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Abstract  

Increase of salinity in freshwater reservoirs due to 
the let outs of industrial effluents has threaten the aquatic 
organisms against toxicity, stress and acclimatization to the 
changing environment. In the present investigation, abiotic 
stress response of Chlorella vulgaris and Chlamydomonas 
reinhardtii was studied by subjecting to 50, 150, 250 and 350 
mM of sodium chloride. Physiological, bio-chemical and 
phytochemical variations were assessed. Steep and steady 
growth was observed at low concentration of 50 mM in both 
the cultures. The increase in concentration of salt decreased 
the growth density and lowered the cell division rate. Total 
chlorophyll, carotenoid and astaxanthin content was 
enhanced at 50 mM and 150 mM concentration of NaCl 
among treated cells. In C. vulgaris, the total chlorophyll and 
carotenoid contents were estimated to be 36.58 mg/L and 
6.08 mg/L whereas in C. reinhardtii, 19.85 mg/L and 3.90 
mg/L respectively. Protein levels elevated at all 
concentrations of NaCl in both of the treated cultures when 
compared to control cells. Elevated levels of protein in 
treated cultures of C. vulgaris and C. reinhardtii were 14 
µg/mL and 17 µg/mL on 20

th
 d; 7-8 times higher than that of 

control cells (2 µg/mL). Carbohydrates and lipids showed no 
significant elevation in the levels up to 5

th
 d, this was 

followed by declination in the follow up days of both the 
cultures. Among secondary metabolites, C. vulgaris alone 
showed increase in phenol (33 µg/mL) at low salinity of 50 
mM NaCl whereas increase in flavonoid was observed in 
both of the microalgae at high salinity of 350 mM NaCl. 

1. Introduction 

Algal cells are generally able to live within a certain range of enhanced salt concentrations or changing 

salinities, since most probably all life originated in the oceans, i.e. a highly saline environment. However, during 

evolution, the degree of salt resistance and salt tolerance became very divergent among the present-day aquatic 

organisms (Bohnert, 1996). Algae and cyanobacteria have attracted considerable attention in this respect, since they 

are inhabitants of biotopes characterized by changing salinities and can serve as model organisms for a better 

understanding of salt acclimation in the more complex physiological processes of higher plants (Bohnert, 1998; Fogg, 

2001). Abiotic stress such as salt stress leads to the over production of highly reactive and toxic reactive oxygen 

species (ROS) in plants which causes damages to proteins, lipids, carbohydrates and DNA in turn resulting in 

oxidative stress. Salt stress also causes an imbalance of the cellular ions resulting in ion toxicity and osmotic stress; 

leading to retardation of growth either directly by salt or indirectly by oxidative stress induced by ROS (Emad et al 

2010). 

The ROS comprises both free radical (O2
• 

‾, superoxide radicals; OH, hydroxyl radical; H2O; perhydroxy 

radical and RO
•
, alkoxy radicals) and non-radical (molecular) forms (H2O2, hydrogen peroxide and 

1
O2, singlet 
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oxygen) (Gill and Tuteja, 2010). The antioxidant defense machinery protects algae against oxidative stress damages. 

Similar to plants, algae possess very efficient enzymatic (superoxide, SOD; catalase, CAT; ascorbate peroxidase, 

APX; glutathione reductase, GR; monodehydro ascorbate reductase, MDHAR; dehydroascorbate reductase, DHAR; 

glutathione peroxidase, GPX; guaicol peroxidase, GOPX and glutathione-S-transferase, GST) and non-enzymatic 

(ascorbic acid, ASH; glutathione, GSH; phenolic compounds, carotenoids, alkaloids, non-protein amino acids and α-

tocopherols) antioxidant defense systems that work in concert to control the cascades of uncontrolled oxidation, 

protecting plant cells from oxidative damage by scavenging ROS. Thus, stress may influence the expression of 

number of genes that in turn controls many processes like growth, cell cycle, programmed cell death (PCD), abiotic 

stress responses, pathogen defense, systematic signaling and development. 

