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Abstract

In the present study, a quantitative and qualitative comparison of major flavonoids and phenolic components of 6 species of Mediterranean
Sea seaweeds collected from Stanley to Abu Qir Bay, Alexandria, Egypt (Enteromorpha intestinalis, Ulva lactuca, Punctaria plantaginea,
Colpomenia sinuosea, Dictyota dichotoma and Corallina officinalis) were carried out using HPLC instrument. Also, the chemical profile of
the non-polar components extracted by the petroleum ether solvent of these species was identified using GC-MS technique. n-hexadecanoic
acid (8) was identified in all petrolum ether extracts (p1-p6) recording 18.0%, 17.2%, 17.2%, 20.2%, 19.2% and 16.8% for E. intestinalis, U.
lactuca, P. plantaginea, C. sinuosea, D. dichotoma and C.officinalis (p1-p6), respectively. The antimicrobial activity of the obtained extracts
was evaluated and E. intestinalis crude extract (M1) was the effective antimicrobial agent. Total phenolic and flavonoid contents were also
evaluated for the selected six Mediterranean Sea seaweeds species. D. dichotoma and C. officinalis recorded the highest phenolic and
flavonoid contents among all selected species, 31.42 mg/g, 23.42 mg/g for phenolic and 173.9 mg/g, 165.4 mg/g for flavonoid, respectively.
These findings are compatible with HPLC analyses as D. dichotoma contains eight flavonoids and eleven phenolic constituents, in addition to
C. officinalis also contains eight flavonoids and ten phenolic compounds.

Keywords: Punctaria plantaginea, Colpomenia Sinuosea, Dictyota dichotoma, Phaeophyceae.

1. Introduction
The tremendous growth of the world's population has strained available resources for medicines. Hence, pharmaceutical

manufacturers are always looking for new resources to develop effective and safe medicines to meet the growing demand of
the world population [1]. One of the most global concerns regarding health is antimicrobial resistance (AMR), which is a fatal
problem facing us during the current century resulting from the lack of new antimicrobial medications and will result in about
10 million deaths by the year 2050, so we require exploring new antimicrobial agents [2]. From 1981 to 2008 around 68% of
medication used to cure bacterial, viral, parasitic and fungal infections was derived from natural sources. Also, about 63% of
anti-cancer drugs were derived from natural sources [3]. The marine environment is an exceptional source of novel bioactive
secondary metabolites characterized by their different structural and chemical properties than those isolated from the
terrestrial environment [1]. Seaweeds are considered a source of bioactive compounds as they are can produce a great variety
of secondary metabolites like polysaccharides, polyphenols, carotenoids, proteins, peptides, sterols, terpenes and fatty acids
[4]. Seaweeds are classified according to their photosynthetic pigment into green algae (chlorophyta), containing chlorophyll a
and b with several carotenoids [5], brown algae (Ochrophyta); containing chlorophyll a and ¢ and fucoxanthin carotenoid [6]
and red algae (Rhodophyta) containing phycoerythrin and phycocyanin in addition to chlorophyll a, d, B-carotene, and
xanthophylls [7, 8]. The Egyptian Mediterranean coast extends approximately 970 km from Rafah in the eastern north to
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Salloum in the western north [9]. In this extended area, about 187 species were recorded (red, green and brown algae; 107, 45
and 35 species; respectively), accounting for 16% of the Mediterranean seaweeds [10]. In this article, a quantitative and
qualitative comparison of major bioactive components, total flavonoid and phenolic contents of six species of Mediterranean
Sea seaweeds; Enteromorpha intestinalis, Ulva lactuca (green seaweeds), Punctaria plantaginea, Colpomenia sinuosea,
Dictyota dichotoma (brown seaweeds) and Corallina officinalis (red seaweed) were carried out also, major flavonoids and
phenolic compounds in crude extract were also evaluated using HPLC instrument and non-polar constituents of petroleum
ether extracts were also identified using GC-MS analysis. The antimicrobial activities of both crude and non-polar extracts
were also evaluated.

2. Experimental (Materials and Methods)

2.1. Marine algae
Ulva lactuca | Punctaria plantaginea

Enteromorpha intestinalis

4\

> B - - —~ o> 4

Figure 1: Mediterranean Sea seaweeds; Enteromorpha intestinalis, Ulva lactuca (green
sinuosea, Dictyota dichotoma (brown seaweeds) and Corallina officinalis (red seaweed).

seaweeds), Punctaria plantaginea, Colpomenia

Six species of green, red and brown seaweeds (Fig. 1) were collected from April to October from coastal areas of
Abou-Quier and Stanleybay, Alexandria, Egypt. All samples were microscopically identified at the National Institute of
Oceanography and Fisheries, Egypt. Freshly collected seaweeds samples were washed with distilled water then allowed to dry
in the shade after that grinded to get about 100 g powder, then successively extracted at 40 °C with petroleum ether to extract
non-polar constituents (3x400ml), then extracted with a mixture of CH,Cl,/MeOH (1:1) (0.4L x 3 times) until complete
extraction to get petroleum ether extracts (P1-P6) and crude extracts (M1-M6), respectively. After filtration, both petroleum
ether and crude extracts were concentrated under reduced pressure at 40 °C using a rotary evaporator to get about green to
brown gummy extracts which is ready for different measurements.

