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ABSTRACT:

This study investigated the synergistic effect of combining alcoholic and nano-extracts of Black Seed

(Nigella sativa) at various concentrations (5, 10, 15, and 20 ML) on the chemical components and volatile
oil yield of coriander (Coriandrum sativum L.). The results demonstrated that the interaction between these
extracts significantly enhanced the plant's phytochemical profile and maximized essential oil productivity

compared to individual treatments. Statistical analysis (LSD at P < 0.05) confirmed that specific
combinations of both extracts exerted a powerful bio-stimulating influence, suggesting that integrating green-
synthesized black seed nano-extracts with traditional alcoholic extracts is a highly effective, eco-friendly
strategy to improve the commercial and medicinal value of coriander.
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Introduction

Medicinal and aromatic plants represent a vital
pillar of renewable natural resources, gaining
immense global attention due to their significant
economic and industrial value in food,
pharmaceuticals, and cosmetics [1]. These non-
traditional crops offer low production costs and
high adaptability to climate change, and are
characterized by their high content of secondary
metabolites—complex bioactive chemicals that
accumulate within plant tissues [2]. Coriander
(Coriandrum sativum L.) is a prominent annual
aromatic herb with a taproot and slender, erect

stems (10 to 70 ¢m) showing longitudinal ribs
and heterophylly, where leaf morphology varies
distinctly from basal to cauline positions [3, 4].
Cultivated widely across Asia, North Africa, and
Central Europe [5], coriander holds a rich historical
significance; its medicinal uses date back over two
millennia, documented in the ancient Egyptian
"Ebers Papyrus," the Hanging Gardens of Babylon,
and ancient Sanskrit manuscripts [4]. Modern
phytochemical analyses reveal that coriander is
highly rich in bioactive compounds—including
monoterpenoids, sesquiterpenoids, diterpenoids,
fatty acids, and phytosterols [6]—as well as a high
yield of volatile essential oils [7]. Consequently, it
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is extensively utilized as a natural antimicrobial,
anti-inflammatory, and anticancer agent, as well as
a sedative for the central nervous system to
alleviate anxiety, pain, and migraines [4, 8].

Materials and Methods
Experimental Design and Setup

To evaluate the physiological responses of
coriander (Coriandrum sativum L.), a field
experiment was conducted during the agricultural
season of 2025-2026, beginning on November 31,
2025, at the College of Science. The study
investigated the individual and synergistic effects
of certain nano- and conventional extracts applied
via foliar spraying. Plants were grown in a
homogeneous mixed medium of beach sand and
peat moss, enriched with 10 kg of compound
N.P.K fertilizer to ensure initial fertility, and
distributed into plastic pots at a rate of 10 kg of soil
per pot. Ten seeds were sown per pot under
uniform conditions. Irrigation was systematically
reduced across three stages, starting with watering
once every 4 days, then weekly, and finally bi-
weekly. Physical and chemical properties of
representative soil samples were analyzed prior to
planting.
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Measurement of Shoot and Root Weights

At the end of the experiment, plants were carefully
harvested, washed with distilled water, and
separated to measure biomass accumulation. The
fresh weights (FW) of shoots and roots were
recorded immediately using a sensitive Sartorius
balance (Germany). Subsequently, the dry weights
(DW) were measured after placing the plant parts
in a Gallenkamp oven (England) at 70°C for 48
hours until a constant weight was achieved.

Extraction of Antioxidant Enzymes

For biochemical analysis, 0.5 g of fresh leaves
collected during the vegetative growth stage was
homogenized in 8 ml of neutral phosphate buffer.
The homogenate was then centrifuged at 10,000
rpm for 20 minutes, and the resulting supernatant
was collected and used as the crude enzyme extract
to estimate antioxidant enzyme activities [9].

Estimation of Peroxidase (POD) Activity

Peroxidase activity was determined
spectrophotometrically at 470 nm [9]. The reaction
mixture consisted of 20 mM phosphate buffer (pH

5), 40 mM hydrogen peroxide (H,QO5), and 1 ml
of guaiacol. The reaction was initiated by adding 1
ml of the enzyme extract, and the change in
absorbance was recorded immediately [9].

