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®ITOXIMIYHNI CKJIAJI TA AHTUMIKPOBHA
AKTUBHICTD PI3BHX MOPCbKIX
MIKPOBOJOPOCTEN TA IIAHOBAKTEPIN

IopisHsanvie 00cnioNeHHs 6i0N102iUHO AKIMUBHUX PeHO6UH, BUJINIEHUX 3 80COMU BU0IB
Mopcokux mikposodopocmeii i yianobaxmepiii, nposoouny Ha Oes smuil i 08aHAOUAMULL
OeHb ixHvo20 Kynomueysanns na F/2 cepedosuuyi 3 mopcvioto 600oio. Hatibinvuiuti emicm
8yenesodis, Oinkie ma xnopodiny a sapeecmposaro y knimunax Spirulina platensis, mooi sx
makcumanvruii emicm xnopoiny b (34,12 mxe/e cupoi macu) — y Nannochloropsis oceani-
ca. Anabaena circinalis xapaxkmepu3ysanaco MAKCUMANbHUM 6MICIOM KApOmuHoiois
(6,66 mke/2 cupoi macu). Hatisuwuti emicm ninidie ma eHonie 6usHa4eHo 6 KLiMuHax
Chlorella marina, modi ax maxcumanvruti emicm ¢pnasonoioie i mawninie — y S. platensis.
Excmpakmu 3 gocomu 6udie 80dopocmetl GiOPI3HANUCST 3d CB0EI0 AHMUMIKPOOHOI0 ax-
MUBHIcCMI0 no 8i0HOUEHHI0 00 PI3HUX NAMOo2eHHUX OIS H0OUHU 8U0i6 MIKPOOp2aHizmie,
w0 6y710 00yMO8/IeHO BNIUBOM Oion02iuH0 akmusHux cnonyk. Phormidium formosum eus-
BUBCS HAIBINL I AKMUBHUM BUOOM NO 8iOHOUEHHIO 00 D0CTIIONCYBAHUX NATNOLEHHUX MIKPO-
opeanizmie. Excmpaxmu 3 8000pocmeti 8U84anu 3 8UKOPUCMAHHAM 2430801 Xpomarmoe-
pagii mac cnexmpockonii — GC—MS. Ioenmugpikosani pi3ni dUpHi KUCIOMU, ATKAHU MA
eHonvHI CHOMYKU, W0 NPOABTIATIU AHMUMIKPOOHY akmusHicmp. Ha ocHosi ompumarux
0aHUx MOXHA 3POOUMU BUCHOBOK, W40 MOPCOKI MIKPOBOOOPOCHT MONYMYb OYyMu 6UKOPU-
cmani K 8i0H08/II08aHe OxHcepeno UiHHUX 0i0102iUHO AKMUBHUX CHOLYK Y XaPU08ili 2anysi
ma MeOUyuHi.

Kniouosi cnosa: memabonimu sodopocmeti, aHmumikpobxa akmuenicmo, Cyanobac-
teria, diamomosi 60dopocmi, 3enieHi 6000pocmi.

Algae are the primary producers and classified into prokaryotic Cyanobac-
teria and eukaryotic microorganisms capable of using solar energy plus water
with carbon dioxide to create biomass, including bioactive compounds [33].
Their growths are 100 times faster than those of terrestrial plants and they have
the ability to double their biomass in less than one day [49]. They are conside-
red as good sources of vital compounds like pigments, proteins, polysacchari-
des, phenol compounds, lipids, minerals, and vitamins utilized in many econo-
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mical applications like nutrition, medical, and agricultural products, biofuel,
etc. [3,21]. These biochemical compounds are divided into primary and secon-
dary metabolites according to their biosynthetic origins and chemical functio-
nal groups [24]. Carbohydrates of algae improve human health in the form of
dietary fibers, anti-obesity drugs, anticoagulants, antimicrobial and antiviral
drugs, and antioxidants [52]. Protein from algae is the most important consti-
tuent contributing to the food’s nutritional value [20]. In addition, lipids of
microalgae represent an essential source for fish feeding in the aquaculture in-
dustry [1]. Marine microalgae have a wide range of pigments. They are used as
natural coloring agents instead of synthetic ones [3]. Carotenoids and phenol
compounds are the main antioxidant compounds in microalgae, which are
used as nutritional and pharmaceutical products [44]. Moreover, flavonoids
and non-flavonoids are important antioxidant and antimicrobial compounds
[27]. The biochemical composition of marine microalgae and cyanobacteria
depends on algal species taxonomic affiliation, nutrient concentration, culture
conditions, and growth stage [53].

