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Abstract. This work presents a comprehensive analysis of the extraction of essential oils from pine (Pinus syl-
vestris) needles and the evaluation of wood waste as an alternative raw material. The main aim of the study is to
explore the potential of transforming wood waste, which is harmful for the environment, into high value-added
products under the “waste-to-value” concept. Hydrodistillation and Soxhlet extraction techniques were used to ob-
tain essential oils and the efficiency of these techniques was comparatively evaluated in terms of yield, selectivity
and compositional features of the outcomes. The experimental studies conducted proved that the method of extrac-
tion used influences significantly the quantitative indicators as well as the chemical composition of the essential
oils. The physical and chemical properties of the obtained essential oils were studied and included the density,
refractive index and spectral analysis, using modern analytical techniques. FTIR analysis indicated the presence of
diverse functional groups (hydroxyl, carbonyl and aliphatic structures) within the samples, confirming the complex
multi-component composition of the essential oils. The results indicate that hydrodistillation is more suitable for the
selective separation of volatile compounds, such as low-molecular-weight essential oils, whereas Soxhlet extraction
enables recovery of a wider range of higher-molecular-weight compounds in the organic extract. Such differences
are clearly evident in the physicochemical parameters and spectral features of the obtained products.
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Introduction and practical problems of our time is the alterna-
The considerable growth of industrial and for-  tive and efficient use of wood waste [1-4].
estry activities in recent years has led to a re-  One of the modern approaches to solving this

markable increase in wood waste. The poor  problem is the concept of "waste-to-value"

management of these waste materials, especially ~ which means the conversion of waste into valu-

open burning, releases toxic gases into the at-  able products. This method ensures an efficient

mosphere and causes environmental pollution.  utilization of resources while reducing waste in

In this connection, one of the pressing scientific ~ accordance with the principles of the circular
economy [5-7].
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Essential oils are volatile and biologically active
compounds obtained from various parts of
plants. They are widely used in the pharmaceu-
tical, cosmetic, food, and aromatherapy indus-
tries. The composition of essential oils mainly
includes terpenes, terpenoids, and various aro-
matic compounds, and these components deter-
mine their antioxidant, antimicrobial, and other
biological properties [8—10].

For instance, the study of Muhammad Azri
Amran et al. indicated the extraction of essential
oils from agricultural wastes was economically
and ecologically efficient. In another study, the
article of Zhengyun Liang and collaborators
used a new extraction method to obtain the es-
sential oil from pine needles and studied the
composition and biological activity of the oil,
showing that the essential oils have antioxidant
and antibacterial activity. Recent research shows
that it is possible to extract essential oils from
pine needles in an effective way using different
methods such as hydrodistillation and micro-
wave-assisted extraction and that the oils have
high biological activity [11-14].

The pine (Pinus sylvestris) is one of the plants
richest in essential oils, and its needles contain a
variety of biologically active substances. How-
ever, a significant portion of this raw material in
Azerbaijan remains unused as waste or is
burned.

The primary objective of this study is to obtain
essential oil from pine needles and to investigate
the possibilities of utilizing wood waste as an al-
ternative raw material. In addition, the effective-
ness of different extraction methods is com-
pared, and a basis is established for determining
the future application areas of the obtained prod-
ucts.

Experimental Section

Pine (Pinus sylvestris) needles were selected as
the object of study. The raw material was used
in both fresh and dried forms. Dried samples
were pre-ground and brought to a homogeneous
state.

Several methods were employed for the obtain-
ing of essential oils. The first method applied
was hydrodistillation. For this purpose, 15 g of
raw material was processed together with a de-
fined volume of distilled water at a temperature
of 98°C. During the process, water vapor passed
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through the plant material, carrying the essential
oil components with it; the vapor was then con-
densed, resulting in the separation of the essen-
tial oil from the aqueous phase. The results ob-
tained from fresh and dried raw materials were
compared.

In the experiment carried out using the Soxhlet
extraction method, 15 g of raw material was
placed in filter paper and loaded into the Soxhlet
apparatus, with 400 ml of ethanol used as the
solvent. The extraction process lasted 8 hours.
Since the obtained product was in the form of a
mixture, the organic extract was separated by
distillation, during which a certain degree of
product loss was observed.

