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Abstract: The main objective of this study is to obtain biologically active compounds from various plant
wastes, determine their extraction yield, and investigate the main properties of the obtained extracts. Waste
materials of rosemary and pine were selected as the research objects.

The plant materials were first dried and ground, and then bioactive components were extracted using the
Soxhlet extraction method. To increase the efficiency of the extraction process and determine optimal condi-
tions, parameters such as temperature, time, and solvent type were systematically studied.

The physicochemical properties of the obtained extracts — including density and refractive index — were
determined. In addition, their functional groups were analyzed using infrared spectroscopy, and the results
were comparatively evaluated.

Within the scope of the study, the Soxhlet extraction method was applied. Based on the obtained results, the
efficiency of the raw material type and extraction method was compared, and the most suitable option was
identified.
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Introduction Plant-derived wastes, especially agricultural
In modern times, as a result of urbanization and  and food industry residues, are considered im-
the expansion of agricultural activities, the  portant sources of valuable biologically active
amount of plant-based waste has increased sig-  components. Various metabolites such as flavo-
nificantly. noids, alkaloids, phenolic compounds, terpe-
These wastes include leaves, branches, food  noids, carotenoids, and saponins are present in
residues, and other plant-derived materials.  the peels, seeds, and other parts of fruits and veg-
Studies show that improper mana ment of such  etables. These compounds have wide applica-
waste leads to environmental pollution, loss of  tions in pharmacology, food industry, cosmetol-
valuable resources, and contributes to climate  ogy and agriculture [2, 4, 6].
change [1, 3, 4, 5].
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Many studies have proved positive effects of
phenolic compounds on human health. They
have antioxidant, antimicrobial and anti-inflam-
matory properties [2, 7, 8, 12, 13]. Flavonoids
are secondary metabolites widely distributed in
plants, they are pigments and protect plants from
ultraviolet radiation. These compounds have an-
tioxidant and anticarcinogenic effects in the hu-
man body [9]. Alkaloids are organic compounds
containing nitrogen and are found mainly in me-
dicinal plants; well-known examples are mor-
phine, caffeine and nicotine [10]. Terpenoids are
the main constituents of essential oils and pos-
sess antiseptic, antibacterial, and antifungal
properties [11].

Many researchers have obtained biologically
active compounds from various plant residues
and analyzed their composition using different
analytical methods.

In a study conducted by Hongthong, S. and
co-authors, steam distillation was applied under
the conditions of 100 °C, 90 minutes, and a wa-
ter-to-biomass ratio of 5:1. The maximum ex-
tract yield was observed to be 0.55% (w/w) for
lemongrass and bergamot and 0.48% (w/w) for
mint. FTIR analysis suggested the presence of
functional groups such as aldehydes, alcohols,
alkanes and carbonyl compounds in the oils con-
firming their bioactivity and aromatic potential.
Comparative analysis showed lemongrass and
bergamot to be the most favorable yields. Fur-
thermore, steam distillation was assessed as a
more accessible, cost-effective, safer and sus-
tainable method for community level applica-
tions as compared to solvent extraction and su-
percritical CO> methods [14].

A study by Valtcho D. Zheljazkov et al.
proved that the yield and chemical composition
of sage extraction product depend on the dura-
tion of steam distillation. It was determined that
the most of the extraction product is achieved in
the first 10 min and prolonging the distillation
time does not significantly increase the yield. A
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total of 39 components were identified, with
monoterpenes (58.2-84.1%) as the major frac-
tion [15].

This article presents the results related to the
extraction of biologically active compounds
from various plant wastes, their yield, and the
main properties of the obtained extracts. In this
study, the term "bioactive compounds" refers
mainly to phenolic compounds, terpenoids, and
other oxygen-containing secondary metabolites
extracted from rosemary and pine wastes.

