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Title : Study of the phenolic compounds, biostimulation and biological activities of Ludwigia

grandiflora (Michx.) Greuter & Burdet, 1987

Abstract : Ludwigia grandiflora, a member of the Onagraceae family, has garnered significant attention
for its phytochemical richness and therapeutic potential. This study investigates the bioactive
compounds present in the ethanolic extract of L. grandiflora (Michx.) Greuter & Burdet, 1987,
focusing on its antioxidant, antimicrobial, and anti-inflammatory activities. Using a comprehensive set
of in vitro assays, including DPPH, ABTS, and total antioxidant activity tests, the extract demonstrated
potent free radical scavenging activity and high antioxidant capacity, with an ICso of 0.495 mg/mL for
DPPH. Antimicrobial evaluation revealed significant inhibitory effects on both Gram-negative and
Gram-positive bacteria, including Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus
aureus, with the most prominent antibacterial activity observed against S. aureus. Additionally, the
extract exhibited substantial anti-inflammatory effects, as evidenced by its ability to inhibit protein
denaturation in both human and bovine serum albumin assays, showing up to 62.39% inhibition at the
highest concentration.Phytochemical analysis revealed high concentrations of phenolic compounds,
flavonoids, and tannins, which are likely contributors to the observed bioactivities. Chlorophyll content
was also assessed, revealing high levels of chlorophyll a (5.5370 mg/L), chlorophyll b (3.2571 mg/L),
and total chlorophyll (8.7941 mg/L), indicating a strong presence of photosynthetic pigments.
Furthermore, biostimulation assays showed that low concentrations of the extract significantly enhanced
seed germination, with the highest germination rate observed at 0.003125 (1.23 cm), followed by 0.0125
(0.601 cm), both outperforming the control group.These results suggest that L. grandiflora holds
significant promise as a source of natural antioxidants, antimicrobial agents, anti-inflammatory
substances, and plant biostimulants, offering potential for therapeutic applications in traditional

medicine, pharmaceutical development, and sustainable agriculture.

Key words : Ludwigia grandiflora (Michx.) Greuter& Burdet, 1987, antioxidant activity,

antimicrobial activity, phenolic compounds, anti-inflammatory activity, biostimulation.



Titre : Etude des composés phénoliques, de la biostimulation et des activités biologiques de

Ludwigia grandiflora (Michx.) Greuter & Burdet, 1987.

Résumé : Ludwigia grandiflora, un membre de la famille des Onagraceae, a suscité beaucoup
d'intérét pour sa richesse phytochimique et son potentiel thérapeutique. Cette étude examine les
composés bioactifs présents dans 1'extrait éthanolique de L. grandiflora (Michx.) Greuter &
Burdet, 1987, en se concentrant sur ses activités antioxydantes, antimicrobiennes et anti-
inflammatoires. En utilisant un ensemble complet de tests in vitro, y compris les tests DPPH,
ABTS et l'activité antioxydante totale, I'extrait a démontré une puissante activité de piégeage
des radicaux libres et une capacité antioxydante ¢levée, avec un ICso de 0,495 mg/mL pour le
DPPH. L'évaluation antimicrobienne a révélé des effets inhibiteurs significatifs sur les bactéries
Gram-négatives et Gram-positives, y compris Escherichia coli, Pseudomonas aeruginosa et
Staphylococcus aureus, l'activité antibactérienne la plus importante étant observée contre S.
aureus. En outre, 'extrait a montré des effets anti-inflammatoires substantiels, comme en
témoigne sa capacité a inhiber la dénaturation des protéines dans les essais sur 'albumine
sérique humaine et bovine, montrant jusqu'a 62,39 % d'inhibition a la concentration la plus
¢levée. L’analyse phytochimique a révélé des concentrations élevées de composés phénoliques,
de flavonoides et de tanins, qui sont probablement a 1'origine des bio activités observées.
L'analyse phytochimique a révélé de fortes concentrations de composés phénoliques, de
flavonoides et de tanins, qui contribuent probablement aux bio activités observées. La teneur
en chlorophylle a ét¢ également évaluée et a révélé des niveaux élevés de chlorophylle a (5,5370
mg/L), de chlorophylle b (3,2571 mg/L) et de chlorophylle totale (8,7941 mg/L), ce qui indique
une forte présence de pigments photosynthétiques. Ces résultats suggérent que L. grandiflora
est une source prometteuse d'antioxydants naturels, d'agents antimicrobiens, de substances anti-
inflammatoires et de biostimulants végétaux, offrant un potentiel d'applications thérapeutiques

dans la médecine traditionnelle, le développement pharmaceutique et 1'agriculture durable.

Mots clés : Ludwigia grandiflora (Michx.) Greuter& Burdet, 1987, activité antioxydante,

activité antimicrobienne, composés phénoliques, activité anti-inflammatoire, biostimulation.
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I. Introduction

People have always been interested in plants to solve their health problems. They form
the basis of traditional medicine, thanks to their wealth of secondary metabolites used as active
compounds. According to the World Health Organisation, nearly 80% of the world's population
rely on traditional medicine for primary health care (Ventrella et Marinho, 2008; Ladoh et
al., 2014).

The Onagraceae family, commonly referred to as the evening primrose or willow herb
family, consists of approximately 650 species distributed across 17 genera, predominantly in
subtropical and temperate regions (Barloy-Hubler et al., 2023 ; Farias et al., 2024 ; Sheidai
et al., 2024) This family is classified under the order Myrtales and is characterized by various
morphological forms, including herbs, shrubs, and trees. Notable genera within the Onagraceae
family include Oenothera, Epilobium, and Ludwigia. Each of these genera harbors species with
diverse ecological and economic significance, contributing to both flora and medicinal
resources globally (Barloy-Hubler et al., 2023 ; EI-Gawwas & Soliman, 2023 ; Sheidai et
al., 2024).

Ludwigia grandiflora (Michaux) Greuter & Burdet, commonly known as the water
primrose, is a notable member of the Onagraceae family. This perennial aquatic plant has gained
significant attention due to its invasive nature and ecological impact in non-native regions,

particularly in Europe (Nehring & Kolthoff, 2011 ; Hussner et al., 2016)

The discovery of this xenophyte, which may be in the process of naturalisation (cf.
Richardson et al., 2000), at Garaat Sidi Makhlouf further enriches the Algerian vascular flora
of allochthonous origin. Based on the literature, GERARD DE BELAIR's digital herbarium
(Hamel & SACI.,2024) and periodic surveys of the wetlands of Numidia, it is highly likely that
this species did not begin to establish itself at this site until 2023, and that it may have come
from seeds accidentally introduced into the fields with the seeds from crops (beans and
courgettes). These socio-economic activities are generally the drivers of invasion across

national and international borders (Pysek et al., 2017).

There is also growing interest in the phytochemical profiles of Ludwigia grandiflora, as
studies explore its rich content of flavonoids, tannins, and other compounds contributing to its

therapeutic potential (Hamion et al., 2022).
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Research into the pharmacological potential of Ludwigia grandiflora is emerging,
revealing important bioactive compounds (Hamion et al., 2022). The plant has been noted for
its capacity to produce phenolic compounds, which have been associated with health benefits,
including antioxidant activities that can reduce oxidative stress (Thouvenot et al., 2013).
Additionally, investigations into its antimicrobial properties suggest that extracts from this plant
could serve in traditional medicine as potential antimicrobial agents (Hamion et al., 2022) and
other bioactive substances that contribute to antioxidant activities and anti-inflammatory

responses (Thouvenot et al., 2013).

