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ABSTRACT
Background and Objective: Lantana camara L. is a medicinal plant rich in bioactive phytochemicals
traditionally used for treating infections and various ailments. The main objective was to characterize the
bioactive compounds present in Lantana camara seeds and to evaluate their antioxidant and antibacterial
activities. Materials and Methods: Two solvents were used for extraction from 100 g of seed powder:
Pure ethanol and a hydroethanolic mixture containing 70% water and 30% ethanol. The extracts were the
subjected to phytochemical screening, quantitative analysis of phenolic compounds, flavonoids, and
tannins, as well as antioxidant activity assays using DPPH and ABTS, and antibacterial susceptibility tests.
Data were analyzed in GraphPadPrism 8, with results as Mean±SD at p#0.05. Results: The hydroethanolic
mixture produced a higher extraction yield (10.30%) compared to pure ethanol (4.736%). However, the
ethanolic extract was richer in phenolic compounds (67.10 mg gallic acid equivalents per gram of dry
extract), flavonoids (354.83 mg quercetin equivalents per gram of dry extract), and tannins (234.50 mg
catechin equivalents per gram of dry extract). It also showed stronger antioxidant activity, with an IC50 of
2942.83 µg/mL for DPPH and 2100.27 µg/mL for ABTS, compared to the hydroethanolic extract, which had
IC50 values of 3173.84 µg/mL for DPPH and 2832.71 µg/mL for ABTS, although both were less effective
than quercetin. Finally, only the ethanolic extract demonstrated significant antibacterial activity against
all six tested strains, including Pseudomonas aeruginosa and Klebsiella pneumoniae. Conclusion: Ethanol
appears to be the most effective solvent for extracting bioactive compounds from Lantana camara seeds,
due to its ability to concentrate the secondary metabolites responsible for antioxidant and antibacterial
activities. These findings confirm the pharmacological potential of this plant and support its use in
traditional medicine.
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INTRODUCTION
Plants are an essential resource for sustainable human development due to their richness in bioactive
compounds with well-recognized therapeutic properties1. Among them, certain species stand out for their
particularly interesting medicinal potential.

One such species is Lantana camara L., a hardy, evergreen shrub recognizable by its characteristic odor.
It grows between 0.5 and 3 m tall and may or may not bear small thorns on its branches. Its leaves, when
crushed, release a strong smell. Flowering generally occurs between June and October, with flowers
displaying various colors: Yellow, white, pink, or red. The fruits, which turn black when ripe, are toxic in
their unripe state2.

Originally native to Central and South America, Lantana camara has become widely naturalized in many
tropical regions, particularly in Africa. Today, it is cultivated in several tropical countries, often in pots or
planters3.

From a medicinal standpoint, the Lantana genus is widely used in traditional medicine. Its essential oil is
known for its antibacterial, antifungal, and repellent properties4. The leaves and flowers are commonly
used to repel insects.

Numerous studies have highlighted the biological activities of Lantana camara extracts. For example,
ethanolic extracts of the leaves have shown antioxidant and antibacterial activity, as reported by Reddy,
Patil, and Kumbhar2,5. Methanolic extracts have demonstrated antidiabetic, antiproliferative, and anti-ulcer
properties4,5. Gidwani et al.6 showed that aqueous leaf extracts of Lantana camara possess anti-
inflammatory and analgesic effects.

With regard to the essential oil, antimicrobial activity has been observed, with caryophyllene oxide
(23.015%) and spathulenol (13.421%) identified as the major components7. Antifungal properties have also
been reported8, with the main constituents identified as (E)-β-caryophyllene (40.8%) and α-humulene
(21.2%)9.

Furthermore, in Togo, the insecticidal activity of Lantana camara essential oil has been demonstrated10.

However, the seeds of this plant have not yet been thoroughly investigated, despite their valuable
potential that can be used as medicinal compounds, minerals, and nutrients. In order to fully exploit their
biological potential, it is essential to better understand their chemical composition. Therefore, the purpose
of this study is to evaluate the phytochemical composition and biological activities of Lantana camara
seed extracts, in order to better assess their potential health benefits.

