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ABSTRACT

The objective of this study was to document the growth, biomass yield, total protein, lipid,
vitamin C and fatty acid contents of the diatom Chaetoceros gracilis F. Schiitt (Bacillariophyceae) and
the flagellate Isochrysis galbana Parke (Haptophyta) grown on two different water sources (Eastern
Harbor of Alexandria-EH and EI-Mex well water-EI-Mex) enriched with F/2 media. Fatty acids profile
of Artemia franciscana enriched by the two algal species was used to estimate the efficiency of these
two water sources for improving mariculture in the National Institute of Oceanography and Fisheries,
Alexandria, Egypt. The chemical analysis of water showed, EI-Mex well water characterized by lower
salinity, phosphate and higher nitrate, silicate and iron contents in contrast to EH water. The higher
biomass vyields, cell number, protein contents of Ch. gracilis was obtained in EI-Mex. Owing to
vitamin C content, I. galbana attained its maximum value in ElI-Mex well water (11.31 pM/g). The
production of total lipid and fatty acids contents was enhanced in Ch. gracilis and I. galbana grown on
EI-Mex well water enriched with F/2. The percentage of saturated fatty acids (SFA) was higher than
the unsaturated fatty acids (USFA) in the two algal species grown on the two water sources, especially
in Ch. gracilis grown in EH water (85.6 %) of the total fatty acids. This increase was due to
enhancement of C14:0 and C16:0 and C18:0 fatty acids. Monounsaturated fatty acids (MUFA) was
increased in Ch. gracilis grown in EI-Mex well water (31 %) due to increase the percentage of C16:1
and C22:1 (22 and 5.1 %). The higher percentage of polyunsaturated fatty acids (PUFA) was obtained
when |. galbana grown on El-Mex well water (27 %) due to increase C20:5 and C22:6 constituting 6.9
and 8.3 %, respectively. When Artemia franciscana enriched with the two algal species grown on the
two water sources, the percentage of SFA were decreased as compared with the USFA obtained in the
two algal species, and the higher percentage of PUFA, especially in I. galbana (47.6 %), while in Ch.
gracilis (24 %) that was mainly due to increase the percentage of C20:4, C20:5 and C22:6 fatty acid
(8.5, 9.4 and 10.4 %) in 1. galbana grown on EI-Mex well water. Results indicated that, EI-Mex well
water was the best culture condition suitable for promoting PUFA content in Artemia franciscana
enriched with 1. galbana and Ch. gracilis. Also it will improve mariculture by selecting microalgae
and the suitable culture condition for ideal nutritional value.
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INTRODUCTION

Microalgae culturing is likely to play an
increasingly important role in aquatic food
production modules, specifically to produce (or
be used as) feed for fish. However, microalgae
are required for larvae nutrition during a brief
period either for direct consumption in the case
of molluscs and penaeid shrimps, or indirectly
for the live prey fed to small-larval fish (Muller-
Feuga, 2000). It should be emphasized that the
productivity of any hatchery is directly related to
the quantity and quality of the food source used
therein.

Algae can grow well on different water
sources but some media may be more preferred
by algae and so they grow quicker and produce
more protein and fatty acids. Nitrogen is
considered to be the primary limiting nutrient
for algal growth in marine ecosystems (Hanisak,
1990). In the absence of nitrogen, a decrease in
growth; a decrease in the contents of soluble
proteins were observed (Collén et al., 2004).
Phosphorus is another important nutrient in the
formation of biomolecules such as nucleic acids,
proteins and phospholipids. However, the most
important role is in energy transfer mediated by
ATP and other high energy compounds present
in photosynthesis and respiration (Lobban and
Harrison, 1994). Hammouda et al. (1995)
showed that, nutrients in waste water are
converted into protein biomass in microalgae.
Besides the macro nutrients nitrate and
phosphate that are essential for the growth of all
algae, diatoms also depend on the availability of
silicic acid (Si OHy) to produce their frustules,
and can affect their growth (Brzezinski et al.,
2005; Leblanc et al., 2005). Iron requirements of
different diatom species seem to be variable;
Takeda (1998) showed that substantial growth
of large size diatom Chaetoceros spp. and
Nitzschia spp. In the iron enriched water. Thus,
the iron nutritional status of the diatom appears
to affect silicate utilization physiologically, and
iron induced nutrient change consumption ratio
in diatom.
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Vitamin C or ascorbic acid (AA) is an
essential vitamin for many species of fish as a
co-factor in various hydroxylation reactions in
living tissue, and is involved in growth and
reproductive processes as well as disease
resistance and immune response (Li and
Robinson, 1999). Most cultured fish require
vitamin C, because they are unable to synthesize
it (NRC, 1993; Dabrowski,  1991).
Consequently, they are dependent on constant
supplies of adequate amount of AA through the
feed. NRC (1993) recommended 25-50 mg
AA/kg diet as a requirement to secure an
optimal performance of juvenile fish, while the
level of about 100 mg AA/Kg diet are suggested
for shrimp (D' Abramo and Conklin, 1995). As
described AA was essential for most fishes,
including channel catfish (Ictalurus punctatus)
(Andrews and Murai 1975) for normal growth
and function. Trout, salmon and other fish
species have dietary requirements for AA
(Benitez and Halver, 1982). Brown and Miller
(1992) studied the ascorbic acid content of
eleven species of microalgae used in
mariculture, and they concluded that all species
provide a rich source of ascorbic acid for
maricultured animals, which can require 0.003-
0.02 % of the vitamin in their diet.

