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The determination of the leaching ratios of microdiets containing algae used as direct
and indirect in aquaculture
Asuman Mihalioğlu Yenmişa and Mehmet Nazb

aInstitute of Science, Iskenderun Technical University, Hatay, Turkey; bDepartment of Aquaculture, Marine Sciences and Technology Faculty, Iskenderun
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ABSTRACT
The purpose of the study was to determine the biochemical compositions and the leaching ratios
according to different times (1 minute, 3 minutes, 5 minutes and 15 minutes) of microdiets containing
Spirulina sp., Chlorella sp. and Sargassum sp. in different sizes (100–200 μm, 200–300 μm, 300–500 μm
and 500–800 μm). The lowest and highest ash, lipid and protein values of algae tested were 3.29 ±
0.031% (Chlorella sp.)–27.94 ± 0.023% (Sargassum sp.), 0.91 ± 0.024% (Sargassum sp.)–8.91 ± 0.04%
(Spirulina sp.) and 20.69 ± 0.07% (Sargassum sp.)–56.98 ± 0.216% (Chlorella sp.), respectively. The 2532
Da≥ leaching ratio of Chlorella sp. was lower than those of Sargassum sp. and Spirulina sp. (p < .05).
The highest and lowest values for microdiets containing Spirulina sp. and Sargassum sp. were 2532
Da≥ and 2532–13,000 Da, respectively. However, the highest and lowest values for microdiets
containing Chlorella sp. were 13,700–67,000 Da and 67,000 Da≤, respectively. In conclusion, the
alginate method showed good performance because the biochemical compositions of microdiets
produced reflected the ash, lipid and protein levels of algae tested. Results cautioned that the use of
Spirulina sp. and Sargassum sp. in microdiets may yield the high leaching ratios containing 2532 Da≥
molecular weight. However, the use of Chlorella sp. results in the high leaching ratios containing
13,700–67,000 Da molecular weight.
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1. Introduction

Aquaculture sector is highly dependent on fish meal and fish oil
supply from wild fisheries. Because fish meal is regarded as the
best dietary protein source due to the excellent balance of
essential amino acids and essential fatty acids (Tacon 1993).
For sustainable aquaculture as mentioned by Higgs et al.
(1995) replacing fish meal with more sustainable ingredients
of either animal or vegetable sources is necessary. According
to Lovell (1998), feed ingredients containing 20% or more
crude proteins are considered protein sources. The sustainabil-
ity of the aquaculture sector may be threatened by its present
over-dependence on fish meal and fish oil (FAO 2002). Naylor
et al. (2009) indicated that the aquafeed cost represents the
variable cost of the highest fish production. The reducing of
feed cost can be achieved by the use of cheap and sustainable
feed ingredients. Therefore, trials have been done to evaluate
cheap and sustainable plant-based protein sources. However,
the main obstacles to the use of high amounts of plant
protein sources in fish diets are low protein quality due to the
amino acid imbalances, inadequate nutritional profile to meet
fish requirements and the presence of antinutritional factors
reducing the activity of fish digestive enzymes (Alexis 1997;
Tacon 1997; Francis et al. 2001; Krogdahl et al. 2003). In addition,
Drew et al. (2007) stated that it should be paid attention to
digestibility and fish development in the use of plant resources.
However, algae with high protein content and high production

rate have become the centre of attraction due to the possibility
of these aquatic plants as an alternative protein source for aqua-
culture sector. The average protein level in macroalgae is
around 8–15% dry matter, while the average lipid content is
only 1–3%. Nakagawa and Montgomery (2007) revealed that
protein and lipid contents of microalgae were 30–50% and
40%, respectively. The addition of small amounts of algae
meal to aquafeeds resulted in considerable effects on growth,
feed utilization, lipid metabolism, body composition, stress
responses, liver function, disease resistance, and carcass
quality (Nakagawa et al. 1984; Nakagawa et al. 1986; Koh-Ichi
Satoh et al. 1987; Nakagawa et al. 1987; Hashim and Maat-
Saat 1992; Nakagawa et al. 1997).

