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Abstract
In the present study, it was aimed to cultivate and analyze the potential antimicrobial and anti-
oxidant activity of Porphyridium cruentum. The biomass achieved from P. cruentum cultures 
was processed to obtain ethanol, n-hexane, methanol extracts and volatile components. Antimi-
crobial, antioxidant activities and total phenolic contents of the extracts were investigated by in 
vitro test methods. In addition, volatile compounds of P. cruentum were elucidated by GC/GC-
MS. When compared to the other solvent extracts, a potential antimicrobial activity was ob-
served only in the n-hexane extract. Besides, it showed the best activity against Staphylococcus 
aureus ATCC 6538P. Volatile parts were active only against Pseudomonas aeruginosa ATCC 
27853. The highest amount of total phenolic compounds was found as 62.45±2.0 mg Gallic 
Acid Equivalent/g Dry Weight (mgGAE/gDW) in the n-hexane extract. Statistically, a remark-
able correlation was established between radical scavenging capacities and the total phenolic 
contents of the ethanol extracts. The level of antioxidant capacities varied according to the test 
methods. Consequently, it was thought that P. cruentum could be considered as an important 
origin of natural compounds and a strong alternative to the other natural sources such as higher 
plants, because of potentially valuable antioxidant, antimicrobial constutients. 
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Özet

Porphyridium cruentum’un Antimikrobiyal ve 
Antioksidan Aktivitesi

Bu çalışmada, Porphyridium cruentum’un kültürünün yapılması, potansiyel ant൴m൴krob൴yal ve an-
t൴oks൴dan akt൴v൴tes൴n൴n anal൴z ed൴lmes൴ amaçlandı. P. cruentum kültürler൴nden elde ed൴len b൴yoküt-
le, etanol, n-hekzan, metanol ekstreler൴ ve uçucu komponentler൴n eldes൴ için işlemlerden geç൴r൴l-
d൴. Ekstreler൴n ant൴m൴krob൴yal, ant൴oks൴dan akt൴v൴teler൴ ve total fenol൴k içeriği in vitro test metodları 
൴le araştırıldı. Ayrıca P. cruentum’un uçucu b൴leşenler൴ GC/GC-MS metodu ൴le aydınlatıldı. D൴ğer 
çözgen ekstreler൴ ൴le kıyaslandığında, sadece n-hekzan ekstres൴nde potans൴yel ant൴m൴krob൴yal akt൴-
v൴te gözlend൴. Ayrıca, bu ekstre en ൴y൴ etk൴y൴ Staphylococcus aureus ATCC 6538P’ye karşı gösterd൴. 
Uçucu kısımları sadece Pseudomonas aeruginosa ATCC 27853’e karşı etk൴l൴yd൴. Total fenol൴k b൴le-
ş൴kler 62,45±2,0 mg Gall൴k As൴t Eşdeğer/g Kuru Ağırlık (mgGAE/gKA) değer൴ ൴le en yüksek oranda 
n-hekzan ekstres൴nde bulundu. İstatistiksel olarak, etanol ekstresinin, radikal süpürme kapasitesi ve 
total fenol൴k içeriği arasında önemli bir korelasyon olduğu tesp൴t ed൴ld൴. Ekstreler൴n ant൴oks൴dan akt൴-
v൴te düzey൴ test metoduna bağlı olarak farklılıklar gösterd൴. Sonuç olarak, P. cruentum’un, potans൴yel 
değerl൴ ant൴oks൴dan, ant൴m൴krob൴yal içeriği ile doğal bileşiklerin önemli bir orijini ve yüksek bitkiler 
gibi diğer doğal kaynaklara güçlü bir alternatif olarak kabul edilebileceği düşünüldü.

Anahtar kelimeler: Porphyridium cruentum, antimikrobiyal aktivite, antioksidan aktivite, 
uçucu bileşenler.

1. Introduct൴on
Algae are rich sources of proteins, lipids, carbohydrates, minerals and vitamins. They have 
various applications including food, cosmetics, pharmaceuticals and natural therapies [1-3]. 
Red algae (Rhodophyta) are of increasing interest because of valuable ingredients such as 
phycobiliproteins, sulfated exopolysaccharides, superoxide-dismutase and polyunsaturated 
fatty acids (PUFAs); arachidonic, eicosapentaenoic, docosahexaenoic acids [4, 5]. The red 
microalga genus Porphyridium also synthesizes nontoxic and rather stable pinkish-red color-
ed phycobiliproteins, suitable for use in food and cosmetics [6]. Furthermore, the sulfated 
polysaccharide cell-wall of Porphyridium sp. exhibits considerable antiviral activity against 
Herpes simplex and Varicella zoster viruses [7]. Porphyridium cruentum (Rhodophyta, Por-
phyridiales) attracts commercial interest for the production of eicosapentaenoic acid as a food 
additive and other PUFAs for cosmetics [6]. In addition, sulfoglicolipidic fraction extracted 
from P. cruentum shows antioxidant, anti-inflammatory and anti-proliferative activities [8]. 

