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Hibberd, 1981) used in the feeding trials of crab Callinectes sapidus larvae
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Abstract: In aquaculture hatcheries, microalgae, including Nannochloropsis sp.
(D.J. Hibberd, 1981), are utilized as live food sources, The development of algal
cultures employed in inoculation can satisfy the need for Nannochloropsis. This
process begins with stock cultures on a laboratory scale and advances to intensive
algal cultures in higher volume structures set up in both indoor and outdoor en-
vironments. The aim of the study was (1) to determine the specific growth rate
() of Nannochloropsis sp. grown under laboratory conditions as a live feed
source to feed crab larvae of Callinectes sapidus (Rathbun, 1896) (Brachyura:
Portunidae), and (2) to determine the fatty acid and amino acid compositions of
Nannochloropsis sp. According to the study's findings, Nannochloropsis sp. had
a specific growth rate (u) of 0.553 £ 0.004 when grown in Guillard F/2 culture
medium with aeration, 25 ppt salinity, and 25 OC room temperature. Out of all
the necessary fatty acids, DHA, at 22:6 (»-3) made up 0.5 = 0.07 percent, and
EPA, at 20:5 (0-3) made up 24.25 * 3.45 percent. The total amino acid content
of Nannochloropsis was observed to range from 0.00 = 0.00% (taurine) to 16.35
+ 3.56% (proline).
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Yengeg, Callinectes sapidus, larvalarimin beslenme denemelerinde kullani-
lan Nannochloropsis sp. (D.J. Hibberd, 1981)‘nin biiyiime, yag asidi ve
amino asit kompozisyonu

Ozet: Nannochloropsis sp. (D.J. Hibberd, 1981) Su triinleri kulugkahanelerinde
dogal besin kaynagi olarak kullanilan bir mikroalg tiriidiir. Caligmanin amaci,
Yengeg, Callinectes sapidus (Rathbun, 1896) (Brachyura: Portunidae) larvalarini
beslemek i¢in canli yem kaynagi olarak laboratuvar kosullarinda yetistirilen
Nannochloropsis sp.'nin (1) spesifik biiylime oraninin (i) belirlenmesi, ve (2)
Nannochloropsis sp.nin yag asidi ve amino asit kompozisyonlarmin tespit

edilmesiydi. Calisma sonuglari, havalandirmanin uygulandigi, Guillard F/2
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kiiltiir ortaminin kullanildigi, 25 ppt tuzlulugun ve 25 0C oda sicakliginin uygu-
landig1 kiiltiir kosullarinda Nannochloropsis sp.'nin spesifik biiyiime oraninin ()
0,553 + 0,004 oldugunu bulundu. Esansiyel yag asitlerinden EPA, 20:5 (®-3),
toplam yag asitlerinin yiizde 24,25+ 3,45 {inii olustururken, DHA, 22:6 (©-3)
ylizde 0,5 £ 0,07'si kadardi. Nannochloropsis'teki amino asitler, toplam amino
asitlerde %0,00 + 0,00 (Taurin i¢in) ile %16,35 = 3,56 (Prolin i¢in) arasinda

degistigi tespit edildi.

Anahtar Kelimeler: mikroalgler; nannochloropsis sp.; amino asitler; yengeg

larvalari

1. Introduction

There are six known species of the algae genus Nannochloropsis. D.J. Hibberd first named the genus
in 1981 [1]. These species are frequently found in freshwater and brackishwater environments, as well
as marine environments [2]. These are tiny, immobile spheres that lack any distinguishable morpholo-
gical characteristics that can be seen with an electron or light microscope. One important feature that
distinguishes Nannochloropsis from other microalgae is that it has chlorophyll a but not chlorophyll b or
c. They can also accumulate other pigments such as canthaxanthin, zeaxanthin, and astaxanthin [3]. The
diameter of these algae is usually between 2 and 3 microns [4].

Because Nannochloropsis can retain large amounts of polyunsaturated fatty acids, including bio-
diesel, itis highly valued for its potential in industrial applications [5, 6]. For fish larvae and rotifers, it is
currently mostly used as a nutrient-rich food source [4,7].