Microalgae contain essential nutrients
which determine the quality, survival, growth
and resistance to disease of cultured animal
species (Gouveia et al., 2008). Microalgae are
some of the most important feed sources in
aquaculture due to their nutritional value and
their ability to synthesize and accumulate great
amounts of n-3 polyunsaturated fatty acid
(PUFA) (Patil et al., 2007), such as 22:6n-3
(Docosahexaenoic acid, DHA) and 20:5n-3
(Eicosapentaenoic acid, EPA), two of the most
important essential fatty acids required for
gametogenesis (Ehteshami et al., 2011). The
knowledge of the chemical composition of food-
species has a key role for mariculture (Rivero-
Rodriguez et al., 2007), especially in larviculture
(Pettersen et al., 2010).
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The golden-brown flagellate Isochrysis
galbana is a rich source of polyunsaturated fatty
acids (PUFA), mainly eicosapentaenoic acid,
EPA, 20:5n-3 (Molina-Grima et al., 1994;
Fidalgo et al., 1998), making it a useful feed for
aquatic animals (Sanchez et al., 2000). To obtain
larger amounts of PUFA from Isochrysis
galbana cultivation, different components of the
culture medium such as changes in the nitrogen
source (Lin et al., 2007), and iron concentration
(Li et al., 2008). El-Sayed (2007) proved that the
alga Tetraselmis chuii can synthesize great
amount of PUFA by media modification through
increasing Na CI 1.5 times. Among the several
diatoms strains available, Chaetoceros spp. is
widely used in marine hatcheries as food sources
as well as to maintain water quality (Riquelme
and Avendafio-Herrera, 2003; Khatoon et al.,
2007).

The brine shrimp Artemia is probably the
most popular live diet in aquaculture. Zaki and
Saad (2010) concluded that the nutritional
adequacy of zooplankton used for feeding in
newly hatched larvae in marine hatcheries
depend on nutritional value of microalgae used
to enrich brine shrimp Artemia salina. Khairy
and El-Sayed (2012) evaluate enriched Artemia
salina by the alga Tetraselmis chuii grown on
four different culture media through feeding
Sparus aurata larvae.

The development of new algal species-
specific diet formulations supports the
aquaculture (fish farming) industry as it expands
to satisfy increasing demand for affordable, safe,
and high-quality fish and seafood products. So,
the purpose of this work was to determine the
biomass and the biochemical composition of
Chaetoceros gracilis and Isochrysis galbana
grown on two different water sources enriched
with F/2 media for the feeding of Artemia
franciscana for improving mariculture.

MATERIALS AND METHODS
Sea water analysis

Salinity was measured in situ by using a
Bechman salinometer (Model NO. R.S.10).
Water sample were collected from Eastern
Harbor of Alexandria (EH) and El-Mex well
water (EI-Mex) and kept under cold conditions
until reaching the laboratory for nutrient
measurement. Nitrate, phosphate and silicate
were measured according to Strickland and
Parsons (1972), using UV/V Spekal 1300,
Analytik Jana AG Spectrophotometer. Iron
concentration was measured according to APHA
(1985).

Microorganisms

The Chaetoceros gracilis and Isochrysis
galbana strain used in this study were obtained
from the microalgae culture collection of marine
hatchery laboratory, National Institute of
Oceanography and Fisheries, Alexandria, Egypt.

Culture media

The culture was grown on two different
water sources from Eastern Harbor of
Alexandria (EH) and El-Mex well water (El-
Mex), and enriched with F/2 media (Guillard,
1975), Table 1 . Two daylight fluorescent tubes
of 20 W were used to maintain constant
illumination at culture temperature about 25+1
°C.