Estimation of Catalase (CAT) Activity

Catalase activity was measured at 240 nm [9]. The
reaction was carried out in a mixture containing 3
ml of neutral phosphate buffer (pH 7) and 5.9 mM

hydrogen peroxide (H;Q,). The assay was
initiated by adding 1 ml of the enzyme extract, and
the decrease in absorbance was monitored
immediately [9].

Essential Oil Extraction and Percentage

The volatile oil percentage in coriander plants was
determined gravimetrically using a Soxhlet
extraction apparatus (Julabo, Germany) [9]. The
extraction was carried out following standard
procedures using three representative plants per
replicate [9].

Results and Discussion
1. Antioxidant Enzyme Activities

1.1. Peroxidase (POD) Activity
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The results presented in Table (1-1) indicate a clear
and significant effect of both the alcoholic and
nano-extracts of black seed (Nigella sativa), as well
as their binary interactions, on peroxidase (POD)
activity. Statistical analysis revealed that increasing
the concentration of the black seed alcoholic
extract individually led to a significant increase in
plant growth parameters, where the control
treatment (0 Unih"mg) recorded the lowest
average of 10.374 Unit/mg, while the highest
concentration (20 Unit/mg)  significantly
increased to record the highest average of
21.995 Unit/mg. A similar stimulatory trend
was observed with the black seed nano-extract,
where the mean POD activity increased
significantly from 15.089 UnitYmg in the
control treatment to its peak of 22.089 Unit/mg
at the 20 Unit/mg concentration, significantly
outperforming  the lower  concentrations.
Furthermore, the interaction between the alcoholic
and nano-extracts exerted a highly significant
synergistic effect at higher concentrations, with the
interaction values showing significant differences
based on the LSD value of 1.2375. Specifically,
the control interaction (0 aleoholic x 0 nano)
yielded  the lowest  POD value of
6.870 Unit/mg, whereas the combination of the

two highest concentrations
I lmis fenm hnlln e WO Lk fee nano
LU U|||U|||H Uidiie A U WY Higil

) achieved the absolute highest activity of

23.893 Unit/mg, which is in close agreement
with previous findings [10, 11].

Table (1-1): Effect of different concentrations of
black seed (Nigella sativa) alcoholic extract,
nano-extract, and their interactions on

peroxidase (POD) activity (Unit/mg)

Alcoh Nano- extracts | Averag

olic e of

extract [0 T"sml\ [ 10m | 15m | 20m | Alcoho

|1 Y S VR R lic

0) extract
s(0)

0] 687 | 7.51 | 806 | 134 | 159 | 10.374
0 0 0 60 70

Smi\l | 109 | 13.6 | 132 | 18.0| 199 | 15.156
20 10 40 60 50

10mi\l | 214 | 192 | 25.6 | 23.0 | 249 | 22.848
10 10 10 90 20

ISml\l | 189 | 21.0 | 22.6 | 252 | 25.7 | 22.721
17 77 77 27 10

20mi\l | 173 | 192 | 235 | 259 | 23.8 | 21.995
30 40 80 30 93
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Avera | 15.0 | 16.1 18.6 | 21.1 | 22.0 LSD
ge of 89 29 33 53 89 | P=0.05
Nano-
extract

S

LSD 0.5534 | 0.5534
P=0.0
5

Two- 1.2375
way
LSD
P=0.0

1.2. Superoxide Dismutase (SOD) Activity

The results presented in Table (1-2) indicate a clear
positive effect of both the alcoholic and nano-
extracts of black seed (Nigella sativa), as well as
their binary interactions, on superoxide dismutase
(SOD) activity. Statistical analysis revealed that
increasing the concentration of the black seed
alcoholic extract individually led to a significant
increase in plant growth parameters, where the

control treatment (0 UJ) recorded the lowest SOD
average of 14.570 U, while the highest

concentration (20 U) significantly outperformed

other treatments, recording the highest average of
2 n17 11

22017 U, Similarly, the second factor (black
seed nano-extract) contributed to enhancing the
studied trait, as the mean SOD activity increased
significantly from 16224 U in the control
treatment to its peak of 21651 U at the 20 U
concentration.  Furthermore, the interaction
between the two extracts yielded the highest values
for this trait, demonstrating a distinct synergistic
response between both extracts at higher
concentrations, with the interaction values showing
significant differences based on the LSD value of