MATERIALS AND METHODS
Study area and duration: This study was conducted in Lomé, in the Golfe prefecture of Togo. Seeds of
Lantana camara L. were collected at the University of Lomé, an area characterized by a sub-equatorial or
Guinean climate (humid tropical climate) influenced by its coastal location, as well as by diverse
vegetation. The experimental work, including sample collection, extract preparation, phytochemical
analyses, and antibacterial activity tests, was carried out over a twelve-month period, from June 2024 to
May 2025.

Collected plant specimens: Lantana camara seeds were harvested in Lomé, situated in the Maritime
Region of Togo. The plant was taxonomically identified at the Laboratory of Botany and Plant Ecology,
within the Department of Botany, Faculty of Science, University of Lomé, and the specimen was catalogued
under the reference number TOGO15902. Following collection, the seeds were air-dried at ambient
temperature (approximately 27°C) for a period of 14 days. After drying, they were finely ground using an
electric grinder to produce a uniform powder.
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Preparation of extracts: For the extraction procedure, 100 g of powdered seeds were subjected to
maceration in 1 L of ethanol to obtain the ethanolic extract, and in 1 L of a 70:30 ethanol-distilled water
mixture for the hydroethanolic extract. The maceration was carried out over 72 hrs with occasional stirring
to enhance solvent penetration. After this period, each mixture was filtered using Whatman filter paper.
The resulting filtrates were concentrated at 40°C using a rotary evaporator (BUCHI model) to recover the
respective dry extracts.

Phytochemical profiling: Phytochemical profiling was conducted on both extracts of Lantana camara
seeds. Extractions and characterization tests were performed using standard methods based on
colorimetric and precipitation reactions11-13. The presence of anthraquinones, flavonoids, anthocyanins,
alkaloids, saponins, tannins, terpenes, and terpenoids was investigated. An analysis was performed to
detect the presence of various phytochemical groups, including anthraquinones, flavonoids, anthocyanins,
alkaloids, saponins, tannins, as well as terpenes and terpenoids.

Tannin detection: To test for tannins, 1 mL of the plant extract was combined with a few drops of 1%
ferric chloride (FeCl3) solution. The formation of a dark blue, green, or black coloration was taken as
indicative of the presence of tannins.

Flavonoid detection: For the identification of flavonoids, 5 mL of the extract were mixed with an equal
volume of alcoholic hydrochloric acid (Shinoda reagent), followed by the addition of a small quantity of
magnesium powder. The development of an orange hue indicated the presence of flavones, red signified
flavonols, and violet suggested flavanones.

Alkaloid detection: To detect alkaloids, 1 g of the extract was macerated in 25 mL of 5% hydrochloric
acid for 24 hrs. After filtration, the treatment of 1 mL of the filtrate was made with 5 drops of Mayer’s
reagent. The appearance of a pale yellow or cloudy precipitate confirmed the presence of alkaloids.

Terpenoids detection: The detection of terpenoids was performed using the Liebermann-Burchard
reagent. Approximately 2 mL of plant extract were placed in a test tube, followed by the addition of 2 mL
of chloroform. The mixture was shaken to ensure proper homogenization. Then, 3 mL of concentrated
sulfuric acid were carefully added along the inner wall of the tube using a pipette, forming a distinct layer
beneath the mixture. The test tube was allowed to stand undisturbed to facilitate the development of a
distinct interface between the two liquid phases. The appearance of a reddish, brownish, or violet
coloration at the junction of the layers was considered an indicator of terpenoid presence in the extract.

Mucilages detection: To perform the test, 1 mL of a 10% diluted extract was placed into a test tube, and
5 mL of absolute ethanol was then added. The formation of a flocculent precipitate within approximately
ten minutes suggests the presence of mucilage compounds.

Saponins detection: Saponins were detected by the foam index method, which is based on the extent
of dilution of an aqueous decoction of the plant that produces a persistent foam under specific conditions.
A measured volume of the plant extract was diluted to a final volume of 100 mL, followed by serial 1:10
dilutions into 10 separate test tubes. Each tube was then shaken vertically 30 times over a 15 sec period.
After being left to stand undisturbed for 15 min, the height of the resulting foam was recorded. If it
exceeded 1 cm in any of the tubes, the corresponding dilution was considered as the foam index.