The target products obtained during the process
-carried out at the appropriate temperature and
time intervals — were analyzed using various
methods. Specifically, FTIR analysis, density,
and refractive index were determined for each
product obtained, and the results were com-
pared.

Results and discussion

The results of the conducted research indicate
that, in terms of obtaining essential oils from
dried needle-bearing plant raw material, hydro-
distillation is more effective and appropriate
compared to Soxhlet extraction. This is at-
tributed to the ability of the hydrodistillation
process to ensure the selective separation of vol-
atile components. Experimental observations
demonstrated that during hydrodistillation, es-
sential oil components are separated from the
plant material via water vapor, subsequently
condensed, and an aromatic aqueous phase is
formed alongside the essential oil. The yield of
products obtained by both methods was approx-
imately 1.5-2%. Furthermore, the initial condi-
tion of the raw material has a significant effect
on process efficiency; in the case of fresh
(freshly harvested) and high-moisture raw mate-
rial, the separation of essential oil components
becomes more difficult, the yield decreases con-
siderably, and in some cases is not observed at
all.

In contrast, the Soxhlet extraction method — by
employing organic solvents — leads to the ex-
traction of not only volatile but also non-volatile
and high-molecular-weight components. For
this reason, the product obtained by this method
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should be regarded as a complex plant extract ra-
ther than an essential oil.

Accordingly, the comparative analysis confirms
that hydrodistillation is the more effective
method for the purpose of obtaining essential
oils and should be accepted as the primary
method in this direction.
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The comparison of FTIR spectra (Figure 1) and
physical parameters of samples obtained by dif-
ferent methods made it possible to clearly deter-
mine the direction and nature of this effect.
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Figure 1. FTIR spectra of samples obtained by hydrodistillation (a) and
Soxhlet extraction (b)

The comparative results of the FTIR analyses
(Figure 1) demonstrate that clear differences ex-
ist between the chemical composition and distri-
bution of functional groups in the samples ob-
tained by hydrodistillation and Soxhlet extrac-
tion methods.

In the spectrum of the sample obtained by hy-
drodistillation, volatile terpene and oxygenated
terpenoid components — characteristic of essen-
tial oils — predominate. Specifically, the ali-
phatic C—H stretching vibrations in the 2977—
2898 cm™ range, C=C bonds at 1648 cm™* and
intense peaks assigned to C—O groups at 1087
cm! indicate the presence of monoterpene and

sesquiterpene structures, while the absence of
strong carbonyl peaks in the 1700—1750 cm™ re-
gion suggest that the sample is rich in lighter and
more volatile components.

The FTIR spectrum of the sample obtained by
the Soxhlet extraction shows a broader and more
intense distribution of functional groups. In par-
ticular, broad O—H bands around 3300 cm—1,
signals assigned to carbonyl groups near 1700
cm—1 and strong C-O vibrations in the 1200-
1000 cm—1 interval indicate the presence of ox-
ygenated and relatively high-molecular-weight
compounds in this sample, including phenols,
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ketones, esters and other less volatile compo-
nents. This demonstrates that the Soxhlet
method extracts not only essential oil compo-
nents, but also heavier and non-volatile sub-
stances.

The comparison shows higher selectivity of the
hydrodistillation process, which ensures separa-
tion of mostly volatile components typical for
essential oils, while the product of Soxhlet ex-
traction has more complex chemical composi-
tion and does not fully correspond to the concept
of essential oil. These differences are clearly vis-
ible both in the spectral distribution of functional
groups and in the intensity of the peaks.

Thus, the results of FTIR analysis indicate that
hydrodistillation is the more appropriate and se-
lective method for obtaining essential oils, while
Soxhlet extraction is more suitable for obtaining
general plant extracts.

The analysis of physicochemical parameters
complements the results of FTIR, and gives a
more complete picture of the composition of the
samples. The density of the essential oil obtained
by hydrodistillation being 0.946 g /cm *, against
0.994 g/cm * for the Soxhlet extract, can be ex-
plained by the fact that the Soxhlet method ex-
tracts a wider spectrum of compounds including
relatively less volatile and high molecular
weight compounds. In the case of hydrodistilla-
tion, since primarily low-molecular-weight and
more volatile terpenic components are sepa-
rated, the density is correspondingly lower. The
refractive index of the hydrodistillation sample
— measured at 1.3653 — can be evaluated as an
additional indicator reflecting the chemical
structure and degree of unsaturation of the com-
ponents present in the sample.