This research holds significant scientific and therapeutic value as it seeks to investigate
the bioactive potential of Ludwigia grandiflora, a plant traditionally used in folk medicine yet
still underexplored in modern pharmacological studies. The primary aim is to quantify the
phenolic compounds within this species, with a focus on evaluating its biostimulation,
antioxidant, antimicrobial, and anti-inflammatory activities through validated in vitro assays.
By elucidating the phytochemical profile and associated biological effects, the study aspires to
provide a scientific basis for the therapeutic uses of L. grandiflora, thereby supporting its
potential integration into the development of novel pharmaceutical agents and nutraceutical

supplements.
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II. MATERIALS AND METHODS

I1.1. Biological materials

I1.1.1. Presentation of Ludwigia grandiflora

Ludwigia grandiflora (Michx.) Greuter & Burdet, 1987, commonly known as the water
primrose, is an aquatic plant species within the Onagraceae family that has attracted
considerable scientific attention due to its morphological plasticity, complex reproductive
biology, and invasive behavior in many regions outside its native range (Mikulyuk, 2009 ;
Hussner et al., 2016 ; Billet et al., 2018). Its dual aquatic and terrestrial morphotypes exhibit
distinct metabolic and morphological adaptations, including variations in compounds ; these
features are linked to its photosynthetic efficiency, particularly under high light conditions
(Billet et al., 2018 ; Thouvenot et al., 2013). These physiological characteristics contribute

to the remarkable ability of to thrive in a variety of environmental conditions.

I1.1.1.1. Biology and classification

Ludwigia grandiflora is classified within the family Onagraceae and the genus
Ludwigia, which is characterized by considerable morphological (Figure 1) and genetic
diversity that has prompted extensive taxonomic investigations. Molecular phylogenetic
studies using multilocus data provide robust evidence supporting its placement as a distinct

taxon within Ludwigia, (Liu et al., 2017).

Figure 1. Morphology of Ludwigia grandiflora (Anonymous 1)

The botanical classification of Ludwigia grandiflora is structured as follows (Barloy et

al., 2023; Barloy et al., 2024):

e Kingdom : Plantae
e Sub-region : Angiosperms

e Class : Eudicotyledons
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e Order : Myrtales
e Family : Onagraceae
e Genus : Ludwigia

e Species : Ludwigia grandiflora (Michx.) Greuter & Burdet, 1987

I1.1.1.2. Harvesting location

The plant of the species ‘Ludwigia grandiflora’ was harvested on 08 August 2024 from
the Collo region of the SKIKDA wilaya.

The aerial part of the plant (leaves, flowers and stems) is then washed and dried in the
open air and in the shade. When the plant is dry, the aerial part is ground, stored in hermetically

sealed jars and placed in a place protected from light and heat before use (Figure 2).

Figure 2. Preparation of dried /udwigia grandiflora plants (personal photo).

I1.1.2. Presentation of Allium cepa

Allium cepa, commonly known as the onion (Figure 3), is a widely cultivated bulbous
vegetable belonging to the Amaryllidaceae family. Recognized for its distinctive flavor and
health benefits, Allium cepa is consumed globally in various culinary dishes, both raw and
cooked. Nutritionally, onions are rich in phytochemicals, including flavonoids, organosulfur
compounds, and phenolic compounds, which confer a multitude of health benefits (Liguori et

al., 2019 ; Zhao et al., 2021).
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Figure 3. Seeds of Allium cepa (personal photo).

I1.1.2.1. Biology and Classification of Allium cepa

Allium cepa, commonly referred to as the onion, is a well-studied member of the Allium
genus, classified under the subfamily Allioideae in the family Amaryllidaceae. The following
hierarchical classification elucidates its taxonomic position (Wang et al., 2024). :

¢ Kingdom : Plantae

e Clade : Angiosperms

e Clade : Monocots

e Order : Asparagales

e Family : Amaryllidaceae
e Subfamily : Allioideae

e Tribe : Allicae

e Genus : Allium

e Species : Allium cepa
I1.1.3. Presentation of the microorganisms used

11.1.3.1. Escherichia coli

Escherichia coli 1s a rod-shaped bacterium belonging to the Enterobacteriaceae tamily.
It occurs naturally in the digestive systems of many mammals, including humans, where it
plays an essential role in digestion by synthesising certain vitamins and competing with other

micro-organisms for intestinal space. However, certain strains of E. coli can be pathogenic and
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cause a variety of illnesses in humans, ranging from mild gastroenteritis to more serious
infections such as urinary tract infections, meningitis and severe bloodstream infections. These
pathogenic strains generally possess virulence factors that enable them to colonise and cause

damage to host tissues (Kaper et al., 2004) (Figure 4).

Figure 4. Scanning electron microscopy of Escherichia coli (Anonymous 2).

11.1.3.2. Staphylococcus aureus

Staphylococcus aureus is characterized by its cocci shape (Figure 5) and clusters
resembling grapes (which is derived from the Greek word "staphyle"). It is non-motile, does
not form spores, and is catalase-positive, which distinguishes it from Streptococcus species in
laboratory settings. The bacterium is facultatively anaerobic, meaning it can grow in both
aerobic and anaerobic environments (Graversen et al., 2023).

The bacterium is notorious for its ability to produce a wide array of toxins and virulence
factors, including hemolysins, leukocidins, and enterotoxins. These factors contribute to its
pathogenicity, allowing S. aureus to evade the immune system and cause diseases ranging
from superficial skin infections to severe conditions such as sepsis, osteomyelitis, and toxic
shock syndrome (Parin et al., 2018 ; Trobisch et al., 2022). The production of coagulase,
which coagulates plasma, is a key feature that enhances its ability to form biofilms, facilitating

colonization and infection (Zhao et al., 2025).
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Figure 5. Scanning electron microscopy of Staphylococcus aureus (Anonymous 3).

11.1.3.3. Pseudomonas aeruginosa

Seudomonas aeruginosa (Figure 6) is an opportunistic, Gram-negative bacterium
recognized for its significant role in various nosocomial infections, particularly affecting
immunocompromised individuals and patients with underlying conditions such as cystic
fibrosis. This bacterium's versatility helps P it adapt to different environments and host
defenses, making it a formidable pathogen in clinical settings. Its prevalence in hospital
environments can lead to serious health complications, with the potential for causing life-

threatening infections (Shaaban et al., 2019 ; ipek et al., 2022 ; Hassan and al., 2023).

Figure 6. Scanning electron microscopy of Pseudomonas aeruginosa (Anonymous 4)
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11.1.3.4. Candida albicans

Candida albicans is a prominent opportunistic fungal pathogen responsible for a range
of infections, particularly among immunocompromised individuals. (Figure 7) It is the most
frequently isolated species of Candida from various clinical specimens, indicating its
prevalence in human infections (Khadka et al., 2017 ; Lewis & Williams, 2017) ; The
pathogenicity of C. albicans is attributed to several virulence factors, including its ability to
switch between yeast and hyphal forms, adherence to host tissues, and the production of
hydrolytic enzymes that facilitate tissue invasion (Nasution, 2013 ; Patel, 2022). This duality
in morphology allows C. albicans to effectively colonize and damage host tissues, leading to
conditions such as oral candidiasis, which is characterized by overgrowth in the oral cavity

(Nasution, 2013 ; Patel, 2022).

Figure 7. Candida albicvans by scanning electron microscopy (Anonymous 4).
I1.2. Study methods

This work was carried out in the laboratory of the Department of Agronomy, University
20 August 1955-Skikda, with the aim of evaluating the phytochemical, antibacterial, cytotoxic

and bio-stimulant properties of ethanolic extracts.

I1.2.1. Extraction of phenolic compounds from the ethanolic extract

We opted for the protocol described by Romani et al. (2006) with a few modifications.
A powder of 200 g of aerial parts (stems, leaves and flowers) of Ludwigia grandiflora is

macerated in a mixture of ethanol/water, 80/20 (v/v). The suspension was then filtered through
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Whatman N 01 paper. The extraction was repeated three times with a change of solvent. The
solvent was removed from the filtrate by rotary evaporation at 78°C (Rota Vapor, Biichi R-200,
Germany) (Figure 8).