1.0037. Specifically, the control interaction
(0 alcoholic x 0 nano) recorded the lowest

SOD value of 14.2Z(i U, whereas the
combination of the two highest concentrations

(20 U alecoholic x 20 U nano) achieved the

absolute highest activity of 26.847 U. This
increase can be attributed to the biochemical
constituents of the black seed (Nigella sativa)
extract, which contains highly active compounds
such as thymoquinone and nigellone; these
function as powerful natural antioxidants that
enhance the efficiency of reactive oxygen species
(ROS) scavenging mechanisms, protecting cellular
membranes from lipid peroxidation and
physiological degradation. Regarding the notable
superiority of the nano-extract compared to the
conventional alcoholic extract, it is attributed to the
fact that while the alcoholic extract provided the
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active bioactive nutrients, the nano-formulation
acted as a rapid carrier and delivery vehicle that
enhanced photosynthetic efficiency and chlorophyll
content, thereby accelerating overall metabolic
efficiency and positively reflecting on the plant's
total enzymatic content, which closely aligns with
previous findings [9].

Table (1-2): Effect of different concentrations of
black seed (/NVigella sativa) alcoholic extract,
nano-extract, and their interactions on

superoxide dismutase (SOD) activity (U)

Alcoh Nano- extracts Avera
olic ge of
extract 0] 5ml | 10m | 15m | 20m | Aleoh
s 1l wm| wm| | ofic
extract

s (0)

0| 142 | 144 | 148 | 147 | 14.6 | 14.570
20 60 30 30 10

Sml\l | 145 | 154 | 17.6 | 183 | 19.6 | 17.116
60 10 30 70 10

10mi\l | 147 | 159 | 182 | 199 | 21.0 | 18.001
10 80 40 83 93

I5Sml\l | 21.7 | 228 | 238 | 25.1 | 26.0 | 23.939
97 33 40 33 93

20ml\l | 158 | 20.7 | 225 | 140 | 26.8 | 22.017
33 97 53 57 47

Avera | 16.2 17.8 194 | 204 | 21.6 LSD
ge of 24 96 10 55 51 | P=0.05
Nano-
extract

S

LSD 0.4489
P=0.05

Two- 1.0037 | 0.4489
way
LSD
P=0.05

1.3. Fixed Oil Percentage and Yield in
Coriander

The results presented in Table (1-3) reveal a clear
positive effect of both the alcoholic and nano-
extracts of black seed (Nigella sativa), as well as
their binary interactions, on the essential oil yield
of  coriander plants.  Statistical  analysis
demonstrated that increasing the concentration of
the black seed alcoholic extract individually led to
a significant increase in oil yield; the control

treatment (0 MI/L) recorded the lowest average oil
yield of (.33400), whereas the highest

concentration (20 mliL) significantly
outperformed the other treatments, registering the

highest yield of (0.43733. The second factor,
black seed nano-extract, followed a similar
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stimulatory trend in promoting the studied trait, as
the mean oil yield increased significantly from

0.30733 in the control treatment to its peak of

042733 at the concentration of 20 ml/L,
significantly outperforming the lower
concentrations.

Furthermore, the binary interaction between the
two study factors exerted a highly significant
synergistic effect at higher concentrations, with the
interaction values showing significant differences

based on the LSD value of 0.013806

(P = 0.05). Specifically, the interaction
combination of

ad M omalll mae e
uin

(10 ml/L alcoholic x ¥ Nans
recorded the lowest oil yield in the plant, which
was (0.23000. In contrast, this value rose to the

absolute highest oil yield of 0.48000 under the
interaction of the two highest concentrations

(20 ml/L alcoholic x 20 ml/L nano).

This significant increase can be attributed to the
bioactive constituents of the black seed (Nigella
sativa) extract, which contains potent active
compounds such as thymoquinone and nigellone, in
addition to essential amino acids, vitamins, and
essential macro- and micro-elements including
phosphorus, iron, and zinc. These components act
as effective biostimulants within plant tissues,
contributing to the activation of cell division,
elongation, and the enhancement of nucleic acid
synthesis. Regarding the notable superiority of the
nano-extract compared to the conventional
alcoholic extract in increasing the volatile oil
content and yield, this is directly attributed to the
unique physical and chemical properties of the
nanoparticles. Due to their minute size (less than
100 nm) and high specific surface area,
nanoparticles possess an exceptional ability to
penetrate and be absorbed through the leaf stomata
and cellular membranes. Consequently, this
facilitates their rapid translocation and distribution
within the vascular system of the coriander plant,
delivering stimulatory compounds to the cells far
more efficiently and quickly than the larger
molecules of the conventional alcoholic extract.
These findings are in close agreement with those
obtained by previous investigators [7, 14, 16].