 In addition to antioxidant defense mechanism, adaptability to salinity in algae is also associated with 

metabolic adjustments such as accumulation of several organic solutes and osmolytes (Hasegawa et al 2000; Hoque 

et al 2007). Osmotic adjustments protect sub-cellular structures and reduces oxidative damage caused by free 

radicals (Hare et al 1998; Hong et al 1992). Microalgae are considered as promising alternative source for 

antioxidants such as carotenoids, flavonoids and phenols (Li et al. 2007; Natrah et al.,2007; Hajimahmoodi et al., 

2010; Rodriguez-Garcia and Guil-guerrero 2008; Chacón-Lee and González-Mariño 2010; Lee et al., 2010) besides 

being rich sources of proteins, carbohydrates and fatty acids. Therefore in the present study, salt stress response of 

Chlorella vulgaris and Chlamydomonas reinhardtii against sodium chloride was assessed by observing the variation 

in growth, pigment (chlorophyll a, chlorophyll b, astaxanthin, carotenoid), biochemical (carbohydrate, protein, lipid) 

and phytochemical (phenol, flavonoid) production. 

2. Materials and methods 

2.1 Test organism 

The fresh water algal strains of Chlorella vulgaris and Chlamydomonas reinhardtii were collected from Algal 

Culture Collection, Center for Advanced Studies in Botany, University of Madras, Chennai, India.  

2.2 Culturing condition 

Microalgae, Chlorella vulgaris and Chlamydomonas reinhardtii were inoculated into an inorganic Bold Basal 

medium and were cultured at 24 ± 1 ºC in a thermostatically controlled room and were illuminated with cool 

inflorescence lamps (Phillips 40 W, cool dlight 6500 K) at an intensity of 2000 lux in a 12:12 h light dark regime. 

 

2.3 Treatment to salt stress 

To study the impact of salt stress, different concentrations of NaCl such as 50 mM, 150 mM, 250 mM and 

350 mM were taken in 250 mL conical flasks containing 100 mL of Bold’s basal medium. Then the medium was 

autoclaved and inoculated with exponentially growing algal suspension and kept under observation for 25 days. The 

samples were drawn periodically (0
th

, 5
th

, 10
th
, 15

th
, 20

th
 and 25

th
 d) during growth from control and different 

concentrations of NaCl containing medium and were subjected to the analysis of growth, pigment, biochemical and 

phytochemical parameters. 

2.4 Growth measurement 

Growth of algal cultures were monitored at the regular intervals of 5 days. Measurement of growth and 

synthesis of primary and secondary metabolites included the determination of optical density at 678 nm (Robert, 

1979), chlorophylls, carotenoids, astaxanthin and total pigment  according to Lichtenhaler (1987), total carbohydrates 

(Dubois et al., 1951), proteins (Bradford, 1976), lipid (Folch et al., 1956), phenols (McDonald et al., 2001) and 

flavonoids (Chang et al., 2002). 

2.5 Statistical analysis 

Results obtained were statistically analyzed by using the analysis of variance (ANOVA) and Fisher’s Least 

Significance (LSD) at p<0.05. Experiments were repeated thrice individually. 

3. Result and discussion  

In both of the algal cultures, growth was steady and steep at low concentration of 50 mM NaCl whereas 

further increase in concentration of salt decreased algal growth. Among both of the cultures though the tolerance to 

salt were similar i.e., the growth density was observed up to 350 mM, the response and rate of growth varied (Fig. 1 

a, b). This indicated that both of the algae exhibit variable response to high salinity and conforms to the observations 

of Munns et al. (1983) who reported that the effect of salt on growth of microalgae varies dramatically between 

species. Enhanced salt concentrations may change the growth conditions in a manner unfavourable for most 
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organisms. The increase in external concentrations of inorganic ions impairs the osmotic balance between the cells 

and their surrounding medium and forces water efflux (exosmosis) from the cells, leading to the loss of turgor 

pressure. In parallel, the increased exogenous ion concentration tightens the influx of these ions into the cells 

according to their electrochemical gradients (Fisher et al., 1997, Kinraide, 1999; Oren, 1999; Serrano, 1999). 