Marine microalgal and cyanobacterial extracts exhibited ultimately bene-
ficial effect on human health, including their antibacterial, antifungal, antiviral,
anti-inflammatory, anticancer, antihelmintic, and antioxidant activities [4].
Various studies demonstrated the antimicrobial activity of microalgae and cya-
nobacteria [29, 43].

Recently, the pharmaceutical industries pay attention to the natural com-
pounds, which are extracted from renewable sources, especially from marine
organisms. Thus, the objective of the present work was to study the biochemi-
cal profile of eight marine microalgal and cyanobacterial species isolated from
the Eastern Harbor, Alexandria, Egypt, and also to elucidate antibacterial and
antifungal activity of their crude methanol extracts.

Material and Methods

Algal species and cultural conditions.

One marine green microalga Chlorella marina Butcher, one golden-brown
microalga Nannochloropsis oceanica Suda & Miyashita, one diatom Navicula
delicatula Cleve, and five marine cyanobacterial species, including Anabaena
circinalis Rabenhorst ex Bornet & Flahault, Oscillatoria acutissima Kufferath,
Oscillatoria simplicissima Gomont, Phormidium formosum (Bory et Gomont)
Anagnostidis & Komarek, and Spirulina platensis (Gomont) Geitler, were iso-
lated from the Eastern Harbour, Alexandria, Egypt and inoculated on the F/2
marine enrichment medium [15]. The culture flasks were aerated by air pumps
and incubated at 25+1 °C for axenic green and diatom cultures and at 28+2 °C
for cyanobacterial cultures under 16 : 8 light/dark with light intensity of
120 umol ms™'. The microalgal and cyanobacterial cells were taken after 9
and 12 days. The cultivated algae were freeze-dried and grounded into a fine
powder. The isolated algae were identified according to the following manuals
(13, 16, 37].

Phytochemical characteristics.

Extraction of secondary metabolites.
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Totally, ten grams of dried samples were packed in the Soxhlet apparatus
and extracted with 100 ml of methanol for 8 hr, then the filtrate (crude extracts)
was collected.

Preparation of algal methanol extracts.

About 1 g from each dried algal biomass was homogenized separately in
methanol, and was sonicated for 20 min using ultrasonic micro tip probe of
400 watts (ULTRASONIC Get 750) then centrifuged at 4500 rpm for 10 min.
Supernatants were collected separately and the pellets were re-extracted twice
as mentioned before. Combined supernatants were collected and stored in the
refrigerator for analysis. Other supernatants were evaporated to dryness at
40 °C using a rotary evaporator. Dried extracts were kept in labeled sterile vials
in a deep freezer at 20 °C for antimicrobial assay [9].

Qualitative analysis.

Phenols, flavonoids, tannins, saponins, triterpenes, phytosterols, couma-
rins, anthraquinones, and cardiac glycosides were determined in the algal met-
hanol extracts according to standard procedures [41].

Quantitative analysis.

Carbohydrate content in the studied algae was determined by the phenol

method [14] using glucose as standard. Protein content was quantified follo-
wing the Lowry method [28] using bovine serum albumin as standard. Lipid
content of the tested algae was extracted and determined by the Daneshvar et
al. technique [11].

The microalgal chlorophylls a and b and carotenoids were detected in the
methanol extracts according to [23]. The Ritchie method [39] was used to esti-
mate chlorophyll a and carotenoid content in the isolated cyanobacterial speci-
es. The pigment content in the tested microalgal species was calculated using
the MacKinney equations [30].

10.3E665—0.918 E650

Chl, (Chlorophyta spp.)= mg/g;
wt.

19.E650 —3.87E665
Chl, (Chlorophyta spp.)= mg/g;
wt.

42E452—(0.0246 Chl. a+0.426 Chl.b)
m

wt.

Carotenoids (Chlorophyta spp.) = glg

The equations of Wellburn [51] were used for estimating the pigment con-
tent in the tested cyanobacterial species.

12.9447(A665—A720) m

Chl, (Cyanobacteria spp.) = ot g/g;
Carotenoids (Cyanobacteria) = LOOO(A 1 ~A7y ) ~286(Chl,) mg/g.
wt.
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The total content of phenols in algal methanol extracts was evaluated using
the Folin-Ciocalteu method [17]. The result was expressed as gallic acid equi-
valent (GAE/g of dry weight). Total flavonoid content was estimated as descri-
bed in [17]. The content of tannins was determined according to [8]. The total
concentration of flavonoids and tannins was expressed in mg of catechin equi-
valents (CE)/g of dry weight.

