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In recent years, nanoparticles have attracted much attention due to their unique properties in improving various functions in agriculture and plant biology. This
study aimed to investigate the effect of magnesium oxide nanoparticles synthesized by a green method using rose extract on growth indices and phytochemical traits
of the medicinal plant cumin. Seeds and plants were treated with two concentrations of nanoparticles: (0.01, 0.1 mg/mL). The investigated indices included germination
percentage, shoot length, root length, total flavonoids, total anthocyanins, total phenols, and total tannins. The experiment was conducted in a completely randomized
design with three replications, and the data were analyzed using analysis of variance and Duncan’s test at the 0.05 level. The results showed that the application of
nanoparticles at both concentrations caused a significant increase in all indices compared to the control group. In the 0.1 nano treatment, the germination percentage
increased by 33.33%, the root length increased by 130%, and shoot length by 72%. Also, at this concentration, the number of total flavonoids increased by 28.5%, total
phenols increased by 36%, and total tannins increased by 25%. Overall, the findings showed that magnesium oxide nanoparticles synthesized by green method may serve
as a biocompatible agent to enhance growth and enhancing the bioactive compound content in cumin plants.

Abbreviations
MgO: Magnesium Oxide; PVP: Polyvinyl Polypyrrolidone
Introduction

Cumin (Cuminum cyminum L.) is an annual plant of the
Apiaceae family known for its medicinal properties, preventive
properties, and unique aroma. It is native to the Mediterranean
region and is widely cultivated in these areas, although it is
mainly grown in Egypt. Cumin grows and yields optimally in
fertile loamy soils in warm and temperate climates. The plant
is usually propagated through seedlings and can grow to a
height of about 0.5 meters at maturity, producing numerous
branches and ramifications. The leaves are dark green and
the flowers, which are usually white, turn yellow and wither,
producing brown seeds, signaling harvest readiness. Cumin
seeds, which are oval in shape and brown in color, have been
used in many traditional dishes since ancient times, either
whole or powdered. For example, in India, these seeds play

an important role in preparing spice blends, soups, and local
dishes. While commonly known as a spice, cumin remains a
staple in many Asian cuisines. In addition to culinary uses,
cumin seeds have high value in traditional medicine and
pharmacy. The increasing demand for this plant, along with
its limited production, has significantly increased its economic
and therapeutic relevance. Farmers face annual losses from
pests and diseases, the most common of which is Fusarium
wilt. There is also documented evidence of the traditional use
of this plant in Ayurvedic medicine in India, where it is used
to treat conditions such as indigestion, diarrhea, and digestive
disorders ]1[. The oil extracted from Egyptian cumin seeds has
been reported to contain 39.2% cuminaldehyde, a compound
that is likely responsible for the oil’s potent antifungal
properties ]2[. Phytochemicals play an important role in the
medicinal and nutritional properties of cumin. Therefore, any
changes in the phytochemical properties of this plant can have
a significant impact on its quality and efficacy. Magnesium
oxide (MgO) nanoparticles are among the nanoparticles that
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have a high potential to affect plant growth and performance
due to their special physical and chemical properties. These
nanoparticles can directly or indirectly affect biochemical and
phytochemical processes in plants ]3,4[. Based on the limited
research available, magnesium oxide nanoparticles have been
able to affect the growth and reproductive characteristics
of some plants; however, the effect of these nanoparticles
on the phytochemical traits of cumin has not yet been fully
investigated. This research gap indicates the need for more
detailed studies to investigate the effects of magnesium
oxide nanoparticles on the phytochemical compounds of
this medicinal plant. Therefore, this study was designed and
conducted aimed at evaluating the effect of magnesium oxide
nanoparticles on the phytochemical compounds of cumin and
investigating the potential of these nanoparticles in improving
the phytochemical quality of the plant.

Materials and methods

The present study is of an applied type and was designed
and implemented with the aim of investigating the effect of
magnesium oxide nanoparticles synthesized by a green method
on the phytochemical traits of the medicinal plant cumin. In
this study, various stages from the synthesis of nanoparticles
to the evaluation of phytochemical indices were carried out
using standard laboratory methods.

Synthesis of magnesium oxide nanoparticles

2 g of dried rose powder was dissolved in 100 mL of
distilled water, heated at 80°C for 40 minutes, and mixed with
a 0.1 M solution of magnesium nitrate hexahydrate (10 mL of
magnesium nitrate hexahydrate + 90 mL of rose extract). The
mixture was stirred for 4 hours at 250 rpm and then left at
room temperature for 12 hours. Then the resulting solution
was filtered and centrifuged for 20 minutes at 15,000 rpm and
the precipitate was separated; the supernatant was filtered to
obtain a clear extract and then sonicated. Finally, the resulting
extract was dried and the resulting powder was magnesium
oxide nanoparticles.

