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Abstract
Regarding increasing rate of drug resistance among microbial pathogens, a global search to find new antimicrobial agents

from natural compounds with fewer side effects has been considered by many researchers worldwide. Bioactive compounds
with good antimicrobial activity have been isolated from different algae and cyanobacteria. The current study was performed
to determine antimicrobial potential and to characterize the effect of algal growth modes (autotrophic, heterotrophic and
mixotrophic) and extraction solvents on antimicrobial activity of the microalgae Chlorella vulgaris against four bacterial and
one fungal pathogens. C. vulgaris was grown under different growth conditions and the biomass was harvested. Different
extracts were prepared using acetone, chloroform and ethyl acetate as extraction solvents and antimicrobial activity of the
extracts was investigated against two Gram positive bacteria (Bacillus subtilis and Staphylococcus aureus), two Gram
negative bacteria (Escherichia coli and Pseudomonas aeruginosa) and a fungal strain (Candida albicans) using agar well
diffusion assay. In addition, Minimal Inhibitory Concentration (MIC) of the extracts were determined. Moreover, the total oil
content and lipid productivity of C. vulgaris grown under different modes were determined. The heterotrophic growth
resulted in stronger antimicrobial activity compared to the other growth conditions. In addition, the highest antimicrobial
activity was observed for chloroform mediated extract and extraction using acetone resulted in minimum antimicrobial
activity. Moreover, heterotrophic and mixotrophic growth significantly increased the total lipid content and lipid productivity
compared to the autotrophic growth. C. vulgaris exhibited good antimicrobial potential and the antimicrobial efficacy could
be influenced by extraction solvents and growth conditions.
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Introduction

Owing to the alarming increase of drug resistance
among microbial pathogens, many efforts have been
made to discover and characterize new antimicrobial
agents (1, 2). Aquatic organisms including bacteria,

protect against predation, herbivory and to compete for
space (4). In this regard, various materials such as
amino acids, terpenoids, phlorotannins, alkanes,
halogenated ketones, steroid compounds, cyclic

algae, sponges, aquatic weeds, etc. produce a large
number of bioactive compounds with antimicrobial,
anticancer and antioxidant activity. The organisms
produce these compounds to protect themselves against
biotic and abiotic factors (3).

Algae comprise of a heterogeneous group of organisms
which are divided into microalgae and macroalgae,
based on their size. These organisms produce a high
variety of secondary metabolites in order to adapt
themselves tothe environmental conditions and/or to
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polysulfides, fatty acids, acrylic acid, phenols, etc. are
obtained from algae, some of which have good
antimicrobial activity and could be employed as
pharmaceutical agents (5, 6).

According to the source of carbon, microalgae can be
classified as autotrophs, mixotrophs and heterotrophs.
Autotrophic  microalgae require only inorganic
compounds such as CO, as a carbon source while,
heterotrophic microalgae cannot fix carbon and use
organic carbon for growth. Some photosynthetic

Pharm Biomed Res 2016; 2(4): 65


https://en.wikipedia.org/wiki/Carbon_fixation
https://en.wikipedia.org/wiki/Organic_compound

Mashhadinejad et al.

microalgae are recognized as mixotrophs which have
both autotrophic and heterotrophic growth (7, 8).
Chlorella is a marine microalgae able to grow in all the
above conditions (9). Medicinal properties of Chlorella
sp. such as antibacterial, antifungal and anti-cancer has
been reported previously (10-12). Antibacterial activity
of Chlorella was first documented in 1944 and was
reported to be associated with a mixture of Cyg fatty
acids named ‘chlorellin’(10).

Production rate and type of bioactive compounds
produced by microalgae could be influenced by growth
condition which may affect antimicrobial activity of the
algal extract. Thus, this study aimed to investigate the
possible effect of different growth modes on
antimicrobial activity of the microalgae Chlorella
vulgaris. Simultaneously, the effect of different
extraction solvents including acetone, chloroform and
ethyl acetate on antimicrobial potential of C. vulgaris
was determined.