Antimicrobial activity assay.

The bioactivity of the methanol crude algal extracts was examined against
four gram negative bacteria Aeromonas hydrophila, Escherichia coli, Pseudo-
monas aeruginosa, and Vibrio cholerae, two gram positive bacteria Enterococ-
cus faecalis and Staphylococcus aureus, and one fungal species Candida albi-
cans, using the disc diffusion method of the Kirby-Bauer technique [32]. Nutri-
ent agar plates were uniformly inoculated with bacterial cultures 150 CFU/ml
using cotton swabs. About 0.75-10° fungal spores/ml were aseptically swabbed
on the Czapex-Dox plates. Sterilized discs (6 mm) made of the Whatman N 1
filter paper were loaded by the extracts (10 mg/ml) and dried completely under
sterile conditions and then incubated at 37 °C for 24 hr for bacterial and at 28°C
for 48—72 hr for fungal species, respectively. Dimethyl sulfoxide (DMSO) and
ampicillin (10 mg/ml) represented negative control and positive control, res-
pectively. The antimicrobial activity was measured as the diameter of the clear
zone including the diameter of the paper disc (mm). All estimated antimicrobi-
al results are the average of triplicate analyses.

GC-ISQ mass spectrometer analysis of algal methanol extracts.

The GC-ISQ mass spectrometer (Thermo Scientific, Austin, TX, USA) was
used to identify the bioactive compounds in different methanol extracts. The
GC- ISQ analysis was performed using a capillary column TG—5MS (30 m x
0.25 mmXx 0.25 pm film thickness). The column temperature was initially held
at 55 °C and then increased by 5 °C/min to 250 °C, withhold 2 min, and then in-
creased by 25 °C/min to 300°C. The injector temperature was kept at 270 °C.
Helium was used as gas carrier at a constant flow rate of 1 ml/min. The solvent
delay was 4 min and diluted samples of 1 pl were injected automatically using
the Autosampler AS3000 coupled with GC in the split mode. EI mass spectra
were collected at 70 eV ionization voltages over the range of 50—650 m/z in full
scan mode. The components were identified by comparison of their retention
times and mass spectra with those of the WILEY 09 and NIST14 mass spectral
database [6].

Statistical analysis.

All results are expressed as meanststandard deviation (SD) in % of dry we-
ight (DW) basis. The differences between the algal bioactive compounds were
detected by Anova: two-factor analysis with replication using Microsoft Excel
office 2016. A significant difference was considered at the level of p<0.05.

Results and Discussion

Qualitative analysis of phytochemicals.
Marine microalgae are among the most natural sources of food, drugs, and
cosmetic industry due to their phytochemical composition. As shown in Tab-
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Fig. 1. The proximate composition of the tested algae, %: I — carbohydrates; 2 — proteins;
3 — lipids.

le 1, the preliminary phytochemical constituents of methanol extracts showed a
variation between algal species. These variations can be related to algal species,
cultural conditions, extraction method, and the used solvent [40, 53]. Phenols,
flavonoids, tannins, terpenes, phytosterols and coumarins were present in all
tested microalgae. These secondary metabolites have a wide range of antimic-
robial, antioxidant, and anti-inflammatory activities [27]. Saponin was detec-
ted in Ch. marina, O. acutissima, and S. platensis used in animal feeding. Glyco-
sides can be used in the treatment of some heart diseases, e.g. cardiac arrhyth-
mia [5]. It was observed in the previous three species.

Quantitative composition.

The proximate composition of the eight identified microalgae and cyano-
bacteria is shown in fig. 1. The maximum value of carbohydrate and protein
content was detected in S. platensis (41.3 % and 50.5 %) and the lowest value
was determined in O. simplicissima (8.3 and 19.4 %). The present results sug-
gest that protein was the major biochemical component in all tested algae. Si-
milar result was reported by Costard et al. [10]. Santhosh et al. [42] recommen-
ded the protein content of S. platensis and Ch. marina as functional foods pre-
venting damage of tissue and diseases. The highest content of lipids was regis-
tered in Ch. marina (55.5 %) and their lowest content — in N. delicatula
(12.5 %). The concentration of photosynthetic pigments is presented in fig. 2.
Among cyanobacterial species, the highest chlorophyll a content (31.25 ug/g of
fresh weight) was in S. platensis, whereas the highest content of carotenoids
(6.66 ug/g of fresh weight) — in A. circinalis. N. oceanica had the highest con-
tent of chlorophyll a and b (23.75 and 34.12 pg/g of fresh weight) and N. delica-
tula contained the maximum amount of carotenoids (1.8 pg/g of fresh weight)
among the tested microalgae. The difference in chlorophyll content may be due

78 ISSN 0375-8990. Gidrobiologiceskij Zurnal. 2021. 57(5)



DimoximiuHuil cknad ma aHMumikpoOHa akmueHicmy

70

60
| ]

a?2
40 =3

ug/g FW

20

10

&
(@*& & < s
G QW K\ W \
o ¢ T & W
O.