Test for terpenes and sterols: A quantity of 0.5 g of the extract was mixed with 10 mL of ethanol
preheated to 70°C and agitated for 30 min. Subsequently, 10 mL of distilled water and 2 mL of a 10% (v/v)
lead acetate solution were added. After allowing the mixture to stand for 15 min, 2 mL of a 10% aqueous
disodium phosphate solution was added to the filtrate. Following another 15 min resting period, the
resulting solution was transferred into a separating funnel and subjected to triple extraction using 5 mL
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portions of chloroform. The chloroform layers were combined, dried over anhydrous sodium sulfate, and
concentrated by evaporation. The dry residue was then dissolved again in a small volume of acetic acid,
followed by the addition of 3 mL of a reagent mixture containing acetic anhydride and sulfuric acid. The
emergence of a violet, blue, or green coloration was taken as a positive indication of triterpenoids.

Anthocyanins detection: An aliquot of 1 mL of the extract was initially acidified with several drops of 5%
hydrochloric acid, followed by basification through the gradual addition of diluted ammonia. A deepening
of the red color, turning to bluish-purple or green, indicates the presence of anthocyanins.

Determination of total phenolic content: The total phenolic content of the different extracts and their
respective fractions was quantitatively determined using the Folin-Ciocalteu colorimetric assay14. Briefly,
200 µL of each extract (prepared at a concentration of 1 mg/mL) was combined with 1.5 mL of Folin-
Ciocalteu reagent previously diluted 1:10 with distilled water. After an incubation period of 5 min at room
temperature (25°C), 1.5 mL of a Sodium Carbonate (Na2CO3) solution at a concentration of 70 g/L were
added to the mixture. The reaction was allowed to proceed in the dark for 90 min. Absorbance was then
measured at 760 nm using a UV-VIS spectrophotometer (model 5100B), with the appropriate blank used
for calibration. Gallic acid, in concentrations ranging from 0 to 500 µg/mL, served as the standard for the
calibration curve. Results were expressed as milligrams of gallic acid equivalents per gram of dry extract
(mg GAE/g dry extract), calculated by interpolation from the standard curve equation: = 0.0139+0.0046
(avec R2 = 0.9924) obtained from the gallic acid standard solutions. Each measurement was performed
in triplicate for each extract.

Quantitative analysis of flavonoid: To estimate the total flavonoid content in the extracts, a colorimetric
method based on Aluminum Chloride (AlCl3) was employed, following previously established protocols15,16.
An aliquot of 300 μL of the ethanolic extract was first diluted with 1.2 mL of distilled water. Subsequently,
90 μL of a 5% Sodium Nitrite (NaNO2) solution was added. After incubating the mixture for 5 min at room
temperature, 60 μL of a 10% aluminum chloride solution was introduced. This was followed by the
addition of 600 μL of 1 M Sodium Carbonate (Na2CO3) and 750 μL of distilled water. The mixture was then
left to stand for another 5 min. After vortexes, the absorbance was recorded at 510 nm using a UV-Visible
spectrophotometer (model 5100B), with a blank used as the reference. The flavonoid concentration was
determined from a standard curve constructed using quercetin solutions ranging from 0 to 500 μg/mL.
The resulting standard curve equation was: y = 0.0006x-0.0089 (R2 = 0.9773) where R2 represents the
coefficient of determination. The results were reported as milligrams of quercetin equivalents per gram
of dry extract (mg QE/g DE).

Quantitative analysis of tannins: The vanillin method in the presence of HCl, based on the reaction of
condensed tannins with vanillin in an acidic medium to form red-colored complexes, was used for their
determination17,18. The condensed tannin content was determined using the vanillin assay. A volume of
50 μL of each extract was added to 1500 μL of 4% vanillin/ethanol solution, then mixed thoroughly.
Subsequently, 750 μL of concentrated hydrochloric acid was added. The resulting mixture was allowed to
react at room temperature for 20 min. The absorbance was recorded at 550 nm against a reagent blank
using a UV-VIS 5100B spectrophotometer. The concentration of condensed tannins was expressed as
milligrams of catechin equivalents per gram of dry extract (mg CE/g DE). Quantification was based on a
calibration curve constructed using catechin standard solutions in the range of 017 to 1000 µg/mL, with
the corresponding regression equation: y = 0.0002x+0.0036 (R2 = 0.9856).