Materials and method

Sample purification and preliminary culture

C. wulgaris was obtained from the Sturgeon Research
Institute, Rasht city, Iran. The alga was washed several
times and cultivated in Zinder (Z-8 + N) solid medium.
Then, repeated cultivation in Zinder broth (pH 7) was
performed and the axenic algal culture was obtained.
The Zinder medium contained (g/l): 1, NaNOs; 0.19,
H3BO;; 0.625 Ca( No3),.4H,0; 0.5, Mg(SO,).7H,0;
0.075, KH,POy; 0.1, Na,COg5; 0.005, FeCl;.6H,0; 0.01,
EDTA Nay; 0.03, KBr; 0.008, (NH)sMO;04.4 H,0;
0.001, MnCl,4 H,0;0.001,Na;Si03.9H,0; 0.008,
Ca(S0,).5H,0; 0.5, ALy(SO4);.18 H,0; 0.03, K. In
order to solidify, 1.5% agar was added to the culture
medium prior to autoclaving (13). In order to prepare
the starter culture, the algal cells were inoculated at 10%
(VAv) into Zinder broth medium at 25 °C, under a 2500
lux light intensity with a 12:12 h light period for seven
days.

Growth conditions

The batch cultivation of the microalgae was performed
by inoculating 10% of starter culture into 250 mL
Zinder medium in a 500 mL flask. The incubation was
performed at 30 °C and the cultures were air-aerated
with a flow rate of 0.01 ml/min. For photoautotrophic
cultivation, the cultures were illuminated with a 2500

lux light intensity with a 12:12 h light photoperiod. For
mixotrophic and heterotrophic cultivation, glucose (12
g/l) and glycerol (4.0 g/l) were used as carbon sources
with and without light illumination, respectively. All
flasks were shaken at 150 rpm.

Extraction

At the end of log phase, algal cells from different
growth modes were harvested using centrifugation at
3000 g for 5 min. The pellets were washed twice with
distilled water and dried at 70 °C in a vacuum oven
until a constant weight was obtained. Extraction was
performed using the solvents of different polarity:
acetone, ethyl acetate and chloroform. Five grams of
the algal powders from different cultures were
suspended in the solvents at the ratio of 6:1 (v/w), left at
room temperature for 48 h and then, were sonicated (24
KHz/240 W) for 15 min (Misonix Sonicator 3000).
Finally, the suspensions were centrifuged at 3000 g for
10 min and the supernatants were filtered and
concentrated. The extracts were kept in dark at 4 °C
until use.

Microbial strains

Antimicrobial activity of algal extracts against
microbial pathogens including two Gram positive
bacteria (Staphylococcus aureus ATCC 6538; Bacillus
subtilis ATCC 6051), two Gram negative bacteria
(Escherichia coli ATCC 8739; Pseudomonas
aeruginosa ATCC 9027) and one fungal strain
(Candida albicans ATCC 10231) were investigated.

Antimicrobial activity of algal extracts

Antimicrobial activity of different algal extracts against
microbial pathogens was investigated using agar well-
diffusion assay. Briefly, fresh cultures of microbial
strain were prepared and a suspension of each
microorganism with the approximate cell populations
of 1.5%10® CFU/mI was prepared in distilled water.
Microbial strains were inoculated uniformly onto the
surface of Muller-Hinton Agar (bacteria) and
Sabouraud Dextrose Agar (fungus) using sterile cotton
swabs. Wells of approximately 6 mm in diameter were
bored using a well cutter and 50 pL of algal extracts
were added to the wells. The plates were incubated at
37 °C for 24 and 72 h for bacterial and fungal strains,
respectively. The assay was performed in triplicates and
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the diameter of zones of inhibition (ZOI) formed
around the wells were determined. The exiraction
solvents were used as negative controls and disks with
anti-bacterial agent Gentamycin (10 pg) or antifungal
agent Nystatin (100 1U) were used as positive controls
(24).

Minimal inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC) was
determined for algal extracts using the broth micro-
dilution method to give a concentration between 160
and 5 mg/ml (15). Briefly, a gradient of each extract
was prepared in 96-well microtiter plates and inoculated
with 100 pL of microbial suspensions. In order to
prepare microbial inocula, fresh microbial cultures were
suspended in Muller Hinton broth for bacteria and
Sabouraud Dextrose Broth for the fungus strain. The
final microbial cells concentration was adjusted to
5x10° CFU/mI. MIC was determined as the lowest
extract concentration that prevents visible bacterial
growth after 24 and 72 h of incubation at 37 °C for the
bacteria and fungus, respectively. Appropriate controls
of medium with microorganisms or each extract were
included. The assay was performed in triplicates for
each microorganism and the final results were
presented as the arithmetic average.

