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Abstract: The effects of two waste sources, red hybrid tilapia (Oreochromis sp.) and whiteleg shrimp
(Litopenaeus vannamei), and two drying methods (freeze-drying and oven-drying) on the proximate
chemical composition of bioflocs were investigated. In total, four kinds of experimentally treated
bioflocs were compared to identify the best waste source and drying method to produce biofloc of
an acceptable nutrient value: freeze-dried shrimp biofloc (FDSBF), oven-dried shrimp biofloc
(ODSBF), freeze-dried tilapia biofloc (FDTBF), and oven-dried tilapia biofloc (ODTBF). The protein,
lipid, ash, fiber, total nitrogen free extract (NFE), and energy contents of the dried bioflocs ranged
from 12.12 to 24.09 g/100 g, 0.35 to 0.92 g/100 g, 42.45 to 61.01 g/100 g, 7.43 to 17.11 g/100 g, 16.45 to
18.59 g/100 g, and 0.99 to 1.94 Kcal g, respectively. Statistically, there were significant differences
within the means of the two biofloc sources in terms of their proximate compositions (p < 0.05). The
average values between the drying methods for protein, lipid, total NFE, and energy were also sig-
nificantly different, while no significant differences (p > 0.05) were recorded for ash and fiber.
Amino acids (AAs) were higher in FDTBF, followed by ODTBF. The mineral profiles showed that
phosphorous, potassium, manganese, selenium, and copper were higher in the tilapia waste bio-
flocs, while calcium, zinc, iron, copper, chromium, and cobalt were higher in the shrimp waste bio-
flocs. Although the statistical analysis showed that the shrimp waste bioflocs had higher levels of
lipid, fiber, total NFE, and minerals, the tilapia waste bioflocs contained higher levels of potential
AAs, energy, and protein, which are regarded as expensive ingredients in aquaculture feeding. This
study indicates that biofloc derived from tilapia waste can be regarded as a more suitable source of
biofloc meal (in terms of protein, ash, energy, and AAs) than biofloc derived from shrimp waste.
Our findings also suggest that freeze-drying is a more effective drying method for drying biofloc,
as it efficiently maintains nutritional quality.

Keywords: biofloc; freeze-drying; oven-drying; whiteleg shrimp; red hybrid tilapia; proximate com-
position; amino acids; minerals

1. Introduction

In order to meet nutritional demands, global aquaculture production has been rap-
idly increasing in recent decades [1]. However, many negative effects have been associ-
ated with increasing aquaculture activities, such as the use of large quantities of water,
the high cost of feed ingredients, especially fish meal and fish oil, and drainage of used
aquaculture water, which is highly concentrated in toxic substances due to the high load
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of organic matter, nitrogen compounds, and phosphorus into the receiving water bodies
[2—4]. For example, the water quality of receiving water body has been found to be affected
by the physicochemical characteristics of catfish farm’s effluent for several parameters
such as nitrate and chemical oxygen demand (COD) that exceed the recommended raw
water quality criteria [2]. In addition to the environmental impact, these substances also
have major negative effects on human health [5-7]. Therefore, a sustainable aquaculture
system is required to protect the environment, natural resources, and human health [8,9].

Biofloc technology systems (BFTs) are currently considered an economical and envi-
ronmentally sustainable approach for aquaculture systems [10,11]. BETs provide a com-
plementary source of nutrition that is useful for enhancing production by improving the
growth performance and survival rates of aquatic organisms [12]. BFTs work on the basis
of the conversion of waste to nutrients by adding a carbohydrate source (such as molasses)
to maintain the carbon-to-nitrogen ratio (C/N) at a high level (10-20:1), which also cata-
lyzes heterotrophic bacteria, thus generating energy from carbohydrates to produce pro-
teins, whereby ammonia can be converted into microbial floc [8,13-18]. From this point of
view, having biofloc in situ is of interest because biofloc not only provide aquaculture
animals with nutrients and enhance production, but are also able to save up to 24% of the
costs of commercial feed, thus reducing the overall costs of aqua feeding [4,19]. Not only
can fresh biofloc be consumed in situ as live food by cultured animals, but dried biofloc
may also be used as a protein source in diets [18,20-23].

Drying is one of the most important globally recognized procedures for food preser-
vation [24]. There are various methods for drying, and although there are differences in
terms of their principles, processing, applications, advantages, and disadvantages, all aim
to reduce the moisture in food in order to preserve it [25]. For example, in the oven-drying
method, the sample is heated under specified conditions, and the efficiency of drying is
highly dependent on many factors, such as the type of oven, the conditions inside the
oven, the drying time and temperature, the humidity percentage inside the sample, the
thickness of the sample, particle size, surface area, etc. [26]. Another method, freeze-dry-
ing, is mainly used to prevent damage to heat-sensitive products, mostly of biological
origin. The sample is frozen before vacuum freeze-drying, then water (in ice form) is re-
moved by sublimation. Later, it is removed by desorption, and the product can thus be
easily preserved [27].

Currently, the nutritional value of biofloc needs to be determined [28]. Dried biofloc
bring higher profits for farmed species when used as a replacement for expensive ingre-
dients, such as fishmeal, or if used as a supplement to commercial feed in aquatic feed
manufacturing [18,29]. Moreover, biofloc is considered a good quality source of protein
that can be used as a feed and contribute 50% of the protein requirements for tilapia (Ore-
ochromis niloticus), and possibly for other fish species [13,30]. Biofloc consists of more than
30% crude protein, and about 2% of the meal is made up of lipids [31,32].

Factors such as the density and particle size of the biofloc, the carbon source that is
supplied, the environmental conditions, water quality parameters, and food preferences
of the animals have been found to affect the characteristics and nutritional composition of
biofloc ([8,10,13,15-18,33-36]. The biofloc source and the method of drying could also in-
fluence the nutritional composition, since various proximate compositions (the protein,
lipid, ash, fiber, carbohydrate, and energy contents) have been observed in many previous
studies using several methods (sunlight, air-drying, oven-drying, and freeze-drying) and
different drying temperatures and times [18,22,36-43]. Nonetheless, the effects of different
waste sources and drying methods on the nutrient composition of dried biofloc have yet
to be explored.