Recently, natural antioxidants in plants and seaweeds have been attracted more attention, main-
ly due to the possible health risk associated with synthetic antioxidants [3, 9-11]. Besides, 
many natural antioxidants, especially flavonoids, usually depend on their chemical structures, 
exhibit a wide range of biological effects, including antibacterial, antiviral, anti-inflammatory, 
antiallergic, antithrombotic and vasodilatory activities [11-13].

The present investigation aimed to determine the antimicrobial activity, antioxidant capacity, 
total phenolic content and volatile components of P. cruentum cultured in laboratory conditions.
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2. Mater൴al and Methods

Cultivation and Extraction of P. cruentum
P. cruentum was obtained from Ege University, Microalgae Culture Collection, Izmir, Turkey (Ege-
MACC-9) and cultivated in f/2 medium [14], at pH 7-7.5 and 22oC, under continuous illumination 
at 40 μmol photon m-2 s-1. Cultures were monitored by growth curves which are obtained by count-
ing of the increasing cell numbers by a Neubauer chamber, measuring of the amount of chlorophyl 
a, and dry weight of the cells. Algal cultures were harvested at the end of the stationary phase and 
freeze-dried. Volatile components were extracted by a Clevenger-type apparatus and separately sol-
vent extracts were obtained by using ethanol, methanol and n-hexane in a Soxhlet extractor. The sol-
vents were removed by a rotating evaporator and the extracts were kept at −20°C until testing [15].

GC and GC/MS analysis
The volatile components of P. cruentum were investigated by GC and GC/MS analysis. A HP 
6890 gas chromatograph fitted with a FID and a 5 m x 0.2 mm HP-1 capillary column (0.33 μm 
coating) was utilized for the GC analysis. GC/MS analysis was conducted on a HP 5973 mass 
selective detector coupled with a HP 6890 gas chromatograph, equipped with an HP-1 capillary 
column. Each component was identified by comparison of mass spectra with literature data and 
by a comparison of their retention indices (RI) relative to a C8-C32 n-alkenes mixture [16]. A 
computerized search was performed using the Wiley 275 L. GC/MS library and the ARGEFAR 
GC/MS library, created with authentic samples. 

Antimicrobial activitiy
The extracts of P. cruentum were tested by disc diffusion method [17, 18] against five Gram pos-
itive bacteria (Bacillus cereus ATCC 7064, Bacillus subtilis ATCC 6633, Enterococcus faecalis 
ATCC 29212, Staphylococcus aureus ATCC 6538P, Staphylococcus epidermidis ATCC 12228), 
four Gram negative bacteria (Pseudomonas aeruginosa ATCC 27853, Enterobacter cloacae 
ATCC 13047, Escherichia coli ATCC 29998, Salmonella typhimurium CCM 5445) and one yeast 
strain (Candida albicans ATCC 10239). The suspensions of the fresh cultures of test organisms 
were adjusted to a 0.5 Mc Farland Standard and inoculated on the surface of Mueller Hinton Agar 
medium for bacteria and Sabouraud Dextrose Agar medium for yeast. Stock solutions of solvent 
extracts and volatile components were prepared at 25 mg/mL and 0.3 mg/mL concentrations, re-
spectively. Sterile paper discs (6 mm in diameter) were embedded with different dilutions of the 
stock solution of solvent extracts (1.50, 0.75 and 0.38 mg disc−1) and volatile components (1.5 
μg disc−1). The saturated paper discs were placed on the inoculated medium, and then agar plates 
incubated at 35 °C for 24-48 h. The diameters of the growth inhibition zones were measured in 
millimeters. Gentamycin (30 μg disc−1) and Nystatin (100 μg disc−1) discs were used as positive 
controls. The tests were repeated three times and the means of the three results were calculated.

Antioxidant activity
Solvent extracts of P. cruentum were evaluated by 1, 1-diphenyl-2-picrylhydrazyl (DPPH) [19] 
and Beta-carotene bleaching (BCB) [20] methods. Commercial antioxidants, butylated hydroxy-
toluene (BHT) and Vitamin E (Vit E) were used as positive controls. For the DPPH radical scav-
enging assay, a solution of 0.04% DPPH radical were prepared in methanol (w/v). The solvent 
extracts (1.5 mg/mL) were mixed with DPPH solution and incubated for 20 min in the dark, at 
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room temperature. The decrease in the absorbance at 515 nm was measured and the percent of 
inhibition was calculated. To the BCB test procedure, β-carotene solution (BCS) were added to 
the solvent extract solutions, then immediately measured the absorbance value at 470 nm by using 
a spectrophotometer. The mixture of the extract and BCS was placed in an agitating water bath at 
50 °C. Alterations of the absorbance values dependent on the presence of antioxidant compounds 
were measured at 15 min intervals during 120 min, and percent of inhibition was calculated. 

