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ABSTRACT

The current study, which was conducted in 2024 at the city of Al-hindia in Kerbala\ Irag. sought
to ascertain the effects of the bio fertilizer Azotobacter on the active parameters limonene,
linalool, and alpha-pinene of three sweet basil plants (Ocimum basilicum L., Ocimum basilicum
var. purple, and Ocimum basilicum var. citriodorum). with three replications and a factorial
arrangement, the aforementioned experiment was set up using a Randomized Complete Block
Design (RCBD). Two components were included in the study: banana peels (0, 100, 150, and
200 g L) and Azotobacter (0, 25, 50, and 100 g bacteria/m?). The extract basil fine powder
using a soxhlet apparatus was measured the active compounds by HPLC examination. The
results indicate an increase in the volatile oil content of the effective compounds Limonine,
Linalool and alpha-pinene when treated with banana peels at concentration 200 g L™ was
(12.78, 23.28 and 0.215 mg.g™), for O. basilicum L. was (11.20, 23.28 and 0.2025 mg g™) for O.
basilicum var. Purple was ( 9.97, 21.76 and 0.1925 mg g™*) for O. basilicum var. Citriodorum.
The study suggests choosing the variety O. basilicum L. for industrial or antiseptic uses due to its
richness in limonene, while the var. purple and citriodorum varieties can be directed towards

medicinal and aromatic uses due to their content of linalool and alpha-pinene.
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1.Introduction

asil Ocimum spp., one of the most important aromatic and medicinal plants in the

Lamiaceae family, is notable for its high genetic diversity and profusion of beneficial

secondary compounds, such as flavonoids, phenols, and essential oils, which add to its
expanding medicinal and economic significance [1]. To categorize, enhance genetically, and
broaden organic farming, a comprehensive study is necessary to determine the physiological
traits and genetic relationships among the various species and varieties that make up this genus,
these species and varieties differ from one another in terms of morphological traits, chemical
composition, and response to agricultural treatments[2], due to their detrimental effects on the
environment and human health, intense chemical fertilizers are becoming less and less necessary
as the world moves toward sustainable agriculture [3]. In this regard, one of the most significant
contemporary  agricultural  techniques is  bio-fertilization with  Azotobacter bacteria
Azotobacter spp., which enhance plant growth and stress tolerance, produce natural growth
regulators like auxins and gibberellins, and aid in the biological fixation of atmospheric
nitrogen[4]. Moreover, organic fertilization with rich plant residues, like banana peels, is a
promising source of macro- and nutrients-micro, especially potassium, and helps to improve the
physical and chemical characteristics of soil as well as its biological activity[5,6]. However,
given the lack of genetic information on many regional variants, managing genetic resources
necessitates a comprehensive understanding of the genetic variability among basil variations.
The molecular analysis markers such as RAPD, ISSR, and SRAP are considered to be useful
tools for constructing the chemical similarity tree and figuring out the genetic link between kinds
since these highly variable markers aid in revealing the degree of genetic diversity within the
same genus[7]. Additionally, integrating physiological criteria with genetic analysis broadens our
understanding of the interactions between biological response to environmental stimuli and
genetic composition [8]. This work is aimed to Determine the importance of using

Azotobacter spp and banana peels in the essential oil content of three basil varieties.

2.Materials and Methods
The current study, which was conducted in 2024 at the city of Alhindia in Kerbala, Irag, sought

to ascertain the effects of the biofertilizer Azotobacter on the active parameters limonene,
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linalool, and pinene of three sweet basil plants O. basilicum L., O. basilicum var. purple, and O.
basilicum var. citriodorum. with three replications and a factorial arrangement, the
aforementioned experiment was set up using a Randomized Complete Block Design (RCBD).
Azotobacter 0, 25, 50, and 100 g bacteria/m? was the first factor in the study, while banana peels
combined with soil (0, 100, 150, and 200 g L') was the second. After combining the basil seeds
with fertilizers-bio, they were planted [9]. The blended soil samples from Kerbala city were put
in plastic pots measuring 32 cm in diameter and 50 cm in height, each of which could store 12 kg
of soil. 50 sweet basil seeds were planted in plastic pots filled with soil on March 22, 2024, 3 cm
deep in each pot. the soil analysis test was conducted before planting and fertilization by taking
five random samples from the prepared field soil from different locations and at a depth ranging
from 0-30 cm. the samples were mixed homogeneously, exposed to sunlight for 24 hours,
ground, and then sieved with a sieve with 2mm openings for analysis in the soil analysis
laboratory at Kerbala University, as shown in table (1). Azotobacter was used for bacterial
inoculation, which was carried out all at once throughout the growing season. a 1-centimeter
incision was made near the rhizosphere region, and then bacterial inoculation was applied

subsequently according to [10].

