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Annotation: The growing global demand for natural and eco-friendly raw
materials has intensified interest in essential oils and other aromatic compounds derived
from regional flora. This article presents a comparative scientific analysis of various
physicochemical extractiof etho isolating fragrant organic compounds from
endemic and 45_:: dig Surkhandarya region. Specifically, steam
distillation, " ltrason anl” supercritical CO: extraction techniques were
employed - iciency, safety, and environmental impact of each
method. Quar ive analyses of the extracted essential oils were
performed using.ga a phy (GC) and gas chromatography—mass spectrometry
(GC-MS). The study also emphasizes the relevance of applying green chemistry
principles in the selection of solvents and energy-saving technologies. Based on the
results, ultrasonic and supercritical extraction methods demonstrated superior
productivity and chemical purity compared to traditi proaches. The findings have
practical implications for industrial-scale essenti tion, particularly in the
development of competitive, sustainable, and high- roducts based on
the bioresource potential of Surkhandarya’s unique flora.
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In recent decades, there has been a growin | demand for natural and
environmentally friendly products, particularly in the fields of pharmaceuticals, food
technology, cosmetics, and perfumery. As a result, scientific and industrial attention has
increasingly shifted toward the exploration and use of natural sources of fragrant organic
compounds such as essential oils, terpenoids, aromatic alcohols, esters, aldehydes, and
ketones. These volatile organic substances, mainly found in aromatic and medicinal
plants, possess not only distinctive sensory properties but also notable biological activity,
making them valuable ingredients for health-related and industrial applications.

Surkhandarya region, located in the southern part of Uzbekistan, presents unique
climatic and geographical features that support a diverse flora, including a high number

127

S JRTY TYPCRT| ey



European science international conference: ;
ANALYSIS OF MODERN SCIENCE AND INNOVATION ‘

of endemic and aromatic plant species. Despite its biodiversity potential, the aromatic
and essential oil content of the region's plant resources remains underexplored.
Furthermore, modern, energy-efficient, and environmentally sustainable technologies for
extracting these valuable natural compounds from local flora have not yet been widely
developed or implemented.

This research focuses on identifying and analyzing the effectiveness of various
physicochemical extraction methods to isolate fragrant organic compounds from selected
plants native to Surkhandarya. The study compares conventional steam distillation with
more advanced approaches such as ultrasonic extraction and supercritical CO- extraction,
evaluating their yield, chemical purity, ecological impact, and industrial applicability.
The novelty of this research lies in its integrated methodological approach, which

combines chemical analysis; teehnelogical efficiency, and sustainability criteria. The
outcomes are~‘e>/§f5’_ te ; ute cientific understanding of Uzbekistan’s plant-

based reso‘Ef_r;g:ésf" esdevelepment of value-added natural products for both
local and internat 2
During the

Surkhandarya region — | ng Mentha longifolia, Ocimum basilicum, and Rosa

clt
canina — were collected ancfsubjected to various extraction technologies. The aim was
to evaluate the efficiency of different methods for essential oil isolation, determine their

chemical composition, and identify environmentally and economically viable extraction

techniques.

In the first phase of the research, three mai
traditional steam distillation, ultrasound-assiste
extraction. The oils obtained were evaluated based o
properties, and aromatic quality.

The steam distillation method, while being simple an
limitations in preserving heat-sensitive components. Es
method were relatively low. For example, M
Rosa canina produced just 0.4%.

The ultrasound-assisted extraction method provided significantly better results in
terms of both yield and extraction time. The ultrasonic waves helped break plant cell
walls, enabling the rapid and efficient release of essential oils. Using this method,
Ocimum basilicum yielded up to 1.6% of essential oil, with superior retention of scent
and color characteristics.

The most advanced and efficient method was supercritical CO: extraction, which
operates under high pressure and moderate temperature. This technique allowed for the
isolation of high-purity, fractionated oils resistant to oxidation. Yields of 1.7% for
Mentha longifolia and 1.2% for Rosa canina were achieved using this approach.

methods were applied:
supercritical CO2
ysical-chemical

st-effective, showed

oil yields using this
ia yielded only 0.8%, while
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A comparative summary of essential oil yields by extraction method is presented
below in Table 1:

TABLE 1
ESSENTIAL OIL YIELDS (%) BASED ON EXTRACTION METHODS

Plant species Steam distillation Ultrasound extraction Supercritical CO:
P (%) (%) (%)
I\_/Ienj[ha 08 L -
longifolia
90|mum 0.9 L6 Lo
basilicum
Rosa canina 0.9 12

} romatography (GC) and gas chromatography-mass
spectrome 2y volatile constituents in the essential oils. Mentha
longifolia san [ ienthol (45%), menthone (18%), and isomenthone
(12%). Ocimum ‘samples predominantly contained linalool, eugenol, and
methyl chavicol, compoun known for their strong aromatic and antimicrobial
properties.

