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ARTICLE INFO ABSTRACT

Article History: The utilization of microalgae biomass shows vast invaluable uses, in the
Received: March 25,2020  biotechnology of aquaculture, and food science. However, microalgae
Accepted: April 11, 2020 exihibit swing in their chemical components created mainly by the culture
Online: April 20, 2020 different conditions. This study consider the impact of nitrogen starvation
on protein and carbohydrate of Nannochloropsis salina, Nannochloropsis

oculata, Chlorella salina and Tetraselmis chuii, and the subsequent effects
of the previously mentioned microalgae on the fatty acid composition (FA)
of the rotifer Brachionus plicatilis. Cultivation of microalgae were cultured
with F/2 enriched seawater medium (control) and without nitrogen (N
starved) in 8-day (exponential growth phase). The result indicated that N.
salina is the best algal species, and have higher protein contents (41.88 +
1.40 pg/ml) cultured on N starved media against control, followed by T.
chuii, otherwise, T. chuii have higher carbohydrate contents. The lipid
classes and FA composition of B. plicatilis showed higher concentrations
(450.63 pg.g™) with N. salina cultured on N starved media, in parallel, total
(n-3) PUFA were recorded (57.19 pgg?), while, total (n-6) PUFA
amounted (23.74 pg.g"). On the other hand, DHA/EPA ratio was higher
when rotifers were fed on T. chuii. The results confirmed that N. salina was
the excellent producing protein which significantly could be used as a fish
feed product. Moreove, the proximate analysis of rotifers was influenced by
the type of microalgae they utilized.
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INTRODUCTION

The chemical constituents of microalgae can be varied with culture age or the
growth phase (Costard et al., 2012) as well as the modification in culture conditions
(Durmaz et al., 2009; Carvalho et al., 2009). Information on the chemical composition of
microalgae may change due to differences of the methods of measurement used
(Barbarino and Lourenco, 2005). Green algae such as Chlorella sp., Tetraselmis sp. and
Nannochloropsis were commonly used as important live food microalgae in aquaculture,
and therefore they have been commercially produced (Huerlimann et al., 2010).
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The use of live feed in aquaculture is a key precersor for the great success in
nursery and larval stages of fish and crustacean; eventhough, the usage of such natural
food source has high economical costs (Lin et al., 2009). Similarly, Artemia is expensive,
sometimes scarce or may have doubtful quality (Watanabe et al., 1983). The study of
Fidalgo et al. (1998), showed important history of species metabolism through the effects
of nitrogen sources on the chemical profile in different algal species. Recently, (Fan et
al., 2014) revealed that nitrogen starvation alters biochemical composition, such as protein
and carbohydrate, pigments and lipid content, fatty acids composition, as well as
photosynthetic suitability of microalgae. The idea of using microalgae as a appropriate
source of providing an alternative fish feed replacement is not something strange and it is
being assumed important as unconventional feed ingredients in costeffectivness of feed
stuffs that has been increased obviously (Thang et al., 2015).

The rotifer, Brachionus plicatilis, is commonly used as a live food in large seed
production of larvae of marine fish (Lubzens, 1987). Its suitable size and quality as live
food as well as its stability in biochemical composition during the first larval feeding
process has been frequently addressed (Jie et al., 1997). Pérez-Legaspi et al. (2018)
studied the biochemical variations of three microalgae (Nannochloropsis oculata,
Dunaliella salina and Isochrysis sp.) and their impact on the rotifer Brachionus plicatilis
feeding. More recently, Ashour et al. (2019) recommended the application of lipid-free
algal biomass in enhancing Artemia development and survival for improving aquaculture.

Lipids are among all the nutritional requirements that play an important role in larval
growth and survival (Ghoname et al., 2020). Eicosapentaenoic acid 20:5 (n-3) (EPA) and
docosahexaenoic acid 22:6 (n-3) (DHA) are considered vital and essential acids due to
their presence in the plasma membrane and they are highly abundant .Basicly, marine fish
larvae cannot synthesize them from the linoleic acid 18:3 (n-3). More specifically, DHA is
present in higher concentrations in the neural and visual tissues. Therefore, a lack of this
essential acid affects negatively affects several physiological and behavioral occasions
(Estévez et al., 1999).