Experimental part

The stems and leaves of pine tree and rose-
mary, considered as plant waste, were selected
as the research materials. The plant materials
were dried and ground prior to extraction. Ex-
traction was performed using a Soxhlet extrac-
tion apparatus, with ethanol selected as the sol-
vent. The process was conducted under specified
temperature and time conditions. The obtained
target products were analyzed using various
methods. Specifically, infrared (IR) spectros-
copy, density, and refractive index of each ex-
tract were determined, and the results were com-
paratively evaluated.

In the study, rosemary (Salvia rosmarinus)
and pine (Pinus sylvestris) were used as raw ma-
terials. Bioactive components from both plant
materials were extracted using the Soxhlet ex-
traction method, and the results were compara-
tively assessed. During the extraction, 15 g of
ground raw material was placed into filter paper
and introduced into the Soxhlet apparatus. The
process was carried out for 8 hours in the pres-
ence of 500 ml of ethanol, after which the sol-
vent was removed by distillation.

Results and Discussion

The analysis of the obtained results indicates
that the type of plant used and its morphological
parts have a significant impact on the efficiency
of the extraction process, as well as on the yield
of the obtained extracts (Figure 1).
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Figure 1. Comparative analysis of extract yields obtained from pine tree (Pinus sylvestris) and rosemary (Salvia
rosmarinus) using leaf and stem materials.

The figure presents a comparative analysis of
the extract yields obtained from plant materials.
As can be observed, in both pine and rosemary,
the extract yield obtained from the leaf parts is
higher than that from the stem parts. Specifi-
cally, the extract yield from pine leaves was
9.3%, whereas the yield from the stem was
7.3%.

In the case of rosemary, higher yields were
observed overall: 20% from the leaves and
13.3% from the stems. In general, both parts of

rosemary produced higher extract yields com-
pared to pine.

This difference is due to the chemical compo-
sition of the plants, in particular leaf parts, espe-
cially in rosemary, are richer in terpenoids and
phenolic compounds, which results in higher ex-
traction efficiency.

The chemical composition of the obtained
plant extracts was determined using various an-
alytical methods. In order to identify the chemi-
cal composition of the extracts, FTIR analysis
was carried out (Figure 2).
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Figure 2. FTIR spectrum of the pine (Pinus sylvestris) extract.

The spectrum reveals absorption bands of di-
verse functional groups in the extract. The broad
band at 3309 cm-1 corresponds to the stretching
vibrations of hydroxyl (O-H) groups, indicating
the presence of phenolic compounds and alco-
hols. In extracts from plant sources, these signals
are usually associated with hydroxyl-containing
bioactive compounds. The peaks at 2980-2904
cm1 are attributed to stretching vibrations of al-
iphatic C—H bonds. The intense absorption band
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observed at 1646 cm-1 is assigned to carbonyl
(C=0) group which indicates the presence of es-
ter, aldehyde or ketone type compounds. This in-
dicates the presence of oxygen containing or-
ganic compounds in the extract. The bands in the
region 1457-1418 cm-1 are attributed to the de-
formation vibrations of CH, and CHj3 groups
which indicate the presence of aliphatic chains.
The intense bands at 1313-1204 cm-1 and
1119-1043 cm-1 are attributed to C-O and C-O-
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C bond vibrations. FTIR study showed that ex-
tract contains a high amount of hydroxyl, car-
bonyl, aromatic and ether functional groups.
This is consistent with the presence of phenolic

compounds, terpenoids and other bioactive com-
pounds in the extract and suggests its possible
antioxidant and antimicrobial properties.
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Figure 3. FTIR spectrum of rosemary (Salvia rosmarinus) extract.

