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Abstract— The intensive aquaculture industry nowadays faces 

two major problems, such as the decrease of water quality caused 

by excess metabolite concentration and a lower utilization of 

natural feed in the high water circulation rate.  Accumulation of 

organic material in the pond will increase population of bacteria. 

The process of decomposition of organic materials by aerobic 

bacteria will cause a  decrease in the oxygen content in water. 

Therefore, the conversion of toxic ammonia to nitrate is highly 

useful and  can be successfully accomplished through the 

implementation of biofloc technology and maximizing the 

contribution of natural feed in intensifying aquaculture 

technology. This study aims to gain information on nutrient 

composition of biofloc caused by the use of different commercial 

probiotics through the formation of biofloc, including probiotic A, 

probiotic B and without probiotic. Parameters monitored in this 

research include biofloc nutrition (protein and fat) and other 

supporting parameters such as plakton diversity index, plankton 

domination index, C:N ratio, N:P ratio, pH, temperature and 

dissolved oxygen. Data analysis was carried out by Anova (analysis 

of variance) and descriptive. This research demonstrated that 

different probiotics significantly affected the protein and fat 

content of biofloc. Probiotics containing different bacterium in 

wide variety can enrich biofloc nutrient. 

Keywords— Bioflocs technology, Probiotics, C:N ratio, N:P 

ratio, biofloc nutrient 

I.  INTRODUCTION  

The intensive aquaculture industry is currently facing a 

major  problem caused by the decrease of water quality as a 

result of excess metabolite concentration. The abundance of 

organic matter in the fish pond will increase the bacterium 

population. Consequently, the organic matter in water will be 

decomposed by bacterium and cause the decrease of dissolved 

oxygen content. In order to convert toxic nitrogen, of which 

ammonia forms for controlling  content in water, biofloc 

technology must be implemented [1]. 

On the other hand, fish aquaculture has close correlation 

with the increase of feed, the use of which can be a production 

factor in  intensive aquaculture. One of  less cost-consuming 

methods is biofloc technology which has been proven able to 

reduce about 60 – 70% of the total production cost [1]. 

Production of biofloc depends on the organic susbtrate load 

which can be carried out though the administration of probiotic. 

Selection of living bacterium is a crucial aspect to which 

researchers have paid attention because it can affect the 

concentration of C, N and P atoms in water, whereby the N:P 

and C:N ratio determines the diversity and domination of living 

planktons. Meanwhile, plankton species and domination 

determines the nutrient content of biofloc biomass.  

According to [2], microorganisms contained in 

probiotic can be used as inocula to increase useful bacteria 

population in water. Cellulotic fungi can digest the hydrogen 

bond of cellulose. Bacterium in probiotic can degrade glucose 

and fructose to produce energy. [3] states the use of a wide 

variety of probiotics will intensify the bioflucolation rate from 

the combination of bacterium and phytoplankton, which is 

highly valuable for shrimp and fish growth. Hence, the addition 

of probiotic will stimulate and enrich bacterium and plankton 

species in the biofloc. 

According to the problem outlined above, study on the 

utilization of different commercial probiotics to determine its 

effect on phytoplaankton diversity and further biofloc nutrient 

formed was carried out. The nutritient content of biofloc will 

affect the quality of natural feed, which has function as feed 

subtitute to intensify the efficiency of intensive fish. 

 

II. EASE OF USE  

This study aims to gain information on nutrient 

composition of biofloc caused by the use of different 

commercial probiotics through the formation of biofloc, 

including probiotic A, probiotic B and without probiotic. 

Nutritional biofloc will determine the quality of the feed as 

a natural biofloc that serves as a substitution of artificial feed to 

increase the efficiency of intensive fish farming. 