Table. 1. Chemical Properties of Soil.

Chemical Properties Values Units
pH 760 | e
Ca 8.02 m/m L*
HCOs 0.43 m/m L™
Na 3.64 m/m L™
S 3.03 m/m L*
NH:N 25.38 mg /kg ™
Mg 1.99 m/m L*
K 2.67 m/m L™
N* 1.54 m/m L*
Soil texture mixture (clay sandy)
Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/

313 () ALZAMIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).310-321 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

Measure the active ingredients

Method of extraction: using a soxhlet apparatus, 50 g of powdered basil fins were placed in a
thimble and extracted for 24 hours with 200 mL of 75% ether in a 1000 mL round flask. the
extract was evaporated at 45 °C using a revolving evaporation apparatus [11]. Limonene,
linalool, and pinene (mg.g') identification compounds by HPLC the ministry of science and
technology in Baghdad using the C18-RP 25 cm X% 4.6 mm column. ID (pore size of 5.0 m) and
stored at ambient temperature. With a detection wavelength of 250 nm, the mobile phase
consisted of isocratic water and tri flour acetic acid (TFA):acetonitrile (65:35) adjusted to pH
3.0-3.5 at a flow rate of 1.0 mL/min the sample's concentration was computed as follows:

a sample's concentration is equal to its area divided by the area of the standard X dilution factor
[12,13].

Statistical Analysis
Three replications and a randomized complete block design with factorial layout were
used to examine all of the recorded data. for comparison and mean separation, the least

significant difference (LSDO0.05) test was also employed [14].

3. Results

The results showed at table (2) that the interaction between Azotobacter and banana peel
had a significant effect at the (LSD 0.05) level on the limonene content in all studied basil
varieties O. basilicum L., O. basilicum var. purple, O. basilicum var. citriodorum. in the regular
variety O. basilicum L., the limonene content gradually increased with the increase in (banana
peel 200 g L! concentration and the presence of Azotobacter 100 g bacteria/m?, the highest value
(14.87 mg g™*) while the lowest value (6.56 mg g) .the purple variety O. basilicum var. purple
increased with the increase in interaction (banana peel 200 g L' concentration and the presence
of Azotobacter 100 g bacteria/m?, the highest value (12.73 mg g*) while the lowest value (5.64
mg g?). as for the limonene variety O. basilicum var. citriodorum, with the increase in
interaction (banana peel 200 g L concentration and the presence of Azotobacter 100 g
bacteria/m?, the highest value (11.64 mg g*) while the lowest value (4.76 mg g™). The
comparison between the varieties showed that the regular basil variety excelled in limonene

content, followed by the purple and then the limonene variety.
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Table 2. The effect of Azotobacter and banana peels in the presence of limonene mg g™ of

different basil varieties.

Banana
peels Azotobacter g.bacteria.m?
gL
0 25 50 100 Mean
LSD (0.05) for
O.bhasilicum 0 6.56 7.86 8.94 9.45 8.2025 ( )
interaction=1.95
L. 100 7.85 | 875 | 9.56 10.63 9.1975
Banana
150 9.75 | 9.75 | 10.36 11.74 12.63 _
peels=1.87

200 10.76 | 11.74 | 13.74 14.87 12.78 | Azotobacter=1.74

Mean 8.73 | 9.525| 10.50 | 11.6725

0 25 50 100 Mean
LSD (0.05) for

0 564 | 6.85 7.75 8.45 7.1725
interaction=1.67

O. basilicum 100 6.84 | 7.94 8.45 9.37 8.15
Banana

var. purple 150 8.56 | 9.56 | 10.47 11.64 10.06
peels=1.83

200 9.56 | 10.74 | 11.76 12.73 11.20
Mean 7.65 | 877 | 9.61 10.55

Azotobacter=1.74

0 25 50 100 Mean
LSD (0.05) for

O. basilicum 0 476 | 5.87 6.76 7.43 6.21
interaction= 1.88

var. 100 5.75 | 6.45 7.87 8.95 7.255
Banana

citriodorum 150 6.47 | 7.45 9.56 10.75 8.5575
peels=1.74

200 7.65 | 8.84 | 10.74 11.64 9.97
Mean 6.16 | 7.15 | 8.7325 9.69

Azotobacter=1.57

Based to results table (3) that the interaction between Azotobacter and banana peel had a
significant effect at the (LSD 0.05) level on the linalool content in all studied basil varieties O.
basilicum L., O. basilicum var. purple, O. basilicum var. citriodorum. in the regular variety O.

