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Abstract: This study aimed to evaluate the effect of the commercial probiotic (Saccharomyces cerevisiae),

antibiotic (florfenicol), and its combination for Nile tilapia culture. The experiment was arranged in a
completely randomized design with five replications, and five treatments diets: Control: water and diet
without additives; YD: yeast in the diet (I g Kg'); AW: antibiotic in the water (0.002 g L™"); AWYD:
antibiotic in the water, and yeast in the diet (0.002 g L and 1 g Kg'); and AD: antibiotic in the diet
(0.01 g kg"). The growth parameters as total and standard length, weight, weight gain, biomass, Fulton’s
condition factor, specific growth rate and plasma cortisol of tilapia did not show the difference between the
treatments. The survival rates and food conversion rate of fish were greater in treatment with florfenicol

included in the diet. The commercial probiotic did not improve growth or survival. The administration

of the antibiotic florfenicol in the water needs more studies. The inclusion of the antibiotic in the diet

promotes growth and survival in Nile tilapia juvenile.
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INTRODUCTION

Several classes of antibiotics are commonly
used in aquaculture; Among it, the most used
are oxytetracycline and florfenicol due to their
high potency against bacterial diseases. These
antibiotics were suitable for aquaculture since
after a withdrawal period of 15 days its residues
in Oreochromis niloticus muscle were within the
permissible limit of Commission Regulation, EU
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Commission (2010) and besides this advantage
antibiotics provide better performance (Reda et al.
2013).

With the health and environmental concerns,
the use of chemotherapeutic agents has been
restricted in many countries over recent years. This
restriction has resulted in a demand for alternative
strategies to improve aquatic production and
enhance disease resistance. Among these options,
probiotics, live micro-organisms that confer a health
benefit to the host by providing both a nutritional
benefit and protection against pathogens, represent
an important option for the management of diseases
and their use may replace some of the therapeutic
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chemicals commonly used in aquaculture (Pérez-
Sanchez et al. 2014).

Tilapia is an omnivorous species that intestines
and gonads, rearing water and sediments or even
commercial products, can be sources for acquiring
appropriate probiotics. Administration of probiotics
varies from direct oral/water routine to feed
additives, of which the latter is most commonly
used (Van Hai 2015). The yeast is a probiotic that
can improve feed utilization and promote growth
performance in a cichlid. Furthermore, using
probiotics can control pathogens by a variety of
mechanisms, therefore, become it’s increasingly
important in the aquaculture industry (Mohammadi
et al. 2015). However, despite some experiments
using the commercial baker’s yeast Saccharomyces
cerevisiae had attained success in the fish culture
(Hisano et al. 2007, Abdel-Tawwab et al. 2008)
others may not promote improvement.

This study aimed to evaluate the effect
of the probiotic commercial live bakers’ yeast
(S. cerevisiae), antibiotic (florfenicol), and its

combination for Nile tilapia culture.
MATERIALS AND METHODS

The experiment was carried out at the Laboratorio
de Aquicultura ¢ Ecologia Aquatica of the
Universidade Federal dos Vales do Jequitinhonha e
Mucuri, JK campus, in Diamantina, MG, 18° 15’ S;
43°36° W; 1,400 m of altitude, during 56 days. The
work was conducted following ethical standards
and approved by the Ethics Committee on the Use
of Animals of the UFVIM, process n° 029/2016.

Nile tilapia juveniles (650 males), weight and
length around 1.05 £ 0.71 g and 4.01 + 0.40 cm
respectively, were stocked into 25 aquariums (130
L), with constant aeration and natural photoperiod
(12 hours of light and 12 hours of darkness) in the
density of 0.19 fish L' aquarium™.
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TREATMENTS

The experiment was arranged in a completely
randomized design with five replications, and five
treatments diets: Control: water and diet without
additives; YD: yeast in the diet (1 g Kg'); AW:
antibiotic in the water (0.002 g L"); AWYD:
antibiotic in the water, and yeast in the diet (0.002
g L' and 1 g Kg"); and AD: antibiotic in the diet
(0.01 gkg™). The animals were properly acclimated
in their experimental units for seven days.

The yeast was manually mixed in the
commercial feed and subsequently fixed by soybean
oil (1 mL kg™) on top. The same methodology was
set to include 0.01 g kg™ of antibiotic florfenicol in
the feed, whilst the concentration in the water was
0.002 g L' was included in all the experimental
diets.

