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Abstract
The prawn Macrobrachium rosenbergii post larvae (10.01 ± 2.00  mg) were evaluated 
using a synbiotic system with different fermentation (anaerobic) and microbial respiration 
(aerobic) strategies after 35 days. Rice bran, a mix of probiotic microorganisms, alkalizing 
agents, and water were used in the preparation of the synbiotic. There were five treatments 
in quadruplicate, consisting of the following: T12|12 = 12 h anaerobic and 12 h aerobic; 
T12|24 = 12 h anaerobic and 24 h aerobic; T24|0 = 24 h anaerobic; T24|12 = 24 h anaero-
bic and 12 h aerobic; T24|24 = 24 h anaerobic and 24 h aerobic. The prawns were fed four 
times a day (40% crude protein) and the main variables of water quality and prawn growth 
were evaluated. The synbiotic preparation strategies used did not influence the stabilization 
time of nitrogen compounds in water. There were no differences in the survival and the 
water quality variables, which remained adequate for the species. For the variables final 
average weight (mg) and yield  (gm−3), treatments T24|24 (221.3 ± 22.0 and 195.4 ± 14.6) 
and T12|24 (218.2 ± 27.6 and 196.2 ± 33.4) were higher than 24|00 (176.1 ± 24.5 and 
151.3 ± 21.6). Thus, it is concluded that a longer preparation time of the fertilizer, espe-
cially contemplating the anaerobic and aerobic stages, can promote greater performance of 
the reared prawns.
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Introduction

Freshwater prawn farming has Macrobrachium rosenbergii (giant freshwater prawn) as one 
of the main crustaceans species  reared, reaching a world production of 294,000 tons in 
2020. Of this total, Brazil contributed around 150 tons (FAO, 2022).

Handling Editor: Gavin Burnell.

 * Robson Batista dos Santos 
 rob.dja@hotmail.com

Extended author information available on the last page of the article

Published online: 9 August 2022

Aquaculture International (2022) 30:3159–3178

http://crossmark.crossref.org/dialog/?doi=10.1007/s10499-022-00955-y&domain=pdf


1 3

The productive potential of this species—high fecundity, rusticity, and rapid growth 
(New et al., 2010), has stimulated the development of research aimed at the intensification 
of crops, in order to make it possible to obtain greater productivity and profitability linked 
to the minimum use of water and environmental control (Crab et al. 2010; Perez-Fuentes 
et al. 2013; Ballester et al. 2017, 2018; Miao et al. 2017; Negrini et al. 2017; Hosain et al. 
2021; Santos et al. 2022). As a result, heterotrophic or mixotrophic farming, such as biofloc 
technology (BFT) and synbiotics, have gained prominence.

In these types of reared, the source of organic carbon as a promoter of microbial growth 
has become one of the most researched parameters, and its application tries to associate 
efficiency, low cost, and availability in the local market (Dauda 2019; Romano et al. 2018; 
Abakari et al. 2020a).

Thus, depending on the region, the most commonly used sources of organic carbon 
are carbohydrates—(CH2O)n—from monosaccharides and disaccharides (glucose, molas-
ses, sucrose, glycerol) to polysaccharides (rice bran, soy, wheat, starch, etc.) (De Schryver 
et al. 2008; Avnimelech et al. 2012; Crab et al. 2010; Emerenciano et al. 2017; Dauda et al. 
2017; Kumar et al. 2017; Abakari et al. 2020a; Hosain et al. 2021; Santos et al. 2022).

In the case of polysaccharides, such as rice, wheat, and soybean bran, for example, it is 
possible to find some works adopting fermentation and/or microbial respiration with Bacil-
lus spp. and other probiotic microorganisms (Lactobacillus, Saccharomyces, etc.) in order 
to achieve better results in terms of solubility; increase in soluble sugars, crude protein, and 
lipid content; and decrease in crude fiber and antinutritional factors (Romano et al. 2018; 
Dawood and Kashio 2019; Santos et al. 2022).

This process is known as “synbiotic,” as this terminology basically consists of a combi-
nation of a prebiotic source (e.g., bran, such as rice, wheat, or soybean, used as a substrate) 
and the action of probiotic microorganisms (Romano 2017; Huynhtg et al. 2017; Romano 
et  al. 2018; Andrade et  al. 2021; Deepak et  al. 2020; Liñan-Vidriales et  al. 2021; Silva 
et al. 2021a, b; Santos et al. 2022). It is, therefore, the formulation of a biofertilizer using 
agro-industrial residues and probiotic microorganisms submitted to semi-solid and/or liq-
uid fermentation and/or microbial respiration. As a result, a product nutritionally improved 
and rich in microorganisms beneficial to the reared environment can be obtained (Romano 
et al. 2018; Silva et al. 2021b).

Bacteria and yeasts are able to use a variety of agroindustry residues, such as rice bran 
and wheat bran, through fermentation and/or microbial respiration. Both Bacillus licheni-
formis and B. subtilis, for example, represent an attractive source of proteases when used in 
these processes (Shim et al. 2010; Huynhtg et al. 2017; Cienfuegos-Martinez et al. 2020; 
Dawood and Kashio 2019).

These processes generate a transformation in carbohydrates (increase in soluble sugar, 
crude protein, and lipid content; decrease in crude fiber, etc.), which results from the pro-
duction of hydrolytic enzymes and secondary metabolites such as liposaccharides and 
peptidoglycans (Romano et al. 2018; Huynh et al. 2017; Hofvendahl and Hagerdal 2000; 
Vassileva et  al. 2021). Rice bran has shown advantages in a synbiotic system due to its 
low cost and low protein content (Romano et al., 2018), thus avoiding problems with nitro-
gen in the system and leading to beneficial effects on fish (Romano et al. 2018), shrimp 
(Andrade et al. 2021), and prawn (Santos et al. 2022).