The salinity induced growth reduction may be attributed to the accumulation of reactive oxygen species 

(Menezes-Benavente et al., 2004). The optical density of all the cultures treated to different concentrations of salt 

showed profuse increase to meager increase depending upon the stress. The maximum optical density was observed 

among untreated cells and were recorded to be 1.360 with C. vulgaris and 1.372 with C.reinhardtii. Among the stress 

treated ones low salinity, 50mM NaCl showed steady growth in both C.vulgaris and C. reinhardtii. 

Observation of pigment level variation for 25 days suggested that total chlorophyll and carotenoid level 

increased among the 50mM and 150mM treated cells of both C. vulgaris and C. reinhardtii when compared to 

untreated cells. Similar type of observation was made by Shaila and Pratima (2010) in microalgae, Chlorella vulgaris. 

Increased concentrations of 250 mM and 350 mM NaCl showed no increase in pigment levels. Maximum level of total 

chlorophyll and carotenoid in C. vulgaris was 36.58 mg/L and 6.08 mg/L (Fig. 2 a, c) and in C. reinhardtii was 19.85 

mg/L and 3.90 mg/L (Fig 2 b, d). Astaxanthin content remained to be high among untreated cells alone, 0.36 mg/L in 

C. vulgaris and 0.07 mg/L in C. reinhardtii (Fig. 2 e, f). C. vulgaris showed more stability and increased levels of 

pigment at all concentrations of salt when compared with C. reinhardtii. Salt treatment significantly increased the 

accumulation of the total secondary carotenoids (Dan Pelah et al., 2004). Carotene is an important source of 

provitamin A and was found to increase at all the concentrations of NaCl. Similar observations were made by Reddy 

et al. (2003) in cyanobacterial isolates.  

 

 

Fig. 1 (a) and (b) Variation in cell density of Chlorella vulgaris and Chlamydomonas reinhardtii treated to salt stress 
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Fig. 2. Effects of NaCl on primary and accessory pigments (a) and (b)- variation in total chlorophyll content of C. vulgaris 
and C. reinhardtii (c) and (d)- variation in carotenoid content of C. vulgaris and C. reinhardtii (e) and (f)- variation in 

astaxanthin content of C. vulgaris and C. reinhardtii 
 

 

  According to Moradi and Ismail (2007), reduced chlorophyll contents at higher salinities are due to decrease 

in photosynthetic rate because of salt osmotic and toxic ionic stress. Many other previous studies report that the 

cultivation with higher saline concentrations had lower chlorophyll and protein contents along (Vonshak et al. 1996) 

with net assimilation rate and reduced growth (Rai 1990; Rai and Abraham 1993).  

Among different solutes accumulating in response to stress, sugar may play a key role to maintain the 

osmotic regulation of cells. Increase in the carbohydrate content may be an adaptive measure under saline conditions 

in our study. Increase in the level of carbohydrate content was observed at all concentrations of salt up to 5
th
 d but 

when compared to control due to toxicity and intolerance, the deprivation might have occurred in other follow up days. 

Similar to this report, many studies also report increased synthesis of carbohydrates stimulated by stress conditions 

(Shaila and Pratima 2010; Gill et al., 2002; Tomaselli et al., 1987; Warr et al., 1985). Thus carbohydrates play an 

important role in the osmotic regulation of cells and increases in content up to certain level of tolerance. Protein 

synthesis was also triggered under salt stress as 14 µg/ mL and 17 µg/mL of protein content was observed among 

treated cells of C. vulgaris and C. reinhardtii which was 7-8 times greater to the amount among untreated cells (2 

µg/mL). Salt treated cells of C. vulgaris and C. reinhardtii did not show any significant increase in lipid content when 

compared to control cells except 50 mM of NaCl concentration increased lipid content to the maximum of 63. 21 

µg/mL in C. vulgaris. This suggests that low salinity improves lipid production in C. vulgaris but not in C. reinhardtii 

(Table 1).  