2 .2. Identification of major volatile constituents of petroleum ether extracts

petroleum ether extract samples (P1-P6) were analysed using the GC-MS technique using Agilent 7890A Series instrument
equipped with a multi-mode injector and al23-BD11 column (15 m x 320 um x 0.1 um) to compare their volatile chemical
compositions [11, 12].

2 .3. Quantitative estimation of total flavonoids'phenolic content of different crude extracts

The total flavonoids content (TF) of crude extracts (M1-M6) was determined according to Herald et al. method by preparing
different concentrations of standard. Also, a sample solution was prepared by dissolving 1 mg of crude extract in 1ml methanol
then the absorbance of each standard was measured spectrophotometrically using multi-mode microplate reader at 510 nm
using (FLUO star Omega) [13]. Also, the total phenolic contents of crude extract (M1-M6) were determined
spectrophotometrically according to Attard method by preparing a standard solution of gallic acid of different concentrations
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and a solution of the sample was prepared by dissolving 5 mg in 1 ml methanol Then the absorbance is measured at 630 nm
using (FLUO star Omega) [14].

2 .4. Quantitative estimation of total flavonoids'phenolic content of different crude extracts

HPLC analysis was performed using Agilent 1260 infinity HPLC Series (Agilent, USA) coupled with a quaternary pump and
diode-array detector. The column uses Akinetex®1.7um EVO C150 mm x 4.6 mm, (phenomenex, USA), operated at 30 °C.
The separation is achieved using a ternary linear gradient with (A) HPLC grade water 0.1% Trifluoro acetic acid (TFA), (B)
acetonitrile, (C) methanol. Flow rate Iml/min. The injected volume was 20ul. Detection at variable Wavelength detector
(VWD) set at 280 nm.

2 .5 Assessment of antibacterial activity

The antibacterial activity of each obtained extract was carried out against Gram-negative bacteria; Klebsiella pneumoniae
(ATCC 10031) and Pseudomonas aeruginosa (ATCC 9027) and against Gram-positive bacteria; Staphylococcus aureus
(ATCC 6538) and Staphylococcus epidermidis using well-cut diffusion technique. All tests were performed in duplicates.
After the incubation period, the zone of inhibition was measured and expressed in millimeter (mm) [15, 16].

3. Results

3.1. Major volatile constituents of petroleum ether (P1-P6) extracts via GC/MS

Twenty-five volatile compounds were identified from Twenty-five volatile compounds were identified from different
petroleum ether extracts (Table 1, Fig. 2 and Fig. 3) using GC-MS analyses and accounting for various classes;
hydrocarbons, fatty acid, fatty acid derivatives, sesquiterpenes, triterpene, steroid and sesterterpene. There were similarities in
the contents of some extracts. For example, n-hexadecanoic acid (8) was identified in all extracts recording 18, 17.2, 17.2,
20.2, 19.2 and 16.8 for pl-p6, respectively. Also, n-dodecane (3) was identified in Punctaria plantaginea, Colpomenia
Sinuosea and Dictyota dichotoma. The steroidal compound; brassicasterol acetate (21) was identified in all extracts. (Z,Z,Z)-
9,12,15-octadecatrienoic acid (12) fatty acid and azafrin (22) sesterterpene were only identified in Enteromorpha intestinalis.
linoleoyl chloride (11) fatty acid derivative was only identified in Ulva lactuca. cis-vaccenic acid (13), timnodonic acid (16)
fatty acids, squalene (18) triterpene and (E)-24-propylidenecholesterol (25) were only identified in Punctaria plantaginea.
cholesta-3,5-diene (19) and lanosta-8,24-diene-3,22-diol (24) steroids were only identified in Colpomenia Sinuosea. a-
cubebene (6), D-germacrene (7) sesquiterpenes, linoleic acid (14) and arachidonic acid (17) fatty acids were only identified in
Dictyota dichotoma petroleum ether extract.
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Figure 2: GC-MS chromatograms of the selected seaweeds petroleum ether extracts, P1: E. intestinalis, P2: U. lactuca, P3: P. plantaginea,
P4: C. sinuosea, P5: D. dichotoma and P6: C. officinalis.
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Table 1: Major identified compounds using GC/MS of 100% petroleum ether extracts

Area % Mol.

