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Abstract

Objective

Ferula gummosa is a stable, self-sufficient perennial herb of the Apiaceae family, known for its
medicinal compounds such as flavonoids with antioxidant and anticancer properties. These
compounds play a vital role in the green synthesis of metal nanoparticles due to their redox
activity. This study focused on synthesizing iron oxide and silver nanoparticles using aqueous
extract of F. gummosa and evaluating their antibacterial properties along with those of the plant
extract.

Materials and methods

Green synthesis of silver and iron oxide nanoparticles was performed using F. gummosa extract.
UV-Vis, FTIR, and XRD spectroscopy confirmed nanoparticle formation. Morphology, size, and
surface charge were assessed using TEM and DLS. Antibacterial activity was tested against
Escherichia coli and Staphylococcus aureus on solid LB medium using nanoparticle
concentrations of 0.05, 0.1, 0.25, 0.5, and 1 mg, incubated at 37 °C for 24 hours.

Results

The results of UV-Vis, FTIR, and XRD spectroscopy showed that iron oxide and silver
nanoparticles were successfully synthesized from the extract of the F. gummosa plant. TEM
images showed silver nanoparticles had multifaceted structures while iron oxide nanoparticles
were spherical. Their sizes were 16 nm and 35 nm, and surface charges were -23 mV and -18 mV,

respectively. Antimicrobial tests revealed that both silver nanoparticles and the plant extract had
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effective antibacterial activity, whereas iron oxide nanoparticles showed negligible effects below
1 mg. MIC and MBC tests showed silver nanoparticles inhibited E. coli and S. aureus at 2.5 and
5 mg, respectively, while the plant extract required 5 mg/ml to inhibit both bacteria.
Conclusions

According to the results obtained, a significant difference was observed between the aqueous
extract of the F. gummosa plant and the green synthetic silver nanoparticles prepared from it in
terms of antibacterial activity. However, the antibacterial properties of the aqueous extract of the
F. gummosa plant and silver nanoparticles were significantly higher than those of iron oxide
nanoparticles.
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Introduction

Green synthesis is one of the new methods for synthesizing metal nanoparticles, which is
economically cost-effective compared to physical and chemical methods of nanoparticle synthesis
and environmentally less toxic than other methods of nanoparticle synthesis. In this method, plant
compounds are used as initiators and catalysts for the synthesis of nanoparticles. Since plants are
among the available and cheap resources, the use of these compounds in the synthesis of
nanoparticles has attracted the attention of many researchers. Nanoparticles can be classified into
different categories such as metal-ceramic copolymer nanoparticles, etc., based on their shape,
chemical composition, and functional properties. Metal nanoparticles include nanoparticles of
silver, gold, copper, iron oxide, and other metals, which have diverse applications due to their
electrical and thermal properties. Silver nanoparticles are known as a strong disinfectant and are
widely used in the medical and pharmaceutical industries. Oxide nanoparticles include various
metal oxides such as titanium oxide, zinc oxide, and iron oxide. Oxide nanoparticles are used in

the fields of electronics, catalysts, and also as reinforcing materials in plastics and cement. This
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research was designed and conducted with the aim of using the root extract of the F. Gummosa

plant to synthesize metal nanoparticles and investigate their antimicrobial properties.

Materials and methods

In order to prepare hydroalcoholic extract from the root of the F. Gummosa plant, the roots
were first washed with water to remove contaminants. Then they were cut into small pieces and
dried in an incubator at 45 °C. 100 grams of the dried roots were finely powdered by a grinder.
Then N-hexane was used for degreasing. For this purpose, 500 ml of N-hexane was added to 100
grams of the powdered sample and shaken for 24 hours at 25 °C with a shaker. Then 500 ml of
80% methanol was added to 100 grams of the resulting powder and kept for 48 hours at room
temperature on a shaker in the dark. After 48 hours, the resulting solution was centrifuged (15,000
rpm for half an hour) and the supernatant was passed through filter paper. A rotary dryer was used
to dry the prepared extract. Finally, the weight of the extract was calculated and dissolved with
PBS buffer at a concentration of 10 mg/ml. The resulting sample was stored in a refrigerator at
4°C for subsequent experiments. Synthesis of Fe;O4 nanoparticles, by combining the precursors
in the ratio of 1 mmol of ferrous chloride (FeCl,. 4H>O) and 2 mmol of ferric chloride (FeCls.
6H,0) at a temperature of 80 °C under nitrogen gas and within a period of 10 minutes, 15 ml of
hydroalcoholic extract was added dropwise. After 5 minutes, 60 ml of 1 molar sodium hydroxide
was added to it and stirred again under nitrogen gas for 1 hour. A black precipitate was formed.
After completion of the reaction and purification by centrifugation and ethanol (three times), they
were dried in a vacuum at 50°C. For this purpose, 15 ml of aqueous extract of . Gummosa was
mixed with 85 ml of 1 mM silver nitrate and stirred for 72 hours at room temperature to carry out
the reaction. The resulting nanoparticles were separated using a centrifuge for 15 minutes at
15,000 rpm. Then they were washed 3 times with phosphate buffer. After removing the
supernatant solution, the desired precipitate was washed three times with phosphate buffer and

after drying using a freeze-dryer, it was stored at -80°C for subsequent experiments.

