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Abstract This study was conducted to evaluate the effect of replacing soybean meal (SBM) by low
protein floc meal (LPFM; 24% CP) in tilapia diets on growth performance, feed utilization and fish chemical
composition. Three isonitrogenous and isocaloric diets were formulated; control diet (C; without LPFM),
FM,;5 (25% of SBM protein was substituted by LPFM) and FMs, (50% of SBM protein was substituted
by LPFM). Nine 551 circular plastic tanks were stocked by 12 fish to form three experimental groups.
No differences in tilapia performance were observed between the control and the FM,s diet. Chemical
composition of fish did not differ significantly among treatments except for protein and selenium contents
where the highest values were recorded in the control treatment. The highest mineral content was recorded
in floc collected from the control tanks, while calcium content showed its highest value in floc collected from
FM;, effluent. These data indicate that replacing soybean meal with LPFM up to 25%, had no negative effect
on growth performance and potentially may improve the system sustainability. Meanwhile, the adverse
effect of more inclusion of LPFM in tilapia diet may be attributed to the higher content of ash. In other word,
minerals seem to cause more energy utilization in fish fed floc meal since it is needed to maintain osmotic

homeostasis.
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1 INTRODUCTION

The more rise in world population; necessitate
developing the aquaculture industry to partly satisfy
the global demand for animal protein sources. In
order to support the development of aquaculture
industry, developing economical diets by using
unconventional feedstuffs is required since feed costs
represent around 50% of the aquaculture production
expenses (FAO, 2017). In addition, elevation of
soybean price is shown every day as animal and
human compete on soy products (Suloma et al., 2014).
Therefore, it becomes critical to discover sustainable
alternative protein sources not only for fish meal, but
also for soybean meal.

Biofloc technology (BFT) has been widely studied
and applied in the cultivation of shrimp and tilapia.
BFT has beneficial effects, including the recycling of
the solids e.g. feces and uneaten feed” and nutrients

(e.g. nitrogen and phosphorus), into microbial flocs
and avoiding environmental detrimental effects. The
system management depends on the elevation of C:N
ratio in water body up to 20 to activate the growth of
heterotrophic bacteria which have the ability to utilize
the ammonia-nitrogen released from these wastes
(Avnimelech, 1999). Biofloc community consists of
microorganisms, as filamentous cyanobacteria,
protozoa, nematode, and copepods (Emerenciano et
al., 2013b). This mixture represents a beneficial
protein source for tilapia when grazing directly in the
water column. It was reported by Moreno-Aria et al.
(2017) that the extracellular of floc organisms may
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Table 1 Chemical composition of the experimental ingredients

314
Ingredient Dry matter Crude protein Crude lipid
Fish meal 92 60 8.4
Soybean meal 90 42 4.8
Corn 89 9.6 3.8
Floc meal 95 245 5
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Crude ash Total carbohydrate® Gross energy® (kJ/g)
10.5 13.1 470.4
6 37.2 436.8
1.3 74.3 401.7
16 49.5 392.4

“ total carbohydrate content was determined by the difference: total carbohydrate=100—(% crude protein+% crude fat+% total ash); *dietary gross energy was
calculated using the conversion factors of 5.6, 9.4 and 4.2 k cal/kg for protein, lipids and carbohydrates, respectively (Hepher et al., 1983).