basilicum L., the linalool content gradually increased with the increase in (banana peel 200 g L™
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concentration and the presence of Azotobacter 100g bacteria/mz, the highest value (26.87 mg g™

while the lowest value (19.76 mg g™) .the purple variety O. basilicum var. purple increased with

the increase in interaction banana peel 200 g L' concentration and the presence of Azotobacter

100 g bacteria/m?, the highest value (23.13 mg g*) while the lowest value (18.76 mg g*). As for

the linalool variety O. basilicum var. citriodorum, with the increase in interaction (banana peel

200 g L' concentration and the presence of Azotobacter 100 g bacteria/m?, the highest value

(23.87 mg g*) while the lowest value (16.65 mg g™). General trends indicate that the increased

concentration of banana peels and the presence of Azotobacter together led to a significant and

consistent increase in linalool accumulation compared to the individual treatments or the control,

reflecting a positive synergistic effect between the two sources in enhancing the formation of

secondary aromatic compounds.

Table 3. The effect of Azotobacter and banana peels in the presence of linalool mg g™

different basil varieties.

Banana
peels Azotobacter g.bacteria.m?
gL*
0 25 50 100 | Mean
0 10.76 | 20.65 | 21.73 | 2265 | 21.1975 | LSD (0.05) for
O.basilicum L. | 100 | 20.45 | 21.74 | 22.74 | 23.86 | 22.1975 | interaction=1.85
150 | 21.65 | 22.75 | 2475 | 2586 | 23.75 | Bananapeels=1.77
200 | 22.76 | 2465 | 2575 | 26.87 | 2501 | Azotobacter=1.57
Mean | 21.11 | 22.4725 | 23.99 | 24.81
0 25 50 100 Mean LSD (0.05) for
0 1876 | 19.65 | 20.20 | 20.93 | 19.89 | interaction=1.85
o basilicum var, | 100 | 1965 2076 | 2184 [ 2287 | 2128 | Bananapeels=L73
Surple 150 | 20.65 | 21.65 | 22.75 | 23.86 | 22.43 | Azotobacter=1.38
200 | 21.76 | 2275 | 2376 | 24.86 | 23.28
Mean | 2021 | 21.20 | 22.1375 | 23.13
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0 25 50 100 Mean LSD (0.05) for
0 16.65 17.65 19.76 20.65 18.68 interaction=1.67
O. basilicum var.
100 17.65 18.75 20.45 21.75 19.65 Banana peels=1.43
citriodorum
150 1854 | 19.65 21.76 22.76 20.63 Azotobacter=1.54
200 19.76 | 20.54 22.86 23.87 21.76
Mean | 18.15 19.15 21.46 22.26

The results in table 4 that the interaction between Azotobacter and banana peel had a
significant effect at the (LSD 0.05) level on the alpha-pinene content in all studied basil
varieties O. basilicum L., O. basilicum var. purple, O. basilicum var. citriodorum. In the regular
variety O. basilicum L., the alpha-pinene content gradually increased with the increase in
banana peel 200 g L' concentration and the presence of Azotobacter 100 g bacteria/m?, the
highest value (0.23 mg g*) while the lowest value (0.15 mg g™). The purple variety O. basilicum
var. purple increased with the increase in interaction banana peel 200 g L' concentration and the
presence of Azotobacter 100 g bacteria/m2, the highest value (0.22 mg g*) while the lowest value
(0.15 mg g). As for the alpha-pinene variety O. basilicum var. citriodorum, with the increase
in interaction (banana peel 200 g L' concentration and the presence of Azotobacter 100 g
bacteria/m? the highest value (0.21 mg g™*) while the lowest value (0.14 mg g™).

Table 4. The effect of Azotobacter and banana peels in the presence alpha-pinene mg g™ of

different basil varieties.