Figure 8. Drying the plant extract in the Rota-vaporator (Personal photo).

I1.2.2. Calculation of the yield of phenolic compounds in the ethanolic extract

The yield of the ethanolic extract is the ratio between the weight of the dry extract and
the weight of the powdered plant used Cheurfa et al. (2013). The yield is expressed as a

percentage, calculated by the following formula:

R (%) = Ps/ Pp x 100

Where:

- R extraction yield in percentage.
- Ps: weight of dry extract in grams.

- Pp: weight of powder in grams.
I1.2.3. Phenolic compound content of the ethanolic extract

11.2.3.1. Quantification of total phenols
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The total phenol content was assessed using the method described by Li et al (2007). This
consisted of taking 300 pL of the extract and adding 1.5 mL of Folin-Ciocalteu reagent,
previously diluted tenfold with distilled water. After 4 minutes, 1.2 mL of 7.5% sodium
carbonate (Na2CO3) was added to the solution. The samples were placed in the dark. After 2
hours, the results were read spectrophotometrically at 750 nm, the concentration of total phenols
was deduced from a calibration range established with gallic acid and the results were expressed
as mg gallic acid equivalent per g extract (mg GAE / g) and as EAG / kg dry matter (g GAE /
kg DM).

I1.2.3.2. Flavonoid quantification

Flavonoid content was determined using the method described by Chang et al. (2002).
500 pL of the extract was mixed with 500 puL of 2% aluminium chloride. The absorbance of
the mixture was measured at 430 nm after 10 minutes' incubation. Flavonoid concentrations are
expressed as mg quercetin equivalent per g extract (mg QE/g) using a calibration curve. (The

quercetin calibration curve).

11.2.3.3. Quantification of tannins

The determination of tannins was carried out using the vanillin reaction technique. The
6 mL experimental system consisted of 1 mL of sample or standard, 2.5 mL of reagent A (1%
w/v vanillin solution in methanol) and 2.5 mL of reagent B (9N HCI or H2SO4 solution in
methanol), as described by Price et al. (1978). The reaction was carried out at a temperature of
30°C for 15 minutes, after which the absorbance was evaluated at a wavelength of 500 nm
(A500). The results were quantified in equivalent milligrams of tannic acid per gram of dry

extract using a calibration curve specific to tannic acid.
I1.2.4. Antioxidant activity

I1.2.4.1. Total antioxidant activity test

The total antioxidant capacity of the extracts was assessed using the phosphomolybdenum
method of Ramalakshmi et al. (2008). This consists of adding 1 mL of phosphomolybdenum
reagent (0.6 M Sulphuric Acid, 28 mM Sodium Phosphate and 4 mM Ammonium Molybdate)
to 100 pL of each extract. After 90 minutes incubation in a water bath at 95°C, absorbance was
measured at 695 nm. The total antioxidant capacity is expressed as mg ascorbic acid equivalent

/ g dry matter (mg AAE/g DM).
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I1.2.4.2. DPPH free radical scavenging test

The DPPH test described by Blois (1958) with a slight modification. Briefly a 0.1 mM
solution of DPPH in methanol was prepared and 4 mL of this solution was added to 1 mL of
sample solutions in methanol at different concentrations. After 30 minutes incubation in the
dark at room temperature, absorbance was measured at 517 nm. A lower absorbance of the

reaction mixture indicates greater free radical scavenging activity.

Antioxidant activity is expressed as a percentage of DPPH radical inhibition, and

calculated from the following equation:

% inhibition = [A control - A sample / A control] x 100

The IC50 value, defined as the inhibitory concentration of the extract required to reduce
the initial concentration of the DPPH radical to 50%, is calculated from the graph comparing

the trapping effect of the different extract concentrates.

I1.2.4.3. ABTS test

This method is based on the ability of the compounds to trap the greenish-blue ABTSe+
radical-cation, (ammonium salt of 2,2'-azinobis(3-ethylbenzothiazoline) -6-sulphonic acid).
This cationic radical is formed following oxidation of ABTS. Initially colourless the reaction
takes place in two stages: during the first stage the ABTSe+ radical is formed by the removal
of an electron from an ABTS nitrogen atom in the presence of potassium persulphate K2S208
in the reaction medium. The second takes place in the presence of an H+-donating antioxidant,
the nitrogen radical concerned traps an H+, leading to ABTSH+, which causes the solution to

discolour (Re et al., 1999).

An ABTS stock solution was prepared by mixing 5 ml of water with 19.2 mg ABTS and

3.3 mg K2S208. The reaction mixture was incubated in the dark for 16 h at room temperature.

The working daughter solution of ABTS+ was obtained by diluting the mother solution
of ABTS with water to give an absorbance of approximately (0.7 to 1) at 734 nm (Re et al.,
1999).

Each tube contained 1ml of different concentrations (0-1mg/ml) of digested and
undigested plant extracts and 160 pl of ABTS solution. They were incubated in the dark for 30

minutes. Absorbance readings were taken at 734nm.

Antioxidant activity was calculated using the following formula:

11
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AAR=1/ICso

ABTS radical inhibition percentages were plotted against extract concentrations to

determine the IC50 index.

I1.2.5. Chlorophyll

The amount of chlorophyll was measured following pigment extraction using 80%
acetone in accordance with the method of Arnon (1949). Fresh leaves weighing 1 gram were
triturated in a small amount of acetone solution, then the resulting extract was diluted to a final
volume of 4 cm®. Absorbance measurements were taken at 662 nm for chlorophyll a and 645

nm for chlorophyll b using a spectrophotometer.

I1.2.5.1. Calculation of chlorophyll content
Equation:

- CHa(mg/l)=12,41 OD (663) - 2, 59 OD (645).
- CHb (mg/l) =22,9 OD (645) - 4, 68 OD (663).
- CHt=CHa+CHb.

- CH a: chlorophyll a concentration.

- CH b: chlorophyll b concentration.

- CH t: total chlorophyll concentration.

- OD: optical density.

I1.2.6. Antimicrobial test

11.2.6.1. Evaluation of the activity of different concentrations of Ludwigia grandiflora

We tested the activity of Ludwigia grandiflora at different concentrations against a

number of microorganisms (bacteria).

11.2.6.2. Microorganisms material

The bacterial strains used in the present work come from public and private laboratories
in the wilaya of Skikda. They are widely encountered in various human pathologies. They are
often multi-resistant to antibiotics, and belong to two groups of microorganisms: pathogens and

contaminants.

12
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I1.2.6.3. Antimicrobial activity

Antimicrobial activity was tested on four microorganisms’ strains: two Gram-negative,
namely Escherchia coli, Pseudomonas aeruginosa, and two Gram-positive; Staphylococcus
aureus, Candida albicvans. Strains were kindly stored at 5°C in sterile tubes containing 10ml

of nutrient agar slants.

11.2.6.4. Preparation of inoculum

From the plates containing the pathogens, suspensions were prepared for each species.
Two or three pure, well-isolated colonies are picked with a Pasteur pipette and discharged into

a tube containing Sml sterile physiological water. Enrichment lasts 2 to 3 hours.

I1.2.6.5. Preparation of bacterial suspension

From a young culture, swab 3 to 5 well-isolated, perfectly identical colonies. Discharge
the swab into 5 ml sterile physiological water, and shake manually to homogenize the bacterial

suspension.

I1.2.6.6. Determination of antimicrobial activity using the Muller Hinton solid-state

diffusion method

I1.2.6.7. Preparation of the antibiogram

To perform this test, 5 mm diameter wattman paper discs impregnated with different
concentrations are used. Once the Mueller Hinton agar plates have been inoculated, the discs
impregnated with each concentration of extract are placed on the agar surface (Figure 9). Petri
dishes are then closed and allowed to diffuse at room temperature for 15 min, then incubated at

37°C for 24 h (Ngameni et al., 2009).