This study aims to investigate and compare the effects of two waste sources of bio-
floc—red hybrid tilapia and whiteleg shrimp—and two drying methods (oven-drying and
freeze-drying) on the proximate chemical composition of dried biofloc samples. The data
obtained from this study will facilitate the identification of appropriate sources and dry-
ing methods to produce dried biofloc meal with a good nutrient value.
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2. Materials and Methods
2.1. Raw Materials and Drying Methods

Bioflocs were collected from six indoor adult red hybrid tilapia and whiteleg shrimp
tanks at Sepang Today Aquaculture Center located in Selangor, Malaysia (2°37'14.8”N
101°41'53.2”E), which were produced by daily addition of molasses as a carbon source,
and the ratio of C/N was maintained at 15:1 [44]. Biofloc volume was measured by sam-
pling 1 L of water from each tank using Imhoff cones, and the flocs were allowed to settle
at the bottom of the cone and were left for 15 min to obtain a stable biofloc volume [13].
When the volume of biofloc had reached 40 mL/L, the bioflocs were collected using dif-
ferent mesh sizes of plankton nets (20 pm, 30 pm, and 40 pm). The collected bioflocs were
kept in plastic zipper storage bags and stored in a cold store box, then transported to the
lab. The wet bioflocs were then divided into four portions: two portions were immediately
frozen at —80 °C for 48 h and then transferred to a vacuum freeze-dryer (Alpha 1-2 LDplus,
CHRIST, Germany) for 72 h [18], and the other two portions were dried in a forced air
circulation oven (Memmert UF110, Germany) at 40 °C for 72 h [42]. The dried bioflocs
were ground into fine particles (<100 um) and kept in airtight containers in a refrigerator
(Toshiba, GR- H41ST, Thailand) at below —18 °C for further analyses.

2.2. Experimental Biofloc Treatments

To examine the proximate chemical composition of bioflocs collected from red hybrid
tilapia and whiteleg shrimp tanks using biofloc systems, the freeze-dried bioflocs were
obtained using a freeze-drying method, while the oven-dried bioflocs were obtained us-
ing an oven-drying method. The dried bioflocs were then divided into four experimental
biofloc treatment groups: freeze-dried shrimp biofloc (FDSBF), oven-dried shrimp biofloc
(ODSBF), freeze-dried tilapia biofloc (FDTBF), and oven-dried tilapia biofloc (ODTBF).

2.3. Proximate Composition Analyses

The proximate composition of the bioflocs was analyzed according to Association of
Official Analytical Chemists (A.O.A.C.) [45] and the following standard methods for ani-
mal feed analysis were used.

2.3.1. Ash Measurement

A porcelain crucible of known weight with 10 g of dry sample was used for ash anal-
ysis and was incinerated in a muffle furnace (Nabertherm, Germany) at 550 °C for 4 h.
The crucible was then removed from the muffle oven, cooled in a desiccator, and weighed.
The analysis was done in triplicate, and the ash content was calculated according to the
following formula:

Ash (%) = (ash weight/sample weight) x 100

2.3.2. Crude Protein Measurement

The crude protein content was determined by the Kjeldahl method, which measures
the nitrogen (N) content of a sample. The protein content was then calculated by assuming
a ratio of protein to N for the specific food being analyzed (N x 6.25) [46]. The Kjeldahl
procedure is divided into three steps: digestion, distillation, and titration. Approximately
0.5 +0.01 g of sample (in triplicate) was filled into digestion tubes, and 12 mL of sulfuric
acid (98% H:SOs, N-free) was added. In the digestion step, each mixture of sample and
H2SO4 was heated in the presence of 3 g of catalyst (7.0 g K2SOs + 0.8 g Cu) at 420 °C for
an hour. When the color of the samples changed to neon green, the tube rack with the
covered digestion tubes was removed and placed in the cooling stand to allow the samples
to cool for 15 min before starting the distillation step. In the distillation unit (Kjetlec™
8200, Hogands, Sweden), the manufacturer’s standard operation procedure was followed
to warm up the machine (Steam). After the distillation process, the distillate was titrated
against 0.1 N of standardized HCI solution in the presence of methyl red methylene blue
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to the first colorimetric endpoint, where the solution changed to red color. The crude pro-
tein content was then calculated according to the AOAC methods [45].

2.3.3. Crude Lipid Measurement

The crude lipid percentage was determined using a fat extraction system (Soxtec™
2043, FOSS, Denmark). A 1.5 g sample (in triplicate) was used for the measuring and the
crude lipid content was calculated according to the AOAC methods [45].

2.3.4. Crude Fiber Measurement

The crude fiber content was measured by a fiber analysis system (FiberCap™ 2022,
FOSS, Denmark). The crude fiber was determined via sequential extraction of the sample
with 1.25% (w/v) H2504 and 1.25% (w/v) NaOH solutions under specific conditions
(AOAC, 2016 —method 962.09). The insoluble residue was collected by filtration, and the
residue was dried, weighed, and ashed to correct for any mineral contamination of the
fiber residue.

2.3.5. Calculation of Total Nitrogen Free Extract

The total nitrogen free extract (NFE) content in the bioflocs was measured as follows:
NFE (%) in dry matter = 100—[total ash % + crude protein % + crude lipid % + crude fiber
%] [37].

2.3.6. Gross Energy Measurement

A bomb calorimeter (Model Parr 6100, Moline, IL, USA) was used to calculate gross
energy by combusting 1 g of sample in a chamber pressurized with pure oxygen and
measuring the resulting heat via the increase in the temperature of the water surrounding
the chamber.

2.4. Amino Acid Profile

An amino acid analysis (AAA) was performed using High Performance Liquid Chro-
matography (HPLC) (Waters 1525, San Diego, CA, USA) provided with a binary pump
and a multi A fluorescence detector (Waters 2475, USA). An AccQ tag column (3.9 x 150
mm) was used for deproteinization (the separation of AAs from proteins and polypep-
tides). The AAA was carried out using the 6 N HCI hydrolysate method in two phases:
acid hydrolysis and a derivatization process via chromatographic analysis. To hydrolyze
the proteins, 5 mL of 6 N HCL was added to the samples and hydrolyzed in an oven with
a vacuum at 110 °C for 24 h. After hydrolysis, the tubes were cooled and the solution was
filtered using a Spartan HPLC syringe filter, then distilled water was added at a 1:20 v/v
ratio. The HPLC procedure was carried out at 36 °C, and the mobile phase contained AccQ
Tag Eluent A, AccQ Tag Eluent B, or a 60% acetonitrile gradient system, and the flow rate
was 1 mL/min. The fluorescence detector was set at 250 nm for excitation and 395 nm for
emission. The injecting volume was 10 uL [47].