contain enzymes that help to improve digestion
process inside fish gut. Meanwhile it contains other
beneficial components such as carotenoids, amino
sugars and vitamins that may positively improve
digestion and utilization (Ju et al., 2008). Thus,
biofloc system provides suitable condition for more
inclusion of vegetable ingredient into fish diets. In the
same context, the elevation of total suspended solids
above desirable levels may be avoided by precipitation
of flocs periodically (Hatem et al., 2013; Khalil et al.,
2016; Zidan et al., 2017). The dried floc meal may be
used as a beneficial ingredient in fish diet as it contains
many nutrients and components such as protein which
ranged between 24%—-50% (Ju et al., 2008; Kuhn et
al.,, 2010b; Maica et al., 2012; Lopez-Elias et al.,
2015; Dantas et al., 2016; Gaona et al.,2016) and
lipids ranged between 0.5%-3.5% (Azim and Little,
2008; Kuhn et al., 2009; Maica et al., 2012;
Emerenciano et al., 2013a). Adoption of biofloc
system to generate unconventional feedstuff
“microbial flocs” is another prospective for improving
its sustainability. Moreover, some authors suggested
the ability to replace soybean by flocs derived from
treating fish effluent in shrimp diets (Kuhn et al.,
2009, 2010a, b). No available data on replacing
dietary soybean meal with floc meal in tilapia diets
were found in the literature. The aim of our work was
to examine the potential substitution of soybean meal
in tilapia diets by flocs meal under biofloc system
condition to improve its sustainability.

2 MATERIAL AND METHOD

2.1 Fish and experimental conditions

The present study was carried out at the Fish
Nutrition Laboratory (FNL), Department of Animal
Production, Faculty of Agriculture, Cairo University,
Egypt. Nile tilapia were obtained from a commercial
hatchery located in Kafr EI-Sheikh Governorate,
Egypt, and adapted to experimental conditions for 2
weeks. Tilapia juvenile with average weight of
12.14 g+0.03 were randomly distributed in the

experimental tanks that were cited in the wet-lab. The
system included nine circular plastic tanks (85 L
capacity filled to 55 L) to form three experimental
groups. Each tank was stocked by 12 fish
corresponding to the density of 3 kg tilapia/m?®. The
experiment was conducted for 56 days. Experimental
tanks were supplied with well water and 8 L of
previously matured biofloc with TSS >300 mg/L to
initiate the system. The matured biofloc was collected
from tilapia (Oreochromis niloticus) tanks. Aeration
was continuously provided using an air pump (RS
electrical model: RS-348A) and porous stones (Qubic
and cylindrical-shape with length of 2 and 4 cm,
respectively) to maintain the oxygen supply above
5 mg/L. The experiment was conducted under room
temperature and normal photoperiod condition (12 h
light:12 h dark ).

2.2 Experimental design

The experimental design consisted of three
treatments: control diet (C; absence of LPFM and diet
contained soybean meal as main protein source); 25%
soybean meal protein was substituted by LPFM
(FM,5); and 50% soybean meal protein was substituted
by LPFM (FMj,) (Tables 1, 2 and 3).

2.3 Feed and feeding

LPFM was collected from biofloc tanks from
previous experiments when the TSS reached 300 mg/L.
Eighty percent of the tanks water was settled in another
tank for 15 min and floc bulk was then collected and
sieved by 0.045 mm-mesh to dewater the suspended
solid (biofloc). The collected wet biofloc was sun
dried, mixed and analyzed. Chemical composition of
the floc meal are presented in Table 1. The experimental
diets were balanced using Excel package (2007) and
were prepared by blending the ingredients into a
homogeneous mixture; then the mixture was passed
through the laboratory pellet mill. The pellets were
then dried overnight under forced air at room
temperature and stored at 4°C until used. Amino acids
profile of the experimental diets (Table 3) were
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Table 2 Formulation and proximate composition (g/kg dry
weight basis) of experimental diets

Table 3 Calculated essential amino acids of the experimental
diets and essential amino acid requirements of Nile