Phenol content increased at the low salinity of 50mM NaCl rather than 150, 250 and 350 mM in C. vulgaris 

up to 33±0.7 µg/mL whereas gradual decrease in phenol content was observed at all concentrations of NaCl in  C. 

reinhardtii. Flavonoid content in both C. reinhardtii and C. vulgaris content remarkably increased higher among 

treated cells than in control cells. Maximum level of flavonoid in C. vulgaris was reported to be 232 µg/mL on 15
th 

of 

350 mM NaCl treated cells while in C. reinhardtii maximum level of flavonoid was reported to be 197 µg/mL on 15
th 

d 
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of 50 mM NaCl treated cells (Table 1). In both the cultures, flavonoid content was enhanced up to 15
th

 d of growth 

curve followed by diminishment while in control cells there was a gradual increase in flavonoid from 0
th
 d to 25

th
 d. 

 

4. Conclusion  

 Microalgae C.vulgaris and C.reinhardtii can acclimate to high salt concentration; under these condition the 

rate of cell division slowed with the gradual increase in salt concentration. Low and moderate salinity influenced the 

synthesis of total chlorophyll, carotenoids and astaxanthin in both the cultures. Salt tolerance protein might have also 

been produced since remarkable increase in protein synthesis was observed with the increase of salinity. Secondary 

metabolites, phenol and flavonoid synthesis varied among C.vulgaris and C.reinhardtii in response to salt 

concentration. Higher salt tolerance was expressed mainly with increase in protein level and elevation in 

carbohydrate and lipid levels on the initial days of acclimatization; suggesting salt stress protein and solutes has an 

efficient protective mechanism against physiological drought caused by the hypertonic environment and against the 

toxicity induced by excessive amounts of the sodium ion.    
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Table. 1. Variation in bio-chemical and phyto-chemical parameters Data are the mean ± SD (n = 3). *P < 0.05, **P < 0.01, ***P<0.001 compared with control. Note: C- Control, T1-  NaCl 50 mM, T2- 

NaCl 150 mM, T3- NaCl 250 mM, T4- NaCl 350 mM. C1, C2- Carbohydrate; P1, P2- Protein; L1, L2- Lipid; Ph1, Ph2-Phenol; F1, F2- Flavonoid 

 

 

 

 

Salt and 
its conc. 

 

Days 

Chlorella vulgaris Chlamydomonas reinhardtii 

Primary metabolites Secondary metabolites Primary metabolites Secondary metabolites 

C1 
µg/mL 

P1 
µg/mL 

L1 
µg/mL 

Ph1 
µg/mL 

Fl 
µg/mL 

C2 
µg/mL 

P2 
µg/mL 

L2 
µg/mL 

Ph2 
µg/mL 

F2 
µg/mL 

 
 

C 

0 0 1±0.02* 5.4±0.1** 4±0.09* 0.017 0 0 8.8±0.20* 4±0.09** 0.014 

5 42±0.9* 3±0.07* 7.2±0.16* 5±0.11* 0.022 19±3.6* 2±0.04* 6.4±0.14* 0 0.004 

10 115±2.6* 1±0.02* 47.1±1.0* 5.5±0.1* 0.142 62±1.4** 0 9.8±0.22* 21±0.49* 0.062 

15 251±5.8** 1±0.02*  15.6±0.3* 11±0.2* 0.134 109±2.5* 0 13.6±0.3* 6±0.14** 0.08 

20 124±2.8* 2±0.04* 44.1±1.0* 21±0.4* 0.139 124±2.8 2±0.04* 45.9±1.0* 11±0.25* 0.101 

25 254±5.9** 1±0.02* 31.7±0.7* 20±0.4* 0.145 203±4.7* 1±0.02* 12.6±0.2* 20±0.4* 0.152 

 
T1 

0 24±0.5* 1±0.02* 11.2±0.2* 2±0.04* 0.050 47±1.0* 1±0.02* 8.5±0.19* 2±0.04* 0.035 