Compound RT Pl ) 3 P2 5 6 Class Mas, Mol. For.
Undecane (1) 643 6.4 0.86 Hydrocarbon 156.31 CyHy,
2-Hexyldecan-1-ol (2) 7.58 5.6 Fatty alcohol 242.44 C¢H3,0
n-Dodecane (3) 8.35 22 8.7 35 Hydrocarbon 170.34 C,Hyg
2,6-Dimethylundecane (4) 8.54 32 5.6 Hydrocarbon 184.36 C3Hyg
n-Hexylcyclohexane (5) 9.15 5.2 Hydrocarbon 168.32 CioHyy
a-Cubebene (6) 11.19 72 Sesquiterpene 204.35 CysHyy
D-Germacrene (7) 11.93 6.4 Sesquiterpene 204.35 CysHy
n-Hexadecanoic acid (8) 21.6 18 17.2 172 202 19.2 16.8 Fatty acid 256.42 Ci6H3,0,
cis-5,8,11,14,17- 23.1 2.4 Fatty ester 316.5 Cy1H3,0,
Eicosapentaenoic acid, methyl
ester (9)
trans-13-Octadecenoic acid (10) 24.88 13 0.6 Fatty acid 282.46 C3H3,0,
Linoleoyl chloride (11) 25.03 1.6 Fatty acid der. 298.89 C;sH3,0C1
(Z22,2)9,12,15- 25.16 5.04 Fatty acid 292.45 C19H3,0
Octadecatrienoic acid (12)
cis-Vaccenic acid (13) 25.19 6 Fatty acid 282.46 Ci3H340,
Linoleic acid (14) 25.27 24 Fatty acid 280.45 CsH3,0,
2-Methylhexadecan-1-ol (15) 25.70 1.6 Fatty alcohol 256.46 Cy7H360
Timnodonic acid (16) 28.0 1.2 Fatty acid 302.45 CyoH300,
Arachidonic acid (17) 28.02 6.1 Fatty acid 304.47 CyH3,0,
Squalene (18) 35.19 0.56 Triterpene 410.73 C;30H500
Cholesta-3,5-diene (19) 36.99 0.74 Steroid 368.6 Cy7Hyy
Stigmasterol acetate (20) 38.0 0.84 Steroid 454.74 C3,H500,
Brassicasterol acetate (21) 40.07 5.04 1.6 0.56 0.7 38 14 Steroid 440.7 C30Hy30,

0

Azafrin (22) 40.71 24 Sesterterpene 426.6 C,H330,
Vitamin E (23) 41.11 2.8 1.9 Fatty acid der. 430.7 Cy9Hs00,
Lanosta-8,24-diene-3,22-diol 43.8 0.56 39 Steroid 442.38 C30H500,
24
(E)-24-Propylidenecholesterol 46.8 1.2 Steroid 426.7 C30H500
(25

RT: retention time, GC-MS: gas chromatography-mass spectrometry, P1: petroleum ether extract of E. intestinalis, P2: petroleum ether extract of U. lactuca, P3: petroleum ether
extract of P. plantaginea, P4: petroleum ether extract of C. Sinuosea, P5: petroleum ether extract of D. dichotoma, P6: petroleum ether extract of C. officinalis, Mo. Mass: molecular

mass, Mol. for.: molecular formula.

(23) HO (24) HO (25)

Figure 3: Identified compounds from petroleum ether extracts using GC-MS analysis.

Egypt. J. Chem. 68, No. 5 (2025)



COMPARATIVE ANTIMICROBIAL ACTIVITIES OF SOME MEDITERRANEAN SEA SEAWEEDS.. 543

3.2. Total phenolic& flavonoids content of algae crude extracts (M1-M6)
As shown in (table 2), the total phenolic content of brown seaweed; D. dichotoma, green seaweed; E. intestinalis and red

seaweed; C. Officinalis is 31.42 mg/g, 25.98 mg/g and 23.42 mg/g, respectively which is higher than other crude extracts of
P. plantaginea, U. lactuca and C. Sinuosea which recorded 16.9 mg/g, 6 mg/g and 8.975 mg/g. Total flavonoid content of
brown seaweed; D. dichotoma and red seaweed; C. Officinalis is173.9 mg/g and 165.4 mg/g, respectively which is much
higher than other extracts. While total flavonoid content of C. Sinuosea and U. lactuca is the lowest value recording 34.267
mg/g and 24.53 mg/g, respectively E. intestinalis and P. plantaginea recorded 71.77 mg/g 66.36 mg/g.

Table 2: Phenolic and flavonoids content of algae crude extracts

Extract M1 M2 M3 M4 M5 M6
SD T SD T SD T SD T SD T SD T
Phenolic Ct 1.85 2598 mg/g 0.175 6mg/g 0.64 169mg/g 0.723 8975mg/ g 244 3142mg/g 144 2342mg/g
Flavonoid Ct 3.94 71.77mg/ g 0.95 2453 mg/g 6.16 66.36 mg/ g 3.03 34267 mg/g 13.94 1739mg/g 125 1654 mg/g

Ct: content, SD: Standard Deviation, T: Total content compared with standard deviation curve, M1: crude extract of E. intestinalis, M2: crude extract of U. lactuca, M3: crude
extract of P. plantaginea, M4: crude extract of C. Sinuosea, M5: crude extract of D. dichotoma, M6: crude extract of C. officinalis.