Ingredient (g/kg) Control FM,; FMs, tilapia
Fish meal® 190 190 190 Amino Control  FM M Amino acidrequirementof
acid (%) » 0 Nile tilapia ®
Soybean meal® 360 260 190
Alanine 1.9 2.0 2.1 -
Corn® 389.4 329.4 239.4
Aspartic acid 2.1 22 2.4 -
Floc meal 0 160 320 L
Glutamic acid 2.9 2.8 2.9 -
Soy oil! 40 40 40 .
Glycine 22 22 2.3 -
Premix® 10 10 10
remix Proline 23 21 1.9 ;
f
Carboxy methyl cellulose 10 10 10 Serine 15 14 13 .
o
Vitamin C 0.5 0.5 0.5 Tyrosine 12 12 12 }
BHT! 0.1 0.1 0.1 Arginine 22 20 20 118
Total (g) 1000 1000 1000 Histidine 0.8 0.7 0.7 0.48
Proximate composition Isoleucine 1.5 1.4 1.4 0.87
Moisture (%) 5.74 5.73 5.77 Leucine 2.7 2.5 2.5 0.95
Crude protein (%) 29.4 29.8 29.3 Lysine 2.1 2.0 2.0 1.43
Lipid (%) 8.56 8.72 8.32 Methionine 0.7 0.7 0.7 0.75
Ash (%) 6.39 8.40 10.26 Cystine 0.5 0.4 0.4 0.15
Total carbohydratet 4991 4735 46.35 Phenylalanine 1.5 1.4 1.4 1.05
Gross energy (kcal/kg)" 454726 447718  4369.58 Threonine L5 L5 1.6 1.05
Mineral Valine 1.6 1.6 1.7 0.78
Calcium (%) 0.88 1.44 2.29 2Santiago and Lovell (1988).
Phosphorus (%) 0.59 0.66 0.82
Sodium (%) 0.20 0.26 0.73 2.4 Water quality
o .
Potassium (%) 0.72 0.34 0.48 Starch was used as a carbon source to maintain the
Magnesium (%) 0.16 0.18 0.29 biofloc system condition at a carbon: nitrogen ratio
Selenium (mg/kg) ND ND 13.8 around 10:1 and the starch quantity was determent
Calcium:phosphorus ratio L5 2.2 2.8 according to the method of Crab et al. (2012). Water

“imported fish meal (70% CP); ® Soy Factory, Food Technology Research
Institute, Ministry of Agriculture, Giza, Egypt; ¢ imported yellow corn
from Argentina; ¢ commercial food-grade; © provides per kg of diet: retinyl
acetate, 3 000 IU; cholecalciferol, 2 400 IU; all-rac-a-tocopheryl acetate,
60 1U; menadione sodium bisulfite, 1.2 mg; ascorbic acid monophosphate
(49% ascorbic acid), 120 mg; cyanocobalamine, 0.024 mg; d-biotin,
0.168 mg; choline chloride, 1 200 mg; folic acid, 1.2 mg; niacin, 12 mg;
d-calcium pantothenate, 26 mg; pyridoxine. HCI: 6 mg; riboflavin: 7.2 mg;
thiamin. HCI: 1.2 mg; sodium chloride (NaCl, 39% Na, 61% Cl), 3,077 mg;
ferrous sulfate (FeSO,-7H,0, 20% Fe), 65 mg; manganese sulfate (MnSO,,
36% Mn), 89 mg; zinc sulfate (ZnSO,-7H,0, 40% Zn), 150 mg; copper
sulfate (CuSO,.5H,0, 25% Cu), 28 mg; potassium iodide (KI, 24% K, 76%
I), 11 mg; Celite AW521 (acid-washed diatomaceous earth silica), 1 000 mg
Agri-Vet Co., Cairo, Egypt;  Algomhuria Pharmaceutical Chemical Co.,
Cairo, Egypt; ¢total carbohydrate content was determined by the difference:
total carbohydrate=100—(% crude proteint+% crude fat+% total ash+%
moisture); " dietary gross energy was calculated using the conversion
factors of 5.6, 9.4, and 4.2 kcal/kg for protein, lipids and carbohydrates,
respectively (Hepher et al., 1983).

calculated according NRC (2011) and Aboseif (2017)
for the amino acid profile of LPFM (24% CP).Fish
were fed twice daily (9:00 h and 17:00 h) on 4% of
their body weight. Feed ration was adjusted biweekly
according to fish biomass changes.

temperature and dissolved oxygen were measured
using Senso DirectOxi 200, while pH was measured
using Milwaukee-PH600 Digital pH metertwice
weekly. Ammonia-N, nitrite, nitrate values were
detected using water analysis  photometer
(MultiDirectLovibond) once weekly. Biofloc volume
was measured using Imhoff cone and the volume of
floc on the bottom of the cone was observed after
15 min of sedimentation once weekly (Avnimelech,
2009).Alkalinity was monitored biweekly by titration
with sulfuric acid till PH point of 4.5 (APHA, 1998).
Total suspended solids (TSS) were monitored weekly
by water analysis photometer (MultiDirectLovibond).

