of serum lysozyme activity are between the
normal ranges reported previously for rainbow trout
fed a diet based on fish meal (Verlhac et al., 1986)
and those fed on a diet with plant-origin proteins
(Hernández et al., 2012; Jalili et al., 2013). However,
data under the practical conditions are lower that
those reported. Several environmental factors have
been reported to affect lysozyme activity and are well
establish that temperature has an effect in it (Saurabh
and Sahoo, 2008). During the trial under farm
conditions, temperature was lower by 3 to 4 °C than
the performed under laboratory conditions and this
might influencing the lower lysozyme activities as
reported previously for carp (Studnicka et al., 1986),
Atlantic halibut (Langston et al., 2002) and southern
bluefin tuna (Watts et al., 2002). Regardless of the
two feeding trials, we were able to identify a trend in
which the yeast and the phytase added to the
experimental diets caused higher lysozyme activities.
Besides, the yeast has been reported to improve the
lysozyme activity in several species of fish mainly by
contributing with nucleic acids and -1,3-glucans
(Abdel-Tawwab et al., 2008; Chiu et al., 2010), but
the mechanisms are still not fully understood (Nayak,
2010).
The present research shows the possibility of
using high contents of soybean meal by adding yeast
or yeast and phytase in diets for juvenile rainbow
trout reared under different conditions. Diets Y and
Y+Ph did not affected the growth and the serum
lysozyme activity, besides they might be contributing
with reducing the P excretion. As well represents an

option to use more plant-origin ingredients in the
commercial diets for trout, even that is necessary to
establish a way to deliver the live yeast during the
industrial process of diet manufacturing, which might
include the use of encapsulated cells to ensure the
viability of yeast.
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