Chlorella sp. is a single-celled alga that grows in fresh water.
It contains 60% protein, essential amino acids, and various vita-
mins and minerals (Bengwayan et al. 2010). Tartiel (2005) found
that crude protein, fat and ash contents of Chlorella spp. were
46.7%, 14.8%, and 17.5%, respectively. Nakagawa and Mon-
tgomery (2007) reported Spirulina sp. is one of the most
frequently used microalgae in aquatic feeds due to its high con-
tents of protein, vitamins, essential amino acids, minerals,
essential fatty acids and antioxidant pigments such as caroten-
oids. Spirulina contains high protein contents (up to 70%) and
lipids (7–16%) (Vonshak 1997). Spirulina replaced up to 40%
of fish meal protein in tilapia (Oreochromis mossambicus) diet
(Olvera-Novoa et al. 1998) and even higher replacement of
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fish meal was possible in common carp (Cyprinus carpio) (Nan-
deesha et al. 1998). Several studies have been conducted using
dried Spirulina as a feed supplement (Jaime-Ceballos et al. 2005;
Hanel et al. 2007; Dernekbasi et al. 2010; Ghaeni et al. 2011).

Seaweeds, classified as green, red and brown based on their
pigmentation. Kumar et al. (2008) indicated that seaweeds are
excellent dietary sources of vitamins, proteins, carbohydrates,
minerals and other bioactive compounds. Several studies on
the nutritional compositions of seaweeds have been conducted
(Wassef et al. 2001; Ma et al. 2005; Casas-Valdez et al. 2006;
Valente et al. 2006; Ortiz et al. 2006; Marsham et al. 2007; Matan-
jun et al. 2009). Investigations carried out on seaweeds have
shown promising results for the use of seaweeds as partial
replacement of fishmeal or protein hydrolysate in aquafeeds.
Seaweeds are rich in proteins, vitamins, carbohydrates, fibre,
lipids and minerals. When fresh, they are 75–85% water and
15–25% organic components and minerals. Dry matter is 65–
85% organic substances and 30–35% ash (FAO 2005). Sargas-
sum is a good source of minerals, vitamins, carbohydrates and
some amino acids. Yangthong et al. (2014) revealed that Sargas-
sum spp. could be supplemented to the sex-reversed tilapia diet
at an optimum level of 5% to improve carcass quality without
any adverse effect on growth performance.

But, an important issue concerning microdiets is leaching
rates, which vary according to the method of microdiet
binding and manufacture. Yufera et al. (2002) determined the
rate of different types of amino acid leaching from microbound
diet (MBD) and microencapsulated diet (MED). Kvale et al.
(2006) reported leaching of protein molecules (9–18 kD) after
5 minutes of immersion in water at a rate of 80–98%, 43–54%
and 4–6% for agglomerated, heat coagulated and protein
encapsulated microdiet, respectively. Some studies on the

leaching ratios of microdiets have been conducted (Heinen
1981; Langdon 1983; Alabi et al. 1999; Baskerville-Bridges and
Kling 2000; Lopez-Alvarado et al. 1994; Ozkızılcık and Cahu
1996; Guthrie et al. 2000; Hamre 2006). Kuscu (2017) showed
that microdiets produced in different sizes with the alginate
method had high leaching ratios, especially 2532 Da≥. Diken
(2017) revealed the molecular weight profiles of algae such as
Spirulina sp., Sargassum sp. and Chlorella sp. used in the
current study. However, a study on the leaching ratios of micro-
diets containing feed ingredients such as Spirulina sp., Sargas-
sum sp. and Chlorella sp. is not available.

The purpose of this study was to determine the biochemical
compositions and the leaching ratios according to four different
times (1 minute, 3 minutes, 5 minutes and 15 minutes) of micro-
diets containing Spirulina sp., Chlorella sp. and Sargassum sp. in
different sizes (100–200 μm, 200–300 μm, 300–500 μm and
500–800 μm).

2. Materials and methods

2.1. Feed ingredients and microdiet production

The individual behaviours of Spirulina sp. (Fuzhou Wonderful
Biological Technology Co. Ltd.–China), Chlorella sp.(Akuamaks,
Turkey) and Sargassum sp. (Fuzhou Wonderful Biological Tech-
nology Co. Ltd.–China) used as direct or indirect in aquaculture
sector were tested in the formulations of microdiets produced
with alginate methods in different sizes (100–200 μm, 200–
300 μm, 300–500 μm and 500–800 μm). Microdiets were pro-
duced according to Yufera et al. (2005) (Table 1).

