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Abstract

The aim of the study is to examine in vitro antioxidant and antimicrobial activities of the methanol extract of the green microalga 
Trentepohlia umbrina. Antioxidant activity was evaluated by five different methods: free radical scavenging, superoxide anion radical 
scavenging, reducing power, determination of total phenolic compounds and determination of total flavonoid content. As a result of the 
study methanol extract of Trentepohlia umbrina had moderate free radical scavenging activity with IC50 values 665.28 μg/ml. Moreover, 
the tested extract had effective reducing power and superoxide anion radical scavenging. Total content of phenol and flavonoid in 
extract were determined as pyrocatechol equivalent, and as rutin equivalent, respectively. The antimicrobial activity was estimated by 
determination of the minimal inhibitory concentration by the broth microdilution method against five species of bacteria and five 
species of fungi, including agents of human, animal and plant diseases, mycotoxin producers, and food spoilage agents. Generally, the 
tested extract had relatively strong antimicrobial activity against the tested microorganisms with minimum inhibitory concentration 
values ranging from 1.25 to 5 mg/ml. The present study shows that tested methanol extract demonstrated relatively strong antioxidant 
and antimicrobial activities. It suggests that this microalga may be used as good sources of natural antioxidant and antimicrobial agents. 
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Introduction

Oxidative stress is initiated by reactive oxygen species 
(ROS), such as superoxide anion radicals (O2

-), hydrogen 
peroxide (H2O2), hydroxyl radicals (OH) and singlet oxy-
gen (1O2). At normal physiological concentrations ROS 
are required for cellular activities. However, at higher con-
centrations, ROS can be toxic, leading to the development 
of over hundred of diseases which range from arthritis and 
connective tissue disorders to carcinogenesis, physical in-
jury, infection and acquired immunodeficiency syndrome 
(Athar Abbasi et al., 2012).

The most effective way of eliminating ROS which 
cause the oxidative stress is with the help of antioxidants. 
Antioxidants, both synthetic or natural, can be effective to 
help human body in reducing oxidative damage by ROS 
(Souri et al., 2008). However, recently, it is suspected that 
synthetic antioxidants such as butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), tert-butylhyd-
roquinone (TBHQ) and propyl gallate (PG) have dem-
onstrated toxic and carcinogenic effects (Kosanić et al., 
2011). For this reason, significant attention has been given 
to natural antioxidants for their capacity to protect organ-
isms from damage induced by oxidative stress (Gulcin et 
al., 2004). In order to find new natural sources of antioxi-
dants, attention was focused on algae.

Algal organisms are rich sources of structurally novel 
and biologically active metabolites. Secondary or primary 

metabolites produced by these organisms may be potential 
bioactive compounds of interests in the pharmaceutical in-
dustry (Ely et al., 2004; Tuney et al., 2006). Algae produce 
a number of secondary metabolites as a chemical defense 
against predation, herbivores and competition for space 
(De lara Isassi et al., 2000). Since algae have been used in 
traditional medicine for a long time and also some algae 
have bacteriostatic, bactericidal, antifungal, antiviral and 
antitumor activity, they have been extensively studied by 
several researchers ( Justo et al., 2001; Saeidnia et al., 2009; 
Uma et al., 2011a). 

Trentepohlia spp. of the aerial Chlorophyceae are cosmo-
politan, occurring mainly in the tropical and subtropical 
regions. The algae are considered to have a high tolerance 
and adaptability to severe conditions such as desiccation 
and high temperatures. The colonies of Trentepohlia spp. 
are a reddish orange to green under various conditions. 
Trentepohlia spp. are known to possess a large amount 
of carotenoids, especially β-carotene, when the algal cells 
turn reddish orange. β-carotene is an essential component 
of the light-harvesting complexes and reaction centers of 
the photosynthetic apparatus. Carotenoids protect chlo-
rophylls, and the thylakoid membrane is protected against 
photooxidative damage by absorbing an excess amount of 
solar energy (Abe et al., 1998).