Evaluation of antioxidant properties of Lantana camara extracts in vitro
DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay: The DPPH (2,2-diphensyl-1-picrylhydrazyl) assay is
commonly employed for the rapid and simple assessment of antioxidant activity, owing to the
compound’s stability as a free radical and the ease of measurement. The DPPH exhibits a strong
absorbance at 517 nm in the visible spectrum. In this study, the evaluation of DPPH radical scavenging
activity was conducted based on the methodology outlined by Evenamede et al.19.
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Assessment of antioxidant activity using ABTS radical: The antioxidant potential of the plant extracts
was assessed through the ABTS· (2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) radical cation
decolorization assay20. The ABTS· radical was produced by mixing equal volumes of an aqueous ABTS
solution (7 mM) and potassium persulfate (2.45 mM). This mixture was kept in the dark at room
temperature for 12 to 16 hrs to allow radical formation. Before the assay, the resulting solution was diluted
with ethanol until the absorbance reached approximately 0.700 at 734 nm. For each test, 50 µL of the plant
extract was combined with 1.95 mL of the diluted ABTS·  solution, and the absorbance was recorded after
30 min. Corresponding blanks containing only the solvent were included in all assays. Each measurement
was carried out in triplicate to ensure reproducibility. The percentage of inhibition at 734 nm was
determined using the following equation:

AB- AREAntioxidant activity (%) = ×100AB

Where:
AB = Absorbance of the ABTS solution mixed with ethanol (control)
AE = Absorbance of the ABTS solution mixed with the test extract or standard

Quercetin was used as the reference compound21.

Antibacterial test22

Collection of microorganisms: The bacterial strains used were: 

C Gram-negative  bacteria:  Escherichia  coli  ATCC  25922,  Klebsiella  pneumoniae  ATCC  700603,
Pseudomonas  aeruginosa  ATCC  27853,  Salmonella  typhimurium  ATCC  14028,  and  Shigella 
flexneri ATCC 12022

C Gram-positive bacterium: Staphylococcus aureus ATCC 29213. These reference bacterial strains were
obtained from the National Institute of Hygiene (INH) in Togo, Bacteriology Laboratory

Sensitivity  test  of  the  extracts:  Bacterial  inocula  were  prepared  by  suspending  24  hrs  old 
colonies  in  10  mL  of  sterile  physiological  saline.  The  suspension’s  turbidity  was  adjusted  to match
0.5  on  the  McFarland  scale  using  a  densitometer.  Antibacterial  activity  was  evaluated  through the
agar  well  diffusion  technique.  Mueller-Hinton  agar  plates  were  uniformly  seeded  with the
standardized  bacterial  suspension.  Wells  were  aseptically  created  in  the  agar  and  each  was  loaded
with  50  µL  of  plant  extract  at  a  concentration  of  100  mg/mL.  The  plates  were  incubated  at 37°C
for  24  hrs.  Zones  of  inhibition  surrounding  the  wells  were  measured  with  a  caliper.  All 
experiments were conducted in triplicate. The antibacterial  efficacy  of  the  extracts  was  interpreted 
based  on  the  classification  system  proposed by Ponce et al.23. Gentamicin was used as the antibiotic
for the positive control.

Measurement of the minimum inhibitory and bactericidal concentrations: The MIC and MBC were
assessed using the macrodilution technique in liquid medium, carried out in sterile hemolysis tubes24,25.
A stock solution of the plant extract (100 mg/mL) was used to prepare a series of two-fold dilutions in
Mueller-Hinton broth, yielding final concentrations ranging from 100 to 1.56 mg/mL. For each test, 1 mL
of the diluted extract was combined with 1 mL of bacterial suspension (105 CFU/mL), previously
standardized to 0.5 McFarland turbidity:

C Growth control: Mueller-Hinton broth+inoculum (without extract)
C Sterility control: Mueller-Hinton broth only (without inoculum)
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The tubes were wrapped in aluminum foil and kept at 37°C for 24 hrs. The minimum inhibitory
concentration (MIC) was determined as the lowest extract concentration that prevented any visible
cloudiness, indicating suppression of bacterial growth.