Microalgae have been used for mass production and enrichment of rotifers due to the
content of essential nutrients such as polyunsaturated fatty acids, vitamins, amino acids
and pigments that can be transferred to superior trophic levels. Diets such as microalgae,
lipid or lipids plus proteins and carbohydrates have been employed (Abugrara et al.,
2019). Enrichment of rotifers could be attained by feeding those microalgae rich with
those EFA. Isochrysis glabana was found to contain authentic amounts of DHA and a low
EPA content (Fernandez-Reiriz et al., 1989), whereas Nannochloropsis gaditana
contains major amounts of EPA and 20:4n-6 (Sukenik et al., 1993).

This present study aimed to assess the protein and carbohydrate synthesis by four
marine microalgae, Nannochloropsis salina, Nannochloropsis oculata, Chlorella salina
and Tetraselmis chuii under two culture conditions (F/2 and N starved). Evaluation of the
four potential microalgae strains as a diet for the rotifer Brachionus plicatilis and
recognize the best algal species that improve their nutritional profile as protein,
carbohydrate, and lipid contents.
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MATERIALS AND METHODS

Four algal species were used in this study: Nannochloropsis salina, Nannochloropsis
oculata, Chlorella salina and Tetraselmis chuii. These microalgae were obtained from the
culture collection unit in the marine hatchery, National Institute of Oceanography and
Fisheries (NIOF), Alexandria, Egypt. Four algal strains cultured on Guillard F/2 (ESW)
media (Guillard, 1975) as control and without nitrogen (N starved). This control media
consisting of (per liter) 0.005g, NaH,PO4.H,0; 0.03g Na,SiO3.9H,0; 3.15g FeCls.6H,0;
436g Na,EDTA. 2H,0:; 018g MnC|2. 4H,0, 0029 ZnS04.7H,0; 001g COClz.GHzO;
0.009g CuS0,4.5H,0; 0.006g Na;Mo00,4.2H,0; 200mg Thiamine HCI; 1mg Biotin and 1mg
Cyanocobalamin. The cultures were maitained in 1000 ml Erlenmeyer flasks with 500 mL
medium with controlled temperature (25+1 "C) providing 24 h fluorescent illumination
(40-watt, white tube light). The cultures were shaken 2-3 times every day (incubation
period of each culture must be determined) and all glassware and media were disinfected
prior to inoculation and cultivation process.

Brachionus plicatilis cultivation and enrichement:

The rotifer, Brachionus plicatilis, was cultivated at 28 °C in 1m?® conical glass fibre
tanks at 25%o salinity, and aerated to secure mixing and supply oxygen. The animals were
initially scalled up on baker yeast emulsion mixed with the available algal strain in the
hatchery. The cultures were run semi continuously at high and low dilution rates (32%o
and 12% of the culture volume was replaced per day, respectively) for one week to obtain
fast growth of the rotifer culture till reached the desired density appropriate to start the
enrichement experiment. The culture density was 250/mL at the time of harvest. The
Rotifers were then washed and transferred to the enrichement containers separately and
fed on the experimental algae (C. salina, N. salina, N. oculata and T. chuii in control and
nitrogen starved conditions) for 24hrs enrichment (long term). Rotifer samples for
chemical analysis were harvested on nylon net (70-um mesh size)

Estimation of Protein and Carbohydrate

The method of protein extraction content was performed as described by Lowry et
al., (1951) using Bovine Serum Albumin (BSA) as standard. Whereas Dubois et al. (1956)
method was followed for the extraction and estimation of total carbohydrates by using
D- glucose p g/ml as standard.

Determination of total lipid and fatty acids

The first step to determine the fatty acids (FA)composition was to extract all lipids
as described by Folch et al. (1957) and Bligh and Dyer (1959). For the FA esterification,
we added 2.5 mL of methanolic hydrochloric acid HCI:CH30OH (5%, v/v) for a 2.5 h at
85°C (Sato and Murata, 1988). The esterified fatty acids (FAME) derived were extracted
with 1 mL of hexane (CsH12). The FA profile was estimated by GC-MS. The FAs present
in the samples were identified by contrasting the obtained mass spectra with the mass
spectral database. Data analysis was carried out using the equipment’s software and
showed as the percentage of the area according to the identification of the total FA.