2.5. Minerals Profile

The quantitative analysis of the minerals was carried out using an inductively cou-
pled plasma mass spectrophotometer (ICP-MS) (PerkinElmer SCIEX—ELAN 9000, USA).
Before the analysis, the samples were prepared by adding 10 mL of de-ionized water, 7.5
mL of HCl, and 2.5 mL of nitric acid (NOH 65%) to 1 g of sample (dry powder), then the
solution was heated to 150 °C for 2 h. After cooling, the samples were filtered using 0.45-
1 Whatman ashless filter paper in 25-mL volumetric flasks, and the flasks were made up
to 25 mL with de-ionized water. The diluted solutions were poured into polyethylene bot-
tles and kept at 4 °C until further analysis [48].
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2.6. Statistical Analysis

Descriptive statistics (mean + standard error [SE]) were performed using IBM SPSS
Statistic software, version 22. Data were tested for normality and homogeneity of the var-
iances using Kolmogorov-Smirnov and Levene’s tests. Differences in proximate compo-
sition, amino acids, and mineral values between sources of bioflocs (shrimp waste and
tilapia waste) were analyzed using two independent sample ¢-tests. The same test was
also used to determine the differences in proximate composition, amino acids, and min-
eral values between the methods of drying (freeze-drying and oven-drying). Significant
differences among the means were taken at p < 0.05.

3. Results
3.1. Proximate Composition

The proximate composition, such as crude protein, crude lipid, total ash, crude fiber,
nitrogen free extract (NFE) (g/100 g), and energy (Kcal g) of the four experimentally
treated bioflocs (FDSBF, ODSBF, FDTBF, and ODTBF) are presented in Table 1.

Table 1. T-test results (multiple comparisons) of proximate composition of biofloc (g/100 g dry matter) from two waste
sources (shrimp and tilapia) and two methods of drying (freeze-drying and oven-drying).

FDSBF ODSBF FDTBF ODTBF
Proximate composition

Protein 13.50 +0.27 2 1212 +0.09° 24.09£0.18¢ 20.52 £0.09 ¢
Lipid 0.35+0.012 0.92+0.01° 040+0.01¢ 0.56+0.01 ¢
Ash 61.01+0.29 2 60.63 £0.29 42.45+0.29° 44.63+0.29°
Fiber 7.43+0.29> 7740292 16.61+0.29° 17.11+£0.29°®
Nitrogen free extract (NFE) 17.72+0.25 2 18.59+0.10® 16.45+0.17 < 17.18 +£0.58 4
Energy (Kcal g™") 0.99 £0.06 2 1.01 +£0.06 2< 1.94 +0.06 ® 1.11+0.06

Data are means +SE, n = 3. Treatments: freeze-dried shrimp biofloc (FDSBF), oven-dried shrimp biofloc (ODSBF), freeze-
dried tilapia biofloc (FDTBF), and oven-dried tilapia biofloc (ODTBF). Means with different superscripts in rows are sig-
nificantly different (p < 0.05).

The protein content (g/100 g) was higher in both freeze-dried and oven-dried bioflocs
from the tilapia source (24.09 + 0.18 g/100 g and 20.52 + 0.09 g/100 g, respectively) than the
shrimp source (freeze-dried: 13.50 + 0.27 g/100 g and oven-dried: 12.12 + 0.09 g/100 g) (Ta-
ble 1). The t-test showed significant differences in protein content (p < 0.05) among the
four treatment groups, wherein the protein content of the FDTBF was significantly higher
(24.09 + 0.18 g/100 g, p < 0.05) when compared with results of the ODTBF (20.52 + 0.09
g/100 g) and the FDSBF (13.50 + 0.27 g/100 g). Whereas the protein content of the FDSBF
was significantly higher (p < 0.05) than the ODSBF, which recorded the lowest protein
content 12.12 + 0.09 g/100 g (Table 1).

The shrimp-derived biofloc samples showed higher lipid content (0.92 + 0.01 g/100 g,
p < 0.05) using the oven-drying method when compared with the tilapia waste biofloc
samples using the freeze-drying method (0.40 + 0.01 g/100 g) and using the oven-drying
method (0.56 + 0.01 g/100 g). However, the lowest lipid value (0.35+ 0.01 g/100 g, p <0.05)
was recorded for the FDSBF (Table 1). The t-test also found significant differences among
the four treatment groups in lipid content (p < 0.05) (Table 1).

Ash contents were higher in freeze-dried and oven-dried bioflocs from the shrimp
waste 61.01 £ 0.29 g/100 g and 60.63 + 0.29 g/100 g, respectively, while they were lower in
freeze-dried and oven-dried bioflocs from the tilapia waste of 42.45 + 0.29 g/100 g and
44.63 £0.29 g/100 g, respectively. The FDSBF samples were significantly higher in ash con-
tent than the FDTBF samples (p < 0.05) (Table 1). Additionally, the ash content from the
ODSBF samples was significantly higher (p < 0.05) than that from the ODTBF samples. No
significant differences (p > 0.05) were found between the FDSBF and the ODSBF samples
or between the FDTBF and the ODTBF samples in terms of ash content (Table 1). This
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implies that both sources of bioflocs (shrimp waste and tilapia waste) had a significant
effect on ash content (p < 0.05) (Table 1).

Fiber content was higher in freeze-dried and oven-dried bioflocs sourced from tilapia
waste (16.61 = 0.29 g/100 g and 17.11 + 0.29 g/100 g, respectively) compared with freeze-
dried and oven-dried bioflocs sourced from shrimp waste (7.43 + 0.29 g/100 g and 7.74 +
0.29 g/100 g, respectively) (Table 1). Statistically, significant differences were found be-
tween the two sources of bioflocs (tilapia waste and shrimp waste) (p < 0.05), while no
significant differences were found (p > 0.05) between the drying methods in terms of fiber
content. This also shows that the source of biofloc had a significant effect on fiber content
(Table 1).