Brine Shrimp (Artemia) Culture

Artemia franciscana was produced by
hatching Artemia cysts through decapsulation
technique. They were incubated to hatch as
described by Lavens and Sorgloos (1996). The
produced nauplii were harvested after 24 hrs,
then washed with filtered sea water, and after 6
hrs from hatching time, Artemia nauplii (instar
I) enriched with Ch. gracilis and l.galbana
grown on two different water sources enriched
with F/2 media. After 24 hrs, enrichment
Artemia was harvest by plankton net (100 um),
and the fatty acids content were estimated.
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Tablel: Guillard F/2 media used to culture marine
microalgae (Guillard, 1975).

Major Chemical Concentration
nutrient formula (g/l)
1-Nitrate NaNOs 75.0 g/L
2-Phosphate NaH2P0O4.H20 5.09/L
3-Silicate NazSi03.9H.0 30.0g/L
4-Trace Metals

FeCls.6H20 35¢g

Na,EDTA 4369

Dissolve in 900 ml of distilled H20.
Add 1 ml of each of the following trace metal solutions.

CuS04.5H20 0.98 g/100 ml
ZnS04.7H20 2.20 9/100 ml
CoCl2.6H20 1.00 g/100 ml
MnCl2.4H20 18.00 g/100 ml
Na:M004.2H20  0.63 g/100 ml

Make up the volume to 1 liter with distilled H,O.
Add 1 ml per liter of seawater of the above solutions 1-4.

5-Vitamins

Biotin 1.0 mg
B12 1.0 mg
Thiamin HCI 20.0 mg

Dissolve vitamins in 1 liter of distilled H,O. Store frozen.
Add 0.5 ml of vitamin solution for every 1 liter of
seawater.

Brine Shrimp (Artemia) Culture

Artemia franciscana was produced by
hatching Artemia cysts through decapsulation
technique. They were incubated to hatch as
described by Lavens and Sorgloos (1996). The
produced nauplii were harvested after 24 hrs,
then washed with filtered sea water, and after 6
hrs from hatching time, Artemia nauplii (instar
I1) enriched with Ch. gracilis and l.galbana
grown on two different water sources enriched
with F/2 media. After 24 hrs, enrichment
Artemia was harvest by plankton net (100 pm),
and the fatty acids content were estimated.

Algal cell numbers of Ch. gracilis and I.
galbana were determined every 2 days by
placing an aliquot of well-mixed culture
suspension on a Neubauer haemocytometer
(Assistant, Germany). The cell number in the
culture was calculated by dividing the number of
cells counted by the volume and the dilution.
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Algal optical density (OD) of Ch.
gracilis and 1. galbana was measured at 540 and
750 nm, respectively by using UV/V Spekal
1300, Analytik Jana AG Spectrophotometer.

Algal biomass was calculated by
measuring dry weight. For dry weight
measurement homogenous suspensions  of

known quantity of Ch. gracilis and I. galbana
sample were filtered through glass fiber filter
paper, then oven dried at 75°C for 4 to 6 hours.
The dried filter paper containing algal biomass
were cooled and weighed. The difference
between the initial and final weight were taken
as the dry weight of algal biomass (mg/l).

Chemical analysis of algae and Artemia salina

Algae were harvested at late exponential
growth stage, triplicate samples of algal material
were allocated to each assay (protein, lipid, fatty
acids and vitamin C).

Total protein in the two algal cells were
determined by the Folin-phenol method of
Lowery et al. (1951), and total lipid contents
were analyzed gravimetrically after extraction
with chloroform—methanol (2:1) using the Folch
method as modified by Bligh and Dyer (1959).
Fatty acid methyl esters were analyzed in the

algal cells and Artemia using gas liquid
chromatography (HP-6890 gas—liquid
chromatography).

Vitamin C concentration was measured
by using the 2, 6-dichlorophenol-indophenol
(DCPIP) photometric method of (Guri, 1983).

Statistical analysis

The collected data were analyzed using
one-way analysis of variance (ANOVA).
Significant differences among the different
treatments were determined using the Duncan
multiple range test at P < 0.05 level of
probability. Statistical analysis was done using
SPSS software program version 15.
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RESULTS

The chemical analysis of two water
sources was observed in Table 2. The results
showed that, EH water was characterized with
higher salinity and phosphate value, in contrast
El-Mex well water had higher nitrate, silicate
and iron (Fe) value.

The initial cell density for the two algal
species was 0.5 X 10° cell/ml, and it can be seen
from the growth curve of culture time versus
cell density (Figure 1 and 2, for Ch. gracilis and

I. galbana, respectively), cell density of Ch.
gracilis was improved significantly at higher
nitrate silicate and Fe concentration (EI-Mex
well water enriched with F/2 media). The
maximum cell density (8.47 X 108 cell/ml) at
day 10 was achieved (Figure 1), which was
almost 18 times greater relative to the initial cell
count as compared to I. galbana (1.57 X 10°
cell/ml) at day 8, this was illustrated by a
threefold greater cell density as compared with
the initial cell density (Figure 2).