Nanoparticle characterization

The product was prepared in powder form and examined by
TGA, FTIR, and DLS analysis (Figures 1-3).
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Figure 1: Thermogravimetric Analysis (TGA) of synthesized magnesium oxide

nanoparticles.
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Figure 2: FTIR diagram of nanoparticles.
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Figure 3: Dynamic Light Scattering (DLS) analysis of magnesium oxide

nanoparticles.

Seed planting and treatment steps

In order to disinfect cumin seeds, they were placed in a
5% NaClO solution for 3 min. Then, suspensions of different
treatments of magnesium oxide nanoparticles were prepared
by adding certain amounts of magnesium oxide nanoparticles
with distilled water. For the germination test, 15 cumin seeds
were placed on Whatman filter paper in a Petri dish. Three
milliliters of the treatment solution were added to each Petri
dish. The samples were kept at room temperature until the end
of the test, and in order to compensate for water evaporation,
some distilled water was added to the substrate every two days.
The greenhouse planting stage included a control group, nano
(0.01, 0.1 mg/mL) and was carried out with three replications.

Seeds were sown in a mixture of cocopeat and perlite,
in 14- inch pots. The sown seeds germinated after 10 days.
The pots were irrigated every other day with distilled water.
Until the plant reached a growth stage, the plant was treated
with a suspension of magnesium oxide nanoparticles in two
concentrations for 2 weeks. The plants were subsequently
harvested, and the necessary measurements were conducted.

Evaluation of growth parameters

After the sprouts were observed on the eighth day and the
germinated seeds were counted. Ten seedlings were randomly
selected from each Petri dish and the length of the radicle
and shoot was accurately measured using a millimeter ruler.
And their germination percentage was calculated using the
following equation:

Gp = (S/T) x 100

Gp: germination percentage (%), S: number of germinated
seeds, T: total number of seeds
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Measuring phytochemical parameters

Total flavonoids: Total flavonoid content was measured by
aluminum chloride colorimetric method. 0.1 g of plant samples
were extracted in 10 mL of methanol. Distilled water was
added to 0.5 mL of the resulting extract to make a volume of
5 mL. Then, 0.3 mL of 5% NaNO, was added to the resulting
solution and after 5 min, 0.5 mL of 10% AlClL, was added.
Finally, 2 mL of NaOH (1M) and 2 mL of distilled water were
added. The absorbance intensity was measured at 510 nm. The
sample concentration was obtained using a catechin standard
curve. y is the absorbance of the solution and x is the sample
concentration ]5[.

y = 0.1267x + 0.7384

Total anthocyanin: To measure the amount of anthocyanins,
a 0.5 g sample was thoroughly ground with 10 mL of acidic
methanol (a mixture of pure methanol and pure hydrochloric
acid in a 99:1 volume ratio) and the resulting extract was poured
into test tubes and placed in the dark at 25°C for 24 h. Then, it
was centrifuged for 10 min at 1000 rpm and the absorbance of
the upper solution was measured at a wavelength of 550 nm.
The calculation was made using the formula A= ¢BC where ¢
was taken as 33,000 cm/mol; B was the cuvette width of 1 cm
and C was the complex concentration in ng. g FW 16[.

Total phenol: 0.5 g of each sample was dissolved in 10 mL
of 96% ethanol. Then 1 mL of 95% ethanol, 0.5 mL of 50%
fulin and 1 mL of 5% sodium carbonate were added. The
absorbance at 725 nm was measured after one h in the dark.
The concentration of total phenolic compounds was calculated
from the gallic acid standard curve. y is the absorbance of the
solution and x is the concentration of the sample 17[.

y = 3.1161X + 0.1886

Total tannin: 1 mL of the methanolic extract of the plant
was mixed with 100 mg of PVP and kept at 4 °C for 15 min.
Then it was centrifuged for 15 min in a refrigerated centrifuge
at 3000 rpm. The supernatant was removed and its absorbance
was measured at 760 nm. Therefore, to measure the total
tannin content, the total phenol content must be subtracted
from the total tannin content. The standard curve is the same
as the gallic acid standard curve. y is the absorbance of the
solution and x is the sample concentration [8].

y = 3.1161x + 0.1886
Statistical analysis

The experiment was conducted in a completely randomized
design with 3 replications, and statistical calculations were
performed using SPSS software. One-way analysis of variance
and comparison of means were performed using Duncan’s test
at a probability level of 5%.