PROTOCOL

The diets were offered ad libitum three times a
day (8, 12, 16 h), and weighed for the calculus of
consumption and apparent feed conversion.

The calculated composition of the extruded
commercial feed (1.5 mm of diameter) per kg of
feed was: humidity (max.) 100 g, crude protein
(min.) 400 g, lipid analysis (min.) 80 g, crude fiber
(max.) 30 g, mineral matter (max.) 160 g, calcium
(min.) 15 g, calcium (max.) 30 g, phosphorus
(min.) 10 g, sodium (min.) 185 mg, lysine (min.)
22 g, methionine (min.) 9.400 mg, vitamin A (min.)
18.400 UI, vitamin D3 (min.) 5,000 IU, vitamin E
(min.) 400 IU (min.). vitamin K3 (min.) 34.5 mg,
vitamin C (min.) 1500 mg, thiamine (B1) (min.)
36.8 mg, riboflavin (B2) (min.) 36.8 mg, pyridoxine
(min.) 36.8 mg, vitamin B12 (min.) 36.8 mg, folic
acid (min.) 11.5 mg, biotin (min.) 0.12 mg, niacin
(min.) 195.5 mg, calcium pantothenate (min.) 92
mg, copper (min.) 19.5 mg, manganese (min.) 58
mg, selenium (min.) 0.95 mg, zinc (min.) 192 mg
and iron (min.) 146 mg.
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To remove the waste and the amount of organic
matter, twice a week, the aquarium was siphoned
and 40% of the volume was renewed. Weekly the
physical parameters of water (temperature, pH,
dissolved oxygen and electrical conductivity)
were measured through the multi-parameter
probe (Horiba W-22XDD). Also, the ammonia,
nitrite, and nitrate were analyzed according to the
methodology described in APHA (2012).

At the end of the experimental period, fishes
were weighed with a precision analytical balance
(0.01 g) and then measured, the total and standard
length with a digital caliper (0.0lmm) after being
anesthetized with eugenol 75 mg L, according to
a methodology described by Vidal et al. (2008).
Also were calculated the biomass (sum of the
weight of all fish in the aquarium), the survival, and
Fulton’s condition factor (K) (weight x standard
length™)*100.

At the end of the experimental period, 40
minutes after the last biometry, all fishes were
submitted to acute stress, where they were exposed
to the air for 12 minutes and then relocated in their
experimental units. After acute stress, 24 hours
post-stress, the survival rate and the efficiency of
the additives was evaluated.

Following the stress, fish of each treatment
was captured and then around 200 pL of blood
from the caudal vein was collected to measure
the plasma cortisol level. The blood was collected
with a syringe, bathed in anticoagulant (EDTA
3%), of the ventral region of the spine. The
blood was conditioned in Eppendorf tubes (1.5
mL), refrigerated at 12°C and then centrifuged
(Centrifuge 5415R) at 3000 rpm for fifteen
minutes to collect the supernatant plasma with
a micropipette. The plasma was refrigerated, in
duplicates, at -80°C for further cortisol analysis,
which was determined by the ELISA kit (enzyme-
linked immunosorbent kit - cortisol test -
MonobindInc®). Intra and interspecific tests were
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performed to validate the plasma cortisol kits in
tilapia juveniles.

Atthe end of the experimental period, fish from
both experiments were euthanized with benzocaine
hydrochloride (CONCEA 2013) for the body
chemical composition analyzes. The following
analyses, dry matter, crude protein, lipid analyze,
and mineral matter (AOAC 2016) were performed
in the Laboratory of Animal Nutrition - UFVJM.

STATISTICAL ANALYSIS

All data were submitted to ANOVA, followed
by Tukey test (0.05). The data for survival were
transformed into arcsin for statistical analysis, but
are presented in percentages. The analyses were
performed using the statistical program SIGMA
STAT 3.5.

RESULTS

The physical-chemical parameters of water,
temperature, pH, electrical conductivity, ammonia,
and nitrate did not show statistic difference (p>0.05)
between the treatments. However, the dissolved
oxygen and nitrite has a statistical difference
(p<0.05) (Table I).

The total and standard length, weight, weight
gain, biomass, Fulton’s condition factor, and
specific growth rate of tilapia did not have difference
(p>0.05) between the treatments (Table II).

