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Abstract. The extracts of Chara vulgaris (a green macroalgae) were tested to explore its algicidal
potential on Microcystis aeruginosa growth. Firstly, the anticyanobacterial effect of both macroalgae
aqueous (MAA) and macroalgae etyl acetate (MEA) extracts against M. aeruginosa was assessed using
both the paper disc diffusion and microdilution methods. Minimum inhibitory concentrations (MIC) and
minimum algicidal concentrations (MAC) were evaluated. Secondly, the growth of M. aeruginosa in
response to the MEA extracts was investigated in an experimental bioassay. To reveal the potential
allelochemicals, total phenols (TPs), total flavonoids (TFs), tannins (TTs) were analyzed in both MAA
and MEA extracts. The identification of the phenolic compounds in MEA extracts was performed by
high-performance liquid chromatography (HPLC). The results from the bioassay demonstrated that MEA
extracts inhibit the growth of M. aeruginosa in a concentration dependent way. The highest inhibition rate
(IR) exceeds 83% on day (d) 4 of experimentation, and achieved (97.98%) on 7-d. HPLC analysis
revealed seven phenolic compounds known as effective allelochemicals. Overall, the obtained results
demonstrate that MEA extracts might be proposed as a potential allelochemicals, and it can be considered
as an ecofriendly alternative algaecide to control Microcystis blooms in the eutrophic water bodies.
Keywords: Chara vulgaris, natural algaecides, allelochemicals, M. aeruginosa, inhibitory effect

Introduction

Harmful algal blooms (HABSs) constitute a major human health risk and an
environmental problem worldwide. Cyanobacterial blooms have occurred extensively in
superficial eutrophic freshwater bodies used for recreational purposes and drinking
water sources (De Figueiredo et al., 2004). Microcystis spp. are the most common
bloom-forming cyanobacteria in eutrophic freshwaters (Douma et al., 2016).
Microcystis blooms occurrences are frequently toxic and are able to produce
hepatotoxins (Microcystins) which are responsible for the contamination of drinking
water, and for the intoxication of many vegetal and animal organisms (Douma et al.,
2017).
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In order to control the proliferation of toxic cyanobacteria, several solutions have
been used. The classical approaches recommended to reduce algal proliferation were
often chemical and physical methods (eg; algaecide addition, centrifugation, filtration,
flocculation); however, these measures induce secondary pollution (Li et al., 2016).
Biological control approaches using aquatic plants have emerged as economic and
ecofriendly alternatives. Various aquatic macrophytes have been used to inhibit several
kinds of cyanobacteria and green algae such as Myriophyllum spicatum ,Ceratophyllum
demersum, Najas marina, Najas minor (Zhang et al., 2014), Elodea spp. Eichhornia
crassipes, Nymphaea tetragona, Typha orientalis, Nelumbo nucifera, and Irris wilsonii
(Chen et al., 2012), Sagittaria trifolia (Li et al., 2016). However, among the submerged
aquatic macrophytes, freshwater and brackish water macrolagae are little studied
(Zhang et al., 2009).

Phytochemical characterization of macrophytes indicated that the revealed
constituents are allelechemical products. The most important of these bioactive
constituents are flavonoids, tannins, alkaloids, fatty acids and several phenolic
compounds (Li and Hu, 2005; Chen et al., 2012; Zhang et al., 2014; Canton et al.,
2019). More specific allelochemicals on the inhibition of Microcystis spp. were
previously identified and purified from aquatic plants. The most effective
allelochemicals were Ethyl 2-Methyl Acetoacetate (EMA), N-phenyl-2-naphthylamine
and Pyrogallol acid (Li and Hu, 2005; Pei et al., 2018).

Hydrophyte flora is very common in Mediterranean area such as Morocco, which is
known by high biodiversity. Several invasive and/or native aquatic plants proliferate
intensively in several wetlands. Among these, freshwater and brakish water macroalgae
that belongs to Characeae family. Chara vulgaris is a freshwater species, generally
developing in very shallow waters, in temporary ponds, rivers, thermal springs or
seepages of inundated meadows, with high resistance to eutrophication (Zouaidia et al.,
2015; Muller et al., 2017). The Characeae family had known an important interest in
many pharmacological uses, with antimicrobial activities (Cai et al., 2013). Also, some
species belonging to this family have been recognized in algicidal activities against
various microalgae including Microsytis spp (Kurashov et al., 2021; Zhu et al., 2021).