Fig. 2. The content of photosynthetic pigments in the tested algae, ug/g of fresh weight: I —
chlorophyll a; 2 — chlorophyll b; 3 — carotenoids; 4 — the total content of chlorophylls.

to cell density as demonstrated by Valenzuela-Espinoza et al. [50], who repor-
ted that high chlorophyll a content can be accounted for by high cell density.
Moreover, the determined chlorophyll values were lower than those estimated
by Talero et al. [48], who stated that the content of carotenoids in marine mic-
roalgae was 0.2 %.

Figure 3 shows a variety of bioactive compounds such as phenols, flavono-
ids and tannins in the purified algae. Significant difference in the content of
bioactive compounds in the tested algae was detected at p<0.05 (F value 13.90).
Among the eight tested species, the highest concentration of phenols was fo-
und in Ch. marina (129.533 mg GAE/g of dry weight), and also in S. platensis
(74.9 mg GAE/g of dry weight). The highest content of tannins was recorded
for the marine cyanobacterial species S. platensis (45.8 mg GAE/g of dry we-
ight), which was followed by Ch. marina (38.2 mg GAE/g of dry weight). In this
case, their lowest content was registered in O. simplicissima (5.1 mg GAE/g of
dry weight). Generally the detected phenol, flavonoid and tannin values were
lower than those detected by Stephen et al. [46]. The significant variation in the
biochemical constituents of the collected algae may be related to algal species
and their physiological state [22].

Antimicrobial activity.

Microalgae and cyanobacteria are a renewable source of novel active meta-
bolites with different biological activities such as antibacterial, antifungal, anti-
oxidant, and antitumor properties [26, 34]. The crude methanol extracts of the
cultured algal species were screened against various pathogens and the obtai-
ned results are illustrated in Table 4. The methanol extract of Ph. formosum
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S. platensis
Ph. formosum
ST w ]
O. simplicissimus
w2
O. acutissima 17.7 3

A. circinalis 17.7
N. delicatula

N. oceanica

Ch. marina
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Fig. 3. The total content of phenols, flavonoids, and tannins in the tested algae, mg/g of dry
weight: I — phenols, mg GAE/g DW; 2 — flavonoids, mg CE/g DW; 3 — tannins, mg CE/g
DW.

(18—22 mm) exhibited a broad spectrum of antimicrobial activities inhibiting
the growth of most tested microorganisms (fig. 4). It was followed by O. simpli-
cissima (13—19 mm), O. acutissima (10—16 mm), and N. delicatula (7—
14 mm). The estimated activity of most tested algae was higher than antimicro-
bial activity of Ph. fragile (12—13 mm) [25]. While, Ch. marina and N. oceanica
showed relatively moderate activity toward S. aureus and P. aeruginosa, E. coli
and were less effective in relation to A. hydrophila and Vibrio cholera. Similarly,
Srinivasakumar and Rajashekhar [45] demonstrated that Ch. marina methanol
extracts possessed the maximum inhibitory activity in a study against P. aerugi-
nosa, P. fluorescens, and S. typhi.

The antimicrobial activities of the tested algae could be attributed to their
functional compounds such as phenols, terpenes, carbohydrates, and fatty
acids as illustrated in tables 1, 2, and 3. It has been found that these substances
are responsible for cellular membrane disruption, interference with some mic-
robial metabolic processes, and also for the variation of gene expression plus
signal transduction. In particular, algal fatty acids can initiate peroxidative pro-
cesses and prevent bacterial fatty acids synthesis [12]. Also, free fatty acids and
fatty acid methyl ester (FAME) caused leakage of molecules from microbial
cells via interaction with cellular membranes of microbial cells and reduction
of their nutrient uptake or inhibition of their respiration [47]. These compo-
unds probably act together, either in an independent or synergistic manner.
Methanol extracts of all tested algae, with the exception of that of N. oceanica,
showed antifungal activity against C. albicans. The maximum antifungal inhi-
bition zone was observed with Ph. formosum and O. simplicissima (20—
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Fig. 4. Inhibition zone of the methanol extract of Phormidium formosum (1); Oscillatoria
simplicissima (2); Oscillatoria acutissima (3); Navicula delicatula (4); Spirulina platensis
(5); Chlorella marina (6); Nannochloropsis oceanica (7), and Anabaena circinalis (8) against
the pathogenic bacterium Pseudomonas aeruginosa. Positive control (ciprofloxacin 10 mg)
and negative control (dimethyl sulfoxide — DMSO).