Feed conversion was better in the treatment
with florfenicol in the diet than in the control group.
Likewise, the consumption was different between
the treatments, where the juveniles in the treatment
with florfenicol in the diet shown higher (p<0.05)
consumption when compared to the control.

During the experimental period, the survival
rate was higher (p<0.05) from the treatment with
florfenicol in the diet, followed by the treatments
with yeast in the diet and the control group, then
the treatment with florfenicol in water and finally
by the florfenicol in the water and yeast in the diet.
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TABLE I
Mean values and standard deviation of the physical-chemical parameters of the water in the culture of Nile tilapia
juvenile supplemented with yeast (Saccharomyces cerevisiae), antibiotic (florfenicol) and its consortium, during 56 days.

Parameters Control YD AW AWYD AD CV (%)

Temperature (°C) 21.86+1.29a 21.80+1.21a 21.82+1.07a 21.98+1.13a 21.85+1.16a 0.47

pH 7.77+0.99 a 7.95+095a 7.85+1.00a 7.94+090a 7.82+090a 1.88
Elecm(c;lscg;q};cnvny 003+00la  002+00la  003+00la 003+002a 003+0.02a  27.94
Dissolved oxygen (mg L")  7.66+3.09a 6.97+096ab 6.72+086ab 6.65+085b 6.81+0.86ab 7.61
Ammonia (mg L) 0.09 £0.02 a 0.09 +£0.02 a 0.11+£0.04a 0.11+0.03a 0.13+0.06 a 35.85
Nitrite (mg L™) 0.01£0.02b 0.04+0.0lab  0.08+0.04a 0.02+0.02ab 0.01 £0.02b 70.64
Nitrate (mg L) 0.46+0.57a 1.14+032a 0.75+£0.60a 037+0.64a 037+0.64a 91.77

Means followed by different letters in the same row were significantly different according to Tukey’s test (p<0.05). Control: water
and diet without additives; YD: yeast in the diet (1 g Kg™); AW: antibiotic in the water (0.002 g L™'); AWYD: antibiotic in the water,
and yeast in the diet (0.002 g L" and 1 g Kg™'); and AD: antibiotic in the diet (0.01 g kg™).

The survival of Nile tilapia juvenile was 100%
for all treatments after the stress by air exposure.

For the plasmatic cortisol, no differences
(p>0.05) were observed between the treatments
after air exposure, and values oscillated among
2.18t02.21 pgdL™.

The body chemical composition of Nile tilapia
juveniles has it dry matter greater (p<0.05) while
reared with florfenicol in the water and yeast in the
diet when compared to the control. However, it is
similar to the treatment with yeast in the diet, with
florfenicol in the water, and florfenicol in the diet
(Table III).

The lipid analysis of the body chemical
composition of the treatment with florfenicol in the
water and yeast in the diet was higher (p<0.05) when
compared to treatments with florfenicol in the diet,
yeast in the diet, and control. However, it is similar
to the treatment with florfenicol in the water.

The crude protein and mineral matter did not
have a statistical difference (p>0.05) between the
treatments.

DISCUSSION

The following physical-chemical parameters of
the water, pH, electrical conductivity, dissolved
oxygen, ammonia, nitrite, and nitrate, were suitable
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for the cultivation of Nile tilapia, however, the
temperature was below the range for maximum
performance of the species (Mercante et al. 2011).
The weight, weight gain, and biomass did not
differ between the treatments. It may be occurred
due to the established microbiota being resistant
to other microorganisms (Gatesoupe 1999) since
probiotic by competitive exclusion may or may
not settle in the sites in the digestive tract of
the organism (Loh 2017). Other authors when
supplementing yeast in the diets of tilapias reports
no difference in growth and weight gain (He et
al. 2009, Schwarz et al. 2016). However, the S.
cerevisiae in the diet improved the final weight,
weight gain and biomass in Nile tilapia (Hisano et
al. 2007, Abdel-Tawwab et al. 2008), also showed
improvement when was introduced the lyophilized
form (Hisano et al. 2007), and to cichlid fingerlings
of Amatitlania nigrofasciata when administered
2% in the diet (Mohammadi et al. 2015). Adel et al.
(2017) described that yeast probiotics have great
promise, yet they received little attention in fish.
For the authors, all growth performance parameters
were significantly improved following probiotic
administration due to digestive physiology had
been affected by in-feed probiotics through the
improvement of intestinal enzyme activities, also,
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TABLE 11
Mean values and standard deviation of performance parameters in Nile tilapia juvenile supplemented with yeast
(Saccharomyces cerevisiae), antibiotic (florfenicol) and its consortium, during 56 days.