Fermentation of polysaccharide carbohydrates using probiotic microorganisms in the 
food and feed industry has been performed for quite some time (Huynh et al. 2017; Dawood 
and Koshio 2019). However, the application of this technique in the fertilization of aqua-
culture ponds is relatively recent, dating from the mid-1990s in Thailand, where it later 
became known as aquamimicry (Romano 2017). In synbiotic systems, these fermentation 
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and/or microbial respiration strategies have been useful to promote greater flexibility to 
aquaculture farmers in terms of choosing carbon sources in the preparation of fertilizers in 
systems with minimal water exchange.

In addition, this system can generate beneficial effects on the reared environment, such 
as metabolization of nitrogen compounds, increase in beneficial bacteria, growth per-
formance, and use as food by reared aquatic animals (Romano et al. 2018; Dauda 2019; 
Andrade et al. 2021; Liñan-Vidriales et al. 2021; Lima et al. 2021; Silva et al. 2021a, b; 
Santos et al. 2022). It is known, however, that for these fermentation processes to occur 
efficiently, it is necessary to know the environmental conditions that favor the metabolism 
of microorganisms, since variables such as temperature, aeration, pH, and fermentation 
time have a great influence on microbial growth, production, and enzyme activity (Potu-
marthi et al. 2007; Shim et al. 2010; Aguilar et al. 2019; Dawood and Koshio 2019; Sugi-
harto and Ranjitkar 2019).

Sudden changes in pH or inappropriate values for the metabolism of microorganisms, 
for example, can lead to a reduction or even inhibition of the production of important 
metabolites, in addition to a decrease in microbial growth and enzymatic activity (Naidu 
and Devi 2005; Dawood and Kashio 2019). Most microorganisms prefer a pH between 4.0 
and 7.0, especially lactic acid bacteria and yeasts (Hofvendahl and Hagerdal 2000; Peña 
et al. 2015; Vassileva et al. 2021). To assist in this control, it is necessary to use alkaliz-
ing agents (limestone, carbonates, calcium and magnesium oxides or hydroxides, etc.) in 
adequate amounts.

Other authors have also reported the influence of fermentation time and/or microbial 
respiration in improving the nutritional value of the synbiotic fertilizer and the floc formed 
in the culture environment (increase in lipids and carbohydrate protein used as a substrate 
for the preparation of the synbiotic) (Romano et al. 2018; Santos et al. 2022).

The popularization of these rearing systems around the world has been accompanied by 
protocol variations in the preparation of the synbiotic, generating different effects on the 
synbiotic  proximate composition, on the microbial floc composition, and on the perfor-
mance of cultured aquaculture animals (Romano 2017; Romano et al. 2018; Andrade et al. 
2021; Hussain et al. 2021; Lima et al. 2021; Liñan-Vidriales et al. 2021; Silva et al. 2021b; 
Santos et al. 2022).

Therefore, there is a need to contribute with information that helps to consolidate a pro-
tocol for synbiotic preparation using rice bran. Thus, the objective of this study was to 
evaluate the quality of the synbiotic prepared with different fermentation and microbial 
respiration times, as well as its effect on the water quality and zootechnical performance of 
the freshwater prawn Macrobrachium rosenbergii reared at the nursery stage.

Material and methods

Experimental structure and facilities

The experimental tests were carried out at the Laboratório de Carcinicultura (LabCarci 
[Shrimp Culture Lab]), of the Universidade Federal de Alagoas (UFAL [Federal Uni-
versity of Alagoas]), Brazil. For this purpose, rectangular tanks with dimensions of 
0.55 × 0.35 × 0.30 m were used, totaling a bottom area equivalent to 0.19  m2, a useful inter-
nal surface area of 0.64  m2, and a useful volume of 48 L. The aeration in the experimental 
units was provided by a centrifugal compressor (0.28 hp) and two porous stones (2.5 cm 
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Ø). This structure was used both to carry out the water maturation procedure with the syn-
biotic and to test the animals’ growth.

Experiment 1: monitoring pH in the preparation of synbiotic with different 
alkalizing agents

This experiment aimed to evaluate the effect of three alkalizing agents on pH variation 
during the preparation of the synbiotic. For the preparation of the synbiotic, alkalizing 
agents, microbiological mix, rice bran, and water were used in the following proportion: 
for every 100  g of rice bran (sieved through a 300-µm mesh), 10  g of alkalizing agent 
(sodium bicarbonate, dolomitic limestone, or Lithothamnium) was added, along with 0.2 g 
of microbiological mix and 1.0 L of water (filtered at 50 µm). The alkalizing agents used 
were sodium bicarbonate—NaHCO3 27% Na, PRNT (real neutralizing power) 55%, and 
PN (neutralizing power) 59%; Lithothamnium—Lothar, a commercial product containing 
minimum 32% Ca and 2.0% Mg, PRNT 90%, and PN 90%, extracted from the seaweed 
Lithothamnium calcareum; and dolomitic limestone filler—20% Ca and 9.5% Mg, PRNT 
90%, and PN 90%. The probiotic product (microbiological mix) had a minimum concentra-
tion of 1.0 ×  109 CFU  g−1 (colony forming unit per gram) (Epicin G2—Epicore Networks, 
Eastampton, USA—containing Bacillus subtilis, B. licheniformis, B. pumilus, Lactobacil-
lus acidophilus, and Saccharomyces cerevisiae).