Zooplankton samples were collected from different
biofloc system using zooplankton net (55 pm, 25 cm
diameter and 80 cm length). The water was agitated
well and 5L of water sample was filtered by
zooplankton net. After filtration, the samples were
fixed immediately using formaldehyde solution (4%—
7%). Two milliliters of Rose Bengal stain (0.5%) was
added after fixation. The filtrated samples were
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examined with Optic Research Microscope. Three
sub-samples (one mL for each) of the homogenized
plankton samples were transferred to a counting cell
and the different plankters were counted. Zooplankton
population was then calculated as the number of
individuals of the different species per cubic meter.

The organisms were identified and counted on the
counting try with magnification varying from 100x to
400x. Planktonic organisms were identified according
to description and keys constructed by Edmondson
(1959); Ruttner-Kolisko (1974); Pennak (1978) and
Shehata et al. (1998) in addition to keys by Fernando
et al. (1987) and Jeje (1988).

Zooplankton was calculated after examination for
all the recorded species in each sample and expressed
for Organisms/litters depending on the following
equation according to (APHA, 2005):

number of organisms (L)=NxD/SxC,

where N=number of organisms for the calculated
species; D=volume of sample after filtration;
S=number of subsamples; C=total volume of the
collected water sample.

2.5 Growth parameters

Fish (n=12) of different treatment groups were
weighed biweekly and assessed for growth parameters
such as weight gain (%), feed conversion ratio (FCR),
and specific growth rate (%) (SGR) as follows:

weight gain (%)=(FW-IW),

FCR=feed given (DW)/body weight gain (WW),

SGR (%)=[In(FW)-In(IW)/N] %100,
where FW=final weight, IW=initial weight, DW=dry
weight, WW=wet weight, In=natural log and
N=number of culture days.

2.6 Proximate composition

The proximate composition of fish, diets and floc
meal samples generated from the experimental tanks
were determined after completion of the experiment
according to AOAC (1995). The moisture content was
determined by drying the samples at 105°C (Binder
oven, E series 28, Germany) to a constant weight, and
the difference in weight of the sample indicated the
moisture content. Nitrogen content was estimated by
P3L39: Kjeldah method and crude protein content was
calculated by multiplying the nitrogen percentage by
6.25. Crude lipid was determined by soxhlet extraction
with ether (boiling point, 40-60°C) as a solvent. Ash
content was determined by incinerating the samples in
a muffle furnace at 600°C for 3 h. Total carbohydrate
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content was determined by the difference (total
carbohydrate=100—(% crude protein+% crude fat+%
total ash+% moisture).

2.7 Mineral analysis

Calcium, sodium, potassium, magnesium,
phosphorus, and selenium concentrations in fish
carcass and diets were determined according to
AOAC (2012) using ICP-AES (Perkin Elmer, Optima
2000DV). The same elements were analyzed in
precipitated floc from different experimental
treatments except for the control where only one
replicate was analyzed.

2.8 Statistical analysis

All statistical analyses were performed using SPSS
17.0 software (SPSS, Chicago, IL, USA). Data were
analyzed by one-way ANOVA. Odd replicate value
was omitted during statistical analysis to save data
integrality. Duncan’s multiple range tests was used to
identify differences among experimental groups at a
significant difference of P<0.05.

3 RESULT AND DISCUSSION
3.1 Water quality

The overall mean, standard deviation, and range of
water temperature, dissolved oxygen and pH of the
different treatments are presented in (Table 4).Water
quality parameters were within the optimal range for
the culture of tilapia. No significant differences in
water quality values were observed among treatments.
Fish fed (FM,s) recorded the highest Floc volume
during the whole experimental period especially after
the fifth week. Water temperature values were optimal
for fish culture and ranged from 25-30°C. Dissolved
oxygen remained within the recommended range for
growth of tilapia. The DO average was kept above
5 mg/L, which are within the recommended levels of
DO as reported by Azim et al. (2008). Ammonia-N,
NO, and NO; values recorded for all treatments were
within normal ranges (average of 0.39, 0.71 and
27.5 mg/L, respectively). Total suspended solids and
alkalinity were numerically higher in floc meal
treatments compared to the control and increased
with the increasing floc meal in the diet.