Parameters Control YD AW AWYD AD CV (%)
Total length (cm) 795+1.01a 749+1.20a 7.74+120a 7.84+147a 7.75+1.18a 6.21
Standard length (cm) 6.35+0.81a 6.11+098a 6.16+1.04a 6.29+1.22a 6.19+0.99a 6.10
Weight (g) 897+329a 7.70+3.53 a 8.09+382a 9.09+528a 849+420a 19.19
Weight gain (g) 790+1.78 a 6.72+192a 7.13+246a 789+326a 744+226a 21.42
Biomass (g) 89.76 a+3.29 77.12a+3.53 8096a+3.82 91.01a+528 84.97a+420 19.19
Feed conversion (g g") 1.69 £ 0.69 b 1.99 £ 0.87¢ 1.87£045d 1.78+0.56c¢ 1.64+0.32a 0.38
Consumption (g) 40.77+2.62 ¢ 4433 +332d 41.16+2.83c 46.00+3.34b 57.12+3.84a 7.89
Fulton’s condition (K) 344+205a 329+225a 341+243a 3.62+325a 339+259a 6.58
Specific growth rate (%) 7.05+1.79 a 5.94+190a 638+245a 693+£322a 6.61+2.24a 23.99
Survival (%) 87.15+1.34b 87.15+134b 8555+1.81¢c 83.15£1.78d 9435+044a 0.08
Post-stress survival (%)" 100 +0.00 100 +0.00 100 + 0.00 100 + 0.00 100 + 0.00 -

Means followed by different letters in the same row were significantly different according to Tukey’s test (p<0.05). Control: water
and diet without additives; YD: yeast in the diet (1 g Kg'); AW: antibiotic in the water (0.002 g L"); AWYD: antibiotic in the water,
and yeast in the diet (0.002 g L and 1 g Kg'); and AD: antibiotic in the diet (0.01 g kg™).

* The statistical analyze was not performed.

the inhibitory potential of skin mucus against fish
pathogens was significantly enhanced. However,
the experiment with trout and the yeast-based
commercial probiotic composed of S. cerevisiae
and Saccharomyces elipsoedas, and under other
environmental conditions.

The standard and total length did not differ
between treatments, which may be related to
beneficial microbiota pre-existent in the aquariums
in this study, as described by Gatesoupe (1999)
and Merrifiel et al. (2010). Experiments have
demonstrated that several probiotics sources can
be suitable for tilapia (Van Hai 2015). The results
corroborated to Ferreira et al. (2015) who observed
that when supplementing Nile tilapia larvae with
S. cerevisiae strains, after a sanitary challenge,
there were no effects on these parameters between
the treatments. Schwarz et al. (2016) also did not
observe differences in tilapia length after the use of
S. cerevisiae.

Fulton’s condition fact is attributed to fish
welfare (Gupta and Gupta 2006). For this study,
there is no difference between the treatments.
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During the experimental period, the K ranged from
3.29 to 3.62 £ 0.33. Pedreira et al. (2016) reported
a variation range of K in tilapia between 2.75
and 3.09 + 0.32. Wild et al. (2014) when testing
B. cereus, B. subtillis and its consortium in Nile
tilapia reported values ranging from 1.83 to 2.04,
lower than those observed in the present study. The
results suggest that the environment was favorable
to the tilapia culture.

The specific growth rate did not vary
between treatments and ranged from 5.94 to
7.05%. However, Marengoni et al. (2010) when
supplementing B. subtilis, Bacillus lincheniformis
and Bacillus pumilus in red tilapia, observed an
improvement in the specific growth rate for tilapia.

In this experiment, the tilapias presented
better-feed conversion and higher feed intake
when supplemented with florfenicol in the diet,
corroborating with Reda et al. (2013) who reported
that the florfenicol improved the alimentary
efficiency of tilapia juveniles.

