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Abstract: The influence of salinity on the growth, protein and carotenoid content of marine microalgae
Chaetoceros calcitrans were investigated. The obtained results showed no significant change in growth rate
under the selected salinities (10, 27 and 40 ppt) (p=0.05) but the protein content had a significant change under
the three studied concentrations of salinities (p<0.05). Maximum growth rate of C. calcitrans was observed in

Conway medium in 10ppt salimty and the highest cell density was achieved at 27 ppt salumty. The highest level
of total carotenocid content was 3.8 pg/g fresh weight and the maximum of protein content was recorded at the

10ppt 1 60% of dry weight.
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INTRODUCTION

Microalgae are the major food source for many
aquatic organisms and the main live feed component
in marine hatchery operations. The marine diatom
Chaetoceros calcitrans 1s considered as the most
popular strain used 1in hatcheries, especially for
shrimp larvae. This species gives vital energy and organic
nutrients for the growth and development of larvae and
juveniles [1]. Microalgae chemical composition is
frequently determined with the objective to provide the
necessary nutritional balance for the captive animals [2].

The literature suggests that, within fairly wide
tolerance and different levels of salimty are associated
with small changes in the gross chemical composition
of marine microalgae [3]. Generally, the carotenoids are
observed with the photosynthetic membranes of all
photosynthetic organisms. They mamly function in light
harvesting, especially m very dim spectrally unusual
light available [4]. The carotene level depends on the
algae species and environmental conditions; there was
an increase in the carotene level in stress conditions [5].

For microbial proteins to be measured accurately, the

cells must be pretreated to fully release the intracellular

proteins. Pretreatments typically involve disrupting
the cells by physical or chemical means [6]. However,
comparison of the protein content among algae is
difficult because of methodology [7]. In addition; the
most common methods used for protein determination in
algae are the methods of Lowry et al [8] and Bradford
[9]. The Lowry method is one of the most accurate
methods for quantifying proteins [10]. Results determined
that carotene pigments were the most important
photosynthetic pigments and they prevented chlorophyll
and thylakoid membrane from the damage of absorbed
energy by photo oxidation [11]. These decrease pigment
at high salinity (58 ppt) [3] Raghavan et al. [1]\ have
indicated, a sality of 25, temperature between 20 and
25°C and addition of carbon dioxide
adequate for enhanced growth of C. calcitrans and high

biochemical composition. It shows that the lowest salinity

Seems more

and light ntensity have the highest effect in protein
contents [12]. The results of Raghavan [1] reported a
decrease in the protein content with an increase in
salimty. The result shows that a salimity of 25 1s optimum
for C. calcitrans in terms of growth and chemical
composition. The aims of this study were to investigate
the effect of varying the salinity concentrations in the
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Conway medium on the chemical composition of specie
C. calcitrans and to determine the optimum salimty for
maximum production of protein.

MATERIALS AND METHODS

Microalgae culture was obtained from the algal stock
collection of Tranian National Shrimp Research Institute,
at Bandargah Research Station in Bushehr, Iran and
maintained under laboratory conditions. Protein analysis
was performed at Bushehr University of Medical Sciences
in Department of Biochemistry.

Algal Culture: The growth of Chaetoceros calcitrans
was mvestigated in three levels of salinity (10, 27, 40 ppt)
in Conway medium [13] in 9 flasks of 3.5 T within 15 days.
The condition was kept at 25+2°C, light mtensity of
2000 lux and light period of 24 hrs. All the
treatments had three replicates. Cell numbers were
determined daily by placing an aliquot of well-mixed
culture suspension on a Neubauer haemocytometer.
The cells were counted 1in five small squares 1n the
centre block [14].During this period the  physical
parameters were recorded every two days. Biochemical
compounds were analyzed on the sixth day, in the range
of the stationary phase, in Conway medium. The changes
in the cell density and specific growth rate (u: d™') were
calculated according to [15,16].

Analytical Methods: Determination of quantitative
variation of algal carotenoids has been carried out by
using spectrophotometric methods [11]. Intracellular
content of carotenoids were extracted from the cells in
the filter by 12 ml of acetone (90%) by reading the
absorbance at 470, 645 and 662 nm as described by
[11,12,17].

Protein contents were analyzed according to the
methods of Lowry et al. [B]. First 500 cc of the algal
samples centrifuged at 3000 rpm during 10 minutes and
washed with 1% (w/v, g/100 ml) aqueous NaCl solution.
The samples were centrifuged agam and freeze-dried.
The dry biomass was analyzed immediately or stored
at -80°C up to 10-days prior to analysis. The Lowry
method [8] was used to measure the protemn content of the
pretreated biomass. For protein analysis, 20 mg aliquots
of the freeze-dried biomass were suspended for 20-min
in 10 ml of lysis buffer in a Falcon tube to facilitate the
extraction of proteins. The absorbance of the sample
was measured at 750 nm by using a spectrophotometer.
The protein content (% of dry weight) was calculated
using the following equation:

680

Protein (%ow/w) = % =100

Where C is protein concentration (mg 1.7') obtained
from the calibration curve, V 1s the volume (L) of the lysis
buffer used to resuspend the biomass, D is the dilution
factor and m is the amount of biomass (mg) [6].

Statistical Amnalyses: The data were analyzed using
one-way analysis of variance (ANOVA) Tukey test. All
statistical analysis was done using the statistical analysis
SPSS15.