After mixing the components, these mixtures were placed in a cylindrical-conical con-
tainer (2.0 L—experimental unit) and kept according to the time established for the pro-
cesses of fermentation and microbial respiration to occur. During this procedure, the pH of 
the solution was monitored at the beginning and every 12 h using a pH meter (Instrutherm 
pH 2600—Instrutherm, Brazil). Six replicates were used with the following pH preparation 
and measurement strategies for each alkalizing agent: 24|24 treatment = initial pH measure-
ment, after 12 h of fermentation, and after 24 h of fermentation (aeration was added to the 
replicates of the experimental units and the pH was measured for the respiration phase—
aerobic, that is, pH 36 h aerobic and 48 h aerobic); treatment 12|24 = initial pH measure-
ment, after 12 h of fermentation (aeration was added to the experimental units and the pH 
was measured for the respiration phase—aerobic, i.e., pH 24 h aerobic and 36 h aerobic). 
The tested alkalizers had the following nomenclature: sodium bicarbonate (SB), dolomitic 
limestone (CA), and Lithothamnium (LT).

Experiment 2: preparation of water from bioreactors with the synbiotic

After experiment 1 of monitoring the pH in the preparation of the synbiotic, sodium bicar-
bonate (SB) was chosen as an alkalizing agent for the maturation of the water that would 
later be used for the rearing of the prawns. This bioreactor water preparation process was 
monitored in order to assess the effect of different synbiotic preparation strategies (fer-
mentation and/or microbial respiration times) on the dynamics of nitrogen compounds. 
To accomplish this, 15 tanks (dimensions of 0.55 × 0.35 × 0.30 m) were used, which were 
divided into five treatments and three replicates. Treatment 12|12 = 12  h anaerobic and 
12 h aerobic; treatment 12|24 = 12 h anaerobic and 24 h aerobic; treatment 24|0 = 24 h of 
anaerobic; treatment 24|12 = 24 h anaerobic and 12 h aerobic; and 24|24 treatment = 24 h 
anaerobic and 24 h aerobic. The same proportions of the components of experiment 1 were 
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maintained for the preparation of the synbiotic, that is, for every 100 g of rice bran, 10 g of 
alkalizing agent (SB), 0.2 g of microbiological mix, and 1 L of water were added.

Initially, the water used for the bioreactors was filtered (50 µm), chlorinated (10 mg  L−1 
of active chlorine), and dechlorinated (sodium thiosulfate—5.0 mg  L−1 + aeration). After-
wards, there was the initial fertilization of this water with triple superphosphate (0.287 g 
P  m−3) and ammonium sulfate (2.7 g N  m−3). Then, the protocol of feed addition (40% of 
crude protein) was initiated with nitrogen input in the experimental units, and the rice bran 
(synbiotic) as source of organic carbon. Thus, twice a week, feed (equivalent to 1.0 mg N 
 L−1 = 40% CP × 0.16 = 6.4% N) and synbiotic prepared with rice bran (43% C) (Santos 
et al., 2022) were added to obtain a C:N ratio equivalent to 15:1, as adapted by Crab et al. 
(2012) and Emerenciano et al. (2017).

This bioreactor preparation stage lasted 35 days, and during this period the following 
variables were monitored: total alkalinity (at the start and at the end), total ammonia nitro-
gen (TAN), N-NO2 and N-NO3 (weekly).

Synbiotic proximate composition

In order to understand the effects of fermentation, microbial respiration, or a combination 
of these two on the lipid and protein content of the synbiotic, three forms of preparation 
were evaluated: ANA (24 h of fermentation—anaerobic), AER (24 h of respiration—aer-
obic), and ANA + AER (48  h—combining 24  h anaerobic plus 24  h aerobic). Synbiotic 
samples were collected to determine their proximate composition using a triplicate of the 
600 mL from the cylindrical-conical container (2.0 L) and after incubation time were oven‐
dried at 105 °C until constant weight (315 SE model, Fanem). After this time, the samples 
were cooled at room temperature in a glass desiccator and weighed again. The dried prod-
uct was transformed into flour and stored in plastic bags at room temperature before analy-
sis. The difference in weight before and after sample drying was recorded and expressed in 
percentage. These analyses were performed in triplicate using standard methods (AOAC, 
2016) at the Laboratory of Small Ruminants, Department of Animal Science, Federal 
Rural University of Pernambuco (UFRPE), Recife, Brazil. For protein content, nitrogen 
(N × 6.25) was measured using the Kjeldahl method in a nitrogen still (TE 0363/180L 
model; 256 Tecnal, São Paulo, Brazil). The total lipid content, in turn, was obtained by the 
Soxhlet extraction method using hexane (98%) as solvent (model TE 1881/6, Tecnal, São 
Paulo, Brazil).

Experiment 3: evaluation of the prawns growth in the synbiotic culture system

The prawns used in the experiment (M. rosenbergii) were acquired in a commercial hatch-
ery (Acquamarão Laboratory, Goiana, PE, Brazil) and acclimated to local conditions 
for 5  days (environmental and feeding variables). During this time, the water matured 
in experiment 2 was used as inoculum (20% of the volume) to prepare the experimental 
units of treatment 3, which followed the same nomenclature and preparation strategy of 
the synbiotic biofertilizer: treatment 12|12 = 12  h anaerobic and 12  h aerobic; treatment 
12|24 = 12  h anaerobic and 24  h aerobic; treatment 24|0 = 24  h of anaerobic; treatment 
24|12 = 24 h anaerobic and 12 h aerobic; 24|24 treatment = 24 h anaerobic and 24 h aer-
obic. Thus, there were five treatments in quadruplicate. After acclimatization and initial 
biometry (10.01 ± 2.0 mg), 48 prawns were transferred (1.0 PL  L−1) into the experimental 
units, composing a completely randomized design.