NFE content was significantly higher (p < 0.05) in freeze-dried (17.72 + 0.25 g/100 g)
and oven-dried (18.59 + 0.10 g/100 g) bioflocs from shrimp waste, while significantly lower
(p <0.05) in freeze-dried (16.45+0.17 g/100 g) and oven-dried (17.18 + 0.58 g/100 g) bioflocs
from tilapia waste (Table 1). The t-test showed significant differences in NFE content (p <
0.05) among the four treatment groups, where the ODSBF samples were significantly
higher when compared with the FDSBF samples and also the ODTBF samples, while the
FDTBF samples recorded the lowest NFE (p < 0.05) content (Table 1).

Moreover, energy levels were higher in freeze-dried and oven-dried bioflocs from
tilapia waste (1.94 = 0.06 and 1.11 + 0.06 Kcal g, respectively), while lower in freeze-dried
and oven-dried bioflocs from shrimp waste (0.99 + 0.06 and 1.01 + 0.06 Kcal g, respec-
tively) (Table 1). The FDTBF samples were significantly (p < 0.05) higher when compared
with the ODTBF samples, and also the FDSBF samples in terms of energy content (Table
1).

In general, tilapia waste bioflocs showed higher (p < 0.05) contents of protein, fiber,
and energy, while shrimp waste bioflocs showed higher (p < 0.05) lipid, ash, and NFE
contents (Table 1). As a drying method, freeze-dried bioflocs showed higher (p < 0.05)
protein and energy contents, while oven-dried bioflocs showed higher (p < 0.05) lipid and
NFE contents (Table 1).

3.2. Amino Acid Profile

The t-test of the quantitative analyses of the amino acids (AAs) for the four experi-
mentally derived bioflocs (FDSBF, ODSBF, FDTBF, and ODTBF) is shown in Table 2. The
AA concentrations were expressed as 1 g of amino acid per 100 g dry matter of biofloc.
Table 2 shows that the FDTBF samples recorded the highest values (p < 0.05) of both es-
sential amino acids (EAAs) and non-essential amino acids (NEAAs) (10.584 g/100 g and
9.657 g/100, respectively), followed by the ODTBF samples (8.888 g/100 g and 8.493 g/100,
respectively). The FDSBF and ODSBF samples recorded the lowest values in EAAs (5.583
g/100 g and 5.464 g/100 g, respectively) as well as NEAAs (7.375 g/100 g and 7.258 g/100
g, respectively) (Table 2).
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Table 2. T-test results (multiple comparisons) of the amino acids of biofloc (g/100 g) from two waste sources (shrimp and
tilapia) and two methods of drying (freeze-drying and oven-drying).

Amino Acids FDSBF ODSBF FDTBF ODTBF
Essential amino acids (EAAs)
Arginine 0.678 £0.01 2 0.661 £0.02 = 0.965+0.04° 0.836+0.02¢
Histidine 0.261 +£0.02 2 0.229 £0.02 = 2.170 £0.03 b 1.883 +0.05 ¢
Isoleucine 0.588+0.02 2 0.595+0.02a 0.977 +0.02°b 0.837 +0.02 ¢
Leucine 0.947 +0.01 2 0943 +0.01a 1.568 £ 0.01® 1.316 £0.01 ¢
Lysine 0.656 £ 0.01 = 0.603+0.01a 0.991+£0.01° 0.758 +£0.01 <
Methionine 0.205+0.01 2 0.204 £0.01 2 0.361£0.01° 0.316 £0.01 ©
Phenylalanine 0.634+0.014 0.662 +0.022 1.085 £ 0.02 b 0.869 +0.01 <
Threonine 0.742 +0.01 = 0.711+0.01a 1.088 £0.02 ® 0.943 +0.01 ¢
Valine 0.872+0.02 2 0.856 +0.02a 1.379 £0.02 > 1.130 £ 0.03 <
Non-essential amino acids (NEAAs)

Alanine 1.149+0.012 1.136+0.01 2 1.694+0.01° 1.387+0.01 ¢
Aspartic 1.574+0.012 1.476 £0.02 > 2.251+0.04 ¢ 1.876 +0.03 4
Glutamic 1.636 +0.02 2 1.567 +£0.04 2 2.317+0.03b 1.934 +0.04 <

Glycine 1.051+0.01 2 1.009 £ 0.02 2 0.275+£0.01° 0.231+£0.04 <

Hydroxyproline* - 0.220+0.01 = 0.092£0.01°b 0.130 £0.01 ©
Proline” 0.734+0.01 2 0.693 £0.01 = 1.210+0.01 " 1.385+0.01 ¢
Serine 0.822+0.01 0.737+0.01°b 1.164 +£0.01 ¢ 0.999 +0.014
Tyrosine 0.409 +0.01 = 0.420+0.01a 0.654+0.01°b 0.551 +0.01 ¢
Total
AAs 12.958 12.722 20.241 17.381
EAAs 5.583 5.464 10.584 8.888
NEAAs 7.375 7.258 9.657 8.493
EAAs/AAs 43.09% 42.95% 52.29% 51.14%

*Conditional essential amino acids. Data are means +SE, n = 3. Treatments: freeze-dried shrimp biofloc (FDSBF), oven-dried shrimp
biofloc (ODSBEF), freeze-dried tilapia biofloc (FDTBF), and oven-dried tilapia biofloc (ODTBF). Means with different superscripts in
rows are significantly different (p <0.05).

