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Abstract

Background and aim: The present investigation was conducted with the aim to identify the most appropriate technique
to dry the petals of marigold flowers and then to extract from them the active phyto-constituents by different methods, in
order to obtain maximum antibacterial activity against typical Gram-positive and Gram-negative bacteria.

Methods: African marigold (Tagetes erecta) petals were separated and dried by 5 different methods, viz., air drying,
oven drying, fluidized bed drying, freeze drying, and vacuum oven drying. This research assessed the antibacterial activity
of marigold flower extracts obtained from these differently dried petals using two extraction methods, viz., petroleum
ether-based Soxhlet extraction, and edible oil-based extraction (sunflower, olive, and corn oils). The extracts were
evaluated against Escherichia coli, Pseudomonas aeruginosa, & Staphylococcus aureus using the agar well diffusion assay.

Results: Petroleum ether extracts exhibited negligible inhibition, but oil-based extracts revealed considerable and
persistent antibacterial effects. Marigold extracts from Freeze Dried (FD) petals showed highest inhibition zones across
all bacterial strains, with corn oil extract having the maximum effectiveness, notably against E. coli (8.1 mm). Minimum
Inhibitory Concentration (MIC) assessment indicated a concentration-dependent antibacterial effect, with maximum
inhibition observed at 75 pug/ml. Extracts obtained from the freeze-dried petals showed the highest zone of inhibition
against the test microorganisms.

Keywords: Antibacterial activity; Drying methods; Marigold flower extract; Qil based extraction; Petroleum ether
based extraction.
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All food product categories are greatly impacted by microbial-
induced food degradation, which also causes major waste and
losses even in industrialized nations. It is estimated that micro-
bial spoiling causes around 40% of worldwide food losses each
year [3].

Nature is the source of medicinal compounds, which have
been utilized for centuries. Numbers of modern drugs have
been derived from natural sources [4]. Phytochemicals derived
from plant sources, including stem, leaf, flower, fruit, and seed
waste have been studied for their significant bioactive mol-
ecules. Plants contain a diverse array of secondary metabolites,
including tannins, terpenoids, alkaloids, flavonoids, and glyco-
sides, which have demonstrated antimicrobial properties [5,6].
These approaches maximize the recovery of bioactive contents
from plant matrices and, minimize losses during extraction ap-
plication in functional food and nutraceutical production. Flow-
er petals serve as a significant source of various polyphenols.

African Marigold (Tagetes erecta), belonging to the Asterace-
ae family. Marigold flowers are connected to festive occasions,
marriages, religious rituals, and social functions. The flowers
are also used as a stemless cut flower for interior decoration,
for decoration of temples and pandals on special occasions, and
for decoration of stages in marriages. The shelf life and orna-
mental value of the marigold flowers, however, is just 3-4 days
[7]. A lot of spent flowers after the function are left as waste.
Since marigold flowers are a wonderful natural gift with an
abundance of nutrients and phytochemicals having food and
therapeutic values [8,9], the flowers that remained unsold or
after the ceremonies can be dried and utilised for extraction
of by-products for various food and medicinal applications. The
antibacterial and antifungal properties of marigold flowers have
also been reported [10,11].

Drying is an important procedure in the processing of raw
materials in order to extend their shelf life, as it prevents enzy-
matic breakdown and reduces microbial growth [12]. Various
drying techniques are widely used in the industry to dry plant
materials. A suitable drying technique helps to increase extrac-
tion yield and prevent the degradation of extracted phytochem-
icals, leading to an ability to produce products of higher quality
and potency [13,14].

The method of extraction is also known to influence the
yield and quality of the extracted phytochemicals [13,15]. The
conventional Soxhlet extract method using organic solvents is
generally used for extraction of phytochemicals. However, con-
sidering the environmental pollution from volatile organic sol-
vents, potential health hazards, and the possibility of solvent
residues in the final extract, the alternative environmentally
friendly extraction technologies have been explored for food
use applications. Extraction by vegetable oils as an alternative
green solvent for fat-soluble phytochemicals could be a promis-
ing ecofriendly technique, offering additional advantages due
to oils’ lipophilic nature and by serving as a protective barrier
against oxygen [16].