The minimum bactericidal concentration (MBC) refers to the lowest concentration of the extract that
results in a 99.99% reduction in bacterial viability, meaning less than 0.01% of the initial bacterial
population remains after 24 hrs of incubation.

For MBC determination:

C Serial dilutions of the initial inoculum (from 10G1 to 10G4) were prepared
C Using a calibrated loop (2 µL), these dilutions were inoculated onto Mueller-Hinton agar (MHA) plates

(5 cm streaks)
C After incubation at 37°C for 24 hrs, the plates (series B) were compared to those used for MIC

determination (series A)
C The MBC corresponds to the lowest concentration where bacterial growth is less than 0.01% compared

to the growth control

The MBC/MIC ratio allows determination of the extract’s mode of action26:

C If the MBC to MIC ratio is less than or equal to 2, the extract is considered bactericidal
C If the MBC to MIC ratio is greater than 2, the extract is classified as bacteriostatic

Data analysis: Data analysis was performed using GraphPad Prism version 8, which also served to
generate graphs and histograms. Microbiological results were evaluated to compare the effectiveness of
extracts from mature Lantana camara seeds against the various tested bacterial strains. The results are
presented as mean values with standard deviation (±SD), and statistical significance was defined at a
threshold of p#0.05.

RESULTS AND DISCUSSION
Extraction  yield:  In  this  study,  two  different  solvents  were  used  to  extract  bioactive  compounds 
from 100 g of powdered ripe seeds of Lantana camara: Ethanol and a hydroethanolic mixture (70%
water/30% ethanol). The extraction yields are reported in Table 1. The results indicate that the
hydroethanolic solvent produced a higher extraction yield (10.30%) with a dry extract weight of 10.30 g
compared to ethanol extraction, which yielded 4.736% with a dry extract weight of 4.736 g.

Table 1: Extraction yields according to the solvent used
Condition Solvent Dry extract Yield (%)
Condition 1 Ethanol 4.736 g 4.736%
Condition 2 Hydroethanol 10.30 g 10.30%

Table 2: Phytochemical screening results of Lantana camara extracts
Phytochemicals searched Ethanolic extract Hydroethanolic extract
Alkaloids - -
Flavonoids + +
Tannins + +
Saponins - +
Reducing sugars - +
Anthocyanins - -
Terpenes and sterols + +
Mucilages - -
+: Present and =: Absent or low concentration
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Fig. 1: Phenolic compound quantification

Fig. 2: Total flavonoid content

Analysis of phytochemical constituents in various extracts: Phytochemical analysis of the ethanolic and
hydroethanolic (30/70) extracts of Lantana camara demonstrated the presence of various bioactive
compound groups. Both extracts contained flavonoids, tannins, reducing sugars, and terpenes/sterols.
However, alkaloids, anthocyanins, and mucilages were either undetectable or found in trace amounts.
Notably, saponins were identified exclusively in the hydroethanolic extract (Table 2).

Quantitative test results
Evaluation of total phenolic content: The total polyphenol content varied between 48.62±1.59 and
67.10±2.22 mg gallic acid equivalents per gram of dry extract (mg GAE/g DE) for the hydroethanolic
(70/30) and ethanolic extracts, respectively, measured at a concentration of 1 mg/mL (Fig. 1).

Determination of total flavonoid content: The total flavonoid levels varied between 209.00±3.53 and
354.83±3.06 mg quercetin equivalents per gram of dry extract (mg QE/g DE) for the hydroethanolic
(70/30) and ethanolic extracts, respectively, measured at a concentration of 1 mg/mL (Fig. 2).
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Fig. 3: Condensed tannin content

Fig. 4: Levels of antiradical compounds (DPPH•)

Quantification   of   condensed   tannins:   The   condensed   tannin   levels   were   found   to   range
from  145.33±3.68  to  234.50±5.30  mg  catechin  equivalents  per  gram  of  dry  extract  (mg  CE/g  DE)
in  the  hydroethanolic  (70/30)  and  ethanolic  extracts,  respectively,  at  a  concentration  of  1  mg/mL
(Fig. 3). 