2.2. Proximate compositions

Spirulina sp., Sargassum sp. and Chlorella sp. were tested in the
current study as alternative feed ingredients and microdiets
produced. Proximate compositions, such as ash and protein of
feed ingredients and microdiets produced in different sizes
(100–200 μm, 200–300 μm, 300–500 μm and 500–800 μm),
were determined according to the AOAC (2000) procedures.
Also, lipid analyses were performed according to the chloro-
form–methanol extraction method described by Bligh and
Dyer (1959).

2.3. Leaching ratios of feed ingredients and microdiets

The leaching ratios of feed ingredients and microdiets pro-
duced in different sizes (100–200 μm, 200–300 μm, 300–
500 μm and 500–800 μm) were performed according to Boza
et al. (1994). Firstly, samples were stirred in the phosphate
buffer (pH = 8;10 mg/ml), centrifuged and the supernatant
was filtered with 0.22 μm syringe filter and analysed HPLC-Gel
Filtration Chromatography for determination of the leaching
ratios. Samples were injected in a chromatograph with a TSK-
Gel G2000 SWXL column. The eluent was 0.1 mol/sodium sul-
phate in the 0.1 mol/l phosphate buffer at a flow rate of 1 ml/
min, and column effluent was monitored for UV light absorption
at 230 nm. Based on the retention time of molecular weight
standards, four fractions were defined: 67,000 Da≤, 67,000–
13,700 Da, 13,700–2532 Da and 2532 Da≥. The molecular

Table 1. Microdiet formulations used in the study (%).

Microdiets

Feed Ingredients
Spirulina sp.
(g/100 g)

Chlorella sp.
(g/100 g)

Sargassum sp.
(g/100 g)

Spirulina sp.a 76.08 – –
Chlorella sp.b – 76.08 –
Sargassum sp.c 76.08
Dextrined 3.26 3.26 3.26
Fish Oile 10.86 10.86 10.86
Lecithinf 3.26 3.26 3.26
Vitamin Mixg 1.63 1.63 1.63
Mineral Mixh 1.63 1.63 1.63
Vitamin Ci 1.63 1.63 1.63
Vitamin Ej 1.63 1.63 1.63
Total 100 100 100
aSpirulina sp. (Fuzhou Wonderful Biological Technology Co. Ltd. – China);
bChlorella sp. (Akuamaks. Turkey);
cSargassum sp. (Fuzhou Wonderful Biological Technology Co. Ltd. – China);
dDextrine (Grade Type 1; MP Biomedicals, LLC);
eFish oil (Uğurlu Fish Production Industry and Trade Inc.);
fLecithin (Soy Refined. MP Biomedicals, LLC);
gVitamin Mix (YEM-MIKS and EN-MIKS, Turkey)*;
hMineral Mix (YEM-MIKS and EN-MIKS, Turkey);
iVitamin C (Ascorbic acid);
jVitamin E (alpha-tocopherol acetate; MP Biomedicals, LLC).
*(Manganese 60.000 mg; Zinc 80.000 mg; Iron 60.000 mg; Copper 5.000 mg;
Iodine 2.000 mg; Cobalt 1.000 mg; Selenium 200 mg; Magnesium 80.000 mg;
Vit A 25.000.000 IU; D3 2.500.000 IU; Vit E 250.000 mg; K3 12.000 mg; B1
25.000 mg; B2 50.000 mg; B6 20.000 mg; B12 60 mg; C 200.000 mg; Niacin
300.000 mg; Calcium D Pantotenat 40.000 mg; Folic acid 8.000 mg; Biotin
250 mg; Inositol 60.000 mg).
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weight standards (from SIGMA) were bovine albumin
(67,000 Da), ribonuclease A (13,700 Da), insulin chain A
(2532 Da), val-ala-ala-phe (407 Da), tyr-tyr-tyr (508 Da), trypto-
phan (204 Da), tyrosine (181 Da) and p-aminobenzoic acid
(137 Da).

2.4. Statistical methods

In the present study, biochemical compositions and the leach-
ing ratios in four different times (1 minute, 3 minutes, 5
minutes and 15 minutes) of feed ingredients and microdiets
(100–200 μm, 200–300 μm, 300–500 μm and 500–800 μm) pro-
duced with the alginate method in the laboratory scale were
given as mean ± standard error (SE). The measurements were
carried out in triplicates. The experimental data were subjected
to one-way (ANOVA) and mean ± standard error (SE) differences
by using the SPSS 15.0 statistical package (SPSS 1993).