In general, the results of FTIR analysis were in
agreement with the physico-chemical parame-
ters, indicating that the extraction method influ-
ences not only the yield, but also the composi-
tion of the obtained product. Hydrodistillation is
more selective in the separation of volatile com-
ponents characteristic of essential oils, whereas
Soxhlet extraction gives extracts richer in more
complex, non-volatile components.

Conclusion
The conducted research shows that the hydrodis-
tillation is the more effective and selective
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method to obtain essential oils from pine nee-
dles, since it provides the separation of mainly
volatile components of terpenes and terpenoids,
and finally the product is consistent with the def-
inition of essential oil. Soxhlet extraction, on the
other hand, removes a broader spectrum of sub-
stances — including non-volatile and high-mo-
lecular-weight compounds — and therefore
yields a complex plant extract rather than an es-
sential oil.

At the same time, this approach enables the
conversion of wood waste into valuable prod-
ucts, thereby contributing to the reduction of
negative environmental impact and the more ef-
ficient use of resources. Accordingly, hydrodis-
tillation can be evaluated as the more appropri-
ate method for obtaining essential oils from
both a technological and an ecological stand-
point.
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SAM IYNOLORINDON EFiR YAGLARININ ALINMASI VO AGAC TULLANTILARININ AL-
TERNATIV XAMMAL KiMi QiYMOTLONDIRILMOSI
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Xiilasa. Bu todqiqat isindo sam agacinin (Pinus sylvestris) iynayarpaqlarindan efir yaglarinin alds olunmasi
vo oduncaq tullantilarmin alternativ. xammal kimi doyerlondirilmesi kompleks sokildo arasdirilmisdir.
Todgiqatin osas moqsadi otraf mithito monfi tesir gostoron oduncaq tullantilariin “waste-to-value”
konsepsiyasi ¢or¢ivasinda yliksok alave doyors malik mohsullara ¢cevrilma potensialini miisyyan etmokdir.

Efir yaglarimin alinmas1 maqgsadils hidrodistille vo Soxhlet ekstraksiya iisullar totbiq edilmis, bu metodlarin
effektivliyi ¢ixim, selektivlik va alds olunan mohsullarin tarkib xiisusiyyatlori baximindan miiqayisali sokilda
giymatlondirilmisdir. Aparilan eksperimental tadqiqatlar gdstormisdir ki, istifade olunan ekstraksiya tisulu efir
yaglarmin hom kamiyyast gostaricilorine, hom do kimyovi torkibine shomiyyatli doracads tesir edir.

Alinmis efir yaglarmin fiziki vo kimyovi xiisusiyyatlori (sixlig, refraksiya gostoricisi va spektral analizi)
miiasir analitik iisullarla todqiq edilmisdir. 1Q-spektroskopiya (FTIR) analizi noticosinde niimunslorin
torkibindo miixtolif funksional qruplarin (hidroksil, karbonil vo alifatik strukturlar) mévcudlugu miioyyon
olunmus, bu iss efir yaglarinin kompleks va ¢oxkomponentli qurulusa malik oldugunu tasdiglomisdir.

Noaticalar gostarir ki, hidrodistills iisulu asason ugucu va asagi molekul kiitlasine malik efir yaglarinin
selektiv ayrilmasi {igiin daha olverisli oldugu halda, Soxhlet ekstraksiyasi daha genis spektrli vo yiiksok
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molekul kiitlosino malik iizvi ektraktlarin oldo olunmasina imkan verir. Bu forqlor oldo olunan mohsullarin
fiziki-kimyavi gostaricilorinds va spektral xiisusiyyatlorinds aydin sakilds oks olunmusdur.
Acar sozlar: Efir yagi, oduncaq tullantilari, sam iynoyarpaqlari, hidrodistilla, Soxhlet ekstraksiyasi.