3.3. Major flavonoids and phenolic components of crude extracts

A The HPLC analysis for six seaweed species (Table 3, Fig. 4 and Fig. 5) represents the presence of eight main flavonoid
compounds and eleven phenolic compounds differing in their amount in each crude compound are p-hydroxybenzoic (28),
catechin (29), o-cumaric (36), quercetin (42) and kaempferol (43) recording 26.8, 25.4, 36.6, 73.1 and 25.4 mg/kg. For Ulva
lactuca crude extract (M2) the major phenolic and flavonoid compounds are p-catechin (29), caffeic acid (31), chlorogenic
acid (32), rutin (37) resveratrol (39), rosemarinic acid (41) and quercetin (42) recording 95.6, 71.9, 513.5, 115.29, 79.68,
26.63 and 27.52mg/k, respectively. For Punctaria plantaginea crude extract (M3) the major phenolic and flavonoid
compounds are catechol (27), p-hydroxybenzoic (28), catechin (29), caffeic acid (31) p-coumaric (34) rutin (37), resveratrol
(39), rosemarinic acid (41), quercetin (42) and kaempferol (43) recording 43.63, 33.88, 118.86, 26.40, 40.39, 57.52, 88.30,
26.06, 72.09 and 83.43mg/k, respectively. For Colpomenia Sinuosea crude extract (M4) the major phenolic and flavonoid
compounds are p-coumaric (34), resveratrol (39), rosemarinic acid (41) quercetin (42) kaempferol (43) recording 26.46, 40.74,
55.8, 75.14 and 66.9 mg/k, respectively. For Dictyota dichotoma crude extract (MS5) the major phenolic and flavonoid
compounds are ferulic (35), rutin (37), myricetin (40), rosemarinic acid (41), quercetin (42) and kaempferol (43) recording
43.63, 32.87, 34.61, 34.15, 66.89 and 47.92 mg/k, respectively. For Corallina Officinalis crude extract (M6) the major
phenolic and flavonoid compounds are gallic acid (26) and quercetin (42) recording 88.97 and 27.28 mg/k, respectively. The
results show that the mean value of (+)-catechin level was 7.786%.

3.4. Antibacterial activity
Data presented in Table 4 revealed that the crude extracts (M1-M6) and petroleum ether extracts (P1-P6) of the tested algae

had potent activities against four common bacterial pathogens. On focus, considerable values ranged between 10 mm and 38
mm for crude extracts, while the petroleum ether crude extracts exhibited values ranged from 10 mm to 20 mm. However, the
most effective extract was the E. intestinalis crude extract (M 1), while the lowest effective one was of C. officinalis extract
(M6). Moreover, the most affected microbe was S. epidermidis, while P. aeruginosa was the lowest affected one at all. Indeed,
P. aeruginosa ATCC 9027 was not affected by either M4 or M5. Observably, petroleum ether extracts showed lower activity
than those methanolic extracts. Furthermore, the total averages of inhibition zones confirmed that M1 and M5 recorded the
highest antibacterial value at 20.5 mm for both, while the lowest value was 11.75 mm for M6.
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Figure 4: HPLC chromatograms of the selected seaweeds crude extracts
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Table 3: Identified Compounds by HPLC of algae different crude extracts

RT Mo. MI M2 M3 M4 M Mo

Copound ) 88 g Ml T ® T ®m T WM T
Callcaid 29 W P 02 CHO, = = = - 9 U5~ =~ 40 86 65 8
Catehol () W Mo 00 CHO, - - BE 66 - e o e -
pydogeoc® 49 Badc D82 CHO, 8 %8 3 95 BN BE e - = - BE 100
Catchin () S fooid MZ CHO, 4B K1 I8 956 AT UK e e = = T SO
Vaslic cd 30 68 Pewic 1681 CHO, 20 S8 e - 29 4l 2N 68 61 N4 0¥ 1S
Cllc il 3 60 Pewic 6 GHO, 3B 47 6% 9 26 K0 2T M - - N0 43
Cloogericail® 67 Pewie 343 Ch0y, = - 163 SB5 68 B = - 20 M -
Syrngicaid ) W Pee AT G 2% AT e e OB 86 e e 2 SR BG4S
pCounaric 34 S0 P 160 GHOL 30 33 M I SIS M9 MY %k 69 9B I 1SS
Fenic (8 W ek 4 G = e A DT 3 WS = = SO B NG 16
oCumaric () 06 Pewic 1606 CHO, 7 6 5% 309 4B 2 4B 3D = - B 3
Rutn (31 09 ood 608 G0, 7B 126 M USH N% SR 45 9% 4 G ¥N 1N
Hogperdin () 09 foood 6056 ChOs 4% 19 19 WM 6% MK 4B DS 2% 04 B®
Resvertnl () DY fwowd 8% Gl SR N7 T4 MK N 8N 8 NN = - B 50
Myt (40 D6 fwod B Cdh = e = 3B ASL 4G TR WSO M B 4T
Rocriicaid@) 12 Paoic X031 G 345 I3 6 %6 6B %06 99 S8 40 M5 N0 1Y
Queein @) WO fwowd B Clid 9 T 2% TR 6% MO 4B T B 69 190 18
Kaempleol (49 585 ol 623 Cghd 1% B4 - - HH HO BE 69 1M 49 8L 5B
Apicrn () 6 ol 704 Chds 200 0B e e HMSS BEL GE e e U9 04

Mo. Mass: molecular mass, Mol. for.: molecular formula, RT: retention time, HPLC: high-performance liquid chromatography, U: amount
(mg/kg of dry extract), A%: Area percentage, M1: crude extract of E. intestinalis, M2: crude extract of U. lactuca, M3: crude extract of P.
plantaginea, M4: crude extract of C.sinuosea, M5: crude extract of D. dichotoma, M6: crude extract of C. officinalis.