Trentepohlia umbrina is one of the most widespread 
species of the genus; records exist for almost all regions 
of the world where Trentepohliales have been collected. 
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DPPH scavenging effect (%) = [(A0 - A1)/A0] × 100
where A0 is the absorbance of the negative control (2 

ml of methanol solution of DPPH radical + 1 ml of 5% 
DMSO) and A1 is the absorbance of reaction mixture or 
standard.

The inhibition concentration at 50% inhibition (IC50) 
was the parameter used to compare the radical scavenging 
activity. A lower IC50 meant better radical scavenging ac-
tivity.

Reducing power
The reducing power of extract was determined accord-

ing to the method of Oyaizu (1986). The stock solution 
of the extract was prepared in 5% DMSO to achieve the 
concentration of 1000 µg/ml. Further, two-fold dilutions 
were made to obtain concentrations of 500, 250, 125, 62.5 
µg/ml One millilitre of each extract was mixed with 2.5 ml 
of phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and potassium 
ferricyanide (2.5 ml, 1%). The mixtures were incubated at 
50oC for 20 min. Then, trichloroacetic acid (10%, 2.5 ml) 
was added to the mixture and centrifuged. Finally, the up-
per layer (2.5 ml) was mixed with distilled water (2.5 ml) 
and ferric chloride (0.5 ml; 0.1%). The absorbance of the 
solution was measured at 700 nm in spectrophotometer. 
Blank was prepared with all the reaction agents without 
extract. Higher absorbance of the reaction mixture indi-
cated that the reducing power is increased. Ascorbic acid 
was used as positive control.

Superoxide anion radical scavenging activity
The superoxide anion radical scavenging activity of ex-

tract was detected according to the method of Nishimiki 
et al. (1972). The stock solution of the extract was pre-
pared in 5% DMSO to achieve the concentration of 1000 
µg/ml. Further, two-fold dilutions were made to obtain 
concentrations of 500, 250, 125, 62.5 µg/ml. Briefly, 0.1 
ml of each extract  was mixed with 1 ml nitroblue tetrazo-
lium (NBT) solution (156 μM in 0.1 M phosphate buf-
fer, pH 7.4) and 1 ml nicotinamide adenine dinucleotide 
(NADH) solution (468 μM in 0.1 M phosphate buffer, 
pH 7.4). The reaction was started by adding 100 μL of 
phenazine methosulphate (PMS) solution (60 μM in 0.1 
M phosphate buffer, pH 7.4). The mixture was incubated 
at room temperature for 5 min, and the absorbance was 
measured at 560 nm in spectrophotometer against blank 
sample (phosphate buffer). Decreased absorbance indicat-
ed increased superoxide anion radical scavenging activity. 
Ascorbic acid was used as standard. The percentage inhibi-
tion of superoxide anion generation was calculated using 
the following formula:

Superoxide anion scavenging activity (%) = [(A0 - 
A1)/A0] × 100

where A0 is the absorbance of the negative control 
(consisting of all the reaction agents except the extract) 
and A1 is the absorbance of reaction mixture or standard.

Sarma (1986) reported the data on its distribution in Eu-
rope. This species is found in many countries such as Aus-
tria, Britain, Bulgaria, Germany, Greece, Latvia, Norway, 
Portugal, Romania, Russia, Spain, Sweden. The morphol-
ogy of this species is generally stable. Thalli of this species 
consisting of many entangled filaments, forming compact 
masses without a distinction between erect and prostrate 
parts. When removed, the thalli are easily fragmented into 
short filaments. The cells vary in shape from globular to 
almost cylindrical, but mostly subglobular or elliptical 
( John et al., 2002; Rindi et al., 2006).

Trentepohlia spp. have been fully investigated for their 
taxonomy, but no data on its biological activity. Because 
of this, in the present study, was examined in vitro anti-
oxidant activity and antimicrobial activity against human, 
animal and plant pathogens of the methanol extract of the 
microalga Trentepohlia umbrina (Kützing) Bornet.

Materials and methods 

Algal sample
Algal sample of Trentepohlia umbrina (Kützing) Bor-

net, was collected from the bark of walnut (Junglas regia) 
in February of 2011, from Kragujevac, Serbia. For identi-
fication of algae, was used standard key ( John et al., 2002). 
Documentation samples are deposited in the algological 
herbarium of the Department of Biology and Ecology, 
Faculty of Sciences, University of Kragujevac, Serbia.  