3163Aquaculture International (2022) 30:3159–3178



1 3

Fertilization of the experimental units was performed three times a week with the syn-
biotic. For this fertilization in the experimental units, a C:N ratio of 5:1 was used, as rec-
ommended by Ebeling et al. (2006), who suggest that 82% of the total ammonia nitrogen 
will be converted by heterotrophic bacteria and 18% by nitrifying bacteria, reducing prob-
lems with nitrite accumulation in the water. This adopted ratio, however, did not take into 
account the amount of organic carbon present in the feed.

Water quality analysis

Water quality variables such as pH, temperature (°C), DO—dissolved oxygen (mg  L−1), 
TDS—total dissolved solids (mg  L−1), and electrical conductivity (µS  cm−1) were meas-
ured daily using a multiparameter probe (HANNA® Instruments, model 9828). The vari-
ables TAN—total ammonia nitrogen (mg  L−1), N-NO2 (mg  L−1), and N-NO3 (mg  L−1) 
were measured weekly with the aid of a HANNA® Instruments spectrophotometer, model 
HI 83,399 (Belgium), using the Nessler methods (TAN), an adaptation of the diazotization 
method (N-NO2), and an adaptation of the cadmium reduction method (N-NO3).

Total alkalinity (mg  CaCO3  L−1) and total hardness (mg  CaCO3  L−1) were determined 
every 10 days by titration with sulfuric acid  (H2SO4) and EDTA  (Na2H2Y), respectively 
(APHA, 2012). Settleable solids (SS) were determined at days 1, 12, 24, and 35 of culture, 
using 1000 mL samples from each experimental unit transferred to Imhoff cones and kept 
at rest for sedimentation during 50 min.

Feeding and prawn zootechnical performance

The prawns were fed four times a day (8 am, 11 am, 2 pm, and 4 pm) with commercial feed 
for shrimp (Purina, Camaronina CR2, 40% crude protein and 8.0% lipids). Weekly biom-
etrics were performed to adjust the daily feeding rate, starting at 40% of body weight and 
gradually decreasing to 12% in the last 7 days of the experiment.

At the end of the experimental period (35  days), all prawns from each experimental 
unit were counted and weighed individually, which made it possible to assess survival 
(S% = (number of surviving shrimp/number of shrimp stocked) × 100); yield (g  m−3), 
average final weight, weekly weight gain (WWG = weight gain/number of weeks of 
reared), specific growth rate (SGR = (ln final weight − ln initial weight/number of days of 
reared) × 100), and feed conversion rate (FCR = feed supplied/increase in biomass).

Statistical analysis

Possible differences between treatments were verified after their assumptions of vari-
ances homogeneity and data distribution normality with the Cochran (p < 0.05) and Sha-
piro–Wilk (p < 0.05) tests, respectively. The analysis of variance (ANOVA one-way) was 
used for data on zootechnical performance and synbiotic proximate composition. When 
the means were significantly different between treatments (p < 0.05), the test of Duncan 
(p < 0.05) was applied. In the case of water quality variables, Friedman’s non-parametric 
test was implemented. When the medians were significantly different between treatments 
(p < 0.05), the multiple Conover test with Holm-Bonferroni correction (p < 0.05) was used. 
Statistical routines and graphic illustrations were performed in the R Project 3.1.0 software 
(Package Agricolae) and SigmaPlot 12.0 software, respectively.
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Results

Monitoring pH in the preparation of synbiotic with different alkalizing agents

The results of pH monitoring tests during fermentation and microbial respiration in the 
preparation of the synbiotic with rice bran showed a greater variation between mini-
mum and maximum pH values when using the alkalizing dolomitic limestone (CA) and 
Lithothamnium (LT). For LT, the lowest pH values were observed during the anaerobic 
phase at 24 h. As for CA, the lowest pH values were recorded during the aerobic phase at 
36 h. In Fig. 1, it is possible to visualize this variation for treatments SB, CA, and LT. The 

Fig. 1  Fluctuation of pH (mean ± standard deviation) during the synbiotic preparation process. abc*Different 
letters between columns represent significant differences (p < 0.05) between treatments by Conover’s multi-
ple test with Holm-Bonferroni correction. T24|24 = 24 h anaerobic and 24 h aerobic; T12|24 = 12 h anaero-
bic and 24 h aerobic. SB = sodium bicarbonate; CA = dolomitic limestone; LT = Lithothamnium 
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SB treatment, in comparison with the others, presented higher pH value and lower vari-
ation between minimum and maximum in the fermentation and the microbial respiration 
processes.

Preparation of water from bioreactors with the synbiotic

In the preparation of the bioreactors water (experiment 2), the variables total alkalinity 
(start 110.44 ± 9.80 and end 200.27 ± 7.80 mg  CaCO3  L−1) and pH (start 7.90 ± 0.03 and 
end 8.20 ± 0.05) did not differ significantly (data not shown). Settleable solids also did not 
show significant differences (p > 0.05) between treatments. TAN peaked at the end of the 
first week of preparation for all treatments, with means varying between 1.25 ± 0.66 and 
1.83 ± 0.28 mg  L−1 (Fig. 2). N-NO2, in turn, had a different behavior, with peaks in the 
second week (T12|24 = 2.20 ± 1.03; 24|0 = 1.85 ± 0.90; T12|12 = 1.74 ± 0.04  mg  L−1) and 
in the third maturation week (T24|24 = 2.03 ± 1.32; T24|12 = 2.20 ± 1.03 mg  L−1) (Fig. 2). 
From the fourth week of maturation onwards, TAN and N-NO2 did not show significant 

Fig. 2  Concentrations of nitrogen compounds during the preparation process of bioreactors with a synbiotic 
system over 5 weeks. T12|12 = 12 h anaerobic and 12 h aerobic; T12|24 = 12 h anaerobic and 24 h aerobic; 
T24|0 = 24 h anaerobic; T24|12 = 24 h anaerobic and 12 h aerobic; T24|24 = 24 h anaerobic and 24 h aero-
bic. TAN, total ammonia nitrogen

3166 Aquaculture International (2022) 30:3159–3178



1 3

differences (p > 0.05) between treatments. As for N-NO3, peaks occurred in the third week 
for all treatments, with a decrease in the subsequent week (Fig. 2).