Total phenolic content (TPC)

TPC of P. cruentum was determined by using Folin-Ciocalteau reagent [10]. The reagent was 
added to the solvent extracts. The mixtures were allowed to react at room temperature for 5 
min., and then 6% (w/v) sodium carbonate was added to the mixtures and agitated gently. After 
standing for 90 min, the absorbance values were read at 725 nm using a spectrophotometer and 
plotted against a gallic acid standard curve (R2=99.41). Total phenolic compounds were calcu-
lated as mg Gallic Acid Equivalent/g Dry Weight (mgGAE/gDW).

Statistical analysis

The results were estimated statistically by ANOVA with LSD test and student’s t test. P value 
of 0.05 or less was taken to indicate statistical significance. Each data value was obtained by 
making at least three independent measurements. Results are shown as mean ± SEM. 

3. Results and D൴scuss൴on
In recent years, biologically active a great number of algal extracts and extracellular products 
have been identified. Composition of useful products in algae is influenced by different factors 
affecting the growth such as temperature, light, algal species, and age of culture [9, 21-23]. In 
the present study a total of 12 components (63.01%), include many hydrocarbons and biologi-
cally active compounds such as carvacrol (2.61%) and caprylene (2.19%) were identified in the 
volatile components of P. cruentum on the basis of comparison with MS data base spectra and 
pure reference compounds (Table 1.).

Table 1. GC-MS analysis results of volatile components extracted from P. cruentum
Rt (min) Compound Area (%)

6.34 Cyclohexane, methyl 21.54
6.73 Heptane, 3-methyl 2.74
6.85 Cyclohexane, 1,2-dimethyl 1.98
7.31 Hexane, 2,3,4-trimethyl 3.69
7.53 2,4-Dimethyl-1-heptene 7.83
11.46 Decane, 2,4,6-trimethyl 3.28
11.96 Caprylene 2.19
12.37 Undecane, 5-methyl 2.81
16.07 Carvacrol 2.61
24.54 3-Ethyl-3-methylheptane 4.21
24.75 Eicosane, 10-methyl 7.83
26.34 n-Nonadecane 2.30

TOTAL 63.01
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Correspondingly, there are several examples in the previous literature about antimicrobial and 
antioxidant activities of various algae. Antibacterial and antifungal activities of the volatile 
components of Spirulina platensis [15] and antibacterial activities of the volatile components 
of Jania rubens [24] against both Gram negative and positive bacteria have been demonstrat-
ed clearly in the researches. The antibacterial and antifungal activity of the solvent extracts 
of Chrococcus sp., Oscillatoria sp., Anabaena sp., Synechocystis aquatilis, Chlorella vulgaris 
have been shown by Katircioglu et al. [23]. Similarly, strong antibacterial activities of dichloro-
methane and n-hexane extracts of Oscillatoria sp. against S. aureus have been declared in an-
other study [25]. Considering the results of antimicrobial tests in this study, the n-hexane extract 
of P. cruentum showed a higher antibacterial activity against both Gram negative (at 1.5 mg /
disc, between 6.5-12 mm zone diameter) and Gram positive bacteria (at 1.5 mg /disc, between 
10-16 mm zone diameter) than the other extracts. It was clearly seen that S. aureus was the most 
susceptible (at 1.5 mg /disc, 16 mm zone diameter) bacterium to the n-hexane extract. However, 
volatile components of P. cruentum were active against only one Gram negative bacteria (at 
1.5μg/disc, 9 mm zone diameter), Pseudomonas aeruginosa. None of the extracts demonstrated 
inhibitory activity against C. albicans (Table 2.). 

Table 2. Antimicrobial activity of P. cruentum according to the agar disc diffusion test
Zone diameters of inhibition (mm)

ME EE HE V G N
G(+) Bacteria a b c a b c a b c
E.faecalis - - - - - - 10 8 - - 17 nt
B.subtilis - - - - - - - - - - 22 nt
S.aureus - - - - - - 16 14 12 - 21 nt
B.cereus - - - - - - - - - - 17 nt
S.epidermidis - - - - - - 10 8 - - 14 nt
G(-) Bacteria

P.aeruginosa - - - - - - 6.5 - - 9 21 nt
E.cloaceae - - - - - - 12 10 8 - 21 nt
E.coli - - - - - - 9 - - - 30 nt
S.typhimurium - - - - - - - - - - 18 nt
Yeast