 

III. MATERIALS AND METHODS 

A. Materials and Methods 

 Equipment used in this work were aquarium with the size 

of 40x20x35 cm3, Inhofe cone, aerator, stone aeration, aeration 

hose, pH meter, thermometer, DO kit, ammonia kit, 

hemocytometer and microscope. Materials used in the research 

are a commercial probiotic A, commercial probiotic B, 

molasses, fish pellet, ZA, bran, chlorine and dolomite.  
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B. Production of Biofloc 

Production of biofloc was carried out in 18 aquarium 

(40x20x35 cm3) filled with 20 liter of water. 0.1g probiotic was 

inoculated per 20 liter of water to form biofloc. The aquarium 

was then filled with 84g of mollases and ZA fertilizer for every 

five  days [4] and 1kg of bran. The mixture was then aerated 

and cultivated at the pH between 6.0 -7.2 survive and N / P ratio 

in the range of 10-20. Approximately 20mg / liter of dolomite 

fertilizer was added to stabilize the pH [4]. 

 

C. Sampling and plankton identification 

Floc growth in the culture media is indicated by color 

changes from clear to brown and then green and, finally, dark 

green [5]. The formed floc was then collected for further 

analysis. 

 

D. Determination of biofloc nutrient 

Biofloc nutrition content determination was performed 

through determining protein and fat content of biofloc by using 

AOAC 2007. 

IV. RESULTS AND DISCUSSION 

4.1.1 Protein and fat content of biofloc  

Protein and fat content of biofloc was obtained after floc 
formed on day 9 of the study. Protein content data can be seen 
in Table 1, while fat content data can be seen in Table 2. 

Table 1. Protein content of biofloc produced in this present 
study  
 

Table 2. Fat content of biofloc produced in this present study 

Days 
Fat content (%) 

A B C 

9 0.59±0.11 0.59±0.03 0.59±0.10 

14 1.19±0.12 1.18±0.05 1.31±0.10 

19 4.64±0.11 5.06±0.07 4.89±0.06 

24 5.21±0.09 5.53±0.10 5.02±0.06 

*Different superscript represents the significant difference 
within treatment in this study (p<0.05) 

  

 The results of Anova test of biofloc protein content on day 
9, day 14, day 19 and day 24 showed a significant difference 
(p>0,05) to ratio of protein content of biofloc between 
treatments. Treatment B showed the highest protein content 
compared to treatment A and treatment C. Treatment C 
(without probiotics) showed the lowest protein content results 
from the first week to the fourth week. Fat test results showed 
the highest final value obtained at treatment B. 

4.1.2 Ratio C:N and N:P Waters 
 The ratios C:N and N:P waters are presented in the 

following table: 

Table 3. The ratio of C to N and N to P in water 

Days 
The ratio of C to N 

A B C 

0 28.03 28.03 28.03 

9 27.81c±1.37 28.73b±1.20 37.67a±3.02 

14 18.22b±1.02 18.91a±0.69 14.60c±0.88 

19 5.70a±0.10 5.00c±0.09 5.24b±0.13 

24 2.34a±0.39 2.07b±0.33 2.05c±0.04 

Days 
The ratio of N to P 

A B C 

0 38.12 38.12 38.12 

9 23.08a±0.08 23.23a±0.07 23.51a±2.31 

14 47.49c±1.07 47.65b±0.39 104.80a±8.79 

19 73.03c±0.82 93.10b±0.95 117.87a±4.18 

24 35.86c±0.31 41.92b±0.41 102.56a±2.60 

    *Different superscript represents the significant difference 

within treatment in this study (p<0.05) 

A : treatment using probiotic A 

B : treatment using probiotic B 

C : without probiotic  

 The C:N ratio increased from day 0 to day 9, then decreased 

drastically on day 14 and continued to decline until day 24. On 

day 9, the highest C:N ratio was found in treatment C (37.67), 

followed by treatment B (28.7) and last on treatment A (27.81). 

The C:N ratio continued to decline until day 24, and the Anova 

results show that the treatment was significantly different. The 

highest value of C:N ratio was found in treatment A (2.34), 

followed by treatment B (2.07) and, finally, treatment C (2.05). 