Results

According to the results obtained from FI-IR spectroscopy and XRD, the biosynthesis of
silver and iron oxide nanoparticles by F. Gummosa extract was confirmed. The results from
transmission electron microscopy (TEM) showed that the silver nanoparticles had a polyhedral
structure and the iron oxide had a spherical and regular structure. The results of the investigation
of the size and surface charge of nanoparticles by DLS showed that the silver nanoparticles
biosynthesized from the methanol extract of F. Gummosa had a size of 16+£1.7 nm and a surface
charge of -23+1.35 mV. It was also found that the iron oxide nanoparticles had a spherical
structure and a size of 30+£1.2 nm. The DLS results also showed that the iron oxide nanoparticles
had a surface charge of -18.3+£1.22 mV. Also, the PDI of silver and iron oxide nanoparticles was

0.15+0.009 and 0.23£0.02, respectively. According to the results obtained, it was determined that
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the extract of the F. Gummosa had a favorable antibacterial effect on E. coli or S. aureus bacteria.
However, the results of examining the diameter of the growth inhibition zone of E. coli or S.
aureus bacteria treated with different concentrations of silver nanoparticles showed that these
compounds significantly increased the size of the growth inhibition zone of E. coli or S. aureus
bacteria compared to treatment with the extract of the F. Gummosa. On the other hand, according
to the results obtained, it was determined that with increasing the concentration of each of these
compounds, the diameter and area of the growth inhibition zone in E. coli or S. aureus bacteria
increased, so that the largest diameter of the growth inhibition zone in E. coli bacteria (10.3 mm)
was observed in the treatment of 1 mg of the F. Gummosa extract, this amount for silver
nanoparticles was equal to (18.5 mm). Also, the largest diameter and area of the growth inhibition
zone in S. aureus bacteria (16.3 mm) was observed at a concentration of 1 mg of silver
nanoparticles from the F. Gummosa. These results showed that in general, silver nanoparticles
from the F. Gummosa have higher antibacterial properties compared to the extract of this plant.
In addition, the results showed that iron oxide nanoparticles synthesized from the F. Gummosa
extract did not have significant antimicrobial properties on E. coli or S. aureus bacteria up to the
used concentration of 1 mg, so other antimicrobial tests were not applied to them. The toxicity
percentage of hydroalcoholic extract of F. Gummosa and silver nanoparticles biosynthesized from
it on E.coli or S. aureus bacteria was investigated using the mixed culture test in the plate.
According to the results obtained, it was found that . Gummosa extract reduces the number of
colonies in E.coli or S. aureus bacteria. Also, according to the results obtained, it was found that
F. Gummosa extract reduced the survival of E.coli or S. aureus bacteria by more than 48 and 52
percent, respectively. On the other hand, it was found that silver nanoparticles biosynthesized
from F. Gummosa extract have a high ability to control the growth of E.coli or S. aureus bacteria.
So that this group of nanoparticles can reduce the growth of E.coli or S. aureus bacteria colonies

by 73 and 82 percent, respectively.

Conclusions

Murgueitio et al. (2018) used FTIR, XRD and UV-Vis spectroscopy to confirm the
biosynthesized iron oxide nanoparticles after synthesizing iron oxide nanoparticles from the
hydroalcoholic extract of Vaccinium floribundum. This group examined the morphology of the
resulting nanoparticles by imaging with a transmission electron microscope (TEM) and stated that
the biosynthesized iron oxide nanoparticles have a spherical, non-complex and uniform structure.
This is consistent with the results obtained in this study. Abedini et al. (2011) used apple plant
extract to synthesize silver nanoparticles. They found that the silver nanoparticles had a spherical
structure. The results obtained from the DLS device of the silver nanoparticles in this group
showed that the biosynthesized nanoparticles were in two different size ranges, with the largest
amount of nanoparticles having a size between § and 12 nm. They also reported that in the MIC
and MBC test of silver nanoparticles (125, 1000, 500 and 1000 pg/ml) on E.coli, S.arueus and P.