C.albicans - - - - - - - - - - nt 30
ME: Methanol extract, EE: Ethanol extract, HE: n-Hexane extract, a: 1.5 mg /disc, b: 0.75 mg /disc, c: 0.38 mg /disc, 
G: Gram, nt: not tested, V: Volatile components (1.5 μg/disc), G: Gentamicin (30 μg/disc) , N: Nystatin (100 μg/disc)

Antioxidant capacity of ethanolic extracts of P. cruentum, Phaeodactylum tricornutum and C. 
vulgaris cultivated in Spain have been shown by BCB method and fine chemicals in the ex-
tracts have been analyzed by GC and GC/MS [26]. Similarly, antioxidant activity of sulphated 
polysaccharides of Porphyridium has been reported by Tannin-Spitz et al. [27]. Vijayavel et 
al. tested the antioxidant activity of the alcoholic extract of C. vulgaris, and it has been seen 
that the extract reduced the lipid peroxidation significantly [28]. Wu et al. have reported water 
extract of Spirulina was a stronger antioxidant than Chlorella, which was probably because of 
the higher content of antioxidative phenolic compounds [29]. However, a correlation between 
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total phenolic contents and antioxidant activity has not been detected in all studies related to 
natural sources, because antioxidant impact is caused by different types of natural chemicals in 
the extracts such as ascorbic acid, tocopherol and pigments [11, 30].

In this study, antioxidant potential of the solvent extracts of P. cruentum compared with each 
other and synthetic antioxidants, buthylated hydroxy toluene (BHT) and Vit E (Table 3.). The 
extracts generally exhibited less potent antioxidant effects compared to those commercial anti-
oxidants. When considered the results, P. cruentum possesses varying degrees of antioxidative 
activity to the kind of test methods used. According to the DPPH assay, the best antioxidant 
effect was seen in the n-hexane extract (17.10±0.1 %) of P. cruentum, however, the best anti-
oxidant capacity was found in methanol extract (45.19 ±8.8 %) according to the BCB method. 
Similarly, BHT and Vit E showed different antioxidant ability range depend on the type of the 
test methods. The quantities of the phenolics in solvent extracts of P. cruentum were shown 
in Table 3. The best rate of the TPC was found in the n-hexane extract (46.08±5.4 mgGAE 
/10gDW).

Table 3. Antioxidant activity and TPC of P. cruentum solvent extracts

Extracts
(1.5 mg/mL)

Antioxidant activity (%) TPC
DPPH BCB (mgGAE/g DW)

Ethanol 8.61±0.4 15.50±5.0 9.81±0.4
n-Hexane 17.10±0.1 35.01±8.9 46.08±4.2
Methanol 12.03±0.5 45.19±8.8 34.22±5.4
BHT 62.24±4.2 91.35±0.8 -
Vit E 94.67±1.5 75.41±1.2 -

P <0.01 (mean±SD, n=3)

Statistically, the best correlation among TPC amounts, DPPH and BCB methods were observed 
in the ethanol extract (TPC-DPPH: 0.813, TPC-BCB: 0.966, DPPH-BCB: 0.908; P<0.01). 
While, an association was found almost none existing between TPC and results of the anti-
oxidant tests for the n-hexane (TPC-DPPH: 0.459; P<0.05, TPC-BCB: 0.640; P<0.01), it was 
found a good correlation only between TPC and BCB for the methanol extract (TPC-BCB: 
0.592; P<0.01) (Table 4). 

Table 4. Correlation among the antioxidant activity test (DPPH, BCB) results and TPC

Ethanol extract n-Hexane extract Methanol extract
DPPH BCB TPC DPPH BCB TPC DPPH BCB TPC

DPPH - 0.908** 0.813** - 0.885** 0.459* - 0.832** 0.592**

BCB 0.908** - 0.966** 0.885** - 0.640** 0.832** - 0.906**

TPC 0.813** 0.966** - 0.459* 0.640** - 0.592** 0.906** -
** P < 0.01, * P < 0.05
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4. Conclus൴ons
The present study indicated that, the extracts of P. cruentum possess biologically active compo-
nents that could be qualified as potentially valuable source of natural antioxidants and antimi-
crobials. The n-hexane extract had higher phenolic content as well as potent antimicrobial and 
antioxidant activity than the other extracts of P. cruentum. However, all the extracts showed 
less potent antioxidant and antimicrobial effects than the positive controls since the commer-
cial antioxidants are pure chemicals. Indeed, it is necessary to analyze the original molecules 
responsible for the activity of the natural extracts. However, it should be considered that the ex-
tracts could be sometimes biologically more effective than pure molecules due to a synergistic 
interaction. Thus, new researches about this area should be encouraged and supported, because 
of their potential contributions to further studies on valuable natural sources.
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