Extraction
Air-dried algal material (20 g) was extracted using 

methanol (200 ml) for 72h at room temperature. The ex-
tract was filtered through filter paper (Whatman no. 1) 
and then concentrated under reduced pressure in a rotary 
evaporator. The dry extract was stored at -18°C until they 
were used in the tests. The extract was dissolved in 5% di-
methyl sulphoxide (DMSO) for the experiments.

Antioxidant activity
Scavenging DPPH radicals
The free radical scavenging activity of extract was mea-

sured by 1,1-diphenyl-2-picryl-hydrazil (DPPH). The 
method used is similar to Dorman et al. (2004) but was 
modified in details. The stock solution of the extract was 
prepared in 5% DMSO to achieve the concentration of 
1000 µg/ml. Further, two-fold dilutions were made to 
obtain concentrations of 500, 250, 125, 62.5 µg/ml. Di-
luted solutions of extract (1 ml each) were mixed with 2 
ml of methanol solution of DPPH radical (0.05 mg/ml) 
in cuvettes. The mixture was shaken vigorously and al-
lowed to stand at room temperature for 30 min. Then the 
absorbance was measured at 517 nm in a Jenway spectro-
photometer (Bibby Scientific Limited, Stone, UK) against 
methanol as blank. Ascorbic acid was used as standard. 
The DPPH radical concentration was calculated using the 
following equation:
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The inhibition concentration at 50% inhibition (IC50) 
was the parameter used to compare the radical scavenging 
activity. A lower IC50 meant better radical scavenging ac-
tivity.

Determination of total phenolic compounds
Total soluble phenolic compounds in the extract were 

determined with Folin-Ciocalteu reagent according to the 
method of Slinkard and Singleton (1997) using pyrocat-
echol as a standard phenolic compound. Briefly, 1 ml of 
the extract (1 mg/ml) in a volumetric flasc diluted with 
distilled water (46 ml). One millilitre of Folin-Ciocalteu 
reagent was added and the content of the flask was mixed 
thoroughly. After 3 min, 3 ml of sodium carbonate (2%) 
was added and then was allowed to stand for 2 h with in-
termittent shaking. The absorbance was measured at 760 
nm in in spectrophotometer against blank consisting of all 
the reaction agents except the extract. The total concentra-
tion of phenolic compounds in the extract detemined as 
microgram of pyrocatechol equivalent (PE) per milligram 
of dry extract by using an equation that was obtained from 
a standard pyrocatechol graph as follows:

Absorbance = 0.0057 × total phenols [μg PE/mg of 
dry extracts] - 0.1646

(R2 = 0.9203)

Total flavonoid content 
The total flavonoid content was determined using the 

Dowd method (Meda et al., 2005). Two millilitres of 2 
% aluminium trichloride (AlCl3) in methanol was mixed 
with the same volume of the extract solution (1 mg/ml). 
The mixture was incubated at room temperature for 
10 min, and the absorbance was measured at 415 nm in 
spectrophotometer Negative control, without extract was 
used as the blank. The total flavonoid content determined 
as microgram of rutin equivalent (RE) per milligram of 
dry extract by using an equation that was obtained from a 
standard rutin graph as follows:

Absorbance = 0.0296 × total flavonoid [μg RE/mg of 
dry extracts] + 0.0204

(R2 = 0.9595)

Antimicrobial activity
Microorganisms and media 
The following bacteria were used as test organisms in 

this study: Staphilococcus aureus (ATCC 25923), Escheri-
chia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 
70063), Pseudomonas aeruginosa (ATCC 27853) and En-
terococcus faecalis (ATCC 29212). All the bacteria used 
were obtained from the American Type Culture Collec-
tion (ATCC). Their identification was confirmed at the 
Microbiological Laboratory of Kragujevac, University of 
Kragujevac, Department of Biology. Bacterial cultures 
were maintained on Müller-Hinton agar substrates (Tor-
lak, Belgrade). The fungi used as test organisms were: 
Aspergillus niger (DBFS 267), Candida albicans (DBFS 

316), Fusarium oxysporum (DBFS 292), Penicillium 
purpurescens (DBFS 418) and Trichoderma harsianum 
(DBFS 379). All fungi were from the mycological collec-
tion maintained by the Mycological Laboratory within the 
Department of Biology of Kragujevac University’s Faculty 
of Science (DBFS). Fungal cultures were maintained on 
potato dextrose (PD) agar except Candida albicans that 
was maintained on Sabourad dextrose (SD) agar (Torlak, 
Belgrade). All cultures were stored at 4°C and subcultured 
every 15 days. 