19 mm) against C. albicans. This observation is in agreement with Kumar et al.
[25]. The marine microalga Oscillatoria sp. showed better antifungal than anti-
bacterial activity [38].

Gas chromatography-mass spectrometry (GC-MS).

A comparative study of the compounds present in the tested algal metha-
nol extracts was performed through GC-MS (tabl. 2). The name, retention
time, molecular weight, and biological activity of the components were repor-
ted. Totally 49 biochemical compounds were detected and many of them were
present in trace ratio. The maximum number of bioactive compounds was fo-
und in A. circinalis (31 compounds) followed by N. oceanica (30 compounds),
N. delicatula (28 compounds) and Ph. formosum (28 compounds), Ch. marina
(24 compounds), O. simplicissima (21 compounds), S. platensis (15 compo-
unds) and O. acutissima (10 compounds). However a few of them were predo-
minant. Commonly major peaks appeared at 7.03, 8.82, 10.83, 27.09, 28.87,
32.08,32.32, and 32.7 retention time in all algal extracts (tabl. 3), which corres-
ponded to the prevailing compounds, including eucalyptol, levomenthol,
2,6,10-trimethyl,14-ethylene-14-pentadecene, palmitic acid and 9-octadece-
noic acid (Z)-, methyl ester respectively. There are many reports documented
the biological properties of these compounds such as antibacterial, antifungal,
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anti-inflammatory, anticancer, antihistaminic, antiarthritic, antiandrogenic,
and antioxidant properties [35, 36]. In addition, there are many unsaturated
fatty acids, alkenes, and esters with antibacterial and antifungal activities [7,
19].

Conclusion

The phytochemical screening of the algal extracts showed the presence of a
wide variety of primary and secondary metabolites differing in their concentra-
tion. The obtained results suggest that these algae can be recommended as re-
newable dietary supplements — especially S. platensis and Ch. marina. More-
over, the methanol extract of Ph. formosum exhibited the best antimicrobial ef-
ficacy in vitro comparing to others selected algae so it might be exploited to iso-
late novel antimicrobial products. From a practical point of view, more studies
are required to detect the suitable cultural conditions to obtain high concentra-
tions of bioactive compounds. In addition, the use of genome modifying tools
may improve the productivity of marine microalgae, and also of their bioactive
compounds. Further purification and fractionation of algal extracts can gain
many active, safe and renewable drugs.
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PHYTOCHEMICAL SCREENING AND ANTIMICROBIAL ACTIVITY OF VARIOUS
MARINE MICROALGAE AND CYANOBACTERIA

The comparative study of bioactive compounds in eight marine microalgae and cya-
nobacteria grown on the F/2 marine enrichment medium was performed after 9th and 12th
days of exposure. The highest content of carbohydrates, proteins, and chlorophyll a was
observed in Spirulina platensis, whereas the highest content of chlorophyll b (34.12 pg/g of
fresh weight) — in Nannochloropsis oceanica. Anabaena circinalis was characterized by
the maximum content of carotenoids (6.66 ug/g of fresh weight). The highest content of li-
pids and phenols was determined in Chlorella marina, whereas the maximum content of
flavonoids and tannins — in S. platensis. Methanol extracts of the eight algal species exhibi-
ted various antimicrobial activities against different human pathogenic microbial species,
which were linked to their bioactive compounds. Phormidium formosum was found to be
the most active species toward all tested pathogenic microorganisms. The methanol ext-
racts of the algae were chemically characterized by gas chromatography mass spectroscopy
— GC—MS. Different fatty acids, alkanes and phenol compounds with antimicrobial acti-
vity were identified, such as palmitic acid, octadecenoic acid, 3,7,11,15-tetramethyl-2-he-
xadecen-1-ol neophytadiene, levomenthol, and eucalyptol. Based on the obtained results,
it is possible to conclude that marine microalgae could be a renewable source of valuable
bioactive compounds for nutritional and health products.

Keywords: algal metabolites, antimicrobial activity, Cyanobacteria, diatoms, green
microalgae.
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