The ratio of N:P at the beginning to the end of the study was 

fluctuated. The N:P ratio of all treatments decreased from day 

0 to day 9. The N:P ratio on all 14th and 19th day treatments 

increased and again decreased on day 24. The ratio of N:P 

continued to increase until the 19th day with the highest value 

at treatment C (117.87) followed by treatment B (93.10) and 

finally treatment A (73.03), with different treatments. On day 

24 the N:P ratio decreased, with the highest value in treatment 

C (102.56), followed by treatment B (41.92) and then treatment 

A (35.86) with different treatments. 

Days 
Protein content (%) 

A B C 

9 17.4b±0.55 18.0a±0.44 16.6c±0.52 

14 19.9b±0.60 20.8a±0.31 18.6c±0.31 

19 22.6b±0.44 24.5a±0.62 19.8c±0.30 

24 23.41b±0.5 25.59a±0.52 20.51c±0.25 
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3.2  Discussion 

Protein and fat content of biofloc produced from treatment 
A, treatment B and treatment C on day 9, day 14, day 19 and day 
24 showed an increase in all observed days. This can be seen 
from the Anova test results, which showed that there were no 
significant differences (p >0.05) on the ratio of protein and fat 
content in the formed biofloc between those treatments. 
Moreover, treatment B showed the formed biofloc with higher 
average protein content than treatment A and treatment C. The 
protein content during the research was lower than the biofloc 
standard protein formation, despite increase in each week. 
According to the research conducted by [6], the nutrient content 
of biofloc grown on pisciculture water media accounted for 
37.37% in protein and 11.88% in fat, which is higher than the 
results of this research. 

The higher protein content of treatment B than treatment A 
treatment was due to the use of CaCO3 and C treatment without 
lime, which indicated to be affected by the elements of Mg in 
dolomite. The limestone dolomite has the chemical formula of 
CaMg (CO3)2. Moreover, dolomite disposals can be increase the 
availability of elements Ca, Mg and P. Some minerals are an 
enzyme activator for assisting the microbial metabolism, such as 
Mg 2+, Ca 2+, Mn 2+ and other. Magnesium serves as a cell cation 
that is important as a protease enzyme cofactor. Magnesium is 
regulated by adenosine triphosphat (ATP) in mitochondrial for 
protein synthesis in the heart. The ATP is an energy molecule to 
provide almost the entire metabolic process and is mainly 
formed as a complex with magnesium (Mg-ATP). Magnesium 
regulates a number of stages during the synthesis of nucleic 
acids (DNA, RNA and protein). However, Mg deficiency can 
decrease the bacteria protein synthesis. 

Protein content in the formed biofloc came from the 
bacteria that grew on the medium. This is in line with the results 
of the N:P ratio in the biofloc media, which ranged from 
35.86mg/L to 102.52mg/L [7]. According to [8], N:P ratios 
above 20 cause the dominant bacterial populations in biofloc 
media, which demonstrates that there is higher abundance of 
nitrogen concentrations in water than phosphorus. This results 
in the growth of blue-green algae, and dinoflagellates, chlorella 
and diatomae become limited. The statement is also in line with 
the results of the density and diversity of plankton that was 
steadily declining at the end of the study, meaning that more 
bacteria dominate the biofloc media than plankton [9]. 

The content of total N and P increased in the early 
formation of floc until the end of the study [7]. This is due to the 
diversity and density of plankton being low [9], so that the N and 
P is underused by plankton for metabolic processes. Nitrogen 
and phosphate are  abundant in water, which indicates that the 
nutrient is underused by phytoplankton, thus making the 
possibility of growing phytoplankton no long er existed, but, in 
turn, the heterotrophic bacteria form the floc instead. N content 
in the early formation of floc ranged from 0.74mg/L - 1.14mg/L 
and at the end of the study  from 70.167mg/L - 90.155mg/L, 
while the P content in the early formation of floc ranged from 
0.03mg/L-0.05mg/L and at the end of the study at 0.68mg/L - 
2.15mg/L. 

Nitrogen is an ingredient needed by bacteria, especially for 
the synthesis of amino acids and nucleotides. Sources of 
nitrogen may be derived from organic and inorganic sources. 