Table 2: Water analysis of two different water sources (Eastern Harbor of Alexandria (EH) and EI-Mex well

water (EI-Mex).

Parameter
Location
Salinity (%0)  Nitrate (mg/l) Phosphate (mg/l) Silicate (mg/l) Fe (wl)
EH 39.1+ 0.37 78.3£ 0.95 32.4+0.22 4.89+0.1 35.0£1.0
El-Mex 29.8+0.21 890.7+ 3.3 12.8+0.3 274.3+2.02 136+5.4.0
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Figure 1. Cell number (x 108) of Ch. gracilis grown on EH and El-Mex water sources enriched with F/2

media.
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Figure 2. Cell number (x 108) of I. galbana grown on EH and EI-Mex water sources enriched with F/2

media.

Cell numbers and optical density were
significantly different between the two tested
species at the two water sources (P < 0.05). The
higher optical density of Ch. gracilis (Figure 3)
was obtained in EI-Mex well water, while its
minimum optical density was obtained in EH as
compared with I. galbana (Figure 4). As shown
in Figure 5, the maximum biomass yield as dry
weight (9.6 mg/l) was recorded for Ch. gracilis
at day 10 grown in EI-Mex well water. In
contrast, 1. galbana had a significant highest
growth as biomass yield (Figure 6) in EH as
compared with EI-Mex. On the other hand,
observations of morphology of the two species
showed that, cell size became larger than normal
during the late period of cultivation, and also the

dark brown colour was observed in case of Ch.
gracilis grown on EI-Mex well water.

As shown in Table 3, a significant
differences (P < 0.05) in the chemical
composition of the two tested species in the two
water sources. The higher protein and total
lipids contents of Ch. gracilis was observed in
El-Mex well water enriched with F/2 (lower
salinity, phosphate contents and higher nitrate,
silicate and iron contents, Table 2). In contrast
the higher protein and lipids contents of I.
galbana were observed in EH water enriched
with F/2 (higher salinity, phosphate and lower
nitrate, silicate and iron contents). As regarded
to vitamin C, I. galbana attained its maximum
content in EI-Mex well water enriched with F/2..

Table 3: Total protein, lipid (mg/l) and vitamin C (uM/g) of Ch. gracilis and I. galbana grown on EH and EI-
Mex water sources enriched with F/2 medium.

Parameter
Location T. Protein T. Lipids Vit. C
Ch. gracilis l. galbana Ch. gracilis 1. galbana Ch. gracilis I. galbana
EH 35.1+2.52 56+3.76 4.59+0.34 3.60£0.22 6.3210.1 7.46+0.1
El-Mex 90.98+2.89 42+0.63 6.23+£0.05 4.52+0.24 4.37+0.1 11.31+0.1
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Figure 3. Optical density of Ch. gracilis grown on EH and EI-Mex water sources enriched with F/2 media.
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Figure 4. Optical density of 1. galbana grown on EH and EI-Mex water sources enriched with F/2 media.

391



HEBA EL-SAYED AND HANAN KHAIRY

- = =—EH — —El-Mex
12 -
~10 +
2 //’I\\L
\-'8-
£ 7 -
%6- rd
z ”
24- / f-_-""-
ﬂ //—'d:-" -'-.‘--=
- =
2 ,__/'..-*’
0 L] L] L] L] L] L] L] L]
0 2 3 4 6 8 10 12 14
Days

Figure 5. Dry weight (mg/l) of Ch. gracilis grown on EH and El-Mex water sources enriched with F/2 media.
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Figure 6. Dry weight (mg/l) of 1. galbana grown on EH and EI-Mex water sources enriched with F/2 media.
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Table 4: Fatty acids analysis (mg/l) of Ch. gracilis and 1. galbana grown in EH and EI-Mex water sources
enriched with F/2 media.