Our hypothesis is that allelochemicals from Chara vulgaris var. vulgaris have
antialgal potential and could inhibit the growth of M. aeruginosa. The aim of this study
was to assess the algicidal effects of Chara vulgaris on M. aeruginosa; with regard to
growth inhibition, photosynthetic comportment, and characterization of the potential
allelochemicals.

Materials and methods
Biological materials

M. aeruginosa was isolated from eutrophic Lalla Takerkoust reservoir, Morocco,
(31°21'36" N; 8°7'48" W) in October 2015, and was grown in laboratory cultures at
26 °C + 2 °C under light intensity of 65 uE/m?/S, with a light/dark cycle of 15h/9h.

Biological material of the macroalgae was collected in April 2016 from an urban
pond in Marrakesh city, and identified as Chara vulgaris var. vulgaris. The whole plant
was rinsed several times with distilled water to remove debris, and conserved for farther
use.
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Preparation of macroalgae Aqueous (MAA) and ethyl acetate (MEA) extracts

20 g of fresh biomass was cut into small pieces in 300 mL of distilled water under
agitation for 48h at room temperature. The solution was filtered through glass fiber
papers (Whatman GF/C, 0.22 um). The filtrate was collected as an aqueous extract for
the biological test and for further fractionations. The aqueous extract was fractionated
according to Wang et al. (2010) and Tazart et al. (2020a). Briefly, the filtrate was
adjusted to pH 12 with 2M NaOH. The alkaline extract was centrifuged at 6000 rpm for
10 min. The supernatant was transferred to a separating funnel and washed three times
with 200 mL hexane. The aqueous fraction was acidified to pH 5 with 2 M HCI and
then extracted three times with 100 mL ethyl acetate. The ethyl acetate extracts were
first dried with anhydrous sodium sulfate and then evaporated to dryness by rotary
evaporator at 39 °C. The ethyl acetate extracts were stored at 4 °C until used for
biological assay.

Total phenols (TPs), total flavonoids (TFs), tannins (TTs) concentrations
determination in LA extracts

TPs concentration was determined with the Folin—Ciocalteu method (Singleton et al.,
1965). Briefly, 0.5 ml of the extract was added to 0.5 ml of Folin-Ciocalteu reagent
(Sigma-Aldrich) in water, and then 0.5 ml sodium carbonate solution (20% w/v) was
added. The mixture was left for 1 h at room temperature and absorbance was measured
at 760 nm. TFs content concentration was determined by the method described by Kim
(2003). Briefly, 500 pul of aqueous extract was mixed with 500 ul distilled water. Then
150 pl sodium nitrite solution (5%) was added, followed by 150 pl aluminum chloride
solution (10%) after 5 min. Test tubes were incubated for 11 min at ambient
temperature, and then 500 pl sodium hydroxide (1 M) was added. The mixture was
vortexed and absorbance was determined at 510 nm. TTs content was determined with
Folin-Denis test described by Salunkhe and Chavan (1989). Briefly, 1 ml of the aqueous
extract was added to 75 ml distilled water, and then 5 ml Folin Denis reactif (Sigma-
Aldrich) solution and 10 ml sodium carbonate solution was added. The mixture was
vortexed and absorbance was determined after 30 mn at 760 nm.

Minimal inhibitory concentration (MIC) and minimal algicidal concentration (MAC)
determinations

The MIC preventing visible algal growth was measured by the broth dilution method
developed by the Clinical and Laboratory Standards Institute (CLSI) using 96-well
microplates (Hammer et al., 1996; Joshi et al., 2016). The MAA and MEA
concentrations were ranged from 0.78 to 100 mg/L. The MEA were prepared by
dissolution in 0.1% dimetyl sulfoxyde (DMSQO). Subsequently in each well of 96 well
plates, 100 pul of plant extracts concentrations were added to 100 pul of test microalgae of
3.10° Cells/mL (exponential growth phase). Inoculated microplate were incubated after
careful mixing under controlled conditions in a culture room at 26 + 2 °C, illuminated in
15h/9h light-dark cycle with fluorescent tubes (65 wE/m?/S). The MIC of each extract
was defined as the lowest concentration which inhibited either microalgal growth. The
MAC was determined by subculture on microplate under the same controlled conditions
of clear wells, which did not show any visible growth after incubation during the test.
Copper sulphate was used as algicidal positive controls with the concentrations ranged
from 0.001 to 0.1 mg/L.
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Disc diffusion assay

M. aeruginosa was used for susceptibility-screening tests using the disc diffusion
method (Kil et al., 2009). Sterilized filter paper discs of 9 mm were saturated with 20 pl
of MAA or MEA extracts prepared in the Z8 medium with 0.1% of DMSO. Copper
sulphate with a concentration of 10 ug were used as positive controls and (0.1%) of
DMSO was used as negative control. Anticyanobacterial activity was measured by the
formation of inhibition zones (in mm) around the discs where the extracts tested were
applied.