Table 4: Antibacterial activity of different algal extracts

(1)
Bacterial species E,. inteinalis U lactuca P\ planiaginea (. inosea . dichotoma~C. officinals
Ml Pl W n M P WM \§ P M6 P
K. preunoniae 4 \ Il 1 0 0 i 19 ) 0 10 [1
P, aeruginosa i} 16 Il 1§ 10 3 . 10 Il 10 . 1§
S, aureus 14 9 10 1§ 3 1§ I\ 1§ 3 In 10 16
S, ¢idermidi % 1 % 18 2 1§ L) 16 ] 12 n 4

{ofal averages of inlibiton zones 0 6% 13 s ny N 1§ N Y | WA

I(mm): Inhibition zone diameters (mm), K. pneumoniae: Klebsiella pneumoniae (ATCC 10031) Gram-negative, P. aeruginosa: Pseudomonas
aeruginosa (ATCC 9027) Gram-negative, S. aureus: Staphylococcus aureus (ATCC 6538) Gram-positive, S. epidermidis: Staphylococcus
epidermidis Gram-positive, M1: crude extract of E. intestinalis, M2: crude extract of U. lactuca, M3: crude extract of P. plantaginea, M4:
crude extract of C.sinuosea, MS5: crude extract of D. dichotoma, M6: crude extract of C. officinalis, P1: petroleum ether extract of E.
intestinalis, P2: petroleum ether extract of U. lactuca, P3: petroleum ether extract of P. plantaginea, P4: petroleum ether extract of C.
Sinuosea, P5: petroleum ether extract of D. dichotoma, P6: petroleum ether extract of C. officinalis,.
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Figure 5: Identified compounds from seaweed crude extracts using HPLC analysis.

4. Discussion

Natural products possess an unparalleled range of chemical diversity, rendering them a promising source for distinctive and
permissible additives and pharmacological interventions [17].

Many studies have reported findings that support the presented results; from the GC-MS chemical profile of the non-polar
petroleum ether extracts leads to the identification of 25 compounds among these identified compounds n-hexadecanoic acid
(8) which was reported before as is a strong antibacterial agent[18]. The percentage of n-hexadecanoic acid (8) recorded 18%,
17.2%, 17.2%, 20.2%, 19.2% and 16.8% for p1-p6, respectively which is nearly the same but the highest percentage detected
in C. Sinuosea and D. dichotoma. n-Dodecane (3) which has antimicrobial activity in volatile oil mixtures [19] and was
identified in p3, p4, p5 with 22, 8.7 and 3.5%. Also, a-cubebene (6) was identified in PS5 with a percentage of 7.2%, and was
previously well-known to have antimicrobial activity in volatile oil mixture [20]. Based on the above results, the potent
antimicrobial activities of petroleum ether extracts (p1-p5) could be attributed to the synergetic effect arisen from the bioactive
compounds mixture.

Also, total phenolic and flavonoid contents were evaluated for the selected six Mediterranean Sea seaweed species. D.
dichotoma and C. officinalis recorded the highest phenolic and flavonoid contents among all selected species, 31.42 mg/g,
23.42 mg/g for phenolic and 173.9 mg/g, 165.4 mg/g for flavonoid, respectively. These findings are compatible with HPLC
analyses as D. dichotoma contains eight flavonoids and eleven phenolic constituents, in addition to C. officinalis also contains
eight flavonoids and ten phenolic compounds.

Quantitative and qualitative HPLC analysis of major flavonoids and phenolic components of species under investigation; E.
intestinalis, U. lactuca, P. plantaginea, C. sinuosea, D. dichotoma and C. officinalis was carried out and led to the
identification of several bioactive phenolic and flavonoids. Gallic acid (26) was reported as strong anti-oxidant activity as it
protects skin from the harmful effects of UV radiation, anti-cancer, anti-HIV, anti-ulcer, anti-inflammatory, anti-microbial,
and anti-fungal [21-25]. Catechol (27) is a key constituent in mussel adhesive proteins and crosslinking formation,
antifouling coatings, drug carriers, antimicrobial polymers [21, 22, 31, 23-30]and is known as a strong antimicrobial agent
[32]. p-Hydroxybenzoic (28) is a strong antimicrobial agent [33]. Of the identified compounds which well-known as strong
antimicrobial agent, the flavonoids based on the flavan structure (C6-C3-C6); catechin (29) [34], rutin (37) [35]; hesperidin
(38) [36]; resveratrol (39) [37] and quercetin (42) [37]. Syringic acid (33) was also reported as an antimicrobial agent and has
a fungi-toxic effect [38]. Ferulic (35) has anti-inflammatory, antioxidant, antimicrobial, anticancer, and antidiabetic
activities [39]. Also, rosemarinic acid (41) which found to be dynamic antimicrobial agent [40]. The antimicrobial activity of
(M1-M6) extracts was evaluated and E. intestinalis crude extract (M1) was the most effective antimicrobial agent. Based on
the above results and literature survey, the potent antimicrobial activities of all crude extracts (M1-M6) could be concluded
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from the synergism effect between the bioactive blend agents identified in each extract leading to the development of
antimicrobial activities.