4

B, BN



o S,

Yaghobi et al., 2025

aeruginosa bacteria, it was found that silver nanoparticles had high toxicity on the mentioned
bacteria at all concentrations, but with increasing concentration, the growth rate of bacteria
decreased significantly. They also reported that among the 3 strains of E.coli, S.arueus and P.
aeruginosa, E.coli bacteria had the least resistance to silver nanoparticles and its growth was more
limited compared to other strains. On the other hand, P. aeruginosa bacteria had the highest
resistance to equal concentrations of silver nanoparticles among the mentioned strains. Which is
consistent with the results obtained in this study. In this study, based on the results obtained from
the disk diffusion test, mixed culture test in the plate, and MIC and MBC tests, it was determined
that increasing the concentration of biosynthesized silver nanoparticles caused a decrease in the

viability of E. coli and S. aureus bacteria.
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@ by VYOV cm™ (CC=N w byyyo VWA cm™! (C-H au bgpe WA cm™ ©O-H a4 Layyo VYOV cm™ Jobo

7 - Minimum Inhibitory Concentration
8 _ Minimum bactericidal concentration

12

8, SN,



RN,

V€& cdb&o&bgdsﬁ&l

4 bgsyo ol iy 45 005 €0 CIT PYRe 5 YAYD YADR YFDA VS -V AYAY AVEY (B-Y Ss) o, <35l 5l Jols
i §] ol g0l 55 Lol 039y b C-H g iiads O-H 5 i C=0 . C=N . C-H . O-H sloog 5 cLilss)|
o 5 3 VOVE o gge Jgb salaenS] g 085 gl 4 bogsyo (slacibs pogMe donyls ol oyluas FI-IR | oxias
w0y s Jials y wSome JWd a8 0t sdalie @l 3L y3 oas S IR 13 zge Jsb (ol 45 39 C=C sl 4 bgsye

D9 (S o)k &

0.8 - 28
0.7 4
0.6
0.5 4 18
Z 04 2
0.3 '
0.2
0.s
0.1 4
o v T 0
300 400 500 600 700 @“"’ 3so Wavelenth 400 450
Wevelength (nm) avelengih (am)

o Fwwrgat (RIS C1,3550 (B g 2,85 ,3930 (A UV il (g yiogidg wiSow! (v b .9 JSUS

Figure 1. UV-vis spectrophotometry of A) silver nanoparticles and B) iron oxide

nanoparticles biosynthesized from F. gummosa extract
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Figure 2. FTIR spectroscopy; A) F. Gummosa extract, B) silver nanoparticles and C) iron

oxide nanoparticles biosynthesized from F. gummosa extract
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Figure 3. XRD spectroscopy; A) silver nanoparticles and B) iron oxide nanoparticles

biosynthesized from F. gummosa extract
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Figure 4. Transmission electron microscope (TEM): A) silver nanoparticles and B) iron

oxide nanoparticles biosynthesized from F. gummosa extract
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Table Y. Size, surface charge, and PDI content of silver and iron oxide nanoparticles

biosynthesized from methanolic extract of F. gummosa

8, SN,

Average size Standard Standard Standard
Samples o Zeta mv) o PDI o
(nm) deviation deviation deviation
Silver
16 1.7 -23 *1.35 0.15 +0.009
nanoparticles
Iron
30 2.1 -18.3 +1.22 0.23 10.02
nanoparticles
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Figure 5. Results from DLS A, B) Size of silver and iron oxide nanoparticles biosynthesized

from F. gummosa extract (respectively); C, D) Surface charge of silver and iron oxide

nanoparticles biosynthesized from F. gummosa extract (respectively)
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Figure 6. Hysteresis curve of iron oxide nanoparticles (Fe3O4) biosynthesized from F.

gummosa plant extract
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Figure 7. Image of disk diffusion test, A, B and C) E. coli bacteria treated with different
concentrations of F. gummosa plant extract and silver nanoparticles and iron oxide
biosynthesized from it (respectively) and D, E and F) S. aureus bacteria treated with

different concentrations of F. gummosa plant extract and silver nanoparticles and iron oxide

biosynthesized from it (respectively).
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Figure 8. Comparison of the average diameter of the growth inhibition zone of E. coli or S.
aureus bacteria after treatment with different concentrations of A) F. gummosa extract, B)
silver nanoparticles, and C) iron oxide nanoparticles biosynthesized from F. gummosa

extract
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Figure 9. Comparison of average colony percentage in E. coli or S. aureus bacteria; A)
different concentrations of F. gummosa extract and B) silver nanoparticles biosynthesized

from it
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Figure 10. Colony in E. coli or S. aureus bacteria; A and D) control sample of E. coli or S.
aureus bacteria, B, C) E. coli bacteria treated with F. gummosa extract and silver
nanoparticles (respectively), and D and E) S. aureus bacteria treated with F. gummosa

extract and silver nanoparticles (respectively)
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Table 2. MIC and MBC concentrations of F. gummosa extract and biosynthesized silver

nanoparticles from it to combat E.coli or S. aureus bacteria

) ) F. gummosa extract Silver NPs
Bacterial strain
MIC (mymiy MBC m/miy MIC mg/mi) MBC mg/mi)
E.coli 5 10 2/5 5
S. aureus 5 10 5 5
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