Algicidal activity bioassay

The bioassay was conducted according to Tazart et al. (2019, 2020b), with some
modifications. 6 groups of Erlenmeyer flasks (500 ml) containing Z8 medium (Kotali,
1972) to a final volume (300 ml) were used. Each flask was inoculated by a volume of
M. aeruginosa, in exponential growth phase, to make an initial density
(11-12 x 10° cell/ml). The macrophyte ethyl acetate (MEA) extracts were dissolved in
dimethyl sulfoxide (DMSO) 0.1% (v/v) and added to 300 ml of M. aeruginosa cultures
to obtain final concentrations (0 (control), 25, 50, 75, 100; mg/l). An untreated equal
volume of cyanobacterial culture with 0.1% of DMSO was used as negative control.
Flasks were incubated under controlled conditions in a culture room at 26 + 2 °C,
illuminated in 15h/9h light-dark cycle with fluorescent tubes (65 wE/m2/S) within 7-d.
All the experiments were conducted in triplicate. M. aeruginosa growth under different
treatments was quantified daily using Malassez hemocytometer. Inhibitory rate (IR) of
M. aeruginosa growth was determined according to the following Eq.1:

NO—N

IR (%)=~ x100 (Eq.1)

where No and N are the cell density (cells/ml)in the treatment and control cultures,
respectively.

Pigments determination

Chlorophyll-a and Carotenoids pigments were calculated according to Lichtenthaler
and Wellburn (1983). They extracted with Ethanol 95% at 4 °C for 48 h, and then
determined using a UV-Spectrophotometer (Carré 50 Scan) at 470, 649, 665 nm. The
following formulas were used to calculate the concentrations as mentioned in the Eq.2
and Eq.3:

[Chlorophylle a] = (13.95 * D0O665) — (6.88 * D0649) (Eq.2)
[(1000+DO470)—(2.05chla)]
[Caroténoides] = 229 (Eq.3)

where Chla and Carot. represent the concentration of chlorophyll-a and Carotenoids
(ng/ml) respectively; OD470, OD649 and OD665 are wavelengths absorbance (nm).
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Identification and quantification of phenolic compounds by HPLC

In order to identify the phenolic compounds in MEA extracts, the samples were
filtered first through Whatman filter paper N°42 and then through 0.22 mm membrane
filters (Millipore). Phenolic compounds were separated using HPLC with a
250 mm x 4.6 mm, 5.0 um reversed- phase (RP-18) column (Agilent Technologies) and
a 10 mmx 4.6 mm RP-18 pre-column (Agilent Technologies). The two columns were
placed into a column furnace at 25 °C. The HPLC system consists of an automated
injector (Shimadu SCL-10A series pumping system, SIL-10AD) coupled to a SPD 10A
UV-visible detector (set to start at 200 nm and end at 700 nm). Data collection and
analysis were performed using the Shimadu LC Solution chromatography data station
software. Two solvents were used in a constant flow rate of 0.1 ml/min, with an
injection volume of 10 pl. Solvent A consisted of acetonitrile (5%) and water (95%),
solvent B is a phosphate buffer solution in water (pH=2.6). All solvents employed were
HPLC-grade. The following proportions of solvent B were used for the elution program.
Standards were run on the machine first, followed by plant extracts and then samples.
Phenolic compounds were identified by comparing their retention times to those of the
standards.

Statistical analysis

Data with three replicates were statistically analyzed by two-way analysis of variance
(ANOVA) with Tukey’s test to assess differences between exposure concentrations and
those untreated (control) at different concentrations and over the time at p = 0.05.
Correlation coefficients were calculated between cellular density and PTs, FTs, TTs
concentrations in the end of experimentation.