Extraction and determination of lipids

Algal cells were harvested by centrifugation as
described above and the pellets were washed with
distilled water and dried. Fifty mg of dried algal
biomass was taken in 15 mL of test tube, 1.6 mL of
double distilled water, 4 mL methanol and 2 mL of
chloroform were added and mixed thoroughly for 30
s.Then, an additional 2 mL of chloroform and 2 mL of
double distilled water were added and the solution was
mixed for 30 s. Following this, the mixture was
centrifuged, at 2000 xg for 10 minand the upper layer
was decanted and the lower chloroform layer
containing the extracted lipids was collected in another
test tube. The extraction procedure was repeated again
with the residual pellet and both the chloroform extracts
were mixed together and evaporated till it gets dried.
The dried total lipids were measured gravimetrically
and lipid content was calculated as dry mass percentage
(16). In addition, the lipid productivity [PL(mg/(I-day)])
was calculated according to the: Eq. (1) (17).

Lipid productivity =

biomass productivity (mg L. d %) x lipid content

100

1)

Statistical analysis

SPSS 18.0 software was used for statistical analysis.
Difference in the antimicrobial activity of different
extracts against each microbial strain was evaluated
using the one-way ANOVA and a P value of 0.05 was
considered as statistically significant.

Results

Screening of antimicrobial activity under different
growth modes

Antimicrobial activity of C. wvulgaris grown under
different modes was investigated using agar well-
diffusion method. According to the results, the diameter
of Zone of Inhibition (ZOI) depended on the growth
modes, type of solvents and the tested microbial strain.
Overall, almost all C. wulgaris extracts showed
antibacterial activity regardless of the growth modes
and the extraction solvents. However, there was
differences in the antimicrobial potential of the algal
extracts. Generally, C. wulgaris grown under
heterotrophic condition showed higher antimicrobial
activity specially against Gram negative and the fungal
strain, while the lowest antimicrobial activity was
observed for the alga grown under autotrophic
condition. Compared to the autotrophic mode,
mixotrophic growth of C. wulgaris increased its
antibacterial activity against two Gram positive
bacteria, S. aureus and B. subtilis, while, heterotrophic
growth showed better antimicrobial activity against the
Gram negative bacteria (E. coli and P. aeruginosa) and
the fungal pathogen C. albicans. However, there was
not a significant difference in antibacterial and
antifungal potential of C. wulgaris grown under
heterotrophic and mixotrophic conditions. Moreover,
the least antibacterial and antifungal activity was
observed when the algal extract from autotrophic
condition was evaluated.

B. subtilis and S. aureus were the most susceptible
bacteria with the ZOI of 23 and 22 mm when exposed
to the chloroform and ethyl acetate extracts from
mixotrophic culture, respectively. The highest microbial
resistance to algal extract was observed for both Gram
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negative bacteria with ZOI of 6 mm when exposed to
acetone mediated extract from autotrophic culture. ZOlI
for the standard antibiotics were in range of 14 to 24
mm/disk. The antimicrobial activity of C. wulgaris
grown under different growth conditions was presented
in Figure 1.

According to our results, extraction using chloroform
resulted in the highest antimicrobial activity against the
microbial pathogens. The only exception was observed
for the ethyl acetate mediated extract from mixotrophic
culture which showed higher antibacterial activity
against S. aureus. In addition, acetone mediated extracts
showed lower antimicrobial potential compared to the
other solvents.

MIC values of algal extracts

In addition, the MIC of the extracts from C. vulgaris
grown under different conditions was determined. The
MIC of C. vulgaris against microbial pathogens ranged
from 10-160 mg/ml, depending on the growth modes
and the extraction solvents. Heterotrophic growth
reduced the MIC values of C. vulgaris extracts against
microorganisms while, mixotrophic and autotrophic
growth resulted in moderate and high MIC values,
respectively. Among the microbial pathogens, the
highest susceptibility was observed for B. subtilis
(MIC= 10 mg/ml) and S. aureus (MIC = 20 mg/ml) to
the algal extract from heterotrophic culture while, the
highest resistance was recorded for E. coli (MIC = 160)
and P. aeruginosa (MIC = 160) to the extracts from
autotrophic growth.