Evaluation of antioxidant activity
DPPH radical scavenging assay: The DPPH assay (Fig. 4) revealed a significantly higher antioxidant
activity  for  quercetin  (IC50  =  40  µg/mL)  compared  to  the  plant  extracts.  The  ethanolic  extract
exhibited a better free radical scavenging capacity (IC50 = 2862 µg/mL) than the hydroethanolic extract
(IC50 = 3342 µg/mL), although both showed markedly lower activity than quercetin.

Determination of antioxidant capacity of extracts through the ABTS· assay: The findings of the ABTS
assay (Fig. 5) indicate that quercetin (IC50 = 45.02 µg/mL) exhibits significantly higher radical-scavenging
activity compared to the seed extracts of Lantana camara, as evidenced by its low IC50 values. Among the
tested extracts, the ethanolic extract demonstrated greater antioxidant capacity (IC50 = 2100.27 µg/mL)
than the hydroethanolic extract (IC50 = 2832.71 µg/mL), although both were markedly less active than
quercetin.
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Fig. 5: Evaluation of the antiradical properties of extracts using the ABTS assay

Table 3: Antimicrobial susceptibility of Lantana camara extracts against tested bacterial strains
Bacterial strains Ethanolic extract Hydroethanolic extract GM H2O
Shigella flexineri ATCC 12022 13.00±0.00 0.0±0.00 21.00±0,00 0.00
Klebsiella pneumoniae ATCC 700603 11.00±0.00 0.0±0.00 23.0±1.00 0.00
Escherichia coli ATCC 25922 11.67±0.57 13.00±0.00 21.00±1.00 0.00
Salmonella typhimurium ATCC 14028 11.00±0.00 0.0±0.00 21.00±1.00 0.00
Staphylococcus aureus ATCC 29213 16.00±0.00 0.0±0.00 23.00 ±1.00 0.00
Pseudomonas aeruginosa ATCC 27853 13.00±0.00 0.0±0.00 18±0.00 0.00
Values expressed as Mean±Standard Deviation, Unit: mm, GM: Gentamicin and ATCC: American type culture collection

Table 4: Antimicrobial efficacy of extracts on susceptible strains
Ethanolic extract Hydroethanolic extract

----------------------------------- --------------------------------
Bacterial strains CMI CMB CMB/CMI Effect CMI CMB Effect
Shigella flexineri ATCC 12022 50 50 1 Bactericidal - -
Klebsiella pneumoniae ATCC 700603 50 50 1 Bactericidal - - -
Escherichia coli ATCC 25922 50 50 1 Bactericidal - - -
Salmonella typhimurium ATCC14028 50 50 1 Bactericidal - - -
Staphylococcus aureus ATCC 29213 25 25 1 Bactericidal - - -
Pseudomonas aeruginosa ATCC 27853 50 50 1 Bactericidal - - -
Values expressed in mg/mL, ATCC: American type culture collection, MIC: Minimum inhibitory concentration and MBC: Minimum
bactericidal concentration