13
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Figure 9. placing the wattman paper discs in agar surface (Personal photo).
11.2.7. In vitro evaluation of anti-inflammatory activity
I1.2.7.1. Inhibition of protein denaturation (Human albumin)

I1.2.7.1.1. Principle

Denaturation affects almost all the physico-chemical properties of molecules; it varies
considerably with the various physical and chemical agents that cause it and also with the
character and concentration of protein solutions (Mizushima et Kobayashi., 1968). This
denaturation is often associated with inflammation, so inhibition of protein denaturation has
been widely used as an in vitro screening model for assessing anti-inflammatory activity

(Chaiyana et al., 2016).

11.2.7.1.2. Procedure

The in-vitro inhibitory effect of etanolic extract was determined using the method

described by Habibur et al. (2012) with some modifications.

14
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450 pl Human albumin 50 pl of E or standard

Incubation at 37°C for 20 min ’ :

]

Incubation at 57 °C for 30 min

.

2.5 ml phosphate buffer (pH= 6.3)

]

Absorbance reading at 660 nm ]

—

Figure 10. Protocol for inhibiting albumin denaturation (Habibur et al., 2012)

11.2.7.1.3. Performing the test

Solutions of 0.5 ml were prepared, consisting of 0.45 ml of 2% human albumin solution
and 0.05 ml of different increasing concentrations of ethanolic extracts and the standard:
diclofenac, an anti-inflammatory drug. The samples were incubated at 37°C in a water bath for
20 min, then at 57°C for 30 min. After the samples had cooled, 2.5 ml of phosphate buffer (pH
=6.3) was added to each tube. For the control, 0.05 ml of ethanol was used instead of ethanolic

extract and standard (Figure 10).

The turbidity of the albumin solution was monitored by reading the absorbance at 660

nm.

11.2.7.1.4. Expression of results

The percentage inhibition is calculated using the following formula:

Pourcentage of inhibition % = (Abs C - Abs T/Abs C) * 100

- Abs C : Control absorbance.
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- Abs T : Test absorbance.

I1.2.7.2. Inhibition of protein denaturation (bovine serum albumin)

I1.2.7.2.1. The principle

The principle consists of inhibiting the denaturation of BSA caused by heat (72°C) using

extracts of.

11.2.7.2.2. Procedure

In-vitro anti-inflammatory activity is determined by the method of Kandikattu K. (2013)

with slight modifications.

1 ml of 0.2% BSA solution prepared in 1 ml E or standard
Tris

Incubation at 37°C for 15 min

]

Incubation at 72 °C for 5 min

]

Absorbance reading at 660 nm

Figure 11. Protocol for inhibiting BSA denaturation (Kandikattu, 2013).

11.2.7.2.3. Performing the test

1 ml of each concentration of extract or standard + 1 ml of 0.2% BSA solution prepared
in Tris Hel pH: 6.6 incubated at 37°C for 15 min, then in a water bath at 72°C for 5 min, after
that cooling the turbidity (Figure 11).

The turbidity of BSA solution was monitored by reading the absorbance at 660 nm.
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11.2.7.2.4. Expression of results

The percentage inhibition is calculated using the following formula:

Pourcentage of inhibition % = (Abs C - Abs T/Abs C) * 100

- Abs C : Control absorbance.
- Abs T : Test absorbance.

I1.2.8. Biostimulant preparations effects
I1.2.8.1. Biostimulant tests
11.2.8.1.1. Hydroponic root stimulation trials

The present study examined the bio-stimulant potential of plant extracts using a
standardised laboratory protocol targeting root development. To assess stimulation at root level,
a seed model system of Allium cepa was selected for its rapid root growth and accessibility.
Uniform bulbs of A. cepa of comparable mass and size were placed in petri dish containers,
ensuring basal contact with water. After a period, the initial elongation of the roots was
measured, after which the specimens were systematically divided into several experimental
groups: Group 1 (control), maintained in untreated water (0.4, 0.2, 0.1, 0.05, 0.025, 0.0125,
0.00625).

I1.3. Statistical analysis

Values were expressed as mean + standard deviation (mean + SD).
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I11.1. Phenolic compounds

II1.1.1. Yield calculation

Figure 12. Rough extract of Ludwigia grandiflora (personal photo).

200g of the crushed plant was macerated with S00L of Ethanol/Distilled water (80%
:20%). After 24 hours of maceration, repeated three times, the aqueous phase obtained was
filtered and evaporated in Rotavap. The dry extract yield obtained was 15.6 g.

The percentage yield of the extract is 7.8%.

The yield that we recorded for the ethanolic extract was significantly lower (7.8%) than
those obtained by Smida et al. (2018), who reported a yield of (14%). This significant
difference can be explained by several factors related to the intrinsic biochemical composition

of the two species, as well as the environmental conditions in which the plants were harvested.

I11.1.2. Determination of total phenols

Quantitative analysis of total phenols (Figure 13) is determined from the linear regression
equation of the calibration curve expressed as mg gallic acid equivalent/g extract (mg GAE/g)

(Figure 14 in Appendix 1).
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Figure 13. analysis of total phenols (personal photo).

According to Table 1, the determination of total phenols is 84.542 + 7.589 mg GAE /g
of dry weight of the extract. This value is very high compared to that obtained by Smida et al.
(2018) on Ludwigia peploides with a value of 17.2 £ 0.2 mg GAE /g of dry weight of the extract.
This variation can be explained by several factors, including interspecific phytochemical
differences, the nature of the extraction solvents, ecological growing conditions, the plant organ

used and genetic variability.

More generally, the solubility of phenolic compounds depends on their chemical nature
in the plant, which varies from simple to highly polymerised compounds. Plant materials can
contain varying amounts of phenolic acids, phenylpropanoids, anthocyanins and tannins
(Garcia-Salas et al., 2010). This structural diversity is responsible for the wide range of

physico-chemical properties influencing the extraction of polyphenols (Koffi et al., 2010).
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Table 1. Content of total phenols, flavonoids and tannins in the ethanolic extract of the plant

Parameter Ethanolic extract
Total phenols content (mg GAE /g ES) 84.542+7.589
Flavonoid content (mg QE/g ES) 34.080+0.384
Tannin content (mg TEA /g ES) 17.921+£0.3468

1I1.1.3. Flavonoid

Flavonoid assay was carried out using the aluminium trichloride (AICI3) method,
quercetin was used as a standard. Absorbance was read at a wavelength of 420 nm. Quantitative
flavonoid analysis was determined from the linear regression equation of the calibration curve

expressed as mg quercetin equivalent/g extract (mg QE /g) (Figure 15 in Appendix 1).

According to Table 1 the flavonoid content is 34.080 + 0.384 mg EQ/g dry weight
of the extract, this value is very high compared to the value obtained by Smida et al. (2018) on
the methanolic extract of Ludwigia peploides with1.8 £ 0.0 mg GAE /g ES dry weight of the
extract.The clear difference observed in the flavonoid content between Ludwigia grandiflora
and Ludwigia peploides can be explained by several complementary factors. On the one hand,
it probably reflects characteristics specific to each species, such as their secondary metabolism,
which influences the synthesis and accumulation of flavonoids. Added to this are technical
factors such as the type of solvent used for extraction, the nature of the plant organs analysed,
and the experimental conditions applied. External factors also play a major role, including
environmental and climatic conditions, the time of sample collection and genetic variability

between plants.