For the EAAs, the values of arginine, histidine, isoleucine, leucine, lysine, methio-
nine, phenylalanine, threonine, and valine were significantly higher (p < 0.05) in bioflocs
derived from tilapia waste (FDTBF and ODTBF) when compared with bioflocs from
shrimp waste (FDSBF and ODSBF). Furthermore, the t-test showed that there were signif-
icant differences between the two methods of drying for tilapia waste bioflocs (p < 0.05),
while no significant differences were found between the two methods of drying for
shrimp waste bioflocs in terms of EAAs (p > 0.05). For the NEAAs, the values of alanine,
aspartic, glutamic, glycine, proline, serine, and tyrosine were also significantly higher (p
< 0.05) in bioflocs from tilapia waste (FDTBF and ODTBF) compared with bioflocs from
shrimp waste (FDSBF and ODSBF), while hydroxyproline was significantly higher (p <
0.05) in the ODSBEF samples (Table 2). Significant differences were also found for all values
of NEAAs between the two methods of drying for tilapia waste bioflocs (p < 0.05). In con-
trast, no significant differences were found (p > 0.05) in the values of alanine, glutamic,
glycine, proline, and tyrosine between the two drying methods for shrimp waste bioflocs,
however, the values of aspartic and serine were significantly different (p < 0.05) between
the FDSBF and ODSBF samples (Table 2).

In general, the total AA content in the samples from the FDTBF and ODTBEF of tilapia
waste bioflocs was higher (20.241 g/100 g and 17.381 g/100 g, respectively) than the FDSBF
and ODSBF samples (12.958 g/100 g and 12.722 g/100 g, respectively). The EAAs in the
FDTBF and ODTBF samples made up 52% and 51%, respectively, of the total AAs and
made up 43% and 42% of the AAs in the FDSBF and ODSBF samples, respectively (Table
2).
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3.3. Minerals Profile

The four mineral profiles of the experimentally derived bioflocs are shown in Table
3. Concentrations of essential major minerals: calcium (Ca), phosphorus (P), magnesium
(Mg), potassium (K), and sodium (Na), were expressed as mg per g dry matter of biofloc,
while concentrations of essential trace minerals: manganese (Mn), zinc (Zn), iron (Fe), se-
lenium (Se), copper (Cu), chromium (Cr), and cobalt (Co), were expressed as mg per kg
dry matter of biofloc (Table 3).

Table 3. T-test results (multiple comparisons) of mineral concentration of biofloc (in dry matter) from two waste sources
(shrimp and tilapia) and two methods of drying (freeze-drying and oven drying).

FDSBF ODSBF FDTBF ODTBF
Major minerals (mg g—')
Ca 66.03 +1.39 69.74+2.022 21.85+0.52 ¢ 4470+1.10°
P 4.81+0.46 < 474+0.29- 3.22+0.35¢ 12.68 £ 0.46°
Mg 17.58 +0.92 ab 17.58 +0.53 ab 17.58 +0.40 ® 17.58 +2.02°
K 1.44+0.017 2b 1.53+0.122 1.65+0.23° 2.132+0.08"
Na 11.48 + 0.40 2> 11.48 +0.87 ab 10.77 +0.36 ® 11.48 £0.69°
Trace minerals (mg kg™)
Mn 160 +0.02 2 172 +0.04 = 53.0+0.01" 264 +0.02 ¢
Zn 337 +0.04 2 277 +0.05 b 25.0£0.02 232+0.02°
Fe 264 +0.35° 235 +0.63 2b 135+ 0.06 < 187 +0.12°
Se 0.80 +0.02 b 0.50 +0.01 b 0.60+0.01" 0.90+0.02°
Cu 15.0+0.03 2 17.0 £0.03 b 3.70+0.03 17.0+£0.03°
Cr 16.9+0.03 15.4+0.03 2 4.50+0.06 < 6.30 +0.06 ®
Co 3.80 £0.04 2 4.20 +0.07 2> 1.20+0.03 ¢ 4.00+0.03°

Data are means +SE, n = 3. Treatments: freeze-dried shrimp biofloc (FDSBF), oven-dried shrimp biofloc (ODSBF), freeze-
dried tilapia biofloc (FDTBF), and oven-dried tilapia biofloc (ODTBF). Ca: Calcium; P: Phosphorus; Mg: Magnesium; K:
Potassium; Na: Sodium; Mn: Manganese; Zn: Zingc; Fe: Iron; Se: Selenium; Cu: Copper; Cr: Chromium Co: Cobalt. Means
with different superscripts in rows are significantly different (p < 0.05).

Ca was present in the highest concentration among the major minerals (69.74 + 2.02
mg g'), while K was at the lowest (1.44 + 0.17 mg g) for shrimp waste bioflocs (Table 3).
In contrast, Zn was highest among the trace minerals (337 + 0.04 mg kg), while the lowest
value of 0.5 + 0.01 was recorded for Se, also in the shrimp waste bioflocs (Table 3). As
presented in Table 3, significant differences were observed using a t-test for most of the
major and trace minerals between the sources of bioflocs. Concentrations of Ca, Zn, Fe,
Cu, Cr, and Co were significantly higher (p < 0.05) in shrimp waste bioflocs, while concen-
trations of P, K, and Mn were significantly higher (p <0.05) in tilapia waste bioflocs (Table
3). The t-test also showed significant differences (p < 0.05) between the methods of drying
for tilapia waste bioflocs, while no significant differences (p > 0.05) were noted between
the drying methods of shrimp waste bioflocs in terms of minerals (Table 3). Ca, P, Mn, Zn,
Fe, Cu, Cr, and Co were significantly higher (p < 0.05) in the ODTBF samples (44.70 + 1.10,
12.68 +0.46, 260 +0.02, 232 + 0.02, 187 £ 0.12, 17 £ 0.03, 6.3 + 0.06, and 4 + 0.03, respectively)
when compared with the FDTBF samples (21.85 + 0.52, 3.22 + 0.35, 53 + 0.01, 25 £ 0.02, 135
+0.06, 3.7 £ 0.03, 4.5 £ 0.06, and 1.2 + 0.03, respectively) (Table 3).

4. Discussion

The observations documented that tilapia waste bioflocs have better proximate and
chemical compositions than shrimp waste bioflocs, and dried bioflocs from the freeze-
drying method have better proximate and chemical compositions than bioflocs from the
oven-drying method. We observed that protein levels were significantly higher (24.09
g/100 g, (p <0.05) in the FDTBF samples (Table 1). Higher protein percentages (30-49 g/100
g) were recorded in bioflocs (by dry weight) by many researchers in previous studies
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[12,20,22,30,42,49-53]. Lower percentages of protein were documented by Himaja et al.
[41] (16.61 g/100%) and Durigon et al. [43] (17.39 g/100 g) in bioflocs collected from a tilapia
waste source and dried by oven drying at 45 °C and 55 °C for 72 h, respectively.