3. Results

Table 2 shows the proximate compositions of feed ingredients
and microdiets. According to Table 2, the significant differences
between ash, lipid and protein values of feed ingredients and
microdiets produced in laboratory scale were observed
(p < .05). The lowest and highest ash, lipid and protein values
of feed ingredients were 3.29 ± 0.031% (Chlorella sp.)–27.94 ±
0.023% (Sargassum sp.), 0.91 ± 0.024% (Sargassum sp.)–8.91 ±
0.04% (Spirulina sp.) and 20.69 ± 0.07% (Sargassum sp.)–56.98 ±
0.216% (Chlorella sp.), respectively. Sargassum sp. and microdiet
groups (100–200 μm, 200–300 μm, 300–500 μm and 500–
800 μm) containing Sargassum sp. had the highest ash values.
The lipid contents of microdiets containing Spirulina sp. and
Chlorella sp. were higher than those of microdiet containing Sar-
gassum sp. Protein contents of feed ingredients such as Spirulina
sp.,Chlorella sp. and Sargassum sp. used in thepresent studywere
52.87 ± 0.193%, 56.98 ± 0.216%and 20.69 ± 0.078%, respectively.

Based on the retention time of molecular weight standards,
four fractions for the leaching ratios were defined: 67,000 Da≤,

67,000–13,700 Da, 13,700–2532 Da and 2532 Da≥. The differ-
ences between the leaching ratios observed in four different
times of microdiet groups containing Spirulina sp., Chlorella
sp. and Sargassum sp. produced with the alginate method in
different sizes (100–200 μm, 200–300 μm, 300–500 μm and
500–800 μm) were statistically significant (p < .05).

Figures 1–5 reveal the leaching ratios of Spirulina sp. and
microdiets produced in different sizes (100–200 μm, 200–
300 μm, 300–500 μm and 500–800 μm) containing Spirulina
sp.,. The highest and lowest leaching ratios in four different
times (1 minute, 3 minutes, 5 minutes and 15 minutes) of Spir-
ulina sp. were observed in 2532 Da≥ and 2532–13,000 Da,
respectively. The 67,000 Da≤ leaching ratios in different sizes
of microdiets containing Spirulina sp. tended to increase.
However, the 2532 Da≥ leaching ratios in different sizes of
microdiets containing Spirulina sp. were decreased.

Figures 6–10 show the leaching ratios of Sargassum sp. and
microdiets produced in different sizes (100–200 μm, 200–
300 μm, 300–500 μm and 500–800 μm) containing Sargassum
sp. The highest and lowest leaching ratios in four different
times (1 minute, 3 minutes, 5 minutes and 15 minutes) of Sar-
gassum sp. were observed in 2532 Da≥ and 2532–13,000 Da,
respectively. The 67,000 Da≤ and 13,700–67,000 Da leaching
ratios in different sizes of microdiets containing Sargassum sp.
tended to increase. However, the 2532 Da≥ leaching ratios in
different sizes of microdiets containing Sargassum sp. were
decreased. According to the leaching ratios observed in four
different times, the highest and lowest values for microdiets
containing Spirulina sp. and Sargassum sp. produced in labora-
tory scale (100–200 μm, 200–300 μm, 300–500 μm and 500–
800 μm) were 2532 Da≥ and 2532–13,000 Da, respectively.
The 67,000 Da≤ and 13,700–67,000 Da leaching ratios in
different sizes of microdiets containing Sargassum sp. tended
to increase. However, the 67,000 Da≤ leaching ratios in
different sizes of microdiets containing Spirulina sp. tended to
increase.

Figures 11–15 give the leaching ratios of Chlorella sp. and
microdiets produced in different sizes (100–200 μm, 200–

Table 2. Proximate compositions of feed ingredients and microdiets (mean ± SE).