Nannochloropsis cells have an oil content of almost 30% of their dry weight when grown under normal
growth conditions in Guillard's F/2 medium [8], a common algal culture growth medium, supplemented
with nitrogen [4, 9]. However, it was found that different culturing conditions increased the average oil
content per cell, sustaining only sluggish rates of culture growth and lowering total output. Nitrogen
deficiency is one of these circumstances that has been examined the most extensively.
Research has looked at how cultures behave under nitrogen stress in a variety of culturing configurations
as well as how the cells react physiologically and molecularly to nitrogen deficiency [4, 9]. When
nitrogen is limited, it has been demonstrated that certain species of Nannochloropsis may store up to 60—
70% of their total biomass as lipids [4, 9]. In this scenario, the composition as well as the amount of
lipids vary. It was shown that whereas other lipids, primarily polar glycerolipids, free fatty acids, and
diacylglycerols, somewhat decreased in nitrogen depletion, triacylglycerols increased it by a significant
amount. The idea that the cells actively synthesize new triacylglycerols rather than merely converting
the existing lipids into triacylglycerols is supported by the fact that the increase in triacylglycerols
during nitrogen depletion is significantly greater than the reduction in the other glycerolipids [10].
Researchers present a measurement of the abundance of several proteins in cultures of Nan-
nochloropsis grown without nitrogen and with a CO2 supplement [11]. The proteomic analysis appears
to corroborate the hypothesis that the accumulation of triacylglycerols results from an increase in me-
tabolic flux via the fatty acid biosynthesis pathway, even in the face of differing experimental settings.
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The authors propose the theory that the increase in substrates across the route is caused by the break-
down of stored carbohydrates and the upregulation of glycolysis under their experimental conditions
[11].

The study aimed to ascertain two things: (1) the specific growth rate (1) of Nannochloropsis sp.
cultivated in a lab as a live feed source for crab larvae; and (2) the composition of fatty and amino acids
in Nannochloropsis sp.

2. Material and Method
Algal culture conditions
For this current study, Nannochloropsis sp. was chosen as a microalgal species, and it was
obtained from laboratories in the United States. Prior to the experiment, Nannochloropsis sp. was grown
in Guillard's F/2 algal culture medium [8]. Logarithmic stage cultures were used as inoculum.

20 mL of each algal stock culture was transfered to 200 mL of enriched F/2 medium in a 250 mL
Erlenmeyer flask using three cultures grown separately. Cultures were cultivated at 25°C while under
a 16/8 hours light/dark cycle by using 120 umol.m2.s* fluorescent white lights 4000Lux with constant
shaking.

Algal growth conditions and determination of Specific growth rate

Each 200 mL Nannochloropsis sp. stock culture was transfered to 800 mL of enriched F/2 me-
dium in a 1000 mL erlenmeyer flask with three replicates. Cultures were cultivated at 25°C during a
16/8 hours light/dark cycle by using 120 pmol.m™.s? fluorescent white lights at 4000 Lux with con-
stant air bubbling. A binocular microscope was used to count algal cells with a haemocytometer every
day to determine the growth rate. A Thoma hemocytemeter counting chamber, under a microscope at
400X magnification, was used to count Nannochloropsis cells.

The average specific growth rate (i) of Nannochloropsis from the triplicate findings from each
algal sample counts were calculated from the formula mentioned below:
p=100xIn (N2/N1)/ (t>-t1), where N1 and N represent the biomass at time 1 (t1) and time 2 (t), respec-
tively, and p is the specific growth rate [12]. The sign p indicates the specific growth rate (u), which is
the cell's exponential growth rate per unit of cell content.

Fatty acid composition study

A dry Nannochloropsis sample of 5-10 mg was added to 2% H»SO4 methanol [13]. Fatty acid
methyl esters (FAMEs) were extracted To separate and identify FAMEs, gas chromatography (GC)
using a DB-23 capillary column (30 m % 0.32 mm x 0.25 um) and flame ionization detection (FID)
was performed on an Agilent 7890 (Agilent Technologies Inc., Santa Clara, California, USA). The
split ratio was 10:1, and the injection temperature was 270 °C. The process of temperature rise was the
same [14].

Amino acid composition study

A dry Nannochloropsis sample powder (100 mg) was used for the analysis [15]. A combination
of tandem mass 2 Phycologia spectrometry (APl 3200 Q TRAP, AB Sciex, Framingham, Massachu-
setts, USA; HPLC-MS/MS) and high-performance liquid chromatography (Ultimate 3000, Dionex,
Sunnyvale, California, USA) was used to identify derivatives of amino acids (AAs). An
MSLab50AA-C18 column (150 x 4.6 mm; 5 pm) was used to separate AAs at 50 °C. Water with 1
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ml.min-! formic acid (A) and acetonitrile with 1 mL.min"* formic acid (B) served as the mobile phase.
An electrospray ion source (EIS) was used as the ion source, and the injection volume was 5 ul [15].