RESULTS AND DISCUSSION

Cell Density: Chaetoceros cell density and growth rates
in salimty with the experimental range of 10-40 ppt.
There was no significant change in the growth rates of
C. calcitrans over the entire range of salinity. The highest
algae cell demsity was calculated under salmity 27 ppt,
81.33x10" cells per ml was counted (Fig, 1 and Table 1).
Tukey test results indicated that there are significant
differences (P>0.05) between cell densities in salinities
of 27 and 40 ppt and also between 27 and 10 ppt, but no
significant differences was observed between 10 and
40ppt (P >0.05).

Maximum specific growth rate in Conway medium
was in salinity 10 ppt, with specific rates 0.27 per day.
The growth rate has been set to the 0.22 and 0.18 per
day in salinities of 27 and 40 ppt, respectively. According
to the specific growth rate, the doubling time has not
shown any significant difference (P=0.05) in all treatments
in the Conway medium. The highest density of cell
doubling time m salimty 40 ppt m Conway was 4.3 per day
and the minimum of it was belonged to 10 ppt salinity
level.

Raghavan ef al. [1] have reported that the optunum
growth of C. calcitrans was observed in salinity of 25,
temperature between 20 and 25 °C in addition of carbon
dioxide, which is adequate for enhancing the growth of
C. calcitrans and high biochemical composition of
protein, lipids and carbohydrates. The Conway medium
could be useful for the high algal production and
successful operation of a hatchery system.

Depends on the absolute salinity, salinity shift and
duration of salimty stress, the algal response to salimty
changes species-specific. The species-specificity
response and ambiguity are most and least pronounced
at salimty decrease from the normal seawater levels to
10-18 and 5-8 ppt respectively [18].
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Table 1: specific growth rate and doubling time in different treatments

Sdinity Max density (day) Density maximum (10° cells/ml) Growth rate, p (dGY) Doubling time
10 7 61.3+20.3* 0.27+0.012 2.5+0.12
27 7 81.33+20.2° 0.22+0.05° 3.3+0.7°
40 7 57.33+11.7° 0.18+0.04° 4.3+1.3°

The Values (mean + standard error) with different superscript letters in the same column are significantly different (P < 0.05). SGR: specific growth rate.
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Fig. 1: The variation of Chaetoceros calcitrans cell
density under salinities of 10, 27 and 40ppt in
Conway medium
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concentrations of salinity of 10, 27 and 40 ppt in
Conway medium

Lower dry biomass and SGR were reduced when the
algae was stressed by high salinities [19]. Radchenko
and II'yash [18] observed that Thalassiosira weissogii
proved capable to grow under conditions of strong
hypotonic stress, which, together with the wide salinity
range alowing its natural vegetation, points to the
mechanisms adjusting the intracellular turgor pressure
to the environmental turgor pressure. Gu et al. [20]
have indicated algae Nannochloropsis oculata preferred
the low salinity in media and had slow growth during the
increase of sdinity (Tr-1:35-15 g/l, Tr-2:35-25 g/l, Tr-

—
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Fig. 3: The amount of protein content in Conway medium

3:35-35g/l, Tr-4:35-45g/l and Tr-5:35-55 g/l). maybe adgae
would expend energy while attempting to maintain the
turgor pressure and this resulted in a decrease in
productivity or reduction in growth.

Chemical Composition: One of the best parameters to
monitor microalgae production is the estimation of
growth, generally expressed in biomass and density
increase, proteins, pigments and carbohydrates contents
over acertain period of time [21].

The highest contents of carotenoid in sainity of
10ppt and were, 5.8 and 4.8 ug/g fresh weight respectively
and the lowest of them, in salinity 40 ppt, was 4.68 ug/g
fresh weight. There is no significant difference between
the treatments (P>0.05). Salinity effect on carotenoid
content did not show significant difference (P>0.05)
(Fig. 2).

High pigment values were probably due to the high
cell density [2]. Increasing salinity reacts by decreasing
the amount of chlorophyll aper cell [3]. Gu et al [20] have
indicated chlorophyll-a and carotenoid contents in
Nanochloropsis oculata were the highest during the
salinity change from 35 to 25 g/l and this was in
accordance with the reports that low salinity could
increase content chlorophyll-a and carotenoid production
in algae Dunaliella tertiolecta and also Tetraselmi chuii
[12].

Most proteins in Conway medium were 60% of dry
weight under salinity 10 ppt. In salinity 40 ppt content
protein is 38% dry weight. The lowest proteins were
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measured in salinity 27 ppt which equals to 17% dry
weight. During the studies performed, there is significant
difference between treatments (P<0.05). Salinity effects
on the protein show significant difference (Fig. 3) with
increasing salinity and an increase or a decrease in total
protein [22]. The results indicated that the amount of
proteins have been increased by the salt stress. Its
amount in 20ppt salinity and 2500 lux was the highest [12].
One of the main problems with protein analysisin algae
is the protein extraction, done with different degrees
of success by researchers. Differences in cell wall
composition of algae and in procedures for protein
extraction establish strong and negative effects on the
final results [23]. C. calcitrans apparently directed the
extra-assimilated carbon mainly to protein synthesis,
indicating a positive effect on cell physiology. Probably,
the cells were investing the excess of carbon assimilated
much more in protein synthesis and growth rather than
lipids and carbohydrates as reserve substances in
microalgae[1].
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