Results
Anticyanobacterial activity assessment

The anti-cyanobacterial activity of the extracts was evaluated qualitatively using the
disk diffusion methods and quantitatively by the broth microdilution methods in 96
wells. The results were presented in Figure 1 and Table 1. The results indicate that the
MIC and MAC had equal concentrations values for each extract. For the macroalgae
extracts, the most important activity against M. aeruginosa was observed under MEA
extract with (31 = 1 mm; MIC = MAC = 25 mg/l), followed by the MAA extract with
(16.67 £ 0.58 mm; MIC = MAC = 50 mg/L). The Copper sulphate as a positive control
showed the greatest effectiveness with the MIC and MAC = 3.12 mg/l. Thus, the tested
MEA extracts appear to have a more pronounced anti-cyanobacterial activity (Table 1).

Effects on M. aeruginosa growth

Based on their relative stronger inhibitory effects, the MEA extracts were chosen to
conduct a bioassay. As shown in Figure 2, it can be seen that MEA extracts may inhibit
the growth of M. aeruginosa and exhibited a concentration dependent trend. In control
group, the cell densities remained between 11.86 x 10° and 133.63 x 10° cell/mL over
the test period. Conversely, the cell densities of M. aeruginosa at tested concentrations
(25, 50, 75 and 100 mg/l) were reduced during the 7-d test period. The detailed data on
the IRs through the test period was listed in Table 2. Indeed, Microcystis growths
appeared significantly reduced (p<0.05) by the tested concentrations; with an overall
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inhibition rates (IRs) exceeding globally 50% after 4-d at the 50 mg/l concentration
(Fig. 2, Table 2). Under the highest concentration (100 mg/l) of MEA extracts, the
inhibition rate (IR) exceeds 83% on 4-d of experimentation; and it was achieved

(97.98%) on 7-d.

A

Figure 1. Antialgal activity: aqueous (A) and (B) Ethyl acetate extracts; DMSO (C) and Copper
sulphate (D)

Table 1. Results of Anticyanobacterial activity assessment using the disk diffusion and
microdilution methods

Test on solid media Microdilution methods
Inhibition zone diameter on Minimal inhibitory Minimal bactericidal

Microcystis aeruginosa (mm) | concentration (MIC) (mg/l) |concentration (MAC) (mg/l)
Chara
Extracts Aqueous Ethyl acetat Agueous Ethyl acetat Aqueous  |Ethyl acetat
Means 16.67+0,58 31.00+1 50 25 50 25
Copper
sulphate 14.67 +1.15 3.12+1.15
DMSO 0.00

*: Similar values indicate here the standard deviation (n=3)
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Concentrations (mg/1l)

0.1(DMSO) —&—25 —=50 —+—75 100 mg/I

140 -

Cell density (10°cell/ml)

Cultivation time (d)

Figure 2. Effects of the different concentrations of MEA extracts on M. aeruginosa growth.
Errors bars represent the standard deviation (n=3). *<0.05 indicate significant differences
compared to the untreated culture (ANOVA tow-way)

Table 2. The inhibitory effects expressed as inhibitory rate (%) of MEA extracts on
M. aeruginosa growth

Treatements
(mg/L) 0 1 2 3 4 5 6 7

0.1 239+0(-7.73+ 14862 | 3.09+3 |27.85+4| 11.34+5 | 1539+6 (6417

o5 197+ 982+ | 1542+ | 3025+ | 3327+ | 30.69= 2671+ [14.74 £
254 15.63 2.32 4.88 0.07 0.05 0.29 1.88

50 098+ | 165+ | 17.93+ | 3334+ | 5936+ | 60.38 = 56.26 + [39.86
254 7.78 3.03 18.98 0.22 0.36 0.79 2.94

75 1.12+| 165+ | 2513+ | 3728+ | 6537+ | 6349+ 64.08 £ [53.63+
1.99 11.04 4.03 7.95 1.23 2.28 0.29 0.26

100 0.7+ | 2277+ | 27.14+ | 43.14+ | 83.88+ | 92.43+ 97.38+ [97.98 +
2.74 11.04 16.15 4.52 3.29 1.09 0.62 11

*: Similar values indicate here the standard deviation (n=3)

Effects on photosynthetic pigments

In order to assess the physiological modification, two photosynthetic pigments were
measured (Chl-a and carotenoids). Under control treatment, the Chl-a and carotenoids
concentrations increase as a function of tested concentrations (Fig. 3A,B). By contrast,
in treatments they decrease negatively with the augmentation of extract concentrations.
The content pigment concentrations are appearing to be strongly inhibited at the all
treatments since 5-d. The significant differences between the concentration in treatment
and controls groups were remarquably observed for Chl-a (p < 0.05) and carotenoids
after 5-d and 7-d, respectively (Fig. 3A,B).
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Figure 3. Effects of Chara sp. ethyl acetate extract on Chl-a (A) and carotenoides (B) in M.
aeruginosa cultures, respectively. Each value is the mean + SD of three replicates, a indicate
significant differences compared to the untreated culture (ANOVA tow-way) at p < 0.05

Phytochemical characterization

The results of the phytochemical characterization are shown in Table 3. MEA extract
exhibited important values on TPs, TFs, and TTs. As well, a high significant correlation
(0.97) have been well obtained between the IRs of the three high concentrations of TPs
(50, 75, 100 mg/l) in the end of the experiment.