The potential substitution of soybean meal by flocs
meal in tilapia diet under biofloc system was examined
and fish growth performance are presented in Table 5.
No significant differences in tilapia growth
performance between the control diet and FM,; was
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Table 4 Water quality parameters of different experimental treatments (values are mean'+SD (range))

Variable Control

FM,; FMs,

PH 8.16+0.29 (7.36-8.50)
27.86+1.18 (25.50-30.40)
5.89+0.80 (4.75-7.34)
108.31+93.86* (2.0-325)

Temperature (°C)
Dissolved oxygen (mg/L)

Floc volume (ml/L)

Nitrite (mg/L) 0.8240.43 (0.14-1.35)
Ammonia-N (mg/L) 0.35+0.17 (0.01-0.62)
Nitrate (mg/L) 30.71+ 21.60 (3.40-78)

Total suspended solids (mg/L) 227.35+84.43 (90-390)

Alkalinity (mg CaCOy/L) 214.5+66.03 (127.6-294)

8.24+0.27 (7.56-8.70) 8.25+0.26 (7.61-8.6)
27.94+1.27 (25.10-30.60) 27.83+1.28 (25.10-30.20)
5.87+0.84 (4.5-7.24) 5.80+0.82 (4.11-7.11)
64.62+82.22" (2.0-320) 60.37+50.25" (1.5-170)
0.62+0.45 (0.07-1.41) 0.70+0.35 (0.06-1.41)
0.43+0.19 (0.01-0.82) 0.41£0.21 (0.01-0.82)
27.12+18.01 (4-67.20) 24.82+16.07 (3.80-57.3)
239.80+87.38 (67-417) 279+93.66 (106-499)

237.6+46.74 (166-290) 256.15+58.74 (161-298)

" means in the same row with different superscripts are significantly different (P<0.05).

noticed. The worst growth performance values were
recorded for fish fed FMy, which indicate that, more
inclusion of floc meal in tilapia diet negatively affects
growth performance.

The harvest of floc meal from zero-water exchange
tanks and its examination as alternative feed ingredient
has been previously reported for shrimp (Kuhn et al.,
2009, 2010b). However, in the present study, floc meal
was collected and evaluated as replacement ingredient
for soybean meal protein in tilapia diet. Floc meal,
which is typically a waste product, could be considered
as high value ingredient. In the present study, protein
content of the tested LPFM was 24% CP. The same
level was recorded by other authors (Lopez-Elias et
al.,2015; Dantas et al., 2016; Gaona et al., 2016) while
this level is considered low protein floc meal compared
to other reported values; less than 30% (Ekasari et al.,
2010), 38% (Kuhn et al., 2016) while higher than 50%
was recorded by (Kuhn et al., 2009).

The tested floc meal contained satisfactory protein
level for replacing up to 25% of soybean protein. The
replacement had no great reflect on the amino acid
profile and ash content of the diet subsequently
growth  performance. = Meanwhile, sufficient
contribution from microbial biofloc supported the fish
growth. This may suggest that microbial biofloc may
have the ability to recover the deficiency in amino
acids of the diets up to a specific limit. The same
results were suggested by other authors, where biofloc
did not compromise the growth performance when
floc meal inclusion was less than 50% of the
substituted ingredient. Floc meal replaced 10%, 20%,
and 30% of soybean in shrimp diet without negative
effect on growth (Valle et al., 2015; Kuhn et al., 2016).
In the same context, Dantas et al. (2016) suggested
that 30% fish meal could be replaced by folc meal in
shrimp diet without growth suppression. Moreover,
Kuhn et al. (2009) found significant differences

Table 5 Effect of replace soybean meal by floc meal on
growth performance of tilapia (means+SE)!