Ch. gracilis l. galbana
Fatty acid (FA) EH El-Mex EH El-Mex
Saturates (SFA)
Cc6:.0 157 0.71 7.3 0.99
c8:.0 16.68 0.27 157 18.85
C 10:0 1.76 0.01 2 1.75
C11:0 5.1 0.05 1.18 45.54
C12:0 13.07 7.25 2.66 0.69
C13:0 4.9 1.22 3.26 3.66
C 14:0 48.82 (26 %) 113.74 (14.4 %) 12.53 (6.1 %) 96.41 (13.2 %)
C 15:0 2.69 4,58 1.59 1.02
C 16:0 52.24 (27.8 %) 184.97 (23.4 %) 53.88 (26.4 %) 105.81 (14.5 %)
C17:0 0.87 2.54 1.83 0.011
C 18:0 10.66 (5.7 %) 108.21 (13.7 %) 38.37 (18.8 %) 59.83 (8.2 %)
C 20:0 1.23 0.03 9.24 11.13
Cc21.0 1.32 11.51 0.83 3.8
C 23:.0 0.02 0.04 0.41 0.01
Sum 160.93 435.13 136.65 349.501
% to total FA 85.6 55.1 66.9 48
Monounsaturates (MUFA)
C14:1 0.46 291 2.45 1.86
C15:1 0.13 2.79 1.28 3.22
c16:1 1.4 (0.7 %) 173.75 (22 %) 0.81 (0.4 %) 86.96 (11.9 %)
c17:1 0.06 4,78 3.37 3
ci1s:1 0.12 10.47 2.68 17.85
Cc20:1 0.11 10.05 6.71 28.85
C22:1 1.45 (0.8 %) 40.24 (5.1 %) 2.49 (1.2 %) 40.57 (5.6 %)
Sum 3.73 244.99 19.79 182.31
% to total FA 2 31 9.7 25
Polyunsaturates (PUFA)
C18:2 3.2 5.28 18.23 1.92
C18:3 2.47 291 1.49 0.8
C 20:2 2.08 2.27 2.86 17.8
C 20:3 0.11 2.33 1.49 7.88
C 20:4 n6 (AA) 5.26 (2.8 %) 15.79 (2 %) 6.28 (3.1 %) 4.74 (0.7 %)
C 20:5n3 (EPA) 247 (1.3 %) 41.06 (5.2 %) 7.76 (3.8 %) 50.08 (6.9 %)
C22:2 3.53 6.05 1.38 53.11
C 22:6 n3 (DHA) 4.32 (2.2 %) 34.12 (4.3 %) 8.37 (4.1 %) 60.34 (8.3 %)
Sum 23.44 109.81 47.86 196.67
% to total FA 12.4 13.9 23.4 27
Total fatty acids (m/I) 188.1 789.93 204.3 728.48

As represented in Table 4, total lipids and
fatty acids content were enhanced in Ch. gracilis
than 1. galbana grown in EIl-Mex well water
enriched with F/2 media constituting 789.93 and
728.48 mg/l, respectively. As regarded to

saturated fatty acids (SFA), C14:0; C16:0 and
C18:0 was the dominant fatty acid, constituting
51.5 % in Ch. gracilis which more than in I.
galbana (35.9 %) grown on El-Mex well water.
The monounsaturated fatty acids (MUFA) C
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16:1 and C22:1 in the two algal species attained
the maximum values when grown on EI-Mex
well water (27.1 and 17.5 % in Ch. gracilis and
I. galbana, respectively. Finally, the total
polyunsaturated fatty acid (PUFA) especially

C20:4, C20:5 and C22:6 were higher in Ch.
gracilis and 1. galbana grown on EI-Mex well
water and forming 11.5 and 15.9 %, in the two
species respectively.

Table 5: Fatty acids analysis (mg/l) of Artemia franciscana fed on Ch. gracilis and 1. galbana grown EH and

El-Mex water sources enriched with F/2 media.