Statistical analysis

Algal Growth, fatty acid and amino acid composition data were analyzed using the MEAN Procedure
using using SPSS Statistics Software (SPSS 16.0). All data were expressed as means + standard deviation.
3. Results and Discussions

Algal Growth

Daily specific growth rate (i) of Nannochloropsis sp. was found to be 55.3 + 4.00 % at the cul-
ture conditions where bubbling aeration was applied, Guillard’s F/2 medium was used at 25 ppt salin-
ity and 25 °C.

Fatty acid composition
The results on fatty acid composition of Nannochloropsis sp. was summarized in Table 1.

Table 1. Percent of total fatty acid composition of Nannochloropsis sp.

Faty acids Percent of total fatty acids
12:0 0.3+ 0.02
14:0 2.6+ 0.14
15:0 0.2+ 0.05
16:0 0.7+ 0.05
16:1 (o-7) 19.0+ 0.54
16:2 (0-4) 0.4+ 0.02
17:0 0.5+ 0.03
16:3 (0-4) 0.6+ 0.03
18:0 0.6+ 0.05
18:1 (w-9) 3.6+ 0.17
18:1 (®-7) 2.0+ 0.10
18:2 (w-6) 4.2+ 0.08
18:3 (w-6) 0.4+ 0.05
18:3 (w-4) 0.2+ 0.03
18:3 (0-3) 1.4+ 0.08
18:4 (®-3) 0.3+ 0.05
20:1 (©-9) 0.0+ 0.00
20:2 (w-6) 0.0+ 0.00
20:3 (w-6) 0.5+ 0.07
20:4 (0-6) 3.8+ 0.53
20:3 (w-3) 0.3+ 0.06
20:4 (0-3) 0.2+ 0.06
20:5 (w-3) 24.25+ 3.45
22:5 (w-6) 0.0+ 0.00
22:5 (0-3) 0.1+ 0.04
22:6 (0-3) 0.5+0.07
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As can be seen from the Table 1, 24-25% of the oil is calculated as EPA and 0.5% as DHA.

These results are similar to previous studies of [4, 5, 6, 7, 16-21].

Amino acid composition

The results on amino acid composition of Nannochloropsis sp. was summarized in Table 2.
Table 2. Percent of total amino acid composition of Nannochloropsis sp.

Amino acids Percentage (%)
Aspartic Acid 8.35+1.75
Serine 5.36 + 1.68
Glutamic 14.14 £ 2.67
Glycine 6.20 +1.34
Histidine 0.71£0.03
Arginine 555+1.15
Threonine 6.29+ 145
Alanine 1.85+0.35
Proline 16.35+ 3.56
Tyrosine 1.37 £0.05
Valine 597+1.24
Methionine 2.44+0.53
Lysine 9.33+1.75
Isolucine 1.59 +0.53
Leucine 1255+ 2.27
Phenylalanine 255+0.74
Taurine 0.0+ 0.00

Amino acids in Nannochloropsis were found to vary between 0.00 £ 0.00% (for Taurine) and

16.35 + 3.56% (for Proline) in total amino acids and showed similarities to the previous studies
[4,5,17,19,21].
4. Discussions
The aquaculture sector worldwide includes microalgae farming since several species, such as

Nannochloropsis (Eustigmatophyceae), are used in aquaculture. Enhancing the nutritional content
(prote-ins, carotenoids, fatty acids, etc.) of Nannochloropsis cultivated in mass cultures has the great-
est aquaculture potential. This has a favorable impact on the physical and general health of the gener-
ated creatures, including the larvae of crabs (Callinectes sapidus). For the larvae of mollusks, crusta-
ceans, fish hatchings, or rotifers in aquaculture—all sources of biomass—Nannochloropsis spp. are
employed in a variety of ways. These include direct use as unprocessed cells (live feed), as a means of
bolstering the corresponding food chain, or as processed biomass that can be supplemented with food.
Aquaculturists frequently use open systems outdoors or a variety of closed photobioreactors to
handle the in-house growing of Nannochloropsis for food.
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In addition to its nutritional value, Nannochloropsis sp. has a positive environmental
impact on fish, crustacean, and mollusc aquaculture. This includes improved oxygen produc-
tion, CO, consumption, waste nutrient management, and antibacterial activity. The so-called
"green-water technique," which involves introducing Nannochloropsis to rearing ponds, has
resulted in significantly improved growth and survival rates for the larval and juvenile stages of
many freshwater and marine species than the more conventional clear-water techniques.
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