Water quality and prawns growth in the synbiotic culture system

The results of the prawns’ rearing environment water quality variables are shown in 
Table 1.

During the nursery phase in the experimental units, TAN fluctuated with maximum 
values in treatment 12|12 (0.58 ± 0.44  mg  L−1) in the fourth week (Fig.  3A). Regard-
ing N-NO2, variations were also observed during the reared cycle with maximum values 
(0.06 ± 0.08 mg  L−1) in treatment 12|24 (Fig. 3B). N-NO3, in turn, showed a tendency to 
accumulate throughout the experimental period (Fig. 3C), with an average between 5.9 and 
8.2 mg  L−1 at the end of the reared. Settleable solids (SS) showed values above 15 mL 
 L−1 at the end of the experiment for all treatments (Fig. 3D), with averages ranging from 
17.25 ± 2.21  mL  L−1 (24|12) and from 30.70 ± 13.32  mL  L−1 (24|0) in the last week of 
reared.

The synbiotic proximate composition after the anaerobic and aerobic phases are pre-
sented in Table 2, and it is possible to identify a greater contribution of the aerobic phase in 
the increase of the lipid content.

Among the prawn zootechnical performance variables, only survival did not show sig-
nificant differences (p > 0.05) between treatments. In addition, according to the results, the 
importance of the aerobic phase in the preparation of the synbiotic is highlighted, since 

Table 1  Water quality variables during of prawn Macrobrachium rosenbergii reared with synbiotic in the 
nursery phase

Data correspond to mean ± standard deviation per treatment. abc*Different letters between columns repre-
sent significant differences (p < 0.05) between treatments by Conover’s multiple test with Holm-Bonferroni 
correction. Treatment 24|24 = 24 h anaerobic and 24 h aerobic; treatment 12|24 = 12 h anaerobic and 24 h 
aerobic; treatment 24|12 = 24  h anaerobic and 12  h aerobic; treatment 24|00 = 24  h anaerobic; treatment 
12|12 = 12 h anaerobic and 12 h aerobic. DO, dissolved oxygen; T °C, temperature in degrees Celsius; TDS, 
total dissolved solids; SS, settleable solids.

Variables Treatments

24|24 12|24 24|12 24|00 12|12

DO (mg  L−1) 6.36 ± 0.36 6.43 ± 0.31 6.50 ± 0.25 6.38 ± 0.27 6.55 ± 0.46
T (°C) 28.97 ± 0.37 28.81 ± 0.22 28.43 ± 0.68 28.74 ± 0.32 28.85 ± 0.44
pH 8.15 ± 0.13 8.14 ± 0.14 8.16 ± 0.19 8.15 ± 0.20 8.20 ± 0.19
Total alkalinity (mg  CaCO3 

 L−1)
124.47 ± 7.2 123.10 ± 6.9 126.27 ± 11.03 127.28 ± 6.0 129.98 ± 6.9

Total hardness (mg  CaCO3 
 L−1)

52.87 ± 4.1 51.37 ± 3.6 50.5 ± 4.1 50.87 ± 4.3 51.87 ± 5.2

TAN (mg  L−1) 0.15 ± 0.14 0.13 ± 0.17 0.09 ± 0.11 0.09 ± 0.07 0.16 ± 0.25
N-NO2 (mg  L−1) 0.024 ± 0.02 0.027 ± 0.038 0.03 ± 0.017 0.024 ± 0.017 0.025 ± 0.02
N-NO3 (mg  L−1) 3.5 ± 2.62 3.52 ± 2.1 3.42 ± 2.46 3.84 ± 2.63 3.44 ± 2.57
Conductivity (µS  cm−1) 457.7 ± 53.6 447.1 ± 49.9 444.5 ± 46.5 450.7 ± 47.9 450.2 ± 53.5
TDS (mg  L−1) 275.9 ± 30.9 270.5 ± 28.8 271.0 ± 27.0 272.9 ± 28.4 270.2 ± 36.9
SS (mL  L−1) 15.8 ± 13.2 10.7 ± 9.9 8.4 ± 6.1 13.3 ± 12.6 18.1 ± 11.9
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the treatments with longer time in this phase (24|24 and 12|24) showed better results than 
those without the aerobic phase (24|00), especially for the variables final average weight 
and yield (Table 3).

Discussion

pH monitoring in synbiotic preparation

The SB treatment showed higher pH values than the LT and CA treatments for the differ-
ent phases (anaerobic and aerobic). However, all pH values were within a range considered 
adequate for most of the probiotic microorganisms (4.5 and 6.5) (Hofvendahl and Hagerdal 
2000; Vassileva et  al. 2021). However, the smaller distance between the minimum and 
maximum values observed in the SB treatment represented better stability of this variable 
during the evaluation time. Sudden variations in pH can lead to a reduction or even inhibi-
tion of the production of important metabolites, microbial growth, and enzymatic activity 
by some microorganisms (Naidu and Devi 2005; Dawood and Kashio 2019).