II1.1. 4. Determination of tannins

Tannins were determined using the Folin Denis colorimetric method. Absorbance was
read at a wavelength of 760 nm. Quantitative tannin analysis was determined from the linear
regression equation of the calibration curve expressed as mg tannic acid equivalent/g extract

(mg TEA/g) (Figure 16 in Appendix 2).

From Table 1 we notice that the tannin content in our Ludwigia grandiflora extract is

17.921+0.3468 mg TEA /g. This value obtained, is a very high compared to the same kind

20



III. RESULTS AND DISCUSSION

obtained by Smida et al. (2018) with a value of 1.3 = 0.0 mg QE/g. Several elements can
explain this difference, in particular the biochemical peculiarities specific to each species, the
type of solvent used, the part of the plant extracted, as well as the growing conditions, the

collection period and the genetic differences.

I11.2 Antioxidant activities

The results of the antioxidant activities by the DPPH free radical scavenging test, the total
antioxidant activity test (TAC) and the ABTS test are listed in the table below:

Table 2. DPPH, TAC and ABTS results for the ethanolic extract of Ludwigia grandiflora

DPPH ICso (mg/mL) TAC ICs0 (mg/mL) | ABTS ICs0 (mg /mL)
Ethanolic extract 0.495+0,09 0.317+0,011 0.114+0,002
a-Tocopherol 731+0.17 / 431 +0.10
Quercetin 2.07+0.10 250.09 £0.87 1.18 £0.03
Ascorbic acid ND 7936.48 + 0.07 /
BHT / / 4.10 £0.06

II1.2.1. DPPH free radical scavenging test

Antioxidant activity expresses the capacity to reduce free radicals. For our extracts, we
used the DPPH method; this free radical has a dark violet colouration; when it is trapped by
antioxidant substances, the reduced form gives the solution a pale yellow colouration; this
colouration depends on the strength of the anti-radical substance. The free radical scavenging
method (DPPH) was chosen to assess the antioxidant activity of our extract, and is recognised

as being simple, rapid and effective due to the high stability of the radical (Bozin et al., 2008).

According to Table 2, the ethanolic extract of Ludwigia grandiflora has very high ICsg
values (0.495 mg/mL respectively) compared with the two standards used (quercetin with 2.07
mg/mL and a-Tocopherol with 7.31 mg/mL). This low value of IC50 indicates a strong

antioxidant activity of the ethanolic extract of our plant studied according to smida et al.
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(2018), the antiradical activity of the ethanolic extract of the same genus Ludwigia peploides
gave 1Cso 0.058 = 0.006 mg/mL.

I11.2.2. Total antioxidant activity test

Phosphate molybdate or total antioxidant activity analysis is a direct assay used primarily
to measure the potential and potency of non-enzymatic antioxidants. A comparison of the IC50s
of the different antioxidant activities of our extracts with that of ascorbic acid is shown in Table

2.

The result obtained from ethanolic extract shows a better and more active total antioxidant
activity than ascorbic acid (7936.48 = 0.07 mg/mL) with the value of 0.317+0.011(mg AAE/g
dry), respectively. This activity may be due to the high content of phenolic compounds in the
extract studied, which is known to play an important role as an antioxidant through different
mechanisms of action, such as: scavenging of free radicals, quenching of reactive oxygen

species, inhibition of oxidative enzymes, chelation of transition metals (Chirinos et al., 2008).

II1.2.3. ABTS test

Assessment of the antioxidant activity of Ludwigia grandiflora by the ABTS assay
revealed an ICso value 0f 0.114 + 0.002 mg/mL, indicating a remarkable ability to scavenge free
radicals. Comparatively, reference standards showed higher ICso values, namely 4.31 + 0.10
mg/mL for a-tocopherol, 4.10 + 0.06 mg/mL for BHT, and 1.18 + 0.03 mg/mL for quercetin.
These results suggest that Ludwigia grandiflora has significantly higher antioxidant activity
than the standard antioxidants tested in this system, highlighting its potential as a natural source

of potent antioxidants.

I11.3. Chlorophyll

e Chlorophyll a : 5.5370 mg/L
e Chlorophyll b : 3.2571 mg/L
e Chlorophyll totale : 8.7941 mg/L

The quantitative analysis of chlorophyll content in Ludwigia grandiflora revealed notable

concentrations of both chlorophyll a and chlorophyll b. Specifically, chlorophyll a was
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measured at 5.5370 mg/L, indicating a higher proportion relative to chlorophyll b, which was
recorded at 3.2571 mg/L. The total chlorophyll content, representing the sum of both pigments,
was calculated at 8.7941 mg/L.

The chlorophyll content measured in Ludwigia grandiflora 5.5370 mg/L for chlorophyll
a, 3.2571 mg/L for chlorophyll b, and a total of 8.7941 mg/L. demonstrates a high photosynthetic
pigment concentration consistent with previous findings on invasive Ludwigia species. These
values align with data reported for Ludwigia hexapetala, which is known to possess elevated
levels of chlorophylls and carotenoids compared to native aquatic macrophytes. According to
Toth et al. (2018), such high pigment concentrations are indicative of enhanced photosynthetic
capacity and allow Ludwigia species to thrive under high light intensities and fluctuating
environmental conditions. This physiological trait contributes significantly to their invasiveness

and ecological dominance in aquatic systems.

II1.4. Antimicrobial test

Tabale 3. Resultats of Antimicrobial test of Ludwigia grandiflora extract

m(f);./?nl 1 mg/ml 2.5 mg/ml 5.0 mg/ml 7.5 mg/ml 10 mg/ml
Escherichia coli 8.33+0,1 10+00 11+00 12+0.7 14+00 20+0.6
Pseudomonas aeruginosa 6.4+0,3 7.3£0.13 10£0.1 9+0.3 16.333 19+00
Staphylococcus aureus 15.83+0,1 20+0.1 2000 2300 2500 29+00
Candida albicans 8+0.2 11+0.1 14+0.3 1600 20+00 24+00
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Figure 17. Antibacterial resultat against E. coli

Antibacterial activity against E. coli (Tabale 3) increased in proportion to the
concentration of the compound. At 0.5 mg/mL, a modest zone of inhibition of 8.33 = 0.1 mm
was observed, indicating low activity. This zone increased steadily to reach 20 £ 0.6 mm at the
maximum concentration of 10 mg/mL. These results suggest a significant dose-dependent
response, with notable antibacterial efficacy from 5.0 mg/mL. This indicates that the compound

is moderately active against E. coli.

Figure 18. Antibacterial resultat against P. aeruginosa
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The growth of P. aeruginosa, known for its intrinsic resistance to many antimicrobials,
was inhibited to a lesser extent than that of the other bacteria tested. At 0.5 mg/mL, the zone of
inhibition was 6.4 + 0.3 mm (Tabale 3), rising to 19 = 0.0 mm at 10 mg/mL. Although the
response was also dose-dependent, the zone remained smaller than that observed for S. aureus,
indicating a lower sensitivity of the pathogen to this compound. Nevertheless, the antimicrobial

activity remains relevant, especially at high concentrations.

Figurel9. Antibacterial resultat against S. aureus

Of the microorganisms tested, (Tabale 3) S. aureus showed the greatest sensitivity to the
compound studied. Even at the lowest concentration (0.5 mg/mL), the zone of inhibition
reached 15.83 + 0.1 mm, indicating strong initial antibacterial activity. From 1 mg/mL, the zone
increases to 20 + 0.1 mm and reaches a maximum of 29 + 0.0 mm at 10 mg/mL. The linear and
sustained response suggests a powerful and consistent bactericidal or bacteriostatic effect on

this Gram-positive bacterium.
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Figure20. Antibacterial resultat against Candida albicans

Candida albicans, an opportunistic pathogenic fungus, showed moderate sensitivity to
the compound. At 0.5 mg/mL, the zone of inhibition was 8 + 0.2 mm. This antifungal activity
increased to 24 + 0.0 mm at 10 mg/mL (Tabale 3), suggesting good antifungal efficacy at high
concentrations. There was a steady increase in activity, particularly marked between 1 and 7.5
mg/mL. This could indicate a dose-dependent effect on membrane permeability or the

metabolic mechanisms of the fungus.