Parameter Control FM,;5 FM;,

Final body weight 30.494£2.52  26.60:+0.41 24.11*+0.60

Weight gain (g/fish) 18.2742.49 14.40°+0.38 11.94*+0.63

Specific growth rate (%/day) 1.622+0.14  1.38+0.02  1.21°+0.04

Feed intake 34.07:+£0.62 31.55*+0.53 31.09°+0.34
Feed conversion ratio 1.90°+0.20  2.20*+0.01  2.60°+0.15
Productivity (kg/m?) 7.322+0.60  6.38*+0.09  5.78+0.14

! means in the same row with different superscripts are significantly
different (P<0.05).

between treatments groups, in terms of increased
weight gain, and SGR when soybean was replaced
with microbial flocs at 7.8% and 15.6% inclusion
level on a dry matter basis.

The amino acid content of different experimental
diets seems to cover the requirement of tilapia even
when the floc meal reached 50% (Table 3). The
suppression effect of floc meal observed in FM;,%
diet, could be attributed to: 1. the elevated of dietary
ash content as increasing the inclusion of the floc
meal in the experimental diet as elevation in dietary
Ca:P ratio was observed in FM,; and FMy,. It was
suggested that optimum Ca:P ratio for tilapia ranged
between 0.5-0.9 (Yao et al., 2012). Elevation of
dietary Ca may resulted in low absorption of other
minerals as phosphorus, iron, zinc and manganese
that may negatively affect biological function
subsequently growth performance (Lall, 2002; Yao et
al., 2012; Hossain and Yoshimatsu, 2014); 2. the low
availability of some amino acids in LPFM (Table 3).

The whole body chemical composition of tilapia are
summarized in Table 6. Tilapia protein content showed
significantly higher value in fish fed the control diet,
while there was numerical decrease in the carcass fat
with more inclusion of floc meal in tilapia diet. This
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Table 6 Chemical composition of tilapia carcass as affected
by experimental diet (wet basis)
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Table 7 Chemical composition of precipitated biofloc as
affected by experimental diet

Macro nutrient Control FM,; FM;, Control FM,; FMs;,
Moisture (%) 7324025 75.79£0.18  75.28+1.04 Moisture (%) 6.28+0.07 6.06:0.53 6.78+0.34
Crude protein (%) 15.11£0.050  13.35+0.03°  13.99+0.29° Crude protein (%) 42540500 36.25+0.45>  33.95+0.85
Lipid (%) 5.62+0.25 4.36£0.43 3.51£0.95 Lipid (%) 1.2620.62 2.4240.50 2.88+0.36
Ash (%) 4.79+0.06 4.84+0.20 5.31+0.18 Ash (%) 14.1540.05®  13.91£0.27>  14.87+0.042
Mineral Means in the same row with different superscripts are significantly different
Calcium (g/kg fish) 13.14+1.21  14.26£0.67  16.21+0.59 (P<0.05) by Duncan’s test.
Phosphorus (g/kg fish) ~ 7.44+0.56 7.59+0.35 8.65+0.29 Table 8 Mineral content of precipitated biofloc as affected
Sodium (g/kg fish) 1.14+0.01 1.350.01 1.57+0.01 by experimental diet
Potassium (g/kg fish) 2.22+0.05 1.994+0.06 2.16+0.27 Mineral (g/kg) Control FM,s FM;,
Magnesium (g/kg fish)  0.44+0.03 0.46:0.02 0.49+0.01 Calcium 26.45+0.25 23.45+0.75 29.65+0.65
Selenium (mg/kg fish)  12.12+0.38  7.48+1.57°  8.67+0.61® Phosphorus 15.65+0.55 11.25+0.05 11.25+0.75
Means in the same row with different superscripts are significantly different Sodium 4.76 £0.15 3.41x0.39 2.41=0.54
(P<0.05). Potassium 3.33£0.15 2.25+0.06 1.68+0.19
350000 Magnesium 4.61+0.10 3.45+0.15 3.2840.33
= 300000
% 250000 Selenium ND ND ND
g 200000
g }3 gggg: regarding the content of other minerals in fish carcass.
500001 - Biofloc quality in terms of fatty acid profile and
0 : protein content seems to be affected by the system