The feed conversion ranged from 1.64 to 1.99
g g being the best results found with an antibiotic
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TABLE III
Mean values and standard deviation of the body chemical composition analyses of the Nile tilapia juveniles.
Composition (g Kg™) Control YD AW AWYD AD (C%V)
Dry matter 2545+0.03b 25.84+0.17ab 26.42+0.02ab 26.52+042a  26.14+0.31ab 0.96
Crude protein 13.66+2.86a 13.90+295a 14.18+0.35a 1475+2.24a 13.92+0.20 a 4.56
Lipid analysis 6.02+0.56 ¢ 6.35+0.75 be 6.73 +£0.30 ab 6.98 £0.30 a 6.42 +0.60 b 1.49
Mineral matter 3.60+0.14 a 3.63+040a 3.63+027a 343+0.21a 3.70+0.28 a 3.05

Control: water and diet without additives; YD: yeast in the diet (1 g Kg'); AW: antibiotic in the water (0.002 g L™"); AWYD:
antibiotic in the water, and yeast in the diet (0.002 g L™ and 1 g Kg™); and AD: antibiotic in the diet (0.01 g kg™).

in the diet, which demonstrated a greater efficiency
of'the antibiotic in the diet as a growth promoter. On
the other hand, the best feed conversion observed
in the control group, when compared to yeast in
the diet, may be explained by the possible presence
of a beneficial microbiota in the fish’s intestine or
the aquariums, that must have been tolerant to the
adhesion of the yeast supplemented in this study, as
suggested by Gatesoupe (1999) and Merrifield et
al. (2010). Additionally, it would explain the results
observed for total and standard length, which
appears to be ambiguous.

The consumption ranged from 280.68 to 282.27
g, varying among all the treatments. Schwarz et
al. (2016) including B. subtilis in the diet of Nile
tilapia fingerlings at a suitable environment for
rearing the species, observed values of 1.32 to 1.49
g g ! for feed conversion and 249.12 to 318.32 g
for consumption. Those results were similar to this
study, indicating that the environmental conditions
in this experiment are favorable for the cultivation
of this species.

The survival was better in the treatment
with florfenicol in the diet, which shows that
concentration of antibiotic used in this experiment
was effective for the maintenance survival suitable
for the species (Carraschi et al. 2011, Andrade et
al. 2017). According to Carraschi et al. (2011),
the antibiotic florfenicol supplied in the diet at the
concentration of 10.0 mg kg™, provided greater
survival in pacus (Piaractus mesopotamicus).
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However, when fed with yeast S. cerevisiae it does
not differ from the control group, similar to the
results found for final weight, standard and total
length observed in this experiment, suggesting a
beneficial effect of the pre-existing microbiota.

All fish survived after the air exposure stress.
The tilapia has good resistance to low oxygen
conditions due to its ability to produce endogenous
antioxidant substances that are capable of reducing
the oxidative stress and to regulate cellular
respiration (Welker et al. 2013). Besides, animals
under stress will try to balance its homeostasis
to maintain the integrity of their body through
the energy that could be used for productive
performance and reproduction (Vijayan et al.
1994, Schreck 2010). Species that tolerate extreme
conditions of hypoxia, such as Nile tilapia, have
developed important physiological adaptations
over time, such as the greater affinity between the
oxygen molecule and the hemoglobin, a process
that allowed those species to adapt to diverse
environments (Nilsson and Ostlund-Nilsson 2008).

The concentration of plasma cortisol post-
stress ranged from 2.18 to 2.21 ng mL™ and did not
differ between treatments. The result is within the
basal range for fish (Barton et al. 2002), indicating
that the fish remained in a good condition of well-
being, which is reinforced by the other parameters
and survival rates observed.

The variations of the body chemical
composition may be related to the products used
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to supplement the animals. The same results
were observed in broilers fed with the antibiotic,
prebiotic, probiotic, where the authors reported a
higher protein deposition in the breast of broilers
fed the different supplements about the negative
treatment with the antibiotic (Brzoska and Stecka
2007). In this experiment, fish have a better
performance when the antibiotic was administered,
similarly to results observed by Andrade et al. 2017.
However, Abdel-Tawwab et al. (2008). observed
higher protein deposition in the carcass after the
supplementation of S. cerevisiae in the diets for
Nile tilapia juveniles.

CONCLUSIONS

The florfenicol included in Nile tilapia diet
improves growth and survival, but in the water,
this additive was effective and need more study.
The probiotic Saccharomyces cerevisiae did not
improve Nile tilapia growth.
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