According to Tacon [54], most aquaculture species require a protein content of 20-50
g/100 g in their diet. Although biofloc meet the nutritional standards for aquaculture feed-
ing, it has to be noted that the protein from biofloc should only be considered as a supple-
ment for dietary proteins [8]. Based on earlier studies, dietary supplementation with bio-
floc ranging from 4% to 50% can improve growth performance and enhance the immune
system of cultured organisms [18,21,36,37,39,42,55]. Therefore, the protein contents of 20
and 24 g/100 g recorded in the present study from the tilapia waste bioflocs, in addition
to their superior protein content to shrimp waste bioflocs, suggest that this source be used
for dietary protein supplementation in the formulation of fish diets.

As shown in Table 1, the methods of drying also significantly (p < 0.05) affected the
protein levels in the dried bioflocs. Freeze-dried bioflocs had higher protein content than
oven-dried bioflocs from both shrimp and tilapia waste sources (24.09 + 0.18 and 13.50 +
0.27 g/100 g, respectively). A similar protein percentage (24.30 g/100 g) was observed for
the bioflocs produced individually in the three 1000 L indoor fiberglass reinforced plastic
tanks [37] using a hot air oven-drying method at 45 °C. Furthermore, drying at room tem-
perature or air-drying in a greenhouse also resulted in a protein percentage of 24 g/100 g
[55,56]. Lee et al. [18] used a freeze-dryer for biofloc meal collected from the sludge formed
on the water surface in shrimp tanks, and 28.7 g/100 g was recorded for protein content.
This content was higher than the 13.5 g/100 g recorded for freeze-dried bioflocs from the
shrimp waste source obtained in the present study. Although a similar biofloc source (L.
vannamei), drying method (freeze-dryer), carbon source (molasses), and C/N ratio (15:1)
were used in the present study, other factors, such as the density and particle size of the
bioflocs, developing period, stocking density, and environmental conditions, were found
to affect the nutritional composition of the bioflocs [8,13,15-17,33,35]. This is supported
by Ekasari et al. [38], who mentioned that the percentage of protein can be influenced by
the floc size, where a particular biofloc size of 48-100 um and >100 um showed higher
protein content than <48pum. From this point of view, the mesh sizes of 20 um, 30 pm, and
40 pm used in the present study might have caused an abundance of small organisms in
the bioflocs (<48 um) rather than larger organisms (>48um) and so might have influenced
the protein content of the bioflocs in the four experimental treatment groups. In the pre-
sent study, the freeze-dryer positively affected the protein content in bioflocs from both
sources (shrimp waste and tilapia waste). This positive effect could be due to the ad-
vantage of the freeze-drying method, which is widely used to dry sensitive products such
as microbial samples without diminishing their protein content [27].

Lipids typically make up about 7-15 g/100 g of a fish diet to supply essential fatty
acids and serve as transporters for fat-soluble vitamins [57]. The crude lipid content of the
bioflocs found in this study was low, ranging from 0.35-0.92 g/100 g. Nevertheless, the
lipid values were in line with previous studies reported by Emerenciano et al. [12,14],
Anand et al. [37], Himaja [41], and Durigon et al. [43]. In general, the lipid content in bio-
floc is usually low, with concentrations ranging from below 0.1 to 2.5 g/100 g
[20,22,30,36,58,59].

Drying in a hot air oven at 45 °C provided a lipid content ranging from 0.5-3.5 g/100
g in bioflocs [37,40,41]. Furthermore, using oven drying at 55 °C for 72 h resulted in a
crude lipid content of 1.22 g/100 g in tilapia waste bioflocs [43]. Drying bioflocs in an oven
at a high temperature (102 °C) resulted in a lipid ratio of 0.47 g/100 g [12] and Kuhn et al.
[22] found a low lipid proportion of 0.42 in dried bioflocs, using air drying in a greenhouse.
In contrast, Lee et al. [18] used a freeze-drying method to dry bioflocs collected from a
shrimp tank and achieved 2.30 g/100 g of lipid content. Accordingly, the drying methods
might affect the lipid levels of bioflocs in the present study.

Table 1 shows very high significant differences in lipid contents between the oven-
dried bioflocs and the freeze-dried bioflocs (p < 0.05), and the highest value (0.92 + 0.01
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g/100 g) was recorded for the ODSBF samples where the bioflocs were dried in the oven
at 40 °C. However, when a similar drying temperature (40 °C) was used by Khatoon et al.
[42] to dry waste bioflocs harvested from a shrimp waste pond, a value of 4.2 + 0.1 was
recorded for the lipid content of the bioflocs. However, the higher lipid content might be
due to the different types of biofloc, the aquaculture conditions, and the abundance of the
organic matter in that pond [8,10,13,15-18,33-36].

The ash content of the bioflocs in the present study was high, ranging from 42.45-
61.01 g/100 g and the values are in agreement with previous studies [18,36,40,60-62]. Ta-
con et al. [63] reported that a high ash content in bioflocs may be related to the abundance
of acid-insoluble oxides and mixed silicates. In view of the fact that the term biofloc refers
to a collection of microbial communities, such as diatoms [17], microalgae (diatoms) in-
crease aquaculture production, especially in shrimp ponds [9]. Moreover, the cell walls of
these microalgae contain silicate, which is an important mineral for building shrimp exo-
skeletons [64]. In some studies, diatoms were added to maintain water quality and gener-
ate heterotrophic bacteria [12].

We found that the ash content in bioflocs from shrimp waste is significantly higher
than that in bioflocs from tilapia waste (p < 0.05). Consequently, the source of biofloc had
a significant effect on the ash content, where the highest ash values (61.01 + 0.29 and 60.63
+0.29 g/100 g) were recorded for shrimp waste bioflocs. The high content of ash in bioflocs
from shrimp waste may be due to the high salt concentration in the shrimp tanks [60,65].
On the other hand, no significant effect was found of the drying methods on ash content
of bioflocs in the present study (p > 0.05). Overall, bioflocs from the tilapia waste showed
lower ash content than bioflocs from the shrimp waste. Thus, tilapia waste positively af-
fected the ash content of the bioflocs. No significant effect was documented for the impact
of drying methods on the ash contents of bioflocs from either waste source.