Most microorganisms prefer neutral or slightly acidic pH, which enables a higher bio-
mass production, in the range of 4.5 to 6.5 (Hofvendahl and Hagerdal 2000; Vassileva et al. 
2021). Lactic acid bacteria, such as those of the genus Lactobacillus, are fermentable with 
oxygen tolerance, grow at temperatures ranging from 30 to 40 °C, and have an ideal pH 
for the production of organic acids between 5.0 and 7.0 (Hofvendahl and Hagerdal 2000). 
Yeasts, such as S. cerevisiae, show satisfactory growth in a pH range between 4.0 and 7.0, 
while pH values above 8.0 can affect the outcome of the fermentation process (produc-
tion of hydrolytic enzymes and secondary metabolites) (Peña et al. 2015; Vassileva et al. 
2021). Despite growing under extreme temperature and pH conditions, most Bacillus spe-
cies express high growth at pH between 6.0 and 9.0 (Naidu and Devi 2005; Naraian and 
Kumari 2018).

These results, associated with a smaller effect on water hardness, when compared to 
other alkalizers, contributed to the choice of sodium bicarbonate (SB) in the preparation of 
synbiotics in the growth experiments of the prawn specie M. rosenbergii. However, it was 
possible to keep the pH within the appropriate range for the microorganisms used in the 
synbiotic with all the alkalizers evaluated, which increases the ability to select the product 
with better economic cost or greater availability in the local market.

Between the LT and CA alkalizers, there were no significant differences for most of the 
times measured during the preparation of the synbiotic, but the times 36 h and 48 h of the 
24|24 strategy stood out, in which the CA treatment presented pH values close to 5.0. This 
value is tolerated for several Bacillus spp., but it is slightly below the range that optimizes 
their growth and protease production (Naidu and Devi 2005; Dawood and Kashio 2019).

During the anaerobic fermentation process, a decrease in the pH of the solution was 
observed, which is caused by the metabolism of microorganisms, especially the produc-
tion of organic acids by lactic acid bacteria and  CO2 by yeasts (Hofvendahl and Hag-
erdal 2000; Vassileva et al. 2021). Bacillus spp. present in the microbiological mix are 

Fig. 3  Values of variables TAN (A), N-NO2 (B), N-NO3 (C), and settleable solids—SS (D) throughout the 
experimental period. Treatment 24|24 = 24 h anaerobic and 24 h aerobic; treatment 12|24 = 12 h anaerobic 
and 24 h aerobic; treatment 24|12 = 24 h anaerobic and 12 h aerobic; treatment 24|0 = 24 h anaerobic; treat-
ment 12|12 = 12 h anaerobic and 12 h aerobic

▸
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preferentially aerobic and, given their bioremediation character, the introduction of aer-
ation (aerobic phase) in the solution probably contributes to the increase of their micro-
bial biomass.

In submerged microbial respiration (aerobic), as at this stage, dissolved oxygen is the 
main parameter for successful microbial growth, which directly affects metabolic activ-
ity and the type of end product (Vassileva et al. 2021). This aerobic phase may also have 
been responsible for changes in the downward trend of pH values, especially for the LT 
and CA treatments, which tended to increase or stabilize.

The oxygenation inside the container and the stirring of the mixture may have stimu-
lated the solubility of these alkalizers (LT and CA), in addition to producing effects on 
alkalinity and pH, since they have a lower solubility and reaction time than SB, which 
is known for its efficiency in elevation of alkalinity and maintenance of pH stability 
(Loyless and Malone 1997). Furthermore, in the process of microbial respiration, the 
presence of  CO2 contributes to the dissolution of  CaCO3 and may have resulted in an 
increase in alkalinity and pH (Van Wyk and Scarpa 1999).

Table 2  Proximate composition of the synbiotic used as fertilizer in the water of prawn Macrobrachium 
rosenbergii reared in the nursery phase

The values expressed are in terms of dry matter weight. Data correspond to the mean of three repli-
cates ± standard deviation per treatment. abc*Different letters between columns represent significant differ-
ences (p < 0.05) between treatments by Duncan’s test. RB, protein and lipid content of raw rice bran; ANA, 
after 24 h anaerobic; AER, after 24 h aerobic; ANA + AER, after 48 h combining the anaerobic (24 h) plus 
aerobic (24 h) steps.

Variable Phases

RB ANA AER ANA + AER

Lipids (%) 17.99 ± 0.73d 19.62 ± 0.48c 26.32 ± 0.21b 28.91 ± 0.57a

Proteins (%) 17.41 ± 0.15b 17.18 ± 0.15b 18.27 ± 0.21a 17.32 ± 0.19b

Table 3  Zootechnical performance variables of Macrobrachium rosenbergii reared with synbiotic in the 
nursery phase

Data correspond to the mean of four replicates ± standard deviation per treatment. abc*Different letters 
between columns represent significant differences (p < 0.05) between treatments by Duncan’s test. Treat-
ment 24|24 = 24 h anaerobic and 24 h aerobic; treatment 12|24 = 12 h anaerobic and 24 h aerobic; treatment 
24|12 = 24 h anaerobic and 12 h aerobic; treatment 24|00 = 24 h anaerobic; treatment 12|12 = 12 h anaerobic 
and 12 h aerobic. SGR, specific growth rate; FCR, feed conversion rate.

Variables Treatments

24|24 12|24 24|12 24|00 12|12

Survival (%) 88.53 ± 3.6 89.58 ± 4.81 77.60 ± 5.47 85.93 ± 3.55 86.97 ± 6.88
Final weight (mg) 221.3 ± 22.9a 218.2 ± 27.6a 183.8 ± 31.8ab 176.1 ± 24.5b 187.9 ± 14.5ab

Weekly weight gain (mg) 40.25 ± 4.57a 39.65 ± 5.52ab 32.77 ± 6.37ab 31.22 ± 4.9b 33.59 ± 2.91ab

SGR (%  day−1) 6.85 ± 0.28a 6.81 ± 0.35ab 6.30 ± 0.47ab 6.19 ± 0.38b 6.39 ± 0.22ab

FCR 2.58 ± 0.26b 2.72 ± 0.49b 3.62 ± 0.57a 3.38 ± 0.54ab 3.08 ± 0.36ab

Yield (g  m−3) 195.4 ± 14.6a 196.2 ± 33.4a 142.2 ± 23.04b 151.3 ± 21.6b 162.2 ± 16.2ab
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Preparation of bioreactors with synbiotic

The toxicity of nitrogen compounds, especially TAN and N-NO2 for intensive systems with 
minimal water exchange, can be considered critical and may cause animal mortality (New 
et al. 2010; De Schryver et al. 2008; Ebeling et al. 2006). Thus, some studies demonstrate 
the need for initial water preparation (maturation) to ensure the establishment of the nitri-
fication process and reduce the risks of animal mortality (Crab et al. 2012; Emerenciano 
et al. 2017; Abakari et al. 2020b).