The present investigation was thus conducted with the aim
to identify the most appropriate technique to dry the petals
of marigold flowers and then to extract from them the active
phyto-constituents by different methods, in order to obtain
maximum antibacterial activity against typical Gram-positive
and Gram-negative bacteria.

Materials and methods

The complete procedure for the conduct of the experiment
is illustrated in (Figure 1). The details of the procedure are
described below in the subsequent subsections.
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Figure 1: Schematic flowchart of marigold flower processing, drying
methods, extraction procedures, and antimicrobial assessment.

Raw material and chemicals

The fresh and full-blown flowers of African marigold (Tagetes
erecta L), variety Pusa Narangi Gainda, were purchased from
the local market of Greater Noida, Uttar Pradesh, India. The
vegetables oils viz., sunflower oil, olive oil, and corn oil of the
standard brands were procured from the super store in Greater
Noida. The organic solvent petroleum ether and Luria Bertani
(LB) agar were obtained from Hi-Media, Mumbai, India.

Drying of marigold flowers

Marigold petals were separated from the flowers and
cleaned. Fresh petals were washed with potable water and al-
lowed to drain at room temperature. The cleaned petals were
then divided into five lots of 500 g each, and subjected to differ-
ent drying methods viz., Air Drying (AD) at ambient conditions,
Oven Drying (OD) at 40°C, Fluidized Bed Drying (FBD) at 40°C,
Freeze Drying (FD) at -40°C, and Vacuum Oven Drying (VOD) at
40°C. After drying, the petals were ground to fine powder using
a laboratory grinder. The ground product was sieved through
a 60-mesh sieve to ensure uniform particle size. The resultant
marigold powder was collected and packed in opaque vacuum-
sealed bags to prevent exposure to light and air, and stored un-
der refrigerated conditions (4°C) for further use.

Extraction

The powder of dried petals was extracted by Soxhlet extrac-
tion, and oil extraction methods. In the conventional Soxhlet
extraction method, 0.25 g of dried powder was placed in a
Soxhlet apparatus and subjected to extraction with petroleum
ether for a duration of 6 h. After the extraction process, the sol-
vent was evaporated to 25 ml by a rotary evaporator to get the
concentrated extract. For the vegetable oil extraction method,
0.25 g of dried powder was extracted with 25 ml of the edible
oils (corn oil, sunflower oil, or olive oil), and then centrifuged at
5000 rpm for 10 min. The extracts were collected and stored in
dark at 4°C in glass vials for further analysis.
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Antimicrobial assay for the detection of pathogenicity
properties of the marigold extract

The antibacterial assessment involved testing various com-
pounds against specific bacteria, including Staphylococcus aure-
us, Escherichia coli, and Pseudomonas aeruginosa. The agar well
diffusion method used Luria Bertani (LB) agar plates for bacte-
rial testing. Streptomycin served as the standard antibacterial
agent for comparison. Media for the antibiotic susceptibility
tests were prepared and autoclaved at 121°C for 20 minutes. An
eight-hour-old bacterial inoculum with 10* CFU/mL was evenly
spread on the surface of the prepared Petri dishes. Sterile gel
puncture was used for creating wells in the agar plates, con-
taining 10 ug/ml of the extracts. Petroleum ether, sunflower oil,
olive oil, and corn oil acted as respective negative controls for
the Antibiotic Susceptibility Test (AST). Standard drugs (strep-
tomycin) were also tested at 10 pug/mL. After placing the discs,
the plates were incubated at 37°C for 24 h. The results were
determined by measuring the diameter of the inhibition zones.

Evaluation of Minimum Inhibitory Concentration (MIC) of
the marigold extract

The Minimum Inhibitory Concentration (MIC) of the most ef-
fective extract components was assessed using a two-fold serial
dilution technique. A stock solution of the test extract (100 pg/

mL in ethanol) was serially diluted to achieve four concentra-
tions—25, 50, 75, and 100 pg/mL that has been denoted as A,
B, C, and D, respectively. Each dilution was injected with the
reactivated bacterial cultures and incubated at 37°C for 24 h.
Further to incubation, antibacterial efficacy was evaluated by
determining the diameter of the inhibitory zones. The MIC val-
ues, indicating the minimum concentration that may prevent
apparent bacterial growth was recorded.