5 76±1.7*** 4±0.09* 16.6±0.3* 33±0.7* 0.069 32±0.7** 2±0.04* 23±0.53* 0 0.023 

10 21±0.4* 5±0.1** 63±1.4** 20±0.4* 0.082 22±0.5** 2±0.04* 11.7±0.2* 2.5±0.05* 0.041 

15 58±1.3** 2±0.04 9.6±0.2* 16±0.3* 0.016 12±0.28* 8±0.1** 4.8±0.11* 5.5±0.12* 0.197 

20 37±0.8*** 11±0.25 23.9±0.5* 10±0.2* 0.176 7±0.16** 17±0.3* 18.6±0.4* 2±0.04* 0.059 

25 120±2.8* 1±0.02* 18±0.42* 29±0.6* 0.198 4±0.09** 1±0.02* 8.4±0.19* 10±0.23* 0.084 

 
 

T2 

0 27±0.6*** 5±0.1** 12±0.28* 0 0.028 56±1.3* 1±0.02* 9.6±0.22* 0 0.018 

5 86±2.0* 1±0.02* 4.3±0.1* 4±0.09* 0.033 43±1.0** 3±0.07* 15.6±0.3* 0 0.014 

10 38±0.8** 2±0.04* 16.5±0.3* 8±0.1** 0.063 19±0.4* 3±0.07* 9.6±0.22* 0 0.021 

15 30±0.7** 8±0.18* 5.9±0.13* 1±0.02* 0.005 101±2.3* 13±0.3* 8.8±0.20* 4±0.09** 0.157 

20 47±1.0** 12±0.2* 12.8±0.2* 5±0.1** 0.183 22±0.51* 15±0.3* 10.6±0.2* 0 0.042 

25 112±2.6 1±0.02* 8.5±0.19* 12±0.2* 0.038 7±0.16** 1±0.02* 6±0.14** 5±0.1*** 0.039 

 
 

T3 

0 25±0.5** 2±0.04* 8.5±0.1** 0 0.028 30±0.7** 1±0.02* 9.2±0.21* 0 0.017 

5 59±1.3** 1±0.02* 10±0.23* 8±0.18* 0.030 45±1.0** 1±0.02* 8.6±0.20* 2±0.04** 0.019 

10 21±0.4* 0.5±0.1* 17.7±0.4* 14±0.3* 0.024 19±0.44* 1±0.02* 9.6±0.22* 0 0.009 

15 40±0.9** 8±0.18* 4.1±0.09* 8±0.01* 0.194 7±0.16** 12±0.2* 10.8±0.2* 2±0.04** 0.178 

20 13±0.3* 14±0.3* 12.8±0.2* 2±0.04* 0.059 19±0.44* 17±0.3* 9.4±0.21* 0 0.039 

25 68±0.3* 1±0.02* 6.6±0.15* 11±0.2* 0.033 35±0.81* 1±0.02* 5.2±0.1** 2.5±0.05* 0.051 

 
 

T4 

0 30±0.7* 4±0.09* 2.5±0.05* 0 0.025 39±0.91* 1±0.02* 11±0.26* 0 0.019 

5 32±0.7* 1±0.02* 4.5±0.1* 4.5±0.1* 0.059 31±0.7** 1±0.02* 8.4±0.19* 2±0.04** 0.045 

10 4±0.09** 1±0.02* 10±0.23* 2±0.04* 0.002 40±0.93* 3±0.07* 15±0.35* 5±0.1*** 0.008 

15 4±0.09** 12±0.28 7.8±0.18* 4±0.09* 0.232 26±0.60* 13±0.3* 16.4±0.3* 2±0.04** 0.147 

20 5±0.1*** 1±0.02* 6.8±0.15* 0 0.042 10±0.23* 16±0.3* 5.6±0.13* 0 0.031 

25 19±0.4* 0.5±0.1* 5.2±0.1** 2±0.04* 0.006 26±0.60* 1±0.02* 6.6±0.1** 2±0.04** 0.017 