In this study, we observed that the crude fiber content of tilapia waste bioflocs (16.61
+0.29-17.11 + 0.29 g/100 g) was higher compared to shrimp waste bioflocs (7.43 + 0.29 —
7.74 £ 0.29 g/100 g), where the FDSBF samples showed the lowest fiber content (p < 0.05).
A similar value of 16.6 g/100 g was found for the crude fiber content of dried biofloc col-
lected from food-processing industry waste [22]. Moreover, Kuhn et al. [20] recorded a
crude fiber content of 12.6 g/100 g for shrimp waste biofloc, which falls in the mid-range
of the values recorded in the present study. The drying methods did not significantly af-
fect the fiber contents of bioflocs from either shrimp or tilapia waste sources (p > 0.05). The
waste source used to derive the biofloc significantly affected the fiber content (p < 0.05),
where the shrimp waste bioflocs showed the lowest fiber content.

In the present study, the high fiber content of tilapia waste bioflocs may be due to the
higher level of feces in tilapia tanks compared with shrimp tanks. Tilapia exhibit a feeding
activity that is almost constant during daylight hours, and always move and consume
organic matter in situ in the water column [66,67]. Unlike tilapia, shrimp are bottom feed-
ers and they move slowly, usually staying on the floor of the tank and mostly hiding, and
there are several factors that influence the ingestion rate of feed in shrimp [68,69]. Thus,
shrimp produce less feces as a result of their characteristics.

The nitrogen free extract (NFE) results in the present study ranged from 16.45 + 0.17
t018.59 £0.10 g/100 g, higher in shrimp waste bioflocs than in tilapia waste bioflocs, where
the samples from the ODSBF treatment group had the highest value of 18.59 g/100 g (Table
1). Carbohydrate levels (20-45 g/100 g) that are typically added to fish diets do not cover
the carbohydrate requirements of aquaculture animals. However, Kuhn et al. [22] rec-
orded a slightly higher carbohydrate level (19.0 g/100 g) in dried biofloc collected from a
food-processing, suspended-growth biological reactor. Anand et al. [37] and Emerenciano
et al. [12] found total NFE contents of 29.24 g/100 g and 29.40 g/100 g, respectively in bio-
flocs. Table 1 shows that the significant differences (p < 0.05) between the means of the
shrimp waste and tilapia waste bioflocs indicate that the sources of bioflocs and the meth-
ods of drying significantly affected the total NFE content (p < 0.05), where the ODSBF
samples from the shrimp waste showed the highest level of total NFE (18.59 + 0.10 g/100
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g). Although there is no specific dietary requirement for carbohydrates, they are still in-
cluded in diets because of their low cost and their function as an energy source (in addi-
tion to lipids) [70]. If adequate percentages of carbohydrates and lipids are present in the
diet, the protein can then be used efficiently for growth. If not, expensive protein may be
used as a source of energy to cover metabolic activities and other life activities rather than
for growth [57,66].

The gross energy of bioflocs from the present study ranged from 0.99 to 1.94 Kcal g
(Table 1). The range of energy was in agreement with the gross energy of 1.96 Kcal g~ in
biofloc harvested from a 12 m® outdoor pilot reactor treating wastewater from a pikeperch
culture by Hende et al. [62] and 1.86 Kcal g in biofloc collected from a shrimp pond by
Parbu et al. [36]. However, in a study by Emerenciano et al. [12], the gross energy of
shrimp biofloc dried in an oven at 102 °C (until stable weight) was higher (2.916 Kcal g)
than in our findings, where the maximum level of energy was found to be 1.94 Kcal g in
the tilapia bioflocs dried in the oven at 40 °C for 72 h. Furthermore, using bioflocs devel-
oped in three indoor tanks without any stock of cultured organisms showed a gross en-
ergy content of 3 Kcal g™ ([37,55]. Statistically, the sources of bioflocs had a significant
effect on the gross energy content of the bioflocs (p < 0.05), while the methods of drying
only had significant effect on bioflocs from the tilapia waste.

AAs play an essential role in the metabolic functions in the body that are important
for maintenance, growth, immunity, and reproduction in various fish [54,57,71]. We ob-
served that both the EAAs and NEA As of the four experimental biofloc sample groups in
general ranged from 0.204 + 0.01 g/100 g for methionine to 2.317 + 0.03 g/100 g for glutamic,
where the FDTBF samples showed the highest total of AAs followed by the ODTBF sam-
ples, while the FDSBF and ODSBF samples were lacking in most EAAs. However, it can
be seen that there are acceptable NEAA values in the samples from each group (Table 2).
A similar investigation of nine EAAs was carried out in dried biofloc from shrimp tanks
by Lee et al. [18] that recorded 0.41, 1.17, 1.31, 1.51, 0.36, 1.11, 1.02, 1.81, and 1.16% for
histidine, arginine, threonine, valine, methionine, lysine, isoleucine, leucine, and phenyl-
alanine, respectively. Even though those values are slightly higher for most of the EAAs,
the histidine levels in the present study were clearly higher in the bioflocs from the tilapia
tanks, while the methionine level was the same in the FDTBF samples. Furthermore, both
the EAAs and NEAAs of dried biofloc collected from food processing suspended growth
biological reactors were studied by Kuhn et al. [22], and their results were also higher for
most of the AAs than observed in our results. However, a concentration of 0.93 g/100 g of
histidine was lower than in our study (2.17 and 1.88 g/100 g for the FDTB and ODTBF
samples, respectively), while concentrations of 1.35 g/100 g for serine and 1.27 g/100 g for
proline were in agreement with the relevant concentrations in the present study. The total
AAs in the present study reflect the protein concentrations, where 20.24 g/100 g of AAs
led to the highest protein level of 24 g/100 g for the FDTBF samples. In Table 2, the EAAs
in the FDTBF samples recorded a percentage of 52.29% of the total of AAs, followed by
51.14% for the ODTBF samples. The average EAAs percentage in the FDSBF and ODSBF
samples was 43%. In general, tilapia bioflocs had higher concentrations of AAs. Thus, bi-
oflocs from tilapia tanks can be considered the most convenient source for bioflocs in
terms of AAs. In addition, the freeze-drying method effectively maintained the concen-
trations of the AAs in the bioflocs.