Result & discussion
Antimicrobial efficacy of marigold extracts

The antimicrobial efficacy of marigold extracts obtained us-
ing various solvents (petroleum ether, sunflower oil, olive oil,
and corn oil) and drying techniques (Freeze Drying—FD, Air
Drying—AD, Fluidized Bed Drying—FBD, Vacuum Oven Drying—
VOD, and Oven Drying—OD) were evaluated against Escherichia
coli, Pseudomonas aeruginosa, and Staphylococcus aureus us-
ing the agar diffusion method, and the results are presented
in (Table 1) and supplementary (Figures 1-3). Streptomycin dis-
played the largest zones of inhibition (10.0-15.0 mm), indicating
assay validity, whilst negative controls (solvents alone and corn
oil) showed no inhibition, which indicated that the antibacterial
action was primarily related to marigold bioactive components.

Table 1: The antimicrobial efficacy of marigold flower extracts against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus

aureus, measured as the diameter of the zone of inhibition (mm).

Microorganisms Standard (Streptomycin) FD AD FBD VoD oD
Petroleum ether E. coli 14.0+0.12 7.0£0.18 5.5£0.21 5.5£0.20 6.5+£0.19 5.4+0.22
P. aeruginosa 10.0£0.10 6.5+0.17 5.0+0.19 5.0+0.18 5.0+0.20 5.0%0.21
S. aureus 12.040.11 7.5+0.22 5.0+0.20 5.0+0.19 5.0+0.21 6.5+0.18
Sunflower oil E. coli 14.0£0.12 7.120.15 5.0+0.18 5.1+0.16 5.5+0.17 5.1+0.19
P. aeruginosa 10.0+0.10 6.5£0.14 5.0+0.17 5.1+0.15 5.3+0.16 5.4+0.18
S. aureus 12.04£0.11 6.5+0.16 6.5+0.18 5.5+0.17 5.2+0.16 5.1+0.19
Olive oil E. coli 14.040.12 6.5+0.17 5.0+0.18 5.5+0.19 5.0+0.16 5.0£0.21
P. aeruginosa 10.0£0.10 7.120.15 5.5+0.17 5.1+0.16 5.3+0.18 5.3%0.17
S. aureus 12.040.11 7.330.18 5.0+0.20 6.3+0.17 5.0+0.19 5.4+0.16
Corn oil E. coli 14.0+£0.12 8.1+0.20 5.2+0.19 5.5+0.18 5.6+0.17 5.4+0.21
P. aeruginosa 10.0+0.10 7.5£0.22 5.5+0.20 5.610.19 5.3+0.18 5.5£0.16
S. aureus 12.040.11 7.5%0.21 5.4+0.19 5.4+0.20 5.4+0.18 5.2+0.1

The values the mean of 3 replicates  SD. Streptomycin served as the positive control.
FD: Freeze-Dried; AD: Air-Dried; FBD: Fluidized Bed-Dried; VOD: Vacuum Oven-Dried; OD: Oven-Dried

Among all the drying methods, Freeze-Dried (FD) extracts
consistently demonstrated the greatest antibacterial activity,
independent of the solvent. Petroleum ether extracts of FD
extracts revealed inhibitory zones of 7.0+0.18 mm for E. coli,
6.5+0.17 mm for P. aeruginosa, and 7.5+0.22 mm for S. aureus.
Similar findings were obtained with sunflower and olive oil ex-
tracts, where FD extracts exhibited inhibition ranging from 6.5
to 7.3 mm. The improved effectiveness of freeze drying is at-
tributable to the better preservation of thermolabile and vola-
tile bioactive components, including flavonoids, carotenoids,
phenolics, and terpenoids, which are sensitive to destruction
during high-temperature drying [17].

Among the solvents, corn oil extracts revealed the highest
antibacterial effects, notably in FD extracts. The highest zone
of inhibition (8.1+0.20 mm) was reported for FD corn oil extract

against E. coli, followed by 7.5+0.22 mm against P. aeruginosa
and 7.5£0.21 mm against S. aureus because marigold
antibacterial extracts is lipophilic in nature and extracted more
effectively by oil-based and non-polar solvents [18,19]. In
contrast, air-dried, fluidized bed-dried, vacuum oven-dried, and
oven-dried extracts displayed decrease in antibacterial activity,
with inhibition zones generally ranging from 5.0 to 5.6 mm. The
lower activity in these extracts could be due to the thermal
degradation and oxidative loss of bioactive chemicals after
extended exposure to heat and air, decrease in antibacterial
effectiveness [20].