Panana
peels Azotobacter g.bacteria.m?
gL™
0 25 50 100 | Mean
0 015 | o1 1017 | 018 | 017 | LSD (0.05)for
O.basilicum L. [ 100 | 017 | 0.18 | 049 | 020 | 019 | 'Meraction=185
150 | 019 | 020 | 021 | 0022 | 0205 | -ananapeels=1.74
200 | 020 | 021 | 022 | 023 | 0215 |A2otopacter=1.48
Mean | 0.18. | 0.1875 | 0.1975 | 0.2075
Copyright © 2026. ZIHMS
IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/

317 () ALZAMIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).310-321 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

0 25 50 100 Mean LSD (0.05) for
0 0.15 0.16 0.17 0.18 0.165 interaction= 1.64
O. basilicum 100 0.16 0.17 0.18 0.19 0.175 | Panana peels=1.54
var. purple 150 0.17 0.18 0.19 0.21 | 0.1875 | Azotobacter=1.37

200 0.19 0.20 0.21 0.22 | 0.2025
Mean 0.1675| 0.175 | 0.1875 | 0.20

0 25 50 100 Mean LSD (0.05) for
O. basilicum 0 0.14 0.15 0.16 0.18 | 0.1575 | interaction=2.54
var. 100 0.15 0.17 0.18 0.19 | 0.1725 | Panana peels=1.85
citriodorum 150 0.16 0.18 0.19 0.20 | 0.1825 | Azotobacter=1.75

200 0.17 0.19 0.20 0.21 | 0.1925
Mean 0.155 | 0.1725 | 0.1825 | 0.195

4. Discussion

The results showed that the use of Azotobacter in combination with banana peels led to a
significant increase in the content of the main aromatic compounds (limonene, linalool and
alpha-pinene) in all studied basil varieties, compared to the control treatments or the individual
treatments. This increase indicates the presence of a synergistic effect between biofertilizer and
organic extracts in activating the secondary metabolism processes responsible for producing
volatile oils [15,16]. The positive role of Azotobacter is attributed to its ability to fix atmospheric
nitrogen and secrete growth-promoting compounds such as auxins, gibberellins, and vitamins, in
addition to improving the absorption of mineral elements. These factors contribute to enhancing
the efficiency of photosynthesis and increasing the abundance of carbon products that enter the
terpenoid pathways responsible for the formation of compounds such as limonene, linalool, and
alpha-pinene [17]. As for banana peels, they are a rich source of potassium, phenols, and organic
acids, which enhance metabolism and activate the enzymes responsible for synthesizing aromatic
compounds. Additionally, they play a role in improving the plant's water content and stimulating
intermediary metabolism, leading to an increase in the accumulation of volatile 0ils[18,19]. The

results show that the highest limonene content was achieved in the regular variety O. basilicum
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L. When treated with (Azotobacter 100 g bacteria/m? + banana peels 200 g/L™), the value
reached 14.87, while the purple and lemon varieties recorded lower values (12.73 and 11.64
respectively)[20]. This indicates that the genetic variation between the varieties plays an
important role in determining the efficiency of the biological response, as the normal variety has
a greater ability to direct metabolism toward the production of monoterpenes compared to the
colored or lemon varieties, which metabolically focus on other compounds such as anthocyanin
or citral [21]. Regarding linalool, it became clear that its increase was consistent with the rising
concentration of banana peels and the presence of Azotobacter, reaching the highest values in the
regular variety (26.87 mg g™), followed by the purple (24.86 mg g™), and then the lemon (23.87
mg g). these results are consistent with what [22]. That biotic treatments stimulate the
accumulation of volatile oils by enhancing enzymatic activity in the mevalonate pathway. As for
alpha-pinene, although its values were relatively lower than the other two compounds, it showed
a similar trend in terms of positive response to the treatments, as its concentration gradually
increased with the higher levels of banana peels and Azotobacter, confirming that all terpenoid
compounds are affected by the nutritional and physiological improvement provided by these
treatments[23]. These results indicate that the combination of Azotobacter and organic fertilizers
banana peel can be relied upon as an effective approach to improving the quality of essential oils
in medicinal and aromatic plants, thru mechanisms that include: activation of carbon and
nitrogen metabolism, biochemical synthesis enzyme stimulation for terpenes, and improving the
nutritional and water balance of the plant [24]. These results are consistent with previous studies
such as[25]. Which showed that bio fertilization and organic fertilization contribute to increasing
the volatile oil content in basil and medicinal herbs.

Conclusion

The results show that organic fertilization using banana peels and bio-fertilization with
Azotobacter are effective ways to boost the quantity of alpha-pinene chemicals in basil varieties,
especially O. basilicum L. this interaction between the biological and organic sources boosts the
biochemical output, increases the economic and medicinal value of basil, and supports the shift

to sustainable organic farming.
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