Statistical analysis

One-way analysis of variance (ANOVA) was used to test the effects of lacking of
nitrogen on the protein and carbohydrate synthesis of four algal strains. Duncan multiple
comparison test (HSD) of the one-way ANOVA was used to match the mean differences
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(Zar, 1999) by the Statistical Package for the Social Sciences (SPSS) (Version 12.0,
SPSS, Chicago, IL). As such, the differences were considered to be significant at p < 0.05.

RESULTS

In this study, the effects of nitrogen starvation (N starved) in comparison of control
(F/2) on cellular development, protein and carbohydrate contents were examined (Figure
1, 2). The simple comparison of the protein quantities between four algal strains represents
the N. salina cultured on N starved media as the species with the highest protein
accumulation (41.88 £ 1.40 pg/ml) as compared with control (35.13 + 1.06 pg/ml),
followed by T. chuii (35.08 = 4.84 pg/ml ). In contrast, N. salina have lower carbohydrate
content cultured on N starved media (7.42 £ 0.03 pg/ml ) as compared with control (6.91 +
0.28 pg/ml), Figure (1). On the contrary, T. chuii cultured on N starved media have higher
carbohydrate contents (30.38 £ 0.87 pg/ml) compared with control (Figure 2).

Regarding the FAs composition of B. plicatilis enriched with four algal strains
cultured on N starved media were observed in Table (1). Higher total FA concentrations
(450.63 ng.g-1) were recorded in rotifer enriched with N. salina, in parallel, total (n-3)
PUFA were recorded (57.19 pg.g-1). While, total (n-6) PUFA amounted (23.74 pg.g-1)
was recorded in B. plicatilis enriched with N. salina cultured on N starved media (Table
1). On the other hand, DHA/EPA ratio was higher when rotifers were fed on T. chuii
cultured on N starved media (Table. 1).

As represented in Figure (3), protein, carbohydrate and lipid of B. plicatilis were
affected by N. salina cultured on control and N starved media. The results showed that
rotifer fed on N. salina cultured on N starved media showed the highest protein,
carbohydrate and lipid concentrations (67.82+0.28, 13.9+0.97, 17.8+0.35%), respectively
as matched with control.
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Fig. 1. Total protein contents of four marine microalgae strains cultured on N starved media as compared
with control at exponential growth phase (day 8). *Different letters between the lines indicate significant
difference at 5% by Duncan
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Fig. 2. Total carbohydrate contents of four marine microalgae strains cultured on N starved media as
compared with control at exponential growth phase (day 8). *Different letters between the lines indicate
significant difference at 5% by Duncan

Table 1. Fatty acids composition of Brachionus plicatilis fed on different algal strains
cultured on N starved media.

Algal species
Fatty acids N. salina N. oculata C. salina T. chuii
Total fatty acids (ng.g-1) 450.63 299.02 180.45 297.77
SFA 129.21 63.62 67.74 402.58
MUFA 240.49 181.34 71.21 126.29
C 18:2 (n-6) 8.31 5.25 4.13 29.72
C 18:3 (n-6) 3.43 2.52 0.97 2.30
C 20:2 (n-6) 6.84 2.38 0.00 30.8
C 20:4 (ARA) (n-6) 5.16 2.49 2.63 0.00
Total (n-6) PUFA 23.74 12.64 7.73 62.82
C 20:3 (n-3) 6.67 3.48 4.37 3.12
C 20:5 EPA(n-3) 18.57 9.44 5.75 2.96
C 22:6 (DHA) (n-3) 31.95 28.5 23.65 0.18
Total (n-3) PUFA 57.19 41.42 33.77 6.26
n-3:n-6 2.40 3.30 4.40 0.10
DHA:EPA 1.72 3.00 4.10 6.10
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Fig. 3. Protein, carbohydrate and lipid percentages of Brachionus plicatilis enriched with
N. salina cultured on N starved media.