Bacterial inoculi were obtained from bacterial cul-
tures incubated for 24 h at 37°C on Müller-Hinton agar 
substrate and brought up by dilution according to the 0.5 
McFarland standard to approximately 108 CFU/ml. Sus-
pensions of fungal spores were prepared from fresh mature 
(3- to 7-day-old) cultures that grew at 30°C on a PD agar 
substrate. Spores were rinsed with sterile distilled water, 
used to determine turbidity spectrophotometrically at 530 
nm, and then further diluted to approximately 106 CFU/
ml according to the procedure recommended by NCCLS 
(1998).

Minimal inhibitory concentration (MIC)
The minimal inhibitory concentration (MIC) was de-

termined by the by the broth microdilution method with 
using 96-well micro-titer plates (Sarker et al., 2007). A 
series of dilutions with concentrations ranging from 40 
to 0.156 mg/ml for extract was used in the experiment 
against every microorganism tested. The starting solutions 
of extract was obtained by measuring off a certain quan-
tity of extract and dissolving it in DMSO. Two-fold di-
lutions of extracts were prepared in Müller-Hinton broth 
for bacterial cultures and SD broth for fungal cultures. 
The MIC was determined with resazurin. Resazurin is an 
oxidation-reduction indicator used for the evaluation of 
microbial growth. It is a blue non-fluorescent dye that be-
comes pink and fluorescent when reduced to resorufin by 
oxidoreductases within viable cells. The boundary dilution 
without any changing color of resazurin was defined as the 
MIC for the tested microorganism at the given concen-
tration. As a positive control of growth inhibition, strep-
tomycin was used in the case of bacteria, ketoconazole in 
the case of fungi. A DMSO solution was used as a negative 
control for the influence of the solvents. 

Statistical analyses 
All data were presented as means ± standard deviations 

(mean ± SD) of three parallel measurements. Statistical 
analyses was performed using using Microsoft Excel soft-
ware. 

Results and discussion

Antioxidant activity
The tested extract had antioxidant activity against various 

oxidative systems in vitro as a shown in Tab. 1 and Tab. 2. 
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DPPH radical scavenging and superoxide anion radi-
cal scavenging of the studied extract are summarised in 
Tab. 1, while reducing power is shown in Tab. 2. The tested 
extract revealed lower antioxidant activities than ascorbic 
acid. The IC50 values were 665.28 and 838.76 µg/ml for 
DPPH radicals and superoxide anion radicals scavenging 
activity, respectively. Measured values of absorbance for 
reducing power in the tested extract varied from 0.0086 
to 0.0588. As a shown in Tab. 2, reducing power was con-
centration dependant (high concentration exhibit high 
reducing power). 

Total phenolic and flavonoid constituents of tested ex-
tract are given in Tab. 3. The amount of total phenolics 
and flavonoids in the extract were 35.39 μg PE/mg and 
13.72 μg RE/mg, respectively. 

Free radical scavenging action is one of the numerous 
mechanisms for antioxidation (Sini and Devi, 2004). An-
tiradical activity of extract was studied by screening its pos-
sibility to bleach the stable DPPH radical. This method is 
based on the formation of non-radical form DPPH-H in 
the presence of alcoholic DPPH solution and hydrogen 
donating antioxidant (AH) by the reaction DPPH + AH 
→ DPPH-H + A (Anandjiwala et al., 2008).