Feed ingredients Ash Lipid Protein

Spirulina sp. 8.45 ± 0.033e 8.91 ± 0.04c 52.87 ± 0.193k

Chlorella sp. 3.29 ± 0.031b 8.04 ± 0.235b 56.98 ± 0.216l

Sargassum sp. 27.94 ± 0.023ı 0.91 ± 0.024a 20.69 ± 0.078d

Microdiets Sizes Ash Lipid Protein

Spirulina sp.1 100–200 μm 5.87 ± 0.023d 19.4 ± 0.195j 36.26 ± 0.035h

200–300 μm 5.34 ± 0.035c 18.7 ± 0.111ı 35.22 ± 0.073g

300–500 μm 5.26 ± 0.049c 18.35 ± 0.141hı 34.78 ± 0.082f

500–800 μm 6.2 ± 0.064d 17.77 ± 0.126g 34.37 ± 0.031e

Chlorella sp.2 100–200 μm 1.97 ± 0.02a 18.58 ± 0.165hı 39.52 ± 0.223j

200–300 μm 2.07 ± 0.06a 18.21 ± 0.118h 38 ± 0.238ı

300–500 μm 2.21 ± 0.072a 17.79 ± 0.128g 37.78 ± 0.12ı

500–800 μm 2.95 ± 0.021b 17.23 ± 0.112f 36.44 ± 0.236h

Sargassum sp.3 100–200 μm 18.13 ± 0.282f 13.27 ± 0.144e 14.16 ± 0.057c

200–300 μm 18.3 ± 0.075f 13.27 ± 0.114e 13.79 ± 0.03bc

300–500 μm 19.13 ± 0.411g 13.17 ± 0.078e 13.58 ± 0.034ab

500–800 μm 19.62 ± 0.252h 12.66 ± 0.181d 13.26 ± 0.034a

Note: Different superscripts within a column indicate significant differences (p < .05).
1Fuzhou Wonderful Biological Technology Co. Ltd., China;
2Akuamaks, Turkey;
3Fuzhou Wonderful Biological Technology Co. Ltd., China.
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300 μm, 300–500 μm and 500–800 μm) containing Chlorella sp..
The highest and lowest leaching ratios in four different times (1
minute, 3 minutes, 5 minutes and 15 minutes) of Chlorella sp.
were observed in 13,700–67,000 Da and 67,000 Da≤,

respectively. According to the leaching ratios observed in four
different times, the highest and lowest values for microdiets
containing Chlorella sp. produced in laboratory scale (100–
200 μm, 200–300 μm, 300–500 μm and 500–800 μm) were

Figure 2. Leaching ratios in different times of microdiet (100–200 μm) containing Spirulina meal as feed ingredient (%).

Figure 1. Leaching ratios in different times of Spirulina meal as feed ingredient (%).

Figure 3. Leaching ratios in different times of microdiet (200–300 μm) containing Spirulina meal as feed ingredient (%).

Figure 4. Leaching ratios in different times of microdiet (300–500 μm) containing Spirulina meal as feed ingredient (%).
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13,700–67,000 Da and 67,000 Da≤, respectively. The 13,700–
67,000 Da leaching ratios of microdiets containing Chlorella
sp. tended to increase according to the leaching ratio of Chlor-
ella sp. However, the 2532Da≥ leaching ratios of microdiets
containing Chlorella sp. tended to decrease.

4. Discussion

Until now, the knowledge about the leaching ratios of micro-
diets containing Spirulina sp., Chlorella sp. and Sargassum sp.
is not available. In the present study, the leaching ratios of
microdiets produced in different sizes with the alginate

Figure 5. Leaching ratios in different times of microdiet (500–800 μm) containing Spirulina meal as feed ingredient (%).

Figure 6. Leaching ratios in different times of Sargassum meal as feed ingredient (%).

Figure 7. Leaching ratios in different times of microdiet (100–200 μm) containing Sargassum meal as feed ingredient (%).

Figure 8. Leaching ratios in different times of microdiet (200–300 μm) containing Sargassum meal as feed ingredient (%).
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method were revealed by HPLC-Gel Filtration Chromatography.
Also, we determined the ash, lipid and protein contents of
microdiets and feed ingredients.

Results revealed that ash, lipid and protein levels of feed
ingredients used in the ration reflected the biochemical

compositions of microdiets produced with the alginate
method in different sizes (100–200 μm, 200–300 μm, 300–
500 μm and 500–800 μm). Kuşcu (2017) reported that the bio-
chemical compositions of microdiets produced in the labora-
tory scale with the alginate method were similar to those of

Figure 9. Leaching ratios in different times of microdiet (300–500 μm) containing Sargassum meal as feed ingredient (%).

Figure 10. Leaching ratios in different times of microdiet (500–800 μm) containing Sargassum meal as feed ingredient (%).

Figure 11. Leaching ratios in different times of Chlorella meal as feed ingredient (%).