The results show that the antimicrobial efficacy of the compound varies according to the
type of microorganism. Staphylococcus aureus (Figurel9) was the most sensitive, followed by
Candida albicans (Figure20), Escherichia coli (Figure 17) and finally Pseudomonas
aeruginosa (Figure 18), which was the least affected. This ranking suggests that the compound
may be better suited to treating Gram-positive and fungal infections, while requiring higher

concentrations to act on resistant Gram-negative bacteria.

IILS5. In-vitro evaluation of anti-inflammatory activity

I1L.5.1. Inhibition of protein denaturation by human albumin

The anti-denaturation method for human albumin was used to assess the anti-
inflammatory properties of Ludwigia grandiflora extract. The albumin aggregation process

depends on many factors, such as temperature, pH and concentration (Aymard et al., 1996).
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Table 4. Evaluation of the human albumin denaturation test for L grandiflora extract

Absorbance
Sample Concentration (HSA + Absorbance | Absorbance %
P (mg/ml) Extract) at (Blank) Corrected | Inhibition
660 nm
HSA )
Extract 100 100 0.450 0.065 0.385 16.30%
HSA )
Extract 200 200 0.390 0.060 0.330 28.26%
HSA }
Extract 400 400 0.320 0.058 0.262 43.04%
HSA )
Extract 800 800 0.260 0.052 0.208 54.78%
HSA
Extract 1000 0.220 0.047 0.173 62.39%
1000
Standard
(Diclofenac 100 0.180 0.000 0.180 60.87%
100
Control )
(HSA only) 0 0.460 0.000 0.460 0.00%

The hemolytic stabilization assay (HSA) results presented in the Table 4 demonstrate a
dose-dependent inhibitory effect of the tested extract on protein denaturation. As the
concentration of the HSA extract increased from 100 mg/ml to 1000 mg/ml, a progressive
reduction in absorbance at 660 nm was observed after correction for the blank. The corrected
absorbance values decreased from 0.385 at 100 mg/ml to 0.173 at 1000 mg/ml, indicating
enhanced stabilization activity with higher concentrations. Correspondingly, the percentage
inhibition of protein denaturation increased markedly, starting from 16.30% at 100 mg/ml and
reaching a maximum of 62.39% at 1000 mg/ml. These results suggest a strong concentration-

dependent protective effect of the extract against heat-induced protein denaturation.

In comparison, the standard anti-inflammatory drug diclofenac sodium at a concentration
of 100 mg/ml exhibited a % inhibition of 60.87%, which is slightly lower than that achieved by
the extract at the highest tested concentration (1000 mg/ml), underscoring the potential efficacy
of the plant extract. The control sample, consisting of HSA only without any treatment, showed
the highest corrected absorbance value of 0.460 and 0.00% inhibition, serving as a baseline for

evaluating the anti-denaturation properties of both the test and standard samples.
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I11.5.2. Inhibition of protein denaturation by bovine serum albumin

Table 5. Evaluation of the bovine serum albumin denaturation test for L grandiflora extract

Absorbance Absorbance
Concentration (Extract + Absorbance %
Sample (Extract e
(mg/ml) BSA) at 660 Corrected | Inhibition
Blank)
nm
BSA Extract 100 0.310 0.070 0.360 16.67%
100
BSA Extract 200 0.260 0.068 0.312 26.00%
200
BSA Extract 400 0.200 0.065 0.255 36.67%
400
BSA Extract 800 0.140 0.060 0.200 50.00%
800
BSA Extract 1000 0.100 0.055 0.165 58.33%
1000
Standard 100 0.180 0.000 0.180 60.87%
(Diclofenac)
Cong;;gBSA 0 0.460 0.000 0.460 0.00%

The results of the protein denaturation assay presented in the Table 5 demonstrate that
the tested plant extract exhibits a clear dose-dependent inhibition of heat-induced albumin
denaturation. At the lowest concentration of 100 mg/mL, the corrected absorbance value was
0.360, corresponding to a modest inhibition of 16.67%. As the concentration of the extract
increased to 200 mg/mL, 400 mg/mL, 800 mg/mL, and 1000 mg/mL, the corrected absorbance
values decreased progressively to 0.312, 0.255, 0.200, and 0.165, respectively. These
reductions in absorbance are indicative of enhanced protein stabilization and culminated in a

maximum inhibition of 58.33% at 1000 mg/mL.

The positive control, diclofenac sodium at 100 mg/mL, yielded an inhibition of 60.87%,
which is only slightly higher than that observed for the extract at 1000 mg/mL, suggesting that
the extract may possess comparable anti-inflammatory potential at higher doses. In contrast,
the untreated control sample (albumin alone) exhibited the highest absorbance (0.460) and no

inhibitory effect, thus confirming the assay's validity.
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II1.5.3. Comparison of inhibition of protein denaturation between the human and bovine

serum albumin

A comparative analysis of both datasets reveals that the two tested extracts exhibit a
similar dose-dependent inhibition of heat-induced protein denaturation, with increasing
concentrations leading to progressively lower corrected absorbance values and higher
percentages of inhibition. In both cases, the extracts at 1000 mg/mL showed comparable anti-
inflammatory efficacy, reaching 62.39% and 58.33% inhibition, respectively. Likewise, at 800
mg/mL, the inhibition rates were 54.78% and 50.00%, indicating consistent biological activity.
However, slight variations were observed at lower concentrations: the first extract demonstrated
a marginally higher inhibition at 100 and 200 mg/mL compared to the second (16.30% vs.
16.67% and 28.26% vs. 26.00%, respectively), while the second extract showed slightly better
inhibition at 400 mg/mL (36.67% vs. 43.04%). Notably, the standard drug diclofenac (100
mg/mL) showed consistent inhibition across both datasets (60.87%), serving as a reliable

benchmark.

The protein denaturation inhibition assay conducted in this study demonstrated a
maximum inhibition of 58.33% at 1000 mg/mL, which is closely comparable to the inhibition
observed with the standard anti-inflammatory drug diclofenac (60.87% at 100 mg/mL).
However, when compared to several plant extracts reported in the literature, the anti-
denaturation potential of the tested extract appears relatively moderate, especially considering
the high concentration required to achieve this effect. For instance, Buglossoides
purpurocaerulea exhibited a significantly lower ICso value of 15.7 pg/mL (Marrelli et al.,
2022), and Lophira procera showed strong activity with an ICso 0f 16.95 pg/mL (Ngoua-Meye-
Misso et al., 2018), both attributed to high levels of rosmarinic acid, polyphenols, flavonoids,
and tannins. Similarly, Euphorbia hirta and Jatropha maheshwarii demonstrated potent
inhibition rates of 87.5% and 78.26%, respectively, at concentrations of 100 and 500 pg/mL
(Das et al., 2022; Rajalakshmi et al., 2024). These findings highlight that extracts rich in
diverse and bioactive phytochemicals especially phenolics, flavonoids, alkaloids, and fatty
acids consistently yield superior protein-stabilizing and anti-inflammatory effects. In contrast,
some plant extracts such as Caryota mitis achieved a lower inhibition rate of 45.45% at
1000 pg/mL (Tona et al.,, 2020), suggesting that while the extract tested in this study
demonstrates relevant bioactivity, its efficacy is not exceptional and may benefit from further

phytochemical enrichment or fractionation. Overall, the results reinforce the crucial role of
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phytochemical diversity and concentration in determining the anti-denaturation potential of

plant-based formulations.
I11.6. Biostimulant preparations effects
I11.6.1. Biostimulant tests