Ch. gracilis galbana
Fatty acid EH El-Mex EH El-Mex
Saturates (SFA)
C6:0 0.69 34.71 22.43 12.04
c8:.0 32.2 41.95 10.39 10.39
C 10:0 0.76 30.58 10.22 14.37
C11.0 2.61 35.41 11.31 15.73
C12:.0 2.88 34.41 29.44 12.21
C 13:.0 1.98 34.45 12.3 2.96
C 14:.0 10.67 (6.4 %) 23.08 (2.1 %) 28.74 (4.1 %) 48.23 (5.6 %)
C 15:0 1.13 4,71 21.64 13.01
C 16:0 23.74 (14.3 %) 154.1 (13.9 %) 47.27 (6.7 %) 83.27 (9.6 %)
C17:0 15 22.39 22.77 16.96
C 18:0 22.15(13.3 %) 76.56 (6.9 %) 74.51 (10.6 %) 41.08 (4.7 %)
C 20:0 1.53 28.23 29.6 14.26
C21.0 5.78 31.52 42.03 15.11
C 23.0 0.01 10.1 23.9 10.03
Sum 107.63 562.2 386.55 309.65
% to total FA 65.4 50.9 55 35.7
Monounsaturates (MUFA)
C14:1 0.42 0.97 3.42 3.39
Cc15:1 2.29 5.76 257 3.93
c16:1 8.88 (5.3 %) 51.46 (4.7 %) 18.93 (2.7 %) 4.26 (0.5)
c17:1 1.36 12.03 4.4 13.89
c18:1 0.02 (0.01 %) 157.23 (14.2 %) 85.38 (12.1 %) 13.55 (1.6 %)
C20:1 0.01 26.6 13.49 56.41
c22:1 8.01 (4.8 %) 23.82 (2.2 %) 39.83 (5.7 %) 49.61 (5.7 %)
Sum 20.99 277.87 168.02 145.04
% to total FA 12.6 25.1 23.9 16.7
Polyunsaturates (PUFA)
C 18:2n6 5.08 13.26 3.2 60.7
C 18:3n3 (ALA) 1.18 11.69 2.22 14.62
C 20:2 n6 3.28 19.55 31.79 2.37
C 20:3n6 0.03 4.43 14.6 48.02
C 20:4 n6 (AA) 4.08 (2.5 %) 40.91 (3.7 %) 20.4 (2.9 %) 73.76 (8.5 %)
C 20:5 n3 (EPA) 8.47 (5.1 %) 76.43 (6.9 %) 31.01 (4.4 %) 84.8 (9.6 %)
C 22:2n6 0.61 0.04 2.32 38.83
C 22:6 n3 (DHA) 13.8 (8.3 %) 99.07 (9.0 %) 42.8 (6.1 %) 89.8 (10.4 %)
Sum 36.53 78.97 148.34 412.9
% to total FA 22 24 21.1 47.6
Total fatty acids (ppm) 166.15 1105.45 702.91 867.59
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As shown in Table 5, when Artemia
franciscana enriched with the two algal species
grown on the two water sources, the percentage
of saturated fatty acids were decreased as
compared with the saturated fatty acids obtained
in the two algal species (Table 4). The results in
Table 5 showed that, the saturated fatty acids
(SFA), especially C14:0, C16:0, C18:0 was the
main saturated fatty acid, and the percentage of
them in Ch. gracilis and I. galbana grown on
EH water was higher than EI-Mex well water
which amounting of 34 and 21.4 % of the total
fatty acids in EH and 22.9 and 19.9 % EI-Mex,
respectively. The higher percentage of
monounsaturated fatty acids (MUFA) in Artemia
franciscana enriched with Ch. gracilis grown on
El-Mex well water (25.1 % of the total fatty
acid) was due to mainly increase the percentage
of C18:1 fatty acid (14.2 %). In contrast, total
polyunsaturated fatty acids (PUFA) in Artemia
franciscana enriched with 1. galbana grown on
El-Mex well water (47.6 %), this mainly due to
increase the percentage of C20:4 (8.5 %); C20:5
(9.8 %) and C22:6 (10.4%) fatty acids.

DISCUSSION

The algae tested were selected on the
basis of their potential suitability as food for
feeding of Artemia salina. In this experiment,
the growth of microalgae was monitored
through the measurement of the biomass, cell
count and optical density.

The results indicated that, the maximum
biomass yield as dry weight (9.6 mg/l) was
recorded in Ch. gracilis at day 10 presented in
El-Mex well water enriched with F/2 media.
Cell number and OD were significantly different
between the two tested species at the two water
sources (P < 0.05). The cell density of Ch.
gracilis was improved significantly (18 times
greater than the initial cell count) at lower
salinity and phosphate content (29.8%o0 and 12.8
mg/l, respectively), and higher nitrate; silicate
(890, 274.3 mg/l, respectively) and iron
concentration (136 /1) in EI-Mex well water

enriched with F/2 media. On the other hand, I.
galbana attained its higher cell density at day 8
which was threefold greater than the initial cell
density. These results are in harmony with those
obtained by many authors who cleared that in the
presence of nitrogen fractions the growth of many
algae increased, and increase in nitrogen may
overcome some of the inhibitory effect of many
factors (El-Said 1990; El-Maghraby, 1997). El-
Sayed (2007) revealed that, nitrate concentration at
1.5 times that of the basal medium was highly
significant for optimization of the growth of
Chlorella salina to two times than that of the
control. Also the higher optical density of Ch.
gracilis was obtained in EI-Mex, while its
minimum optical density was obtained in EH. In
contrast, I. galbana had a significant highest
growth as biomass vyield, cell number and
optical density in EH as compared with EI-Mex.
Recent studies showed that diatoms in all size
classes were able to benefit from iron
fertilization, and high silicate concentrations
enhanced maximum cell numbers 14.9 times in
Ch. debilis and 5.5 times in Ch. dichaeta
(Hoffmann et al., 2007). Brzezinski et al. (2005)
concluded that, low silicate (Si) concentrations
can limit diatom growth, besides the effect on
cell growth, iron fertilization increases the
maximum specific uptake rates of silicic acid in
diatoms. Takeda (1998) concluded that, iron
should be considered not only as a factor

directly  limiting  phytoplankton  growth,
biomass, but also as a factor indirectly
controlling the biogeochemical cycling of

nutrients particularly silicate.