Results
Growth and phytochemical parameters

The results showed that the germination percentage, root
length and shoot length increased by 33.33%, 130% and 72%

in the 0.1 nano group, respectively, and by 23.34%, 69.96%
and 27.97% in the 0.01 nano group, respectively, compared to
the control group. Also, phytochemical parameters, including
total flavonoids, anthocyanins, total phenols and tannins
increased by 28.5%, 26.66%, 36% and 25% in the 0.1 mg/mL
treatment group and by 16.5%, 13.33%, 20%, and 15% in the
0.01 mg/mL group, respectively compared to the control group.
Duncan’s test indicated that the 0.1 mg/mL magnesium oxide
nanoparticle treatment had a more significant effect on growth
indices than 0.01 magnesium oxide nanoparticles (Table 1).

Discussion

The present study aimed to investigate the effect of
magnesium oxide nanoparticles synthesized by a green
method using rose extract on the growth and phytochemical
characteristics of the medicinal plant Cumin. The findings
obtained from the different stages of this research, from the
synthesis of nanoparticles to the statistical analysis of data,
confirm the effectiveness of magnesium oxide nanoparticles
and meaningful role in improving the physiological and
phytochemical traits of the plant. The green synthesis method
of magnesium oxide nanoparticles using rose extract was
successfully implemented as a sustainable and environmentally
friendly solution. These findings suggest that the green
synthesis method, due to its simplicity and cost-effectiveness,
holds strong potential for nanoparticle production with
suitable properties. The study of the biological effects of these
nanoparticles on the seed germination process and early plant
growth showed that the use of magnesium oxide nanoparticles,
especially at the 0.1 mg/mL concentration, had a significant
effect on increasing the germination percentage, root length,
and shoot length. In addition to the growth effects, the results
showed that magnesium oxide nanoparticles had a positive
effect on increasing the number of phytochemical compounds in
the aerial parts of the cumin plant. These compounds included
total flavonoids, total phenols, total anthocyanins, and total
tannins, which are key contributors to the antioxidant, anti-
inflammatory, and medicinal properties of plants. The 0.1 mg/
mL nanoparticle treatment resulted in the highest increase in
phytochemicals, suggesting that nanoparticle concentration
plays a critical role in stimulating the production of these
compounds. This effect is likely due to the induction of mild

Table 1: Study of the effects of magnesium oxide nanoparticles on statistical data of

growth and phytochemical parameters. As per Duncan’s multiple range test (n = 3),

means sharing the same letter within a row are not significantly different at p < 0.05.
Groups (mg/mL)

Nano 0.1

Control Nano 0.01

Parameters

Germination (%) 66.66 £ 6.66°  88.88 +3.85"  82.22 + 3.84
Root length (cm) 3.33+0.572 7.66 +0.57° 5.66 £ 0.57°
Shoot length (cm) 8.33+0.572 14.33+0.57° 10.66 +1.15°
Total flavonoid (mg g FW) 4+0.19° 5.14 +0.08° 4.66 +0.07¢
Anthocyanins (mM g FW) 0.45+0.012 0.57 £0.01° 0.51+£0.01¢
Total phenol (mg g FW) 0.25+0.01° 0.34+0.01° 0.30 +0.01¢
Tannins (mg g" FW) 0.20+0.01°  0.25+0.01°  0.23+0.01°
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stress induced by the nanoparticles, which stimulated the
biosynthesis of secondary metabolites. Therefore, the results
of this study indicate the high potential of greenly synthesized
magnesium oxide nanoparticles for use in qualitative and
quantitative improvement of medicinal plants, especially
cumin. Since this plant has wide application in pharmaceutical,
food and health industries, improving its phytochemical
properties can have a direct impact on increasing the economic
and functional value of this product.

Conclusion

From an economic perspective, the production of
nanoparticles using available and inexpensive plant materials
significantly reduces synthesis costs and has the potential
to be implemented on a small and medium-sized farm
scale. Therefore, this method can serve as a practical model
for local farmers, research-driven enterprises, and herbal
product manufacturers, especially in areas with low fertility or
magnesium-poor soils. Also, applying a nanoparticle solution
to seeds or as a spray to plant aerial parts provides a practical
and scalable approach for enhancing crop growth and quality.
This may appeal to smart agriculture initiatives, greenhouse
cultivation programs, and even herbal medicine production
projects under controlled conditions. Finally, this research is
a preliminary step towards designing nanotechnology-based
agricultural systems. Integrating biocompatible nanoparticles
with medicinal plant cultivation offers a new pathway for
developing high value-added plant-based products in the
country. It is hoped that the findings of this research will lay
the foundation for future research and innovation in the fields
of sustainable agriculture, biotechnology, and the development
of standardized herbal medicinal products.
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