The chloroform extracts were more potent than other
extracts against the majority of tested microbial strains
and showed lower MIC values. The least MIC value
was recorded for the chloroform extract against B.
subtilis (MIC = 10 mg/ml) while, the acetone mediated
extracts showed high MIC values, especially against
Gram negative bacteria (MIC > 40 mg/ml). The MIC
values of different algal extracts against microbial
pathogens were presented in Table 1.

Lipid content and productivity

As summarized in Fig. 2, different culture conditions
resulted in significant difference in the lipid content and
productivity of C. vulgaris. The lowest lipid content,
based on the dry cell mass, was 32.13 % which was

obtained in the autotrophic culture, and the highest
value of 56.16 % was obtained when the alga was
cultured in heterotrophic condition that was
significantly different compared to the control (p <
0.05).The differences in lipid volumetric productivity
caused by the effects of glucose/glycerol (12:4 g/l.)
addition was more expressed than in the lipid content.
Supplementation with organic substances stimulated
the lipid volumetric productivity of C. vulgaris. The
maximum lipid productivity (83.56 mg/(l.day)) was
achieved when C. wulgaris was cultured in
heterotrophic condition, which was 29.01 times higher
than the autotrophic mode.

Discussion

Physical and chemical conditions of culture media
affect the biochemical compositions in algal cultures.
Several studies were performed on the effects caused
by changes in levels of specific elements, culture time,
temperature, pH and culture model (18, 19). It is
possible to manipulate the culture condition to enhance
biological activities of microalgae. In the current study,
the possible effects of growth conditions and extraction
solvents on antimicrobial potential of C. vulgaris was
determined. In the last few decades, researchers have
recognized the increasing importance and value of
microalgae as a potential source of novel antimicrobial
agents (20, 21). Several studies documented
antibacterial activity of Chlorella species (22-24).
However, few attempts to manipulate the antimicrobial
activity based on the culture conditions were
performed.

Chlorella sp. can adapt to different growth conditions
such as phototrophic, heterotrophic and mixotrophic
cultivation (9, 25), and some reports have indicated that
the lipid content and productivity could be greatly
dependent on those conditions (9, 26, 27). In the current
study C. wulgaris showed different levels of
antimicrobial activity under autotrophic, heterotrophic
and mixotrophic growth. According to our results, oil
content and productivity of C. vulgaries grown under
different modes varied. In a Previous study,
heterotrophic and mixotrophic growth increased the
lipid content and oil productivity of C. vulgaris which
was similar to our finding (28).
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Table 1 The MIC values of different extracts of C. vulgaris

MIC (mg/ml)
Autotrophic Heterotrophic Mixotrophic
Microorganisms Ethyl Ethwl Ethyl
Acetone  Chloroform aoctate Acetone  Chloroform aoctate Acetone  Chloroform acetate
B. subtilis 40 10 20 20 10 10 40 20 20
S. aureus 80 80 80 40 20 10 40 20 20
E. coli 160 160 80 80 80 80 80 80 80
P. aeruginosa| 160 80 80 80 80 80 80 80 80
C. albicans 160 80 80 80 40 40 160 80 80
70
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[ Lipid content(%) & Lipid productivity (mg/l d)

Figure 2 Effect of different growth modes on the lipid content and productivity of C. vulgaris.
Values are mean = S.D., N = 3; the significance of differences is denoted by different letters (p <

0.05)

Oil productivity is defined as the oil produced by the
algae per day per liter of culture, which is dependent on
both growth rate and lipid content.

Increased antimicrobial activity of C. vulgaris grown
under heterotrophic and mixotrophic modes could be
associated to higher lipid productivity under mentioned
conditions. Biochemical composition in the C. vulgaris
culture has been documented to be variable under
different growth conditions. In addition, Liang et al., (9)
reported that heterotrophic and mixotrophic growth of
C. wulgaris increased total lipid production which was

in accordance with our results. Moreover, it has been
reported that heterotrophic and mixotrophic growth
could increase production of some unsaturated fatty
acids and algal pigments (9, 27, 28).