5. Acknowledgments
Not applicable

6. Conflict of interest
The authors have declared no conflict of interest.

7. Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

8. References

[1] Malve, H. Exploring the Ocean for New Drug Developments: Marine Pharmacology. Journal of Pharmacy and Bioallied
Sciences. 2016. https://doi.org/10.4103/0975-7406.171700.

[2] Prestinaci, F.; Pezzotti, P.; Pantosti, A. Antimicrobial Resistance: A Global Multifaceted Phenomenon. Pathogens and
Global Health. 2015. https://doi.org/10.1179/2047773215Y.0000000030.

[3] Cragg, G. M.; Grothaus, P. G.; Newman, D. J. Impact of Natural Products on Developing New Anti-Cancer Agents.
Chem. Rev. 2009, 109 (7). https://doi.org/10.1021/cr900019j.

[4] Praveen, A.; Kannan, C. Studies on Anti-Fungal Activity of Different Macro Algal Extracts against Soil Borne Pathogen
Sclerotium Rolfsii Sacc. Int. J. Plant Soil Sci. 2023, 35 (19). https://doi.org/10.9734/ijpss/2023/v351193646.

[5] Bécsi, L; Deli, J.; Gonda, S.; Mészaros, 1.; Veréb, G.; Dobronoki, D.; Nagy, S. A.; B-Béres, V.; Vasas, G. Non-Steroidal
Anti-Inflammatory Drugs Initiate Morphological Changes but Inhibit Carotenoid Accumulation in Haematococcus
Pluvialis. Algal Res. 2018, 31. https://doi.org/10.1016/j.algal.2018.01.007.

[6] Pereira, L.; Cotas, J. Introductory Chapter: Alginates - A General Overview. In Alginates - Recent Uses of This Natural
Polymer; 2020. https://doi.org/10.5772/intechopen.88381.

[7] Lee, H. G.; Lu, Y. A.; Je, J. G.; Jayawardena, T. U.; Kang, M. C.; Lee, S. H.; Kim, T. H.; Lee, D. S.; Lee, J. M.; Yim, M.
J.; Kim, H. S.; Jeon, Y. J. Effects of Ethanol Extracts from Grateloupia Elliptica, a Red Seaweed, and Its Chlorophyll
Derivative on 3T3-L1 Adipocytes: Suppression of Lipid Accumulation through Downregulation of Adipogenic Protein
Expression. Mar. Drugs 2021, 19 (2). https://doi.org/10.3390/MD19020091.

[8] Hmani, I; Ktari, L.; Ismail, A.; M’dallel, C.; El Bour, M. Assessment of the Antioxidant and Antibacterial Properties of
Red Algae (Rhodophyta) from the North Coast of Tunisia. Euro-Mediterranean J. Environ. Integr. 2021, 6 (1).
https://doi.org/10.1007/s41207-020-00222-7.

[9] Shabaka, S. H. Checklist of Seaweeds and Seagrasses of Egypt (Mediterranean Sea): A Review. Egyptian Journal of
Agquatic Research. 2018. https://doi.org/10.1016/j.ejar.2018.08.001.

[10]Coll, M.; Piroddi, C.; Steenbeek, J.; Kaschner, K.; Lasram, F. B. R.; Aguzzi, J.; Ballesteros, E.; Bianchi, C. N.; Corbera,
J.; Dailianis, T.; Danovaro, R.; Estrada, M.; Froglia, C.; Galil, B. S.; Gasol, J. M.; Gertwage, R.; Gil, J.; Guilhaumon, F.;
Kesner-Reyes, K.; Kitsos, M. S.; Koukouras, A.; Lampadariou, N.; Laxamana, E.; de la Cuadra, C. M. L. F.; Lotze, H. K.;
Martin, D.; Mouillot, D.; Oro, D.; Raicevich, S.; Rius-Barile, J.; Saiz-Salinas, J. I.; Vicente, C. S.; Somot, S.; Templado,
J.; Turon, X.; Vafidis, D.; Villanueva, R.; Voultsiadou, E. The Biodiversity of the Mediterranean Sea: Estimates, Patterns,
and Threats. PLoS ONE. 2010. https://doi.org/10.1371/journal.pone.0011842.

[11]Ramdani, C.; Fakhouri, K. El; Sbaghi, M.; Bouharroud, R.; Boulamtat, R.; Aasfar, A.; Mesfioui, A.; Bouhssini, M. EI.
Chemical Composition and Insecticidal Potential of Six Essential Oils from Morocco against Dactylopius Opuntiae
(Cockerell) under Field and Laboratory Conditions. Insects 2021, 12 (11). https://doi.org/10.3390/insects12111007.

[12]Hashim, Y. Z. H.-Y.; Ismail, N. I.; Abbas, P. analsis of chemial compounds of agarwood oil from different species by Gas
Chromatography Mass Spectrometry (GCMS). IIUM Eng. J. 2014, 15 (1). https://doi.org/10.31436/iiume;j.v15i1.469.