Sources of organic matter are usually obtained by the bacteria in 
the culture system found in residual feed and shrimp metabolite 
derivation. Protein contained in the remaining  feed will be 
decomposed by bacteria using protease enzymes into amino 
acids and are eventually assimilated into the bacterial cells [10].  

The inorganic nitrogen can be converted into single cell 
protein with the addition of carbon materials waters and used as 
feed for fish and shrimp [11]. The addition of carbon can 
improve the assimilation of N by bacteria, which implies the 
reduction of the amount of ammonia that can support microbial 
protein biosynthesis [10]. The source of carbon (C) used in this 
research was molasses, which was given at the beginning of 
treatment. 

The ratio of C:N and N:P waters were tested at the 
beginning and when the floc was first formed on day 9 until the 
end of the research. This is consistent with the results of research 
that the floc started to form after six  days of culture. According 
to [12], the emergence of floc is characterized by a color change 
of the media from clear to brown accompanied by the emergence 
of bubbles. 

C:N ratio in all treatments showed that the C:N ratio 
continued to decline from  day 9 and  formed floc up to day 24. 
The increase in N content was higher than the increase in C 
content, generating the value of C:N ratio which becomes 
declined from the beginning to the end of the study. Anova test 
results showed no significant differences (p <0.05) to the C:N 
ratio biofloc media between treatments. 

C:N ratio on the first day of floc growth figures showed 
over 20, both in treatment A, B and C. C:N ratio reached its 
highest on day 9, which was obtained in treatment C, which is 
the control. This is in accordance with the opinion of [4] that, in 
order to form biofloc quickly, the C:N ratio needs to be 
maintained at a ratio of 20:1. Furthermore, the C:N ratio is 
increasingly down ranged from 2.05 to 2.34, which is suspected 
to be because  the increased content of C is not comparable with 
the rapid increase in the content of N. The decrease of C:N ratio 
is due to the addition of ZA fertilizer every 10 days which was 
not coupled with the addition of molasses as a source of C. The 
value of N was high also because the result of an overhaul of 
inorganic N in surface waters.This is in accordance with the 
opinion of [13], which states that the ratio C:N is low, which 
shows the process of decomposition by bacteria works quickly 
to produce large N. This results in a high total N content in the 
water. 

The ratio of N:P in all treatments continued to increase 
from  day 9 of floc formed until day 19 and then decreased on 
day 24. Despite the decline, the ratio of N:P on  day 24 was still 
high and ranged 35.86 - 102.52. According to [5], the ratio of 
N:P> 12 (P as a limiting factor), while the ratio of N:P <7 (N as 
a limiting factor). The ratio of N:P was high, allegedly due to the 
increase in N content, which was comparable to the increase in 
the content of the framework of [7], who identified that the N 
and P were very abundant in the water due to being less utilized 
by phytoplankton. This is because of the possibility that content 
in the water is no longer phytoplankton, but heterotrophic 
bacteria, which turns to form floc. The results of this research 
indicated that the ratio of N:P in all treatments was more than 
20. According to [8], generally, if the ratio of N:P is more than 
20, then the bacterial population will be dominant. 
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Dominant heterotrophic bacteria which grows in the 
formed floc made the protein content of the biofloc in this 
research increasingly higher than the protein content at baseline 
of the water (in the range of 20.51 to 25.59%) [14]. This is in 
accordance with the opinion of [15], that the organic material is 
more quickly converted into protein by heterotrophic bacteria 
than the phytoplankton. Bacteria decompose the organic 
substrates for growth and energy as well as the use of ammonium 
for protein synthesis [16]. Although protein biofloc in this 
research was higher [14], the content amount of protein was not 
optimum, because  that biofloc dominated by bacteria and green 
microalgae protein was  dramatically higher (38% and 42% 
protein). The low protein content in this research was due to the 
diversity of phytoplankton being gained much lower [9]. 

Conclusion 

 The conclusions that can be presented from this research 

are that different probiotic significantly affected biofloc 

nutrition and the most protein and fat content was obtained from 

probiotic B. 
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