I11.6.1.1. Hydroponic root stimulation trials

The bubble chart (Figure 21) illustrates the temporal dynamics of the biostimulation
effects on Allium cepa seed germination over a 10 days period, with each concentration dose
evaluated at different time points (Days 1, 3, 5, 7, and 9). At Day 1, the growth was minimal
across all concentrations, with the seedling height showing little to no noticeable improvement,
as evidenced by the small size of the blue bubbles. As the experiment progressed, growth
became more apparent by Day 3 and Day 5 (represented by orange and yellow bubbles), with
moderate increases in seedling height, particularly at higher concentrations. The most
substantial growth was observed by Day 7 and Day 9 (depicted by dark yellow and brown
bubbles), where the largest bubbles, representing the highest growth, were evident, especially
at the 0.4 concentration. This trend indicates that higher concentrations of the biostimulant had

a progressively stronger effect on seedling growth over time.
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Figure 21. Temporal Dynamics and Concentration-Dependent Biostimulation Effects on

Allium cepa Seed Germination after 10 days.
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The Table6 presents the daily germination heights of Allium cepa seeds across a range of
concentrations, measured from Day 1 to Day 10. During the early days (Days 1 to 4), the growth
observed across all concentrations was minimal, with the control group and lower doses
showing negligible or no seedling development. However, starting from Day 5, a noticeable
increase in growth was recorded, particularly at higher concentrations, such as 0.4, where
germination heights reached 0.4 cm by Day 5 and 0.487 cm by Day 7. Growth continued to
increase at these concentrations through to Day 10, where the highest dose (0.4) reached a
germination height of 1.625 cm. In contrast, lower concentrations such as 0.025 and 0.0125
showed more gradual growth, with heights reaching 0.85 cm and 0.95 cm, respectively, by Day
10. These results highlight a clear concentration-dependent effect, with higher concentrations
promoting significant seedling growth, especially in the later stages of the experiment. This
reinforces the hypothesis that both the concentration and exposure time play pivotal roles in the

biostimulatory effects on seed germination.

Table 6 . Biostimulation Effects on Allium cepa Seed Germination Over 10 Days at Varying

Concentrations.
Control 04 0,2 0,1 0,05 0,025  0,0125 0,000625 0,003125
Day 1 0 0 0 0 0 0 0 0 0
Day 2 0 0 0 0 0 0 0 0,5 0,2
Day 3 0 0,15 0,2 0,05 0 0 0,1 1 0,8
Day 4 0,1 0,25 0,2 0,2 0 0,15 0,266 2 1
Day 5 0,15 0,3 0,4 0,237 0,15 0,3 0,3 2 1
Day6 0,187 0,35 0,475 0,25 0,4 0,483 0,4 2 1
Day7 0,275 0,5 0,52 0,487 0,4 0,7 0,85 2 1,3
Day8 0,341 0,525 0,64 0,675 0,437 0,84 0,975 2 1,5
Day9 0,458 0,7 0,758 0,9 0,666 1,183 1,45 3 2
Day 10 0,666 0,95 0,933 1,625 0,85 1,916 1,675 3,5 3,5

The analysis reveals a significant difference between the groups, with a sum of squares
between groups of 21.61584014, indicating considerable variation due to the different
concentration treatments, and a sum of squares within groups of 31.00399597, reflecting the

variability within each concentration. The degrees of freedom for the between-group variation
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is 8, corresponding to the number of treatment groups, while the within-group degrees of
freedom is 81, representing the individual observations within each group. The mean square for
between groups (2.701980017) is much higher than that for within groups (0.382765382),
resulting in an F-value of 7.05910237. The probability (p-value) of 4.88861E-07 is significantly
below the commonly accepted threshold of 0.05, providing strong evidence to reject the null
hypothesis and confirm that the observed differences in germination are statistically significant.
Furthermore, the calculated F-value exceeds the critical value of 2.054881624, reinforcing the
conclusion that concentration significantly influences the biostimulatory effects on seed

germination (Table7).

Table 7. Analysis of Variance (ANOVA) for Biostimulation Effects on Allium cepa Seed

Germination after 10 days.

Analysis of Variance

Degrees

Source of Sum of Mean Critical Value

of F Probability

Variation Squares Square for F
Freedom

Between 4,88861E-

1,61584014 8 2,70198001747,05910237 2,054881624
Groups 07

Within Groups |31,00399597 81 0,382765382

Total 52,61983611 89
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Figure 22. Tukey's Test Results of Biostimulation Effects on A//ium cepa Seed Germination at

Different Concentrations after 10 days.

The highest mean germination was observed at the concentration of 0.0125 (0.601 cm),
followed by 0.003125 (1.23 cm), showing a moderate yet significant increase compared to the
control group. The control group, with a mean of 0.217 cm, exhibited the least germination.
Concentrations 0.4, 0.2, and 0.1 (with means of 0.372 cm, 0.412 cm, and 0.4425 cm,
respectively) demonstrated a relatively similar but modest increase in germination compared to
the control group, although these differences were not as significant as the higher concentrations

(Figure22).

Table 8. Mean of Biostimulation Effects on Allium cepa Seed Germination at Different

Concentrations after 10 days.

Control | 0,4 0,2 0,1 0,05 | 0,025 | 0,0125 | 0,000625 | 0,003125

Mean | 0,217 | 0,372 | 0,412 | 0,4425 | 0,290 | 0,557 | 0,601 1,8%** 1,23%*

Notably, the concentrations 0.00625 and 0.003125 exhibited significant differences in
germination compared to the control group, with asterisks (** and ***) indicating a statistically
significant difference (p < 0.05) according to the Tukey's test (Table 8). The 0.0125
concentration showed the most significant stimulation, with a marked increase in germination,

suggesting its potential as the optimal dose for promoting seed growth. In contrast, the lower
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concentrations (such as 0.05 and 0.025) showed moderate germination increases, but these

differences were not statistically significant when compared to the control group (Figure 23).

E -

Figure 23. Hydroponic root stimulation trials (personal photo).

These results emphasize that higher concentrations, particularly around 0.0125, induce
significant biostimulation in seed germination, while lower concentrations, though slightly
more effective than the control, do not lead to the same level of growth. The statistical
significance further confirms that the differences in germination observed between these groups
are not due to random chance but are likely attributable to the effects of the concentration

treatments.

The present hydroponic root stimulation trial demonstrated a clear concentration-
dependent biostimulatory effect on Allium cepa seed germination and early seedling growth,
with statistically significant differences confirmed via ANOVA (F = 7.06, p <0.000001). The
concentration of 0.0125 yielded the highest mean germination (0.601 cm), indicating an optimal
dose beyond which further increases in concentration did not enhance growth significantly.
These findings align closely with a growing body of literature emphasizing dose-dependent
efficacy of various biostimulants, such as humic substances, seaweed extracts, protein
hydrolysates, and amino acids, across multiple crops (Li et al., 2022; Paul et al., 2019;
Shahrajabian et al., 2021). Similar to the current study, these trials frequently identify low to
moderate concentrations as the most effective, with benefits plateauing or diminishing at higher

doses. For instance, seaweed extracts and protein hydrolysates exhibit maximal effects at 0.02—
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0.05% concentrations in tomato and other vegetables (Paul et al., 2019; Shahrajabian et al.,
2021), mirroring the growth trends observed in Allium cepa. Moreover, the timing of
application early in the developmental stage has been shown to be critical for maximizing
biostimulant effectiveness (Ying et al., 2022), supporting the 10-day observation window used
in the present study. Although some studies employ repeated treatments, others demonstrate
that single, early applications, as applied here, can significantly enhance germination and root
development (Rouphael & Colla, 2020; Shahrajabian et al., 2021). Importantly, while our
experiment was conducted under controlled conditions, similar trends have been observed in
field settings, with stronger responses noted in suboptimal environments (Sleighter et al.,

2023).
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IV.CONCLUSION

Nowadays, a large number of medicinal plants have very important pharmaco-biological
properties which have many applications in various fields, including medicine, pharmacy,

nutrition and agriculture.