The considerably greater resistance of P. aeruginosa may
be explained by its impermeable outer membrane and effec-
tive efflux pump systems, which prevent the entrance of phy-
tochemicals [21]. The sensitivity of S. aureus may be related to
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the interaction of marigold phenolics with the thick peptido-
glycan layer of Gram-positive bacteria, resulting to membrane
rupture [22]. Although the inhibitory zones created by marigold
extracts were smaller than those of streptomycin, such moder-
ate activity could be predicted for crude plant extracts, which
contain complex combinations of phytochemicals at relatively
low concentrations [23]. Nevertheless, the constant inhibitory
impact reported across all solvents, drying processes, and doses
indicated the broad-spectrum antibacterial activity of marigold
flowers.

Determination of minimum inhibitory concentration

Consequently, the antibacterial efficacy of marigold extracts
was closely linked to the composition of bioactive phytochemi-
cals and their ability to interact with bacterial cell structures.
As mentioned in (Table 2), the corn oil-based extract exhib-
ited a pronounced concentration-dependent antibacterial re-
sponse, with inhibitory activity increasing from 25 to 75 pg/ml
across all the tested bacterial strains, followed by a marginal
decline at 100 pg/ml. This response suggests that maximal an-
tibacterial performance occurs at intermediate concentrations,
potentially due to saturation of membrane-binding sites or
limited diffusibility of highly concentrated extracts within the
agar matrix. The comparatively weak antibacterial activity of
Soxhlet petroleum ether extracts can be ascribed to the pref-
erential extraction of inert lipid fractions and the concomitant
loss or degradation of key bioactive constituents, including ca-
rotenoids, terpenoids, and volatile oil components. In contrast,
vegetable oils function as sustainable extraction media and ef-
fective lipid carriers, enhancing the solubilization, stabilization,
and bioavailability of lipophilic antimicrobial compounds. The
substantial inhibition observed at 75 ug/ml, particularly against
Escherichia coli (9.5 mm), Pseudomonas aeruginosa (8.5 mm),
and Staphylococcus aureus (8.4 mm) indicates intensified mem-
brane interaction and disruption of cellular permeability. The
moderate susceptibility of P. aeruginosa may be attributed to
the action of unsaturated fatty acids and carotenoid-derived
compounds that compromise the integrity of the Gram-negative
outer membrane, thereby facilitating intracellular penetration
of active molecules. The response of S. aureus is consistent with
its lack of an outer membrane, permitting direct interaction of
lipid-soluble phytochemicals with the cytoplasmic membrane.
Conversely, the comparatively reduced inhibition observed in
E. coli at 100 ug/ml concentration likely reflects the protective
barrier conferred by its outer membrane and the activity of ef-
flux transport systems. Furthermore, the superior antibacterial
performance of freeze-dried extracts underscores the critical
role of preserving thermolabile phytochemicals in maintaining
antimicrobial potency. Collectively, these findings demonstrate
that edible oil-based marigold extracts exert predominantly
membrane-targeted antibacterial activity mediated by lipid-sol-
uble secondary metabolites, whereas Soxhlet petroleum ether
extraction is suboptimal for recovering these functionally ac-
tive constituents. The antimicrobial response further supports
the potential application of marigold as a natural antimicrobial
agent in food preservation, nutraceutical, and pharmaceutical
formulations, in agreement with current global trends favouring
plant-based alternatives to synthetic preservatives [24].