The results observed in experiment 2 showed that the strategies used in relation to the 
time of the anaerobic and aerobic phases were efficient in providing a suitable environment 
for the fixation of the bacterial community (heterotrophic and nitrifying) capable of metab-
olizing nitrogenous compounds in the bioreactors’ water (Ebeling et al. 2006; De Schryver 
et al. 2008; Romano et al. 2018; Santos et al. 2022).

The heterotrophic and ammonia-oxidizing bacteria started the nitrogen transformation 
processes from the first week of preparation for all treatments. This reduction in the con-
centration of ammonia and the appearance of nitrite is indicative of nitrification (Ebeling 
et al. 2006; De Schryver et al. 2008). The results of nitrite-oxidizing bacteria metabolism, 
in turn, began to be evidenced from the second week of preparation, when an increase in 
N-NO3 concentrations was observed.

For this water preparation process, it is common for N-NO3 concentrations to present 
higher values, since this is the end product of TAN metabolism within the system (Ebeling 
et al. 2006; Avnimelech et al. 2012; Emerenciano et al. 2017; Abakari et al. 2020b). Thus, 
it was noted that from the fourth week of preparation onwards, the water from all treat-
ments was ready to be used as an inoculum in prawn farming units for the variables TAN 
(< 1.0 mg  L−1) and N-NO2 (< 1.0 mg  L−1) (New et al. 2010).

Rearing water quality

The variables temperature (> 25 °C), dissolved oxygen (> 5.0 mg  L−1), and pH (7.0 to 8.5) 
were maintained as recommended for M. rosenbergii (New et al. 2002; 2010).

Total alkalinity presented averages above 120 mg  CaCO3  L−1 in all treatments. These 
concentrations are in accordance with those recommended by Adhikari et  al. (2007) 
(± 100 mg  CaCO3  L−1) and Coyle et al. (2010) (> 50 mg  CaCO3  L−1) for M. rosenbergii. 
Furthermore, it is worth noting that total alkalinity values above 100 mg  CaCO3  L−1 are 
recommended for systems with minimal water exchange due to their role in controlling pH 
fluctuations and in the metabolism of nitrifying bacteria (Ebeling et al. 2006; Avnimelech 
et al. 2012; Emerenciano et al. 2017; Samocha et al. 2017).

Mean values of total hardness greater than 50  mg  CaCO3  L−1 found in the present 
experiment are in agreement with the reports by New et al. (2010) (50 to 150 mg  CaCO3 
 L−1) and the works by Vasquez et al. (1989) (20 to 200 mg  CaCO3  L−1). High levels of 
water hardness can affect both growth and survival of M. rosenbergii, but the results of the 
present study and those presented by these authors demonstrate the wide tolerance of this 
species for this variable in the culture environment.

The different synbiotic preparation strategies, as well as the adoption of a C:N ratio of 
5:1, were effective in controlling nitrogen compounds (TAN, N-NO2, and N-NO3) within 
the culture environment by colonizing heterotrophic and nitrifying bacteria (Ebeling et al. 
2006; Abakari et al. 2020b) after water maturation.
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This is evident when we observe that the concentrations of these variables found in 
the prawn growth experiment were in accordance with those recommended by several 
authors—TAN < 1.0 mg  L−1, N-NO2 < 1.0 mg  L−1, and N-NO3 < 10.0 mg  L−1 (New 2002; 
New et al. 2010; Pérez-Fuentes et al. 2013; Dutra et al. 2020; Dong et al. 2020).

In addition, the efficiency in controlling these variables in a reared environment using 
carbohydrates with anaerobic and aerobic (synbiotic) processes has been reported by other 
authors (Romano et  al. 2018; Abdel-Tawwab et  al. 2020; Andrade et  al. 2021; Hussain 
et al. 2021; Silva et al. 2021b; Santos et al. 2022).

The different preparation strategies of the synbiotic (anaerobic and aerobic) with rice 
bran had no effect on the TDS and electrical conductivity variables. Values above 270 mg 
 L−1 and 444 µS  cm−1 for these variables, respectively, recorded in the present experiment, 
indicate high availability of nutrients in the culture system (Sipauba-Tavares 1995; Samo-
cha et al. 2017), which has been notably associated with synbiotic or heterotrophic systems 
(Crab et al. 2012; Romano 2017; Romano et al. 2018; Abdel-Tawwab et al. 2020; Deepak 
et al. 2020; Andrade et al. 2021; Hussain et al. 2021; Santos et al. 2022).

In the same way, settleable solids (SS) are another strong indication of the availability of 
nutrients and natural food within the system, although values above 15 mL  L−1 (recorded 
in the second half of the experiment) may incur damage to the growth and survival of the 
shrimp (Emerenciano et al. 2017; Samocha et al. 2017).

Growth of prawn reared

The different synbiotic preparation strategies (anaerobic and aerobic) did not influence the 
prawn survival rates, which were all above 77% and similar to those found by other authors 
that reared the same species in a heterotrophic system (Crab et  al. 2010; Ballester et  al. 
2017; Hosain et al. 2021; Santos et al. 2022).