Observations of morphology of the two
studied species showed that, cell size became
large than normal during the late period of
cultivation, and also the dark brown color was
observed in case of Ch. gracilis grown on El-
Mex well water. In addition, the cells grown
under nitrate depletion became large, which was
further evidence of nitrogen stress (Thomas et
al., 1981). Hoffmann et al. (2007) reported that,
iron and silicate both had an effect on cell
morphology in Chaetoceros species, while cells
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grown under iron replete conditions had a
healthier appearance, iron limitation led to a
visible  loss in  cellular  chlorophyll
concentrations in Ch. dichaeta and Ch. debilis.

The biochemical composition of algae
varies between species and according to culture
conditions (Martinez-Fernandez et al., 2006).
Protein is typically the major biochemical
component of algae (Wikfors et al., 1992)
although the growth medium and growth stage
will affect biochemical composition (Leonardos
and Lucas 2000). The results of the present
study showed that, the higher protein content of
Ch. gracilis was obtained in EI-Mex well water
enriched with F/2 which characterized by low
phosphorus content, while the higher protein
content of I. galbana was observed in EH water
enriched with F/2 (higher salinity, lower nitrate,
silicate and iron contents). Leonardos and Lucas
(2000) reported that phosphorus limitation
affected to decrease protein content of a
microalga Ch. muelleri. Feng et al. (2011)
showed that, the protein content 1.
zhangjiangensis was the lowest due to nitrogen
deficiency. El-Sayed (2007) proved that,
Dunaliela salina can synthesize protein more
than control by 29.4 % with decreasing sodium
chloride 50 % of the basal medium.

As regarded to vitamin C, the results
indicated that, the higher vitamin C content
(11.31 pM/g) was obtained from I. galbana
grown on EI-Mex well water enriched with F/2
media. In contrast increased salinity caused
increase in vitamin C content in Isochrysis sp. as
recorded by (Chakraborty et al. 2007), they
observed that, ascorbic acid ranged between
0.12 mg/100g to 0.04 mg/100g. Brown and
Miller (1992) concluded that the differences in
the composition of the eleven microalgae from
ascorbic acids were from 0.11 to 1.62 %. Lovell
and Lim (1978) reported that channel catfish fed
diets deficient in ascorbic acid were how more
susceptible to bacterial infection than those fed
diets supplemented with ascorbic acid. Transfer
of ascorbic acid (and other vitamins) between
trophic levels is important for fish larvae and
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late larval/early juvenile crustaceans that are
reared on algal-fed zooplankton. Hapette and
Poulet (1990) showed that, fed microalgae to
previously starved populations of the copepods
Calanus helgolandicus and Acartia clausi,
increases in the ascorbic acid levels of 50% and
60%, respectively, for the animals was observed.
Their results supported the hypotheses that
ascorbic acid from the microalgae can be
incorporated with high efficiency through direct
feeding.

Lipids are considered very important
during gametogenesis for gonad maturation and
especially in females to provide an energy
source for subsequent embryo development
(Pollero et al., 1983). The results showed that,
total fatty acids were enhanced in Ch. gracilis
than 1. galbana grown in EI-Mex well water
(low salinity, iron and high nitrate phosphate
concentration) enriched with F/2 media
constituting 789.93 and 728.48 mg/I,
respectively in the two species. Feng et al.
(2011) indicated that the addition of nitrate is
one of the factors promoting cell division of
Isochrysis  zhangjiangensis, and it can
accumulate lipids under nitrogen-repletion
conditions. Fidalgo et al. (1998) reported that,
high lipid content in I. galbana (38.5%) was
attained at a high concentration of 4 mg atom
N/l (NaNO3).

Elenkov et al. (1996) reported that high
salinity affected increasing lipid content of
Cladophora vagubunda. Also Pernet et al.
(2003) reported that the total lipid of Ch.
mueleri diatom increased was related to silicon-
depletion. In contrast to our study, the diatom
Cyclotella cryptica can accumulate lipids during
the silicon deficiency. Chen (2012) cultivated 12
species of marine diatoms in three different
environments and concluded that these
conditions altered the fatty acid composition of
the diatom species, emphasizing that production
and storage of lipids is species-specific.
Whereas, lipid accumulation of Ch. cf. wighamii
diatom is usually was triggered by nutrition
deficiency (Aratjo et al. 2005). Liu and Lin
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(2001) observed that, the lipid contents of
Isochrysis sp. increased with an increase of
salinity.