Table 2: Effect of different concentrations (25-100 pg/ml) of the
test compound on the antimicrobial activity against Escherichia
coli, Pseudomonas aeruginosa, and Staphylococcus aureus

Concentration (pg/ml) Diameter of the zone of inhibition (mm)
E. coli P. aeruginosa S. aureus
Standard drug (streptomycin) 15.0 14.0 14.0
Corn oil (-ve control) - - -
25 3.5 3.4 2.5
50 5.5 3.5 5.1
75 9.5 8.5 8.4
100 6.5 5.5 5.5

Streptomycin and corn oil were used as positive and negative
controls, respectively. —indicates no inhibition. Thus, in the pres-
ent investigation, the antibacterial activity of marigold extracts
seems to be intimately related with the type of the isolated phy-
tochemicals and their interaction with bacterial cell structures.
The low antibacterial effectiveness of Soxhlet petroleum ether
extracts because this approach highly recovers non-reactive
lipid fractions while removing critical bioactive ingredients such
as carotenoids, terpenoids, and essential oil components that
contribute to antibacterial activity. In contrast, vegetable oils—
particularly sunflower and olive oils—act as a green solvent but
also as lipid carriers that solubilize and stable these lipophilic
bioactive chemicals. The antibacterial effect of these extracts
is mediated by damage of bacterial cell membrane integrity,
modification of membrane permeability, and consequent leak-
ing of important intracellular contents. The highest sensitivity
of P. aeruginosa to sunflower oil extracts could be due to un-
saturated fatty acids and carotenoid may cause the weakening
of outer membranes of Gram-negative bacteria, enabling the
entry of antibiotic compounds. The mild sensitivity of S. aureus
may be related to the lack of an outer membrane in Gram-pos-
itive bacteria, enabling faster passage of lipid-soluble substanc-
es through the peptidoglycan layer. Conversely, the restricted
reaction of E. coli indicates the protective barrier of its outer
membrane and effective efflux mechanisms. The improved an-
tibacterial activity seen in freeze-dried extracts which demon-
strates that preservation of thermo-sensitive phytochemicals
plays a significant role in antimicrobial efficacy. Collectively, our
data demonstrate that the mechanism of action of edible oil-
based marigold extracts is predominantly membrane-targeted
bactericidal activity mediated by lipid-soluble secondary me-
tabolites, while the Soxhlet petroleum ether approach fails to
successfully extract these active chemicals.

Conclusion

In the present study, the Soxhlet extraction using petroleum
ether exhibited negligible antibacterial activity, which indicates
that nonpolar solvents are ineffective for isolating bioactive
compounds. In contrast, extractions based on edible oils, es-
pecially sunflower oil with Freeze-Dried (FD) showed maximum
inhibitory action against Pseudomonas aeruginosa (zone of in-
hibition (5 mm) and moderate inhibition against Staphylococ-
cus aureus (2.5 mm), which indicated the presence of bioac-
tive lipid-soluble molecules with antibacterial activity. Vacuum
Oven-Dried (VOD) and Oven-Dried (OD) sunflower extracts also
exhibited measurable activity, whereas Air-Dried (AD) and Flu-
idized Bed-Dried (FBD) samples were less effective. Olive oil ex-
tracts with freeze dried showed (up to 3 mm, mostly against
S. aureus), whereas corn oil extracts exhibited least effective-
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ness, with inhibition zones up to (€1 mm)). The results indicated
that freeze-drying combined with sunflower oil extraction is the
most effective medium for extracting antimicrobial potential
from marigold flower extracts compared with other oils. How-
ever, further research work is required to identify bioactive
components responsible for the antibacterial activity, optimize
extraction procedures, and evaluate the stability and effective-
ness of these extracts during storage. Furthermore, in vivo in-
vestigations on safety, bioavailability, and effectiveness will be
crucial to substantiate their prospective uses in food preserva-
tion and pharmaceutical formulations.
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Sup Figure 1: Zone of inhibition of P. aeruginosa, S. aureus, and E.
coli by marigold extracts from different drying methods (FD, AD,

FBD, VOD and OD with sunflower.
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Sup Figure 3: Zone of inhibition of P. aeruginosa, S. aureus, and E.
coli by marigold extracts from different drying methods (FD, AD,

FBD, VOD and OD with corn oil.
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Sup Figure 4: Zone of inhibition against P. aeruginosa, S. aureus,
and E. coli by marigold extracts prepared with petroleum ether.

Sup Figure 2: Zone of inhibition of P. aeruginosa, S. aureus, and E.

FBD, VOD and OD with olive oil.
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