Antibacterial activities: Table 3 presents the inhibition zone diameters (in mm) obtained with the two
Lantana camara seed extracts tested against six reference bacterial strains. Shown here is the antibiogram
of the ethanolic extract (100 mg/mL), assessed against six different bacterial strains.The ethanolic extract
demonstrated  antibacterial  activity  against  all  tested  strains,  with   inhibition  zones  ranging  from
11.00±0.00 to 16.00±0.00 mm. The highest inhibitory effect was observed against Staphylococcus aureus
ATCC 29213 (16.00±0.00 mm), followed by Shigella flexneri ATCC 12022 and Pseudomonas aeruginosa
ATCC 27853 (13.00±0.00 mm each). Moderate activity was observed against Escherichia coli ATCC 25922
(11.67±0.57 mm), Klebsiella pneumoniae ATCC 700603, and Salmonella typhimurium ATCC 14028
(11.00±0.00 mm each). In contrast, the hydroethanolic extract exhibited antibacterial activity only against
Escherichia coli ATCC 25922, with an inhibition zone of 13.00±0.00 mm, while no inhibitory effect was
observed against the remaining bacterial strains (0.00 mm). The positive control, gentamicin (GM), showed
stronger antibacterial activity against all tested strains, with inhibition zones ranging from 18.00±0.00 to
23.00±1.00 mm, whereas distilled water (H2O) showed no inhibitory activity.
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Evaluation of the bactericidal power of the extracts of Lantana camara: Table 4 summarizes the
nature of the antimicrobial effect exerted by the ethanolic extracts on susceptible bacterial strains. For
each strain evaluated, the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) values of the ethanolic extract are reported, alongside the MBC/MIC ratio, which is
used to distinguish between bactericidal and bacteriostatic activity. The findings demonstrate that the
ethanolic extract exhibits a bactericidal effect against all susceptible strains, as indicated by an MBC/MIC
ratio consistently equal to 1. Conversely, the hydroethanolic extract did not show any measurable
antimicrobial activity against these strains under the experimental conditions. Concentrations are
expressed in mg/mL. The ethanolic extract demonstrated antimicrobial activity against all tested bacterial
strains, with MIC and MBC values of 50 mg/mL for Shigella flexneri ATCC 12022, Klebsiella pneumoniae
ATCC 700603, Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 14028, and Pseudomonas
aeruginosa ATCC 27853. A lower MIC and MBC value of 25 mg/mL was observed for Staphylococcus aureus
ATCC 29213, indicating greater susceptibility of this strain to the ethanolic extract.

DISCUSSION
In this study, two solvents were used to extract bioactive compounds from 100 g of Lantana camara seed
powder: absolute ethanol and a hydroethanolic mixture (70% water/30% ethanol). Extraction with absolute
ethanol yielded 4.736 g of dry extract, corresponding to a yield of 4.736%, whereas extraction with the
hydroethanolic solvent produced 10.30 g, corresponding to a yield of 10.30%. These results indicate that
the hydroethanolic mixture is more efficient than absolute ethanol for extracting compounds present in
the plant powder. This increased efficiency can be attributed to the intermediate polarity of the mixed
solvent, which allows better solubilization of a wide range of compounds, particularly phenolics,
flavonoids, and tannins27. Moreover, the presence of water in the mixture promotes the disturbance of cell
walls, thereby allowing the release of secondary metabolites. The hydroethanolic solvent thus combines
the penetration ability of water with the organic solubility of ethanol, which explains the higher observed
yield.

However,  a   more  detailed  analysis  of  the  extracts  reveals  that  a  high  yield  does  not  altimately
translate  into  a  higher  concentration  of  bioactive  compounds.  Indeed,  phytochemical  screening
results show that Lantana camara seeds are rich in flavonoids, tannins, and terpenes, secondary
metabolites  known  for  their  antioxidant,  anti-inflammatory,  and  antimicrobial  properties28-31.  Notably,
the  hydroethanolic  extract  proved  more  effective  at  extracting  certain  polar  compounds  such as
saponins, which were absent in the ethanolic extract. This result highlights the advantage of the mixed
solvent for extracting hydrophilic compounds. The absence of alkaloids and anthocyanins may be related
to their low concentration in the seeds or to inadequate extraction conditions for these specific
compounds.

Additionally,  quantitative  assays  of  total  phenolics,  total  flavonoids,  and  condensed  tannins  indicate
a significantly   higher   phytochemical   content   in   the   ethanolic   extracts   compared   to   the
hydroethanolic extracts.  For  example,  the  ethanolic  extracts  exhibited  higher  levels  of  total 
polyphenols  (67.10±2.22  mg  GAE/g  dry  extract  vs.  48.62±1.59  mg  GAE/g),  total  flavonoids
(354.83±3.06 mg QE/g vs. 209.00±3.53 mg QE/g), and condensed tannins (234.50±5.30 mg CE/g vs.
145.33±3.68 mg  CE/g).  The  possible  explanation  of  this  superiority  can  be  the  better  affinity of
ethanol  for  phenolic  compounds,  which  are  generally  more  soluble  in  organic  solvents of
intermediate  polarity.  These  results  align  with  numerous  previous  studies  emphasizing  the
effectiveness of absolute ethanol in extracting phenolic compounds, especially flavonoids32. Indeed,
absolute ethanol, due to its intermediate polarity, favors the solubilization of these relatively less polar
molecules, allowing for more selective and efficient extraction compared to hydroalcoholic mixtures32,33.
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Although some studies on L. camara leaves have reported interesting yields with hydroalcoholic solvents,
these remain generally lower than those obtained with absolute ethanol34. The presence of water in the
mixture could indeed lead to dilution of compounds or favor the extraction of less active hydrophilic
molecules, to the detriment of more hydrophobic antioxidant compounds.