Figure 12. Leaching ratios in different times of microdiet (100–200 μm) containing Chlorella meal as feed ingredient (%).
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commercial microdiets tested. When the biochemical compo-
sitions of feed ingredients such as Spirulina sp., Sargassum sp.
and Chlorella sp. were compared with microdiets produced
with the alginate method, the alginate method was more suc-
cessful in terms of reflecting the biochemical compositions of
the individual feed ingredients tested. In addition, the study
data showed that Chlorella sp. and Spirulina sp. provided impor-
tant contributions to the high protein and lipid levels to micro-
diets produced with the alginate method, while Sargassum sp.
used in the study provided important contributions with high
ash levels to microdiets.

Kuşcu (2017) revealed that the highest leaching ratios of
microdiets produced with the alginate method were observed
in 2532 Da≥. In the current study, the highest leaching ratios
of microdiets containing Spirulina sp. and Sargassum sp. sup-
ported the results reported by Kuscu (2017) but not the leach-
ing ratios of microdiets containing Chlorella sp. Also, Kuşcu
(2017) showed that the highest and lowest molecular weight

distributions of microdiets produced with the alginate
method in the study reflected the leaching ratios at different
times. Molecular weight distributions belonging to the algae
such as Spirulina sp., Sargassum sp. and Chlorella sp. reported
by Diken (2017) were similar to the leaching ratios of feed ingre-
dients such as Spirulina sp., Sargassum sp. and Chlorella sp.
tested in the current study. According to the results obtained
in the study, the highest leaching ratios of Chlorella sp. and
microdiets containing Chlorella sp. were 13,700–67,000 Da.
The 13,700–67,000 Da leaching ratio tended to increase in
microdiets containing Chlorella sp. However, the 2532 Da≥
leaching ratios tended to decrease according to the leaching
ratio of Chlorella sp. The results observed in algae tested and
microdiets containing algae supported the relationships
between the leaching ratios and molecular weight distributions
of feed ingredients and microdiets.

Free amino acids (FAAs) seem to improve the performance
of larvae when supplied at low levels in feeds, but not a

Figure 13. Leaching ratios in different times of microdiet (200–300 μm) containing Chlorella meal as feed ingredient (%).

Figure 14. Leaching ratios in different times of microdiet (300–500 μm) containing Chlorella meal as feed ingredient (%).

Figure 15. Leaching ratios in different times of microdiet (500–800 μm) containing Chlorella meal as feed ingredient (%).
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surplus of FAAs (Szlaminska et al. 1993, Carvalho et al. 1997,
Cahu et al. 1999, Cahu and Zambonino Infante 1995, Lopez-
Alvarado and Kanazawa 1995). The faster absorption of FAAs
compared to protein-bound amino acids may lead to amino
acid (AA) imbalances in the larval intestine and followed a
decrease in protein utilization (Ronnestad et al. 2000). Zambo-
nino Infante et al. (1997) showed that the partial substitution
of whole protein by di- and tripeptides effectively improved
larval development. Carvalho et al. (2003) indicated that
protein macromolecules are digested into peptides and AAs
in the intestine and then, di- and tripeptides are rapidly con-
verted into AAs for absorption, a balance among the mentioned
peptide groups seems to be important to optimize the protein
utilization. Carvalho et al. (2003) suggested that the supplemen-
tation of diets with suitable levels of protein hydrolysates must
be considered in order to achieve this purpose. In addition, it is
suggested that artificial diets for fish larvae should have a mol-
ecular weight profile similar to that found in live food.

In conclusion, the alginate method had good performance
because the biochemical compositions of microdiets produced
in different sizes (100–200 μm, 200–300 μm, 300–500 μm and
500–800 μm) reflected the ash, lipid and protein levels of
algae tested. The study data revealed that Chlorella sp. and Spir-
ulina sp. provided important contributions with the high
protein and lipid levels to microdiets produced with the algi-
nate method, while Sargassum sp. used in the study provided
important contributions with high ash levels to microdiets. Con-
sidering these data, it could be advised to use at moderate
levels as ash, lipid and protein source instead of fish meal in
aquafeeds. Results cautioned that the use of Spirulina sp. and
Sargassum sp. in microdiet formulations may cause the high
leaching ratios containing 2532 Da≥ molecular weight.
However, the use of Chlorella sp. in ration results in the high
leaching ratios containing 13,700–67,000 Da molecular
weight. When such data are available, the knowledge about
leaching ratios of microdiets could be used to optimize
feeding time in the larvae tank.
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