DISCUSSION

Changes in culture media affect the biochemical constituents of N. salina, N.
oculata, C.salina and T. chuii. The effect of N deprivation on protein and carbohydrate
contents of those selected algae was investigated.The study revealed that the highest
protein was observed in N. salina cultured on N. starved media as compared with control,
otherwise, carbohydrate contents was decreased. In contrast to our study, the finding of
Zhu et al. (2015), as nitrogen may be a vital for the most imperative precursor for protein
and carbohydrate synthesis, cause a depletion in their amounts under nitrogen starvation.
Increasing in carbon availability which leads to carbon flux change from the protein yield
to carbohydrate or lipid synthesis was related to nitrogen depletion (El-Kassas, 2013; Zhu
et al., 2015). Simultaneously to the increase of protein quantity, a decrease of the storage
compounds was observed. Whereas carbohydrate amount tended to decrease in microalgal
species studied (Otero and Fabregas, 1997).

The live food plays a vital role in the production of crustaceans, fish, and mollusks.
Rotifers are filter feeders zooplanktonic organisms that feed on a wide variety of food
sources (Yin and Zhao, 2008), especially algae, that are considered by many authors to
provide better results in respect to growth and increasing contribution of FAs to the
rotifers used in aquaculture (Torzillo and Vonshak, 2013). The most widely used green
algal species in the culture of rotifers are the genera Nannochloropsis, Nannochloris and
Chlorella which have been commonly used in massive cultures by nourishing a high
nutritional quality to the rotifer (Hee-Bae and Bum-Hur, 2011).

The results of present study showed that the essential fatty acids composition (20:4n-
6, 20:5n-3 and 22:6n-3) of enriched B. plicatilis showed a very good relationship with the
contribution of each diet. Therefore, high levels of 20:4n-6, 20:5n-3 in rotifer enriched
with N. salina cultured on N starved media was reflected in the corresponding EFA levels
of rotifers fed on that diet. The FA composition of the rotifers changed in response to algal
feeding, and algal culture media. The results demonstrated that B. plicatilis enriched with
N. salina cultured on N starved media had high levels of 20:5n3 (18.57 pg.g/1) and 22:6n3
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(31.95 ng.g/1), reflecting the high levels of these FAs. The levels of these long-chain
PUFAs are markedly higher than reported previously for enriched rotifers (Olsen et al.,
1993). B. plicatilis cultivated by this method are supposed to meet the nutritional
requirement of the fish larvae for these essential n3 fatty acids. Arachidonic acid (20:4n6)
represented 5.16 ng.g/1 of the total lipids in B. plicatilis enriched with N. salina cultured
on N starved media. The requirement of n6 fatty acids for marine larvae is not established,
but a small amount of C20:4(n-6) is probably required (Sargent et al., 1989). While,
DHAVJEPA ratio, used as a diet quality index, was higher when rotifers were fed T. chuii
cultured on N starved media.

Protein content of rotifers is mainly related to the specific food ration made
attainable for the rotifer density during cultivation. Our results demonstrate that protein is
a major fraction of B. plicatilis (67.82+0.28%) enriched with N. salina cultured on N
starved media. On the other hand, carbohydrate and lipid showed the minor contents.
Brown et al. (1997) concluded that Nannochloropsis is a genus of poor nutritional value
for molluscs and Artemia probably due to its hard cell wall. Carbohydrate content of N.
gaditana decreased continuously. This is a common response to the increase of nutrient
availability in continuous and semi continuous nutrient-limited cultures (Sukenik et al.,
1993). It has been observed that the increase of protein and the decrease of carbohydrate
and lipid contents of the microalgal feed results in better somatic or populational growth
of filter feeders (Ferreiraet al., 2008).

CONCLUSION

The results indicated that protein content was significantly higher in N starved N.
salina culture when compared with control (F/2), and DHA/EPA ratio was highest in
rotifers enriched with N starved N. salina culture. Therefore, an alternative option for
commercial microalgal production is to N starved culture to higher production. Therefore,
the productive response and quality of microalgae depended on the medium in which they
grew; also, the productive response and proximate composition of rotifers depended upon
the nutritional quality of algal species.
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