MOJYYEHUE Y®UPHBIX MACEJI 3 COCHOBOM XBOHU 1 OIIEHKA JIPEBECHBIX OT-
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AHHoTanus. B nanHO# ricciaenoBaTenbCKOM paboTe KOMILIEKCHO N3YYEHO MOydeHue YQUPHBIX Macell U3
XBOM COCHBI (Pinus sylvestris) v olleHKa JPEBECHBIX OTXOJIOB B KAYECTBE AIbTEPHATUBHOTO ChIphsi. OCHOBHAs
LeJIb UCCTIEIOBAHUSI COCTOHUT B OTIPEJICIEHNH MOTEHIHANA IepepabOTKH JPEBECHBIX 0TXOA0B, OKA3bIBAIOLIIHX
HETaTUBHOE BO3/ICHCTBHE HA OKPY>KAIOIIYIO CPEY, B IPOLYKTHI C BRICOKON JOOABICHHON CTOMMOCTBIO B paM-
Kax KOHIIETIIIUH «waste-to-valuey.

st momyveHust 3GUpPHBIX Maces ObUTH TPUMEHEHBI METO/IbI TUAPOAUCTIIUIALNE B dKcTpakiuu mo Cokc-
nety, 3 peKTUBHOCTh KOTOPBIX CPAaBHUTENBHO OLEHUBANIACH C TOUYKU 3PEHMS BBIXO0JA, CEJIEKTUBHOCTH U CO-
CTaBa IOJIy4YeHHBIX POAYKTOB. [IpoBeA€HHBIE SKCIIEpUMEHTAIBHBIE HCCIICAOBAHMS IOKA3AIIH, YTO UCIOIb3Y-
€MBIi METOJ OKCTPAKIIUKN OKAa3bIBACT CYHICCTBEHHOC BJIMAHUC KaK Ha KOJIMYCCTBCHHBIC ITIOKA3aTCJIN, TaK U HaA
XAUMUYECKUH cocTaB 3QUPHBIX Macell.

dusnyeckre 1 XMMHUYECKHE CBOMCTBA MOMYYEHHBIX 3()UPHBIX Macel — IJIOTHOCTb, [TOKa3aTeNlb MpeoM-
JICHUSA U CHCKTpaHBHBIfI aHaJIu3 — 6I)IJ'H/I H3YUYCHEBI C IPUMEHCHUEM COBPEMCHHBIX aHAIUTUYCCKUX METOJ0B.
B pesynbrare UK-cnektpockonuyeckuit (FTIR) ananusa B coctaBe 06pa3iioB Obljia yCTaHOBJIEHA HAJINYHE
pa3nuYHbIX (QYHKIMOHAIBHBIX IPYyMIl (THAPOKCHUIBHBIX, KADOOHWIBHBIX M alu(paTHIecKux CTPYKTYyp), UTO
MOJATBEPANIIO CJIOKHBIM 1 MHOTOKOMIIOHEHTHBIN cOCTaB 3()UPHBIX Macell.

PesynbTarhl MoKa3pIBalOT, YTO THAPOIUCTUILISIMS OOJIBIIE TIOAXOINUT ISl CEIEKTHBHOTO pa3ieieHus Jie-
TyYUX COEIWHEHMH, TAaKUX KaK HU3KOMOJEKYIApHbIe 3HUpHbIE Macla, TOra Kak dKcTpakuus mo CokcieTy
MO3BOJISIET M3BJIEKAaTh 00Jiee MIMPOKUHN CIIEKTP BHICOKOMOJIEKYJISIPHBIX COCIMHEHHUI U3 OPraHMYECKOTrO KC-
TpakKTa. Syt pasinyng OTYCTIUMBO BU/HBI B @HSHKO-XHMI/I‘I@CKI/IX mapaMeTpax U CIICKTPAJIBHBIX XapaKTCpu-
CTHUKaX IMOJYUYCHHBIX IIPOJAYKTOB.

KiroueBblie ciioBa: 3¢pupHOE Macio, APEBECHBIE OTXOJIbI, XBOSI COCHBI, THAPOIAUCTUIIISIINSA, SKCTPAKLIUS
o Cokcrery.
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