The graphical representation in Figure 1 demonstrates the yield variation across
different extraction methods:

FIGURE 1. Relationship between extraction
(Placeholder for figure with source citation beneath)

These findings clearly indicate that modern extracti
supercritical CO2 and ultrasound-assisted methods — offer ¢
traditional techniques in terms of oil quality and efficien
implications for the industrial-scale production of
enhancing competitiveness, sustainability, and ith international standards.

The conducted research highlights the impor f selecting an appropriate
extraction method for obtaining high-quality essential oils from plant species native to
Surkhandarya. Each method examined—steam distillation, ultrasound-assisted extraction,
and supercritical CO: extraction—offered distinct advantages and limitations depending
on plant type, oil yield, energy consumption, and chemical integrity of the final product.

Steam distillation, being the most conventional and widely used technique, is often
employed for its simplicity and low cost. However, the process requires prolonged
heating, which can lead to the degradation of heat-sensitive volatile compounds such as
monoterpenes and aromatic aldehydes. As a result, while the method remains suitable for
basic applications, its effectiveness in preserving the full spectrum of active constituents

essential oil yield [4]

— particularly
rable advantages over
. 'This has significant
aromatic compounds,
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is limited. This was evident in the relatively lower oil yields and reduced aromatic
profiles observed in all three plant species analyzed.

In contrast, ultrasound-assisted extraction demonstrated increased efficiency in terms
of both time and output. The application of ultrasonic waves enhanced cell wall
disruption and solvent penetration, leading to a more complete extraction of essential
oils. The method also proved to be energy-efficient and less damaging to thermolabile
compounds, thereby maintaining higher concentrations of bioactive molecules such as
linalool, eugenol, and limonene. This technique offers a promising alternative for small-
to medium-scale operations aiming to maximize productivity while adhering to
sustainable practices.

The most advanced approach explored in this study, supercritical CO: extraction,
ylelded the highest quality? perior aromatic and chemical characteristics. The
tures. _ dioxide allowed for selective extraction,
minimizin ntal | idatlén. This method produced the purest oils, with
minimal  resi Itlough the initial investment and operational costs of
supercritica tlvely high, the benefits—such as increased yield,

r pact, @nd scalability—make it a viable long-term solution for
industrial essential oil production.

Moreover, the chemical composition of the oils extracted using modern methods was
more consistent and concentrated in key compounds. This has significant implications
not only for the perfumery and cosmetics industry b or pharmaceuticals and food
preservation, where consistent quality and biologic

Another important aspect of this study was 1
principles. Both ultrasound and supercritical CO: extrac
criteria by reducing the need for toxic solvents, minimizing
greenhouse gas emissions. These features are particularly
demand in global markets for eco-friendly and organic prod

In conclusion, the study clearly shows th rom traditional to modern
extraction methods can substantially enhance the e quality, and environmental
compatibility of essential oil production. The adoption of such technologies in
Surkhandarya and similar bioresource-rich regions could contribute to economic
development while preserving ecological balance.

green chemistry
et sustainability
usage, and lowering
nt for the growing

130

o lanlBe et ol o



European science international conference:

" ANALYSIS OF MODERN SCIENCE AND INNOVATION “

REFERENCES

1. Bakkali, F., Averbeck, S., Averbeck, D., & Idaomar, M. (2008). Biological
effects of essential oils — A review. Food and Chemical Toxicology, 46(2), 446—
475. https://doi.org/10.1016/j.fct.2007.09.106

2. Burt, S. (2004). Essential oils: Their antibacterial properties and potential
applications in foods—A review. International Journal of Food Microbiology,
94(3), 223-253. https://doi.org/10.1016/j.ijfoodmicro.2004.03.022

3. Reverchon, E., & De Marco, I. (2006). Supercritical fluid extraction and
fractionation of essential oils and related products. The Journal of Supercritical
Fluids, 38(2), 146-166.

4. Sajed, H.,
(Shirazi

ranshahi, M. (2013). Zataria multiflora Boiss.
of phytochemistry, pharmacology and
urnal of Basic Medical Sciences, 16(1), 1-10.

., Rahman, M.M., Sharif, K.M., Mohamed, A.,
. (2013). Techniques for extraction of bioactive
erials: A review. Journal of Food Engineering, 117(4),

426-436.

6. Hasan, S. S., Adil, M., & Baig, M. H. (2021). Green extraction techniques
and their impact on quality of essential oils. Green Processing and Synthesis,
10(1), 19-30.

<

131