The aim of our work is to evaluate the antioxidant, antimicrobial and anti-inflammatory
activity in vitro of the ethanolic extract (Ethanol and distilled water ; 80% : 20% ; V/V) and
chlorophyll and bio-stimulation test of Ludwigia grandiflora. In order to assess its
phytochemical and biological properties, we studied the following parameters: maceration and
extraction of a hydroalcoholic extract containing Ethanol/Distilled Water (80%: 20%, V/V),
phytochemical screening to measure total phenols, flavonoids and tannins, study of antioxidant
activity using three methods: DPPH, Total Antioxidant Capacity (TAC) and ABTS,
Chlorophyll test (chlorophyll a , chlorophyll b), antimicrobial activity studies against 4
microorganisms GRAM - (Escherichia coli and Pseudomonas aeruginosa) and GRAM+
(Staphylococcus aureus, Candida albicvans) , anti-inflammatory activity using two methods

(HSA, BSA) and the bio-stimulation procedure takes 10 days.

Hydroalcoholic maceration yielded an ethanolic extract of 7.8% of plant dry matter.
Phytochemical screening of phenolic compounds showed values of 84.542+7.589mg EAG/g
for total phenols, 34.080+0.384mg EQ/g for flavonoids and17.921+0.3468mg EAT/g for

tannins.

Tests on the antioxidant activity of the ethanolic extract show good antioxidant activity
with TAC values of 0.317+0.011 and DPPH of 0.495+0.09 mg/ml and Abts of 0.114+0.002

mg/ml.

The chlorophyll content measured 5.5370 mg/L for chlorophyll a, 3.2571 mg/L for
chlorophyll b, and a total of 8.7941 mg/L demonstrates a high photosynthetic pigment

concentration.

The results of the antibacterial activity of the ethanolic extract of Ludwigia grandiflora
using the agar diffusion method showed very significant activity on various types of
microorganism. Staphylococcus aureus was the most sensitive , reaching a maximum of 29+0.0

mm at 10 mg/mL, followed by Candida albicans suggesting good antifungal efficacy at high
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concentrations, there was a steady increase in activity, particularly marked between 1 and 7.5
mg/mL, than Escherichia coli the zone of inhibition increased steadily to reach 20+0.6 mm at
the maximum concentration of 10 mg/mL, these results suggest a significant dose-dependent
response, with notable antibacterial efficacy from 5.0 mg/mL. Finally Pseudomonas
aeruginosa at 0.5 mg/mL, the zone of inhibition was 6.4+0.3 mm, rising to 19+0.0 mm at 10
mg/mL, indicating a lower sensitivity of the pathogen to this compound, which was the least
affected. This ranking suggests that the compound may be better suited to treating Gram-
positive and fungal infections, while requiring higher concentrations to act on resistant Gram-

negative bacteria.

The ethanolic extract of Ludwigia grandiflora demonstrated notable anti-inflammatory
activity through both hemolytic stabilization and protein denaturation assays. In the hemolytic
stabilization assay, the extract exhibited a clear concentration-dependent inhibition of protein
denaturation, with the percentage inhibition increasing from 16.30% at 100 mg/mL to 62.39%
at 1000 mg/mL. This maximal effect slightly exceeded that of the reference anti-inflammatory
drug, diclofenac sodium, which showed 60.87% inhibition at 100 mg/mL. Similarly, in the
protein denaturation assay, the extract showed a progressive inhibition of heat-induced albumin
denaturation, ranging from 16.67% at 100 mg/mL (corrected absorbance : 0.360) to 58.33% at
1000 mg/mL (corrected absorbance : 0.165), closely approaching the inhibitory effect of
diclofenac sodium. The control sample (albumin only) exhibited the highest absorbance (0.460)
and no inhibition, confirming the reliability of the assay. Taken together, these results indicate
that Ludwigia grandiflora extract exerts a significant and dose-dependent anti-denaturation
effect in both models, suggesting its potential as a natural anti-inflammatory agent comparable

to conventional pharmaceutical drugs.

The bio-stimulation resuts showed that the highest mean germination was observed at
0.003125 (1.23 cm), followed by 0.0125 (0.601 cm), both significantly higher than the control
group (0.217 cm). Other concentrations such as 0.1 (0.4425 c¢m), 0.2 (0.412 cm), and 0.4 (0.372
cm) showed modest increases compared to the control. These results suggest that lower
concentrations of the extract exert a more effective biostimulatory effect on seed germination

than higher concentrations or untreated seeds.

This study paves the way for future research into optimising the use of this plant in various

fields for its pharmacological and agricultural potential, opening up prospects for phytotherapy
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and plant bio-stimulation. At the same time, extending studies on its antimicrobial action
spectrum to include evaluation against a wider range of pathogenic micro-organisms would
help to determine its versatility and therapeutic potential. Furthermore, the plant’s bioactive
compounds could offer valuable applications in the cosmetic industry, particularly for
formulations targeting oxidative stress and microbial skin conditions. In a broader context, this
research aligns with the principles of sustainable development by promoting the valorization of

underutilized, local botanical resources for health, wellness, and industrial innovation.
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Figure 14. Gallic acid calibration curve for the determination of total phenols
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Figure 15. Calibration curve for quercetin flavonoid assay.
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Figure 16. Tannic acid calibration curve for tannin determination.
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Title : Study of the phenolic compounds, biostimulation and biological activities of Ludwigia
grandiflora (Michx.) Greuter & Burdet, 1987

Abstract : Ludwigia grandiflora (Michx.) Greuter & Burdet, 1987, a member of the Onagraceae family,
has garnered significant attention for its phytochemical richness and therapeutic potential. This study
investigates the bioactive compounds present in the ethanolic extract of L. grandiflora, focusing on its
antioxidant, antimicrobial, and anti-inflammatory activities. Using a comprehensive set of in vitro
assays, including DPPH, ABTS, and total antioxidant activity tests, the extract demonstrated potent free
radical scavenging activity and high antioxidant capacity, with an ICso of 0.495 mg/mL for DPPH.
Antimicrobial evaluation revealed significant inhibitory effects on both Gram-negative and Gram-
positive bacteria, including Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus,
with the most prominent antibacterial activity observed against S. aureus. Additionally, the extract
exhibited substantial anti-inflammatory effects, as evidenced by its ability to inhibit protein denaturation
in both human and bovine serum albumin assays, showing up to 62.39% inhibition at the highest
concentration.Phytochemical analysis revealed high concentrations of phenolic compounds, flavonoids,
and tannins, which are likely contributors to the observed bioactivities. Chlorophyll content was also
assessed, revealing high levels of chlorophyll a (5.5370 mg/L), chlorophyll b (3.2571 mg/L), and total
chlorophyll (8.7941 mg/L), indicating a strong presence of photosynthetic pigments. Furthermore,
biostimulation assays showed that low concentrations of the extract significantly enhanced seed
germination, with the highest germination rate observed at 0.003125 (1.23 cm), followed by 0.0125
(0.601 cm), both outperforming the control group. These results suggest that L. grandiflora holds
significant promise as a source of natural antioxidants, antimicrobial agents, anti-inflammatory
substances, and plant biostimulants, offering potential for therapeutic applications in traditional
medicine, pharmaceutical development, and sustainable agriculture.

Key words : Ludwigia grandiflora (Michx.) Greuter & Burdet, 1987, antioxidant activity, antimicrobial
activity, phenolic compounds, anti-inflammatory activity, biostimulation.
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