[13]Herald, T. J.; Gadgil, P.; Tilley, M. High-Throughput Micro Plate Assays for Screening Flavonoid Content and DPPH-
Scavenging Activity in Sorghum Bran and Flour. J. Sci. Food Agric. 2012, 92 (11), 2326-2331.
https://doi.org/10.1002/isfa.5633.

[14] Attard, E. A Rapid Microtitre Plate Folin-Ciocalteu Method for the Assessment of Polyphenols. Cent. Eur. J. Biol. 2013,
8 (1), 48-53. https://doi.org/10.2478/s11535-012-0107-3.

[15]Hwang, H.; Lee, H. J.; Lee, M. A.; Sohn, H.; Chang, Y. H.; Han, S. G.; Jeong, J. Y.; Lee, S. H.; Hong, S. W. Selection
and Characterization of Staphylococcus Hominis Subsp. Hominis Wikim0113 Isolated from Kimchi as a Starter Culture
for the Production of Natural Pre-Converted Nitrite. Food Sci. Anim. Resour. 2020, 40 (4).
https://doi.org/10.5851/kosfa.2020.e29.

[16] Abou-Dobara, M. 1.; Okbah, M. A.; Ibrahim, H. A. H.; Abdulhafith, S. A.; ElI-Gammal, M. I. Antioxidant and
Antibacterial Activities of Selected Marine Algae and Egyptian Aromatic Herbs Regarding to Their Phytochemical
Characteristics and Mass Spectrometry Evaluation. Egypt. J. Aquat. Biol. Fish. 2023, 27 (4).
https://doi.org/10.21608/ejabf.2023.314583.

[17]0’Bryan, C. A.; Crandall, P. G.; Chalova, V. L; Ricke, S. C. Orange Essential Oils Antimicrobial Activities against
Salmonella Spp. J. Food Sci. 2008, 73 (6). https://doi.org/10.1111/j.1750-3841.2008.00790.x.

[18]Sajayan, A.; Ravindran, A.; Selvin, J.; Ragothaman, P.; Seghal Kiran, G. An Antimicrobial Metabolite N- Hexadecenoic
Acid from Marine Sponge-Associated Bacteria Bacillus Subtilis Effectively Inhibited Biofilm Forming Multidrug-
Resistant P. Aeruginosa. Biofouling 2023, 39 (5). https://doi.org/10.1080/08927014.2023.2232722.

Egypt. J. Chem. 68, No. 5 (2025)



COMPARATIVE ANTIMICROBIAL ACTIVITIES OF SOME MEDITERRANEAN SEA SEAWEEDS.. 547

[19]badr, wafaa; rabeh, mohamed; eltantawy, mona; El Hawary, S. Chemical Composition and Antimicrobial Activity of
Volatile Constituents of Cladodes, Fruits Peel and Fruits Pulp from Opuntia Ficus Indica (L.) Mill. (Prickly Pear)
Growing in Egypt. Egypt. J. Chem. 2020, 0 (0). https://doi.org/10.21608/ejchem.2020.21137.2260.

[20]Romero, D.; Cartuche, L.; Valarezo, E.; Cumbicus, N.; Morocho, V. Chemical Profiling, Anticholinesterase, Antioxidant,
and Antibacterial Potential of the Essential Oil from Myrcianthes Discolor (Kunth) McVaugh, an Aromatic Tree from
Southern Ecuador. Antibiotics 2023, 12 (4). https://doi.org/10.3390/antibiotics 12040677.

[21]Kahkeshani, N.; Farzaei, F.; Fotouhi, M.; Alavi, S. S.; Bahramsoltani, R.; Naseri, R.; Momtaz, S.; Abbasabadi, Z.;
Rahimi, R.; Farzaei, M. H.; Bishayee, A. Pharmacological Effects of Gallic Acid in Health and Disease: A Mechanistic
Review. Iran. J. Basic Med. Sci. 2019, 22 (3). https://doi.org/10.22038/ijbms.2019.32806.7897.

[22]Jiang, Y.; Pei, J.; Zheng, Y.; Miao, Y. jing; Duan, B. zhong; Huang, L. fang. Gallic Acid: A Potential Anti-Cancer Agent.
Chinese Journal of Integrative Medicine. 2022. https://doi.org/10.1007/s11655-021-3345-2.

[23]Badhani, B.; Sharma, N.; Kakkar, R. Gallic Acid: A Versatile Antioxidant with Promising Therapeutic and Industrial
Applications. RSC Adv. 2015, 5 (35). https://doi.org/10.1039/c5ra01911g.

[24]Limpisophon, K.; Schleining, G. Use of Gallic Acid to Enhance the Antioxidant and Mechanical Properties of Active Fish
Gelatin Film. J. Food Sci. 2017, 82 (1). https://doi.org/10.1111/1750-3841.13578.

[25]Ebaid, H.; Bashandy, S. A. E.; Morsy, F. A.; Al-Tamimi, J.; Hassan, 1.; Alhazza, I. M. Protective Effect of Gallic Acid
against Thioacetamide-Induced Metabolic Dysfunction of Lipids in Hepatic and Renal Toxicity. J. King Saud Univ. - Sci.
2023, 35 (3). https://doi.org/10.1016/j.jksus.2022.102531.