Table 3. Total phenolic (TPs), Total flavonoids (TFs), Total tannins (TTs) amounts in MEA
extracts; and correlations between all amounts and IRs of the three high after 7 days of

exposure
TPs? TFs? TTs?®

Concentrations 124.35 101.02 0,08
Coefficient of correlation 0.97 0.75 0.93

(: pg Gallic acide quivalent /mL extract, (?): pg catechin equivalent/mL extract, (3): pg tannic acid

equivalents /mL extract
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HPLC technique was used to identify and quantify the major phenolic compounds in
MEA extracts. From the HPLC chromatogram (Fig. 4 and Table 4), 7 different
chemicals were identified from the three MEA extracts. Characterization of major
phenolic components from MEA extract was dominated by p-coumaric acid (36.58%)
of the total identified compounds, followed by caffeic acid (25.78%), Catechic acid
(23.37%), tanic acid (21.03%), sorbic acid (6.06%) and rutic acid (4.47%), and furulic
acid (1.36%).

[mau]

— 17-HPC-36-ZA5_19_12_2017 15_28_51_006 - S 2800: Channel 1

100+

50

Absorbance
th

T T T T T
0 10 20 30 40 50

[
Time: [min.]

Figure 4. HPLC chromatogram recorded at 280 nm for the main phenolic compounds identified
in the Chara sp. ethyl-acetate extracts: 1) catechic acid, 2) tanic acid, 3) cafféic acid, 4) ferrulic
acid, 5) p-coumaric acid, 6) sorbic acid and 7) rutic Acid

Table 4. Concentrations of the main phenolic compounds identified in the Chara sp. ethyl
acetate extracts expressed in mg EGA/ g DM

Retention Concentrations % of
Compound N° | . . Area [mAU.s] Compound (mg EGA /g
Time [min] DM) Compounds
1 11.9 581.353 Catechic acid 23.37 20%
2 13.7 522.861 Tanic acid 21.03 18%
3 195 641.564 Cafféic acid 25.78 22%
4 23.4 31.106 Ferrulic acid 1.36 1%
5 24.9 911.536 p-coumaric acid 36.58 31%
6 27.1 148.454 Sorbic acid 6.06 5%
7 41.1 108.862 Rutic Acid 4.47 4%
Discussion

In search of an ecofriendly algaecide to control cyanoHABSs, several bioactive
compounds from macrophytes were screened and characterized which may be important
sources of allelochemicals. In the present study, the antialgal activities of the MAA and
MEA extracts were assessed qualitatively and quantitatively in both solid and liquid
medium. Based on their relative stronger inhibitory effect, the MEA extracts were used
to conduct an experimental bioassay.
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The obtained results confirmed that the MEA extracts act negatively on the
M. aeruginosa growth in a dose dependent manner. For the MEA extract, the highest
inhibition rate (IR) exceeds 83% on day 4 of experimentation; and it was achieved
(97.98%) on 7-d. These results remain globally similar to those observed in other
previous works that studied macrophyte aqueous and etyl acetat extracts on
Microcystis spp. Tazart et al. (2019, 2020a,b) showed that the growth of M. aeruginosa
was effectively inhibited by macrophyte aqueous and ethyl acetate extracts, with
strongest inhibition rates (IR values between 95 and 100%) for Ranunculus aquatilis,
Nasturtium officinale and Potamogeton natans.

Similar results were observed with the use of other macrophytes aqueous extracts
such as Spartina alterniflora with IR= 99.4% (Yuan et al., 2020), both Cyperus
alternifolius and Canna generalis with more than IR=99.6% (Zhou et al., 2019). These
strong inhibitions demonstrated the relative high algicidal potential of macrophyte
extracts compared to those of certain terrestrial plants: Ailanthus altissima (66.3-91.8%)
on 5 d (Meng et al., 2015), S. trifolia (70%) after 6 d (Li et al., 2016), Thalia dealbata
(92.7%) on 7-d (Zhang et al., 2011), N. tetragona, T. orientalis, N. nucifera and
I. wilsonii (75-82%) during 19 d (Chen et al., 2012), Achillea ageratum, Origanum
compactum (88-95) after 8 d (Tebaa et al., 2017; 2018).