Table (1-3): Effect of different concentrations of
black seed (/Vigella sativa) alcoholic extract,
nano-extract, and their interactions on the oil
yield of coriander (Coriandrum sativum L.)
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0 0 0 0 0
Smi\l 0.3300 0.3100 0.3900 0.4100 0.4300 0.37400
0 0 0 0 0
10mI\ 0.2300 0.2833 0.3300 0.3500 0.4133 0.32133
0 3 0 0 3
15ml\ 0.3300 0.3600 0.4166 0.4400 0.4433 0.39800
0 0 7 0 3
20mi\l 0.3666 0.4200 0.4500 0.4700 0.4800 0.43733
7 0 0 0 0
Average 0.3073 0.3466 0.4000 0.4000 0.4273 LSD
of Nano- 3 7 0 0 3 P=0.05
extracts
LSD 0.006174
P=0.05
Two-way 0.013806 0.006174
LSD
P=0.05

Alcoholi Nano- extracts Average
© extracts 0 Sml\l 10mI\ 15ml\l 20mi\l of
Alcoholi

¢ extracts

©

0 0.2800 0.3600 0.3300 0.3300 0.3700 0.33400

1.4. Essential Oil Percentage and Yield

The results presented in Table (1-4) demonstrate a
clear response of coriander plants to both the
alcoholic and nano-extracts of black seed (Nigella
sativa), as well as their binary interactions, in terms
of essential oil percentage. Statistical analysis
indicated that increasing the concentration of the
first factor (black seed alcoholic extract)
individually led to a significant increase in the oil

percentage; the control treatment (0 ml/L)
recorded the lowest average oil percentage of

15.25%), whereas the highest concentration

(20 ml/L) significantly outperformed  other
treatments, registering the highest average of
22.12%.

Similarly, plants treated with the second factor
(black seed nano-extract) showed a significant
improvement in the studied trait, as the mean
essential oil percentage rose from 15.59% in the
control treatment to its peak of 22.06% at the
20 ml/L concentration, significantly
outperforming the lower concentrations. Regarding
the binary interaction between the two factors, the

lowest average oil percentage was recorded at the
control/zero combination

(0 ml/L aleoholic x 0 mi/L nanc), yielding

the minimum value of 11.62%%. In contrast, this
value jumped significantly to reach the absolute
highest essential oil percentage of 25.52% under
the interaction of the two highest concentrations
(20 ml/L glegholic x 20 ml/L nano), with

THAN G ATl | Bl TA % A i Ad D00 b 0 BAdd B

the interaction values showing significant
differences based on the LSD value of 1.571
(P = 0.05). These findings are in close
agreement with those reported by previous
researchers [8, 15].

Table (1-4): Effect of different concentrations of
black seed (/Nigella sativa) alcoholic extract,
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nano-extract, and their interactions on the
essential  oil  percentage of coriander
(Coriandrum sativum L.

Alcoho Nano- extracts | Averag
lic e of
extract [0 [ 5ml | 10m | 15m | 20m | Aleoho
s (S VI S VI lic
extract
(s (0
0] 11.6 | 159 | 149 | 165 | 172 15.25

2 7 0 4 1
Sml\l | 159 | 17.1 | 18.1 | 19.2 | 20.1 18.11

5 7 3 0 0

10mI\ | 153 | 185 | 193 | 22.0 | 23.0 19.64
5 0 2 2 2

I5Smi\l | 16.1 | 21.0 | 229 | 241 | 244 21.78
9 9 5 8 8

20ml\l | 18.8 | 19.8 | 22.8 | 25.0 | 255 22.42
5 0 5 6 2

Averag | 15.5 | 18.5 19.6 | 21.7 | 22.0 LSD
€ of 9 1 3 8 6 | P=0.05
Nano-
extract

S

LSD 0.703
P=0.05

Two- 1.571 0.703
way
LSD
P=0.05
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