Control FM25 ' FMS50

Fig.1 Total zooplankton count in different experimental
treatments

may reflect the increase of energy pardon in tilapia fed
more floc meal. Despite floc meal had high content of
selenium (Table 6), more inclusion of floc meal in
tilapia diet was not reflected in fish carcass content of
selenium. Meanwhile, selenium was not detected in
biofloc precipitated from different experimental
treatments. These results may reflect the high utilization
of selenium in biological mechanisms during
metabolism caused by more inclusion of floc meal in
fish diets. Subsequently, the need of supplementing fish
diets with more selenium is suggested in the presence
of more inclusion of floc meal in fish diet.

The calcium content of different experimental diets
was not reflected in calcium content in fish carcass but
showed its reflection on calcium level of flocs
precipitated from different treatments. It was noticed
that the more inclusion of floc meal in fish diet, the
more calcium content in precipitated flocs was observed
by the end of the experiment. This may be due to: 1. the
low bioavailability of floc meal calcium or 2. the excess
levels of calcium than required by fish. The last
hypothesis could be supported by the carcass Ca:P ratio
that showed constant values (1.8) among different
treatment. No significant differences were recorded

inputs as sources of carbon (Ekasari et al., 2010;
Dantas et al., 2016) meanwhile, dietary composition
affected biofloc chemical composition in the present
study. Chemical analysis of precipitated folc samples
showed slight increase in ash content P<0.05 with
more inclusion of floc meal in tilapia diet (Table 7).
Accumulation of minerals may be the cause behind
the high ash content (Dantas et al., 2016). The average
ash content of both floc meal and precipated floc
(16% and 14%, respectively, were within the range
reported in previous works being 7%-47% (Azim et
al., 2008; Emerenciano et al., 2013b). Protein content
of biofloc generated from the control treatment had
significantly higher value compared to other
treatments. The control treatment recorded the highest
zooplankton number among other treatments which
may explain its superiority in protein content (Fig.1).
The same was suggested Emerenciano et al. (2013b),
who corroborated the variation of floc protein content
to the concentration of species such as copepods and
nematodes The superiority of control in zooplankton
count may be a reflect of fish low grazing activity
especially, in the presence of higher feed intake value
under condition of no soybean substitution in
comparison with substitution condition. The mineral
content of precipitated floc varied numerically among
different treatments (Table 8) but the values were
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within the range of previous studies except for sodium
and potassium as fresh water supply were used in our
experiment. Mineral content of floc meal in previous
studies differed depending on the method of producing
biofloc, where calcium, phosphorus, sodium,
potassium and magnesium values ranged 12.8-26.7;
12.9-22.6; 12.7-24.4; 7.5-13.7; 4.1-18.1 g/kg,
respectively (Kuhn et al., 2009, 2010a, 2016).
Elevation in Ca:P ratios were noticed in precipitated
biofloc in parallel with more inclusion of floc meal in
tilapia diets. In the same context a constant Ca:P ratio
recorded for tilapia carcass (1.8) in different treatments
which support the hypothesis of that excess dietary
calcium was excreted into the tank water. Excess
calcium may reflect the absorption of other mineral as
phosphorus, zinc and iron from the intestine (Lall,
2002; Yao et al., 2012; Hossain and Yoshimatsu,
2014).

4 CONCLUSION AND
RESEARCH DEVELOPMENT

FURTHER

Under the condition of our experiment, floc meal
substituted soybean up to 25% without negative
impact on fish performance. The more inclusion of
floc meal into tilapia diet resulted in growth
depression. Ash content of floc meal may be the
limiting factor behind the growth suppression. Further
studies are required to detect the effect of floc meal
mineral composition on tilapia performance.
According to our work it may increase the energy
pardon in tilapia fed diets with more floc meal.

5 DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon
reasonable request
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