Mixtures of polyunsaturated and saturated fatty acids
produced by microalgae are identified as antimicrobial
agents especially towards Gram-positive bacteria. Thus,
the higher susceptibility of Gram positive bacteria in
our study could be attributed to the unsaturated fatty
acids produced by C. vulgaris. Recently, long-chain
unsaturated fatty acids and hydroxylated derivatives
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such as 15-hydroxyeicosapentaenoic acid and 15-
hydroxyeicosatrienoic acid with inhibitor activity to
Methicillin resistant S. aureus (MRSA) were discussed
as potential agents in treatment of multidrug resistant
infections (29). In an study it was found that
Hexadecanoic acid (16:0) was the most abundant fatty
acid component in the autotrophic growth of C.
vulgaris, while octadecadienoic acid (C18:2) was the
largest portion for the heterotrophic and mixotrophic
growth. Increased antimicrobial microbial activity of C.
vulgaris from heterotrophic and mixotrophic cultures
could be attributed to the higher biosynthesis of
unsaturated fatty acids. Although the exact mechanism
of action for the algal fatty acids in not well understood,
damage to the cell membrane seems to be the most
probable mechanism. Algal fatty acids could penetrate
to the microbial cell membrane and cause membrane
damage and eventually cell death (29).

In addition to the fatty acids, it has been suggested that
antimicrobial activity of C. vulgaris could be attributed
to its proteins, vitamins, carotenoids and phenolic
compounds (30, 31). The antifungal activity of the algal
culture filtrates has been attributed to the presence of
bioactive compounds such as phenolic compounds,
saponins and alkaloids in the algal culture filtrates (32).
Many researchers reported higher algal biomass
production under heterotrophic and mixotrophic culture
(27, 28). Thus, the higher antimicrobial activity under
these conditions may be due to the higher production of
the mentioned molecules as well.

In our study, Gram positive bacteria showed higher
susceptibility to the algal extract. This finding was
similar to the previous studies. Bhagavathy et al.,
reported higher susceptibility of Gram positive bacteria
against different extracts from a green algae
Chlorococcum humicola (33). In addition, higher
susceptibility of Gram positive bacteria to algal extracts
was reported by Prashantkumar et al., (21). The higher
susceptibility of Gram positive bacteria to the algal
extracts could be attributed to the difference of Gram
positive and Gram negative bacterial cell envelope. In
Gram positive bacteria, bacterial cells are surrounded
by only one lipid membrane named cytoplasmic
membrane and peptidoglycan. In contrast, Gram
negative bacteria have two lipid membranes which
protects them against antimicrobial agents and may
cause higher resistance of bacterial cells to the algal

extracts. Lack of additional lipid membrane in Gram
positive bacteria may increase their susceptibility of
penetration of antimicrobials and cell damage (21, 33,
34).

Different solvents were used for the extraction process
in order to enhance the antimicrobial potential of the
algal extract. In this study chloroform and ethyl acetate
mediated extracts showed the highest activity against
tested microbial pathogens which was in accordance
with the results from Bhagavathy et al., (33). They used
several solvents to extract antimicrobial compounds
from C. humicola, and showed antimicrobial activity of
the extract depends on the extraction solvent. In
addition, similar to our study, they showed chloroform
and ethyl acetate mediated extracts had the highest
antimicrobial potential.

The chemical nature and the polarity of the solvents
used in the extraction process determine the extraction
yield and composition of the extract and thus the
biological activity. The difference in antimicrobial
activity of different solvent mediated extracts could be
attributed to the degree of polarity of algal bioactive
compounds which determines their solubility in
extraction solvents and extraction efficacy. The
importance of using multiple solvents has been
highlighted in biological screenings of microalgae (31,
35) and the bioactivities being largely dependent on the
characteristics of the extraction solvent and the
corresponding solubility of specific chemicals.

Conclusion

In conclusion, C. wulgaris showed moderate to high
antimicrobial activity which could be influenced by
growth condition and extraction solvents. Heterotrophic
and mixotrophic growth significantly  increased
antimicrobial activity. In addition, chloroform mediated
extract the highest antimicrobial potential was observed
when chloroform was used as extraction solvent.
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