Although many aquatic and terrestrial plants, and marine algae have been tested to
control Microcystis harmful blooms; freshwater macroalgae are very little studied. To
our knowledge, the freshwater Chara genus is the most recognized in bioassays that
have tested the algaecide effect on Microcystis spp (Berger and Schagerl, 2004).

In our experimental study, the growth inhibition is well confirmed by the decrease of
the two photosynthetic pigments (Chl-a and carotenoids) in treatments groups. The
growth inhibition accompanied by photosynthetic pigments reduction and
morphological changes of M. aeruginosa, were mainly indicators of physiological
alterations under a stress environment in several works (Meng et al., 2015; Li et al.,
2016). Also, some studies showed specially the negative effect of the extracts on Chl-a
content (Ni et al., 2012; Meng et al., 2015). Their decrease shows the disturbance of the
photosynthesis affecting the growth and reproduction of M. aeruginosa (Li et al., 2016).
Zhu et al. (2010) demonstrated that polyphenols, pyrogallic acid and gallic acid
produced by M. spicatum decreased the photosynthetic activity of the cyanobacterium
species by inhibiting the activity of PSII.

This inhibitory effect might be related to potential allelochemicals released by Chara
vulgaris. From the obtained results, it seems that TPs participate more in the inhibitory
activity (Tables 3 and 4). These results agreed with previous works showing the effect
of PTs, in the M. aeruginosa inhibition (Chen et al., 2012). In fact, the phytochemical
investigation of extracts allowed the identification of several other compounds. They are
mainly flavonoids, glycosides, terpenoids, saponins and several phenolic acids (Li and
Hu, 2005; Chen et al., 2012; Li et al., 2016). However, plant-derived polyphenolics
were the most common allelochemicals in HABs control (Zhu et al., 2021).

In the only study devoted to the characterization of allelochemicals of Chara
vulgaris, Zhang et al. (2009) reported three phenolic coumpounds (The (Z, Z)-9,12-
octadecadienoic, tetradecanoic and hexadecanoic acides) as the potent allelochemicals
for Chara vulgaris L. against the toxic M. aeruginosa. In our study, the characterization
of major phenolic components from MEA extracts of the Moroccan Chara vulgaris var.
vulgaris, showed the dominance of p-coumaric acid (36.58%), caffeic acid (25.78%),
Catechic acid (23.37%), tanic acid (21.03%) over the other identified compounds:
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sorbic acid (6.06%) and rutic acid (4.47%), and furulic acid (1.36%) (Table 4). Among
the 3 major phenolic compounds, p-coumaric acid is recognized as an effective
allelochemical on M. aeruginosa (Wang et al., 2010). However, it is rarely identified
from macrophytes (Agnihotri et al., 2008). In the other hand, caffeic acid and Catechic
acid, are often repeated as effective allelochemicals (Gao and Xie, 2011; Gao et al.,
2015; Zhu et al., 2021).

It is well known that the allelochemical compounds inhibited the growth of the cell
through the perturbation of the cellular structure as and the physiological statute
(Gigova and Ivanova, 2014). Phenolic acids exhibit cell-permeability features due to
their amphiphilic and lipophilic nature (Lan et al., 2020). Wang et al. (2016) found that
p-coumaric acid and ferulic acid disrupted the cell membrane integrity of
M. aeruginosa. Furthermore, under stress conditions, the Reactive Oxygen Species
(ROS) act on cell membranes through the degradation of unsaturated phospholipids
(Meng et al., 2015), allowing to the increased of their permeability. Thus, the
perturbations of antioxidant defense system leading to the inhibition of photosynthesis
and oxygen evolution through interactions with components of photosystem Il (PS 1)
(Einhellig, 1995), and finally to induce the cell death (Zhang et al., 2011).

Conclusion

This study demonstrates the inhibitory effect of the MEA extracts of Chara
macroalgae on the M. aeruginosa growth. This effect is dose-dependent. TPs
characterized might be the main responsible allelochemicals. MEA extracts might be
recommend as a potential allechemicals, and it can be considered as an ecofriendly
alternative algaecide to control Microcystis blooms. Other future approaches will be
necessary to assess its potential effects in mesocosms and in field studies, and against
non-target organisms.
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