The reducing power of methanol extract of Trente-
pohlia umbrina also may indicate its potential antioxidant 
activity. The reducing features are mainly related with the 
presence of reductones. Gordan (1990) found that the 
antioxidant effect of reductones is based on the destruc-
tion of the free radical chain by donating a hydrogen atom. 
The reduction of ferric ion (Fe3+) to ferrous ion (Fe2+) is 
measured by the strength of the green-blue color of solu-
tion which absorbs at 700 nm. The result presented here 

indicates that the marked ferric reducing power activity of 
extract  to be due to presence of polyphenols which may 
act in a similar way as reductones react with free radicals to 
turns them into more stable products and abort free radi-
cal chain reactions (Sasikumar et al., 2010). 

The superoxide radical scavenging activity of methanol 
extract of Trentepohlia umbrina was estimated based on 
its ability to destroy the superoxide radical produced from 
the PMS/NADH reaction. Decrease in absorbance at 560 
nm with antioxidants indicates that superoxide anion in 
the reaction mixture disappear (Gulcin et al., 2004). 

Antioxidative nature of methanol extract of Trente-
pohlia umbrina might depend on its phenolics. Phenolic 
components are potential antioxidants. Phenolic com-
pounds can donate hydrogen to free radicals and this way 
to stop the chain reaction of lipid oxidation at the initial 
stage. This ability of phenolic compounds to scavenge rad-
icals comes due to the presence of their phenolic hydroxyl 
groups (Sawa et al., 1999). Flavonoids are widely group 
of natural compounds and also the most important natu-
ral phenolics. In most algae, phenols are important anti-
oxidants because of their ability to scavenge free radicals 
such as singlet oxygen, superoxide and hydroxyl radicals 
(Shanab et al., 2011). Numerous researches found a high 
correlations between antioxidative activities of algae and 
phenolic content (Demirel et al. 2011; Sivakumar and Ra-
jagopal, 2011) On the other hand, few studies as Heo and 
Cha (2005) reported that the antioxidant activity, using 
large number of algal species, not always correlate with the 
total phenolic content in each algal extract. These results 
may indicate the possible participation of other active 
substances which exhibit antioxidant activity as pigments 
(chlorophyll, carotenoids), essential oils, and low molecu-
lar weight polysaccharides (Murthy et al., 2005).

In the literature no data on antioxidant activity of Tr-
entepohlia umbrina, but antioxidant activity of some other 
green algae were studied by other researchers. For example, 
Shanab et al. (2011) found that the Enteromorpha compres-
sa, Ulva lactuca and E. linza have moderate antioxidant 
activity. Similar results were reported by Sivakumar and 
Rajagopal (2011) for methanol extract from eight green 
algal species. Uma et al. (2011b) find an antioxidant activ-
ity for the different extracts of green microalgae Desmococ-
cus olivaceous and Chlorococcum humicola. Compared with 
their results, the results of this research suggest that the 
methanol extract of Trentepohlia umbrina showed a rela-
tively powerful antioxidant activity.

Antimicrobial activity
The antimicrobial activity of the tested extract against 

the tested microorganisms was shown in the Tab. 4.
The methanol extract of the tested microalga showed 

relatively similar antibacterial and antifungal activity. The 
MIC for extract related to the tested bacteria and fungi 
were 1.25 - 5 mg/ml. The lowest measured MIC value (1.25 
mg/ml) was related to the Enterococcus faecalis species.

Tab. 1. DPPH radical scavenging activity and superoxide 
anion scavenging activity of methanol extract of Trentepohlia 
umbrina

DPPH radical 
scavenging activity

IC50 (µg/ml)

Superoxide anion 
scavenging activity

IC50 (µg/ml)
Trentepohlia umbrina 665.28 838.76

Ascorbic acid 6.42 115.61

Tab. 2. Reducing power of methanol extract of Trentepohlia 
umbrina

Absorbance (700 nm)
1000 
µg/ml

500
µg/ml

250
µg/ml

125
µg/ml

62.5 
µg/ml

T. umbrina 0.0588 0.0341 0.0233 0.0124 0.0086
Ascorbic acid 0.2113 0.1654 0.0957 0.0478 0.0247

Tab. 3. Total phenolics and flavonoid content of methanol 
extract of Trentepohlia umbrina

Phenolics content
(μg PE/mg of extract)

Flavonoid content
(μg RE/mg of extract)

35.39 13.72
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tion of pure compounds from this algae, which are respon-
sible for its antioxidant and antimicrobial activities.
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