The total of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) in
microalgae can be changed due to differences in
culture media and environmental conditions
(Rousch et al., 2003). The present study showed
SFA was the dominant fatty acid compared to
MUFA and PUFA. SFA, especially C14:0;
C16:0 and C18:0 was the dominant fatty acid,
constituting 51.5 % in Ch. gracilis which more
than in I. galbana (35.9 %) grown on El-Mex
well water. In most organisms, fatty acid
biosynthesis culminates in the formation of
either C16:0 or C18:0 saturated fatty acids and
these fatty acids are modified through a
sequence of desaturates and elongates to
produce unsaturated fatty acids and PUFAs
(Ratledge, 2004). The MUFA, C 16:1 and C22:1
in the two algal species attained the maximum
values when grown on EI-Mex well water (27.1
and 17.5 % in Ch. gracilis and 1. galbana,
respectively). Finally, the total polyunsaturated
fatty acid (PUFA) especially C20:4 (ALA),
C20:5 (EPA) and C22:6 (DHA) were higher in
Ch. gracilis and I. galbana grown on EI-Mex
well water and forming 11.5 and 15.9 %, in the
two species respectively. In accordance, Liu and
Lin (2001) showed lipid content was higher
(DHA and PUFA were 11.2 % and 38.6 %,
respectively) at low salinity (3.2 %). Most of
these fatty acids recorded in the previously in
Isochrysis galbana (Lin et al., 2007) and I.
zhangjiangensis (Feng et al., 2011). Coincide
with our results, Mortensen et al. (1988)
observed that, omega-3 fatty acids decreased in
Ch. gracilis with decreasing silicate availability,
and the change in lipid content in diatom species
due to nitrogen depletion appears to be species-
specific (Shifrin and Chisholm, 1981). The ratio
of omega-3 polyunsaturated fatty acid to the
sum of saturated and monounsaturated fatty acid
in 1. galbana increased as the nitrogen load
increased (Sukenic and Wahnon, 1991).

Fatty acids play a key role in aquaculture,
since they are very important for the growth of
marine organisms. Because of this, some
microalgal species may be potentially indicated
as useful for feeding marine animals, while
others show to be unsuitable as food-species, if
the essential PUFA lack in them. Physiological
studies demonstrated that fish cannot synthesize
omega-3 fatty acids (kanazawa 1985) but
accumulate them via the food chain where algae
are the primary source of these fatty acids.

Increasing the nutritive value of Artemia
salina may intern increase the survival and
growth of larvae to which they fed (Zaki and
Saad, 2010). In the current study, the percentage
of saturated fatty acids in Artemia franciscana
enriched with the two algal species grown on the
two water sources, were decreased as compared
with the saturated fatty acids obtained in the two
algal species. The results showed that, the SFA,
especially C14:0, C16:0, C18:0 was the main
fatty acids, and the percentage of them in Ch.
gracilis and I. galbana grown on EH water was
higher than EI-Mex well water which amounting
of 34 and 21.4 % of the total fatty acids in EH
and 22.9 and 19.9 % EI-Mex, respectively. The
higher percentage of MUFAs in Artemia
franciscana enriched with Ch. gracilis grown on
El-Mex well water (25.1 % of the total fatty
acid) was due to mainly increase the percentage
of C18:1 fatty acid (14.2 %). In contrast, PUFAs
in Artemia franciscana enriched with I. galbana
grown on EI-Mex well water (47.6 %), this
mainly due to increase the percentage of C20:4
(8.5 %); C20:5 (9.8 %) and C22:6 (10.4%) fatty
acids. Arts et al. (1997) indicated that period of
nutrient deficiency may intensify lipid synthesis
in some phytoplankton sp. and thereby enhance
the rate of lipid biomass that is transferred from
phytoplankton to zooplankton. PUFAs are
considered essential for growth, development,
and cellular function (Holland, 1978; Chu and
Greaves 1991). In addition, many marine
bivalves show a low capacity for desaturating
fatty acids to PUFAS; thus, they satisfy most of
their essential fatty acid requirements through
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dietary sources (Zhukova et al. 1998). Like other
aquatic organisms, fish larvae and shrimp will
require dietary lipids (unsaturated and saturated
fatty acids) to provide precursors for chain
elongation of essential highly unsaturated fatty
acids, synthesis of hormones, and as an energy
source in developing embryos and larvae
(Cohen et al. 1988; Napolitano et al. 1993).

CONCLUSION

El-Mex well water may consider as a
model culture with salinity (29.8 %), nitrate
(890 mg/l), phosphate (12.8 mg/l) and iron (136
1) when enriched with F/2 media representing
relatively ideal culture condition was excellent
nutrient stress medium for enhancement of the
production and synthesis of certain biomass,
protein, lipid, vitamin C and fatty acids by Ch.
gracilis and I. galbana especially increasing of
PUFA (two folds than EH). So, the two algal
species tested in this study seem to be
potentially useful as food-species for Artemia
franciscana which may achieved specific
requirements for the fish larvae and improving
mariculture in the National Institute of
Oceanography and Fisheries, Alexandria, Egypt.
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