Analysis of antioxidant activity by DPPH and ABTS assays confirms these trends. In both tests, quercetin
(DPPH: IC50 = 39.46 µg/mL; ABTS: IC50 = 40.33 µg/mL), used as a reference compound, exhibits significantly
higher antioxidant activity than the ethanolic (DPPH: IC50 = 2942.83 µg/mL; ABTS: IC50 = 2100.27 µg/mL)
and hydroethanolic (DPPH: IC50 = 3173.84 µg/mL; ABTS: IC50 = 2832.71 µg/mL) extracts of Lantana camara
seeds. Among the two tested extracts, the ethanolic extract demonstrates a better radical scavenging
capacity than the hydroethanolic extract. This variation could be attributed to the elevated levels of
phenolic compounds and flavonoids found in the ethanolic extract. However, the total antioxidant capacity
of these extracts is considerably lower than that of quercetin, indicating either a moderate abundance of
highly effective radical scavengers or a limited synergistic interaction among the bioactive metabolites
present.

Finally, the antibacterial assays highlight the therapeutic potential of the ethanolic extract. It exhibited
bactericidal activity (MBC/MIC = 1) against all six reference bacterial strains, including Gram-negative
species such as Pseudomonas aeruginosa and Klebsiella pneumoniae. Conversely, the hydroethanolic
extract displayed no notable antibacterial effect. This lack of activity may be due to a lower concentration
of   bioactive   constituents   or   the   presence   of   water   during   extraction,   which   could   promote 
the co-extraction of interfering substances, such as carbohydrates or proteins that reduce the efficacy of
active compounds35. These findings align with the traditional medicinal uses of Lantana camara in the
treatment of infectious diseases36,37, and suggest that flavonoids and tannins present in the ethanolic
extract may play a central role in its antimicrobial effects29,38-40.

CONCLUSION
This investigation emphasizes the significant impact of solvent choice on both the phytochemical
composition and biological efficacy of Lantana camara seed extracts. Although the hydroethanolic
solution (70:30) yielded a greater quantity of extract, the extract derived using absolute ethanol exhibited
a higher concentration of bioactive constituents, including polyphenols, flavonoids, and condensed
tannins. This phytochemical richness translated into superior antioxidant activity (DPPH and ABTS assays)
and  notable  antibacterial  efficacy,  particularly  against  several  pathogenic  strains,  including  resistant
Gram-negative bacteria. These results suggest that pure ethanol is a more suitable solvent for extracting
pharmacologically relevant secondary metabolites, especially phenolic compounds responsible for the
observed antioxidant and antimicrobial activities. Moreover, the findings support the traditional medicinal
uses of L. camara and provide scientific insight into the choice of extraction solvents to optimize its
therapeutic potential. However, further studies are needed to isolate the active compounds, elucidate their
mechanisms of action, and assess their in vivo safety and efficacy.

SIGNIFICANCE STATEMENT
This study provides important scientific evidence on the phytochemical composition and biological
activities of Lantana camara seed extracts, a relatively underexplored plant part despite its traditional
medicinal relevance. The findings demonstrate that ethanolic seed extracts possess higher concentrations
of phenolic compounds, flavonoids, and tannins, resulting in superior antioxidant and antibacterial
activities compared to hydroethanolic extracts. The observed bactericidal activity against clinically
important bacterial strains highlights the therapeutic potential of Lantana camara seeds as a natural
source of bioactive compounds. These results contribute to the growing interest in plant-based
antimicrobial agents and support the optimization of extraction solvents for enhanced pharmacological
efficacy.
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