The functional effects of AAs are not necessarily reflected by their concentrations. For
example, although the concentrations of tryptophan are much lower than the concentra-
tions of valine in all cell types, tryptophan has a more versatile role than valine in the body
[72]. Additionally, EAAs and NEEAs both promote the growth performance and health
of aquatic animals. In other words, both EAAs and NEAAs should be taken into consid-
eration in the formulation of balanced diets to meet the concept of “ideal proteins” and
enhance the growth performance in fish as well as the optimization of immune and repro-
ductive functions in all species [71,72].
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As a matter of fact, dietary supplementation with specific AAs may provide many
benefits for the aquaculture sector, such as increasing the nutritional value of aqua feeds,
improving growth performance, suppressing aggressive behaviors, increasing survival
rates, improving the efficiency of spawning, optimizing flesh quality, and enhancing im-
munity and tolerance to extreme environmental conditions [71]. Feedstuffs prepared with
plant, bacterial, or yeast proteins are typically poor in methionine and lysine, and these
AAs must be supplemented in diets when the sources of proteins are used to replace fish-
meal [57]. From Table 2, it can be seen that for the two biofloc sources, the AAs of the
shrimp waste bioflocs were significantly different from the AAs of the tilapia waste bio-
flocs, and they were found to be lacking in AAs (p < 0.05). However, the tilapia waste
bioflocs mainly lacked methionine, glycine, and hydroxyproline, and, to a lesser degree,
tyrosine, whereas the shrimp waste bioflocs lacked most of the EAAs (including methio-
nine) and were relatively lacking in tyrosine, which is an NEAA. In this respect, biofloc
meal supplemented with limiting AAs could hold great promise for the development of
balanced fish feeds to enhance the efficiency and profitability of global aquaculture pro-
duction. For instance, a diet with 20% dried biofloc and 0.3% tryptophan as a dietary sup-
plement can improve the growth performance of tilapia [73]. Thus, knowledge of the lim-
iting AAs in protein is very important to improve the nutritional quality of diets by sup-
plementation with the required AAs [47,71,73].

Minerals are necessary in the diet for normal metabolic body functions. Ca, P, K, Mg,
Fe, Cu, Mn, Zn, I, and Se are considered as essential minerals for fish, while Ca, Cu, Mg,
P, K, Se, and Zn have been recommended for inclusion in crustacean feeds [74]. The es-
sential mineral requirements for certain fish species have been established by many stud-
ies in the past two decades: concentrations of 3.4 mg g Ca, 9 mg g P, 0.6 mg g' Mg, 3.5
mg kg Cu, and 20 mg kg Zn are required in tilapia diets, while concentrations of 30
mg/kg Fe, 0.25 mg kg Se, and 1.1 ug kg™ I are required in catfish diets, and 8 mg g K is
required for salmon [75]. However, Kuhn et al. [20,22] found that major mineral concen-
trations in biofloc ranged from 12.9 to 13.7, 4.1 to 18.1, 3.6 to 7.5, and 12.7 to 15.5 mg g!
for P, Mg, K, and Na, respectively. These concentrations were slightly higher than the
range of our values. However, the concentration of Ca (10.7-12.8 mg g™') was lower than
that in our study (21.85-69.74 mg g') (Table 3). On the other hand, concentrations of trace
minerals, such as Mn (180.7 mg kg') and Fe (146.9 mg kg), recorded by Lee et al. [18] in
dried biofloc were found to fall within the concentration range for minerals in the present
study (Table 3). Furthermore, the concentration of Zn in the present study was in agree-
ment with that found by Kuhn et al. [20]. Based on the findings of the previous studies,
dried biofloc (with comparable mineral concentrations) can successfully be used as a sup-
plement or replacement ingredient in shrimp diets [18,20,22]. Generally, shrimp waste bi-
oflocs seem to be rich in minerals, and the oven-drying method did not diminish the min-
eral content of the bioflocs in the present study.

In the dried bioflocs studies, several techniques have been used to collect microbial
flocs from culture water such as Imhoff cone [51], plankton nets with different mesh size
[31,49,50], nylon filter bag with different pore size [37], and centrifuge [65]. Various meth-
ods of drying have been executed to create the biofloc meal. Drying under sunlight [36],
at room temperature [55,56], in a greenhouse [22], in an oven [12,37,50], or in a freeze-
dryer [18,65] are examples of the methods. Even though the differences among techniques
in processes and principles, the main aim is how to collect a maximum amount of raw
material with minimal time and effort, and dry it in high quality and extended the shelf-
life of dried product [25] while storing. In this respect, the major challenge is to dry the
raw material in the most efficient way with better dried product quality, less impact on
the environment and at the lowest capital and operating costs of the process [76]. In fact,
cost aspect is important to assess the benefit of biofloc meal if to be practiced by farmers.
Today’s increased attention of BFT systems due to their sustainability as an eco-friendly
and cost-effective approach for aquaculture sector [4,10,11,14,15,17,32,51,58], coupled
with the usage of biofloc meal as an alternative source of animal protein source
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[12,20,22,28,36,37,42,55,59,61,62], requires more innovation for the collecting processes
and drying methods of biofloc with minimal cost and time.

5. Conclusions

This study indicates that tilapia waste had a positive effect on the protein (the most
expensive ingredient in aquaculture feeding), ash, energy, and AA contents of bioflocs,
while shrimp waste had positive effects on the lipid, fiber, total nitrogen free extract
(NFE), and mineral contents of the bioflocs in the present study. Freeze-drying showed
higher values of protein, ash, fiber, energy, and AA contents, while oven-drying showed
higher values of lipid, total nitrogen free extract (NFE), and mineral contents. Therefore,
tilapia waste bioflocs are a more convenient source of biofloc meal (in terms of protein,
ash, energy, and AAs) than shrimp waste bioflocs. Moreover, freeze-drying is the appro-
priate drying method for biofloc as it efficiently maintains nutritional quality in terms of
protein, ash, fiber, energy, and AAs. It is recommended that future studies test freeze-
dried biofloc meal from tilapia waste as a supplement or replacement for feed ingredients
in fish diets because of its ability to improve the growth performance of cultured animals.
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