According to New (2002), at the end of the nursery phase, a minimum survival of 75% 
is expected. Several factors may be associated with obtaining survivals similar to those 
found in the present experiment, such as maintenance of water quality, improvement of 
immune status due to probiotic supplementation, and adequate feeding and stocking den-
sity (Adhikari et  al. 2007; New et  al. 2010; Dutra et  al. 2020; Dauda 2019; Dong et  al. 
2020; Miao et al. 2017).

Probiotic supplementation with yeasts and bacteria of the genus Bacillus spp. and Lac-
tobacillus spp. using fermentation processes and microbial respiration (synbiotic) or bio-
flocs has shown efficiency in increasing the immunity of animals and reducing the count of 
pathogenic bacteria, whose growth was probably prevented due to competition for nutrients 
(Romano et al. 2018; Abdel-Tawwab et al. 2020; Miao et al. 2017; Andrade et al. 2021; 
Silva et al. 2021a). In this sense, the use of these microorganisms in the synbiotic prepara-
tion process, regardless of the strategy adopted, contributed to the maintenance of a culture 
environment favorable to the survival of the animals.

The treatments with longer preparation time with aerobic phase (24|24 and 12|24) 
showed better growth and yield results when compared to the treatment that did not include 
the aerobic phase (24|0). Despite evidence of beneficial effects of synbiotic preparation 
with only the anaerobic phase of rice bran for the growing environment (Romano et  al. 
2018; Abdel-Tawwab et  al. 2020; Liñan-Vidriales et  al. 2021), the results of the present 
experiment point to the aerobic step as an important component in the synbiotic prepara-
tion process.
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Liñan-Vidriales et  al. (2021) reared Penaeus vannamei in tanks fertilized with 
rice bran and fermented rice bran for 24  h (consortium of Bacillus and Lysinibacil-
lus species or commercial probiotic containing B. subtilis, B. licheniformis, B. coagu-
lans, L. acidophilus, and S. cerevisiae) and found no significant differences related to 
final mean weight, survival, SGR, and FCR. Abdel-Tawwab et  al. (2020), however, 
reared P. vannamei using rice bran with B. subtilis (24 h anaerobic, pH 6–7, 28–30 °C) 
and observed greater growth compared to the control (commercial diet and water 
exchange). These differences may be linked to the forms of preparation and application 
of the synbiotic in water.

Within this context, the work carried out by Romano et al. (2018) provide important 
information on the effects of pre-treatment (24 h fermentation or 24 h respiration) of 
rice bran on its nutritional value and on the nutritional value of the flocs.

The results of these authors pointed to an increase in lipids (14.79%) and proteins 
(11.12%) resulting from pre-treatment, with the highest increase observed for micro-
bial respiration (24  h aerobic). These results are compatible with those found in the 
present experiment, as the mean values of lipids in the AER and ANA + AER repli-
cates were higher than those using only anaerobic (ANA).

The increase in microbial respiration time in the pre-treatment of rice bran stimu-
lates the growth of bacteria of the genus Bacillus spp. (Vassileva et al. 2021), which 
play an important role not only in increasing the protein and lipid levels of the final 
product, but also in stimulating immunity and balance of the gastrointestinal micro-
biota and digestive enzyme activities in cultured animals (Romano et al. 2018; Cien-
fuegos-Martínez et al. 2020; Liñan-Vidriales et al. 2021; Andrade et al. 2021).

Most cultivable aquatic organisms satisfy the majority of their energetic needs 
through protein and lipid metabolism. Lipid metabolism produces several essential 
fatty acids to the growth and metabolic functions of these animals (Tseng and Hwang 
2008; New et al. 2010; Li et al. 2017).

Furthermore, adequate levels of lipids in the diet of M. rosenbergii (< 10%) (New 
et al. 2010) and other aquatic organisms are associated with weight gain, reducing the 
need for dietary protein and their use for membrane synthesis and energy reserve (San-
tos et al. 2007; Tseng and Hwang 2008; New et al. 2010).

It can be seen, therefore, that a longer time dedicated to microbial metabolism 
with rice bran as a substrate (24|24 and 12|24) may have contributed to the produc-
tion of a synbiotic that generated better nutritional value of the floc within the reared 
environment.

Even under similar conditions in terms of feeding, stocking density, and synbiotic 
preparation strategy (24 h anaerobic and 24 h aerobic), the results found for the vari-
ables final average weight, weekly weight gain, and yield were higher than those found 
by Santos et  al. (2022) (122.85 ± 12.5  mg, 22.26 ± 2.97  mg, and 85.02 ± 2.15  g   m−3, 
respectively).

This difference may be related to the composition of the microbiological mix used 
in the preparation of the synbiotic, denoting the importance of lactic acid bacteria (L. 
acidophilus) and yeasts (S. cerevisiae) in the preparation of rice bran. The FCR and 
SGR results obtained in this experiment were similar to those found by Hasain et al. 
(2021), who, reared M. rosenbergii with different carbon sources (wheat bran, rice 
flour, molasses, and corn starch) in a biofloc system, found averages of FCR between 
2.21 and 4.47 and of SGR between 6.02 and 6.98%  day−1.
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Conclusion

The proportion of alkalizing agents used (10% in relation to the amount of rice bran) 
was efficient in maintaining the fermentation pH and microbial respiration adequate 
for most microorganisms (> 4.5). The different synbiotic preparation strategies did not 
influence the water preparation time of the bioreactors. The results of this research indi-
cate that a longer preparation time of the synbiotic including the anaerobic and aerobic 
stages can promote better performance of the prawn reared, since the treatments T24|24 
and T12|24 presented results of growth and yield superior to those of the treatment 
T24|00.
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