[26]Patil, N.; Jérome, C.; Detrembleur, C. Recent Advances in the Synthesis of Catechol-Derived (Bio)Polymers for
Applications in  Energy  Storage and  Environment.  Progress in  Polymer  Science.  2018.
https://doi.org/10.1016/j.progpolymsci.2018.04.002.

[27]Kord Forooshani, P.; Polega, E.; Thomson, K.; Bhuiyan, M. S. A.; Pinnaratip, R.; Trought, M.; Kendrick, C.; Gao, Y.;
Perrine, K. A.; Pan, L.; Lee, B. P. Antibacterial Properties of Mussel-Inspired Polydopamine Coatings Prepared by a
Simple Two-Step Shaking-Assisted Method. Front. Chem. 2019, 7. https://doi.org/10.3389/fchem.2019.00631.

[28]Song, W.; Zhang, S.; Fei, B.; Zhao, R. Performance Elevation of Bamboo Flour/High-Density Polyethylene Composites
by Pretreating Bamboo Flour with Mussel Adhesive Proteins-Inspired Poly(Catechol/Amine). Eur. J. Wood Wood Prod.
2023, 81 (2). https://doi.org/10.1007/s00107-022-01876-6.

[29]Quan, W. Y.; Hu, Z.; Liu, H. Z.; Ouyang, Q. Q.; Zhang, D. Y.; Li, S. D.; Li, P. W.; Yang, Z. M. Mussel-Inspired
Catechol-Functionalized Hydrogels and Their Medical Applications. Molecules. 2019.
https://doi.org/10.3390/molecules24142586.

[30]Ahn, B. K. Perspectives on Mussel-Inspired Wet Adhesion. Journal of the American Chemical Society. 2017.
https://doi.org/10.1021/jacs.6b13149.

[31]Batey, S. F. D.; Davie, M. J.; Hems, E. S.; Liston, J. D.; Scott, T. A.; Alt, S.; Francklyn, C. S.; Wilkinson, B. The
Catechol Moiety of Obafluorin Is Essential for Antibacterial Activity. RSC Chem. Biol. 2023, 4 (11).
https://doi.org/10.1039/d3¢cb00127j.

[32] Kocagaliskan, I.; Talan, I.; Terzi, I. Antimicrobial Activity of Catechol and Pyrogallol as Allelochemicals. Zeitschrift fur
Naturforsch. - Sect. C J. Biosci. 2006, 61 (9-10). https://doi.org/10.1515/znc-2006-9-1004.

[33]Heleno, S. A.; Ferreira, 1. C. F. R.; Esteves, A. P.; Cirié, A.; Glamoclija, J.; Martins, A.; Sokovi¢, M.; Queiroz, M. J. R. P.
Antimicrobial and Demelanizing Activity of Ganoderma Lucidum Extract, p-Hydroxybenzoic and Cinnamic Acids and
Their ~ Synthetic =~ Acetylated  Glucuronide =~ Methyl  Esters.  Food  Chem. Toxicol. 2013,  58.
https://doi.org/10.1016/j.fct.2013.04.025.

[34]Wu, T.; Zang, X.; He, M.; Pan, S.; Xu, X. Structure-Activity Relationship of Flavonoids on Their Anti- Escherichia Coli
Activity and Inhibition of DNA Gyrase. J. Agric. Food Chem. 2013, 61 (34). https://doi.org/10.1021/jf402222v.

[35]Danciu, C.; Pinzaru, 1. A.; Dehelean, C. A.; Hancianu, M.; Zupko, I.; Navolan, D.; Licker, M.; Ghiulai, R. M.; Soica, C.
M. Antiproliferative and Antimicrobial Properties of Pure and Encapsulated Rutin. Farmacia 2018, 66 (2).

[36] Ganeshpurkar, A.; Saluja, A. The Pharmacological Potential of Hesperidin. Indian J. Biochem. Biophys. 2019, 56 (4).

[37] Abedini, E.; Khodadadi, E.; Zeinalzadeh, E.; Moaddab, S. R.; Asgharzadeh, M.; Mehramouz, B.; Dao, S.; Samadi Kafil,
H. A Comprehensive Study on the Antimicrobial Properties of Resveratrol as an Alternative Therapy. Evidence-based
Complementary and Alternative Medicine. 2021. https://doi.org/10.1155/2021/8866311.

[38] Chong, K. P.; Rossall, S.; Atong, M. In Vitro Antimicrobial Activity and Fungitoxicity of Syringic Acid, Caffeic Acid
and  4-Hydroxybenzoic = Acid against Ganoderma  Boninense. J.  Agric.  Sci. 2009, [ (2).
https://doi.org/10.5539/jas.vin2p15.

[39]Zdunska, K.; Dana, A.; Kolodziejczak, A.; Rotsztejn, H. Antioxidant Properties of Ferulic Acid and Its Possible
Application. Skin Pharmacology and Physiology. 2018. https://doi.org/10.1159/000491755.

[40]Budhiraja, A.; Dhingra, G. Development and Characterization of a Novel Antiacne Niosomal Gel of Rosmarinic Acid.
Drug Deliv. 2015, 22 (6). https://doi.org/10.3109/10717544.2014.903010.

Egypt. J. Chem. 68, No. 5 (2025)