FTIR analysis was performed to determine
the chemical composition of the extract of rose-
mary (Figure 3). The main absorption bands of
the spectrum show the presence of different
functional groups. The wide bands at 3275-3335
cm—1 are due to the stretching vibrations of hy-
droxyl (O-H) groups. As stated above, these
peaks are characteristic of phenolic compounds
and alcohols confirming the presence of phe-
nolic compounds in the rosemary extract, as the
bands are more intense than in the previous sam-
ple indicating a higher content of phenolic sub-
stances in rosemary. The peaks in the range of
2973-2885 cm™! correspond to the vibrations of
aliphatic C—H bonds, which is a common feature
of both extracts, but more pronounced in the case
of rosemary extract. The peak at 1652 cm™ is as-
sociated with carbonyl (C=O) groups and indi-
cates the presence of ester, aldehyde or ketone
compounds. The existence of oxygen-containing
organic compounds is confirmed in both the
samples. The bands in the range of 14551379
cm™! are associated with the deformation vibra-
tions of CHz and CH3s groups, indicating the ex-
istence of aliphatic chains. The strong peaks at
1273 and 1086 cm™ are related to C—O and C—
O-C bond vibrations, indicating the presence of
alcohol and ether compounds. The FTIR spectra
of the two extracts show similar functional
groups, although the hydroxyl and aromatic-re-
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lated peaks are more intense in the rosemary ex-
tract, indicating that it is richer in phenolic and
other bioactive components, whereas the pine
extract is distinguished by a higher content of al-
iphatic and resinous components. These results
confirm that Soxhlet extraction yields a higher-
quality and more bioactive-rich extract from
rosemary raw material.

Comparative Analysis of Physicochemical
Properties

In order to evaluate the quality of the extracts,
their density and refractive index were deter-
mined. The obtained results indicate that the
physicochemical properties vary depending on
the type of raw material and the extraction con-
ditions. The pine extract obtained by Soxhlet
method showed a density of 0.946 g/cm3
whereas the rosemary extract density was 0.844
g/cm3.The lower density of the rosemary extract
is explained by the prevalence of lighter and
more volatile components in its composition, es-
pecially essential oils and terpenoids. The re-
fractive index analysis showed that the pine ex-
tract has a value of 1.3652 and the rosemary ex-
tract has a value of 1.3831. The higher value of
the refractive index of rosemary extract indicates
that it contains the higher amount of optically
dense compounds with aromatic and phenolic
components. Hence, the comparative analysis
indicates a lower density but higher optical ac-
tivity and higher bioactive compounds content
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for the rosemary extract, while the pine extract
has a relatively higher density and can be con-
sidered as a system dominated by resinous and
aliphatic compounds. These results are in ac-
cordance with the FTIR analysis results and give
a full picture of the chemical composition of the
extracts.

Conclusion

As aresult of the study, extracts from raw ma-

terials of rosemary and pine were obtained by
the method of Soxhlet extraction. The results
showed that the type of raw material has a sig-
nificant influence on the yield and physicochem-
ical properties of the extracts. The rosemary ex-
tract was characterized by a higher yield and a
greater optical activity, while the pine extract
had a higher density. FTIR analysis confirmed
the presence of various functional groups in both
extracts. In conclusion, the results demonstrated
that plant wastes are a valuable source of bioac-
tive compounds.
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BITKi TULLANTILARINDAN BIOLOJI AKTIV BIRLOSMOLORIN EKSTRAKSIYASI VO
ONLARIN MUQAYISOLI TOHLILI
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Xiilasa. Bu todqgiqatin osas mogsadi miixtalif bitki tullantilarindan bioloji aktiv maddslorin sldo edilmasi,
onlarin ¢ixim deracasinin miioyyanlagdirilmasi vo alinan ekstraktlarin asas xtisusiyyastlorinin aragdirilmasidir.
Tadgiqgat obyekti kimi rozmarin va iynayarpaqli sam agacinin tullantilari segilmisdir.

Bitki materiallar1 avvalca qurudulmus vo xirdalanmis, daha sonra iso miixtslif ekstraksiya iisullar1 vasitasilo
bioaktiv komponentlor ayrilmisdir. Ekstraksiya prosesinin samarsliliyini artirmaq vo optimal goraiti miioyyan
etmok moagsadilo miixtalif temperatur, vaxt vo halledici parametrlori sistemli sokilds tadqiq edilmisdir.
Alinmis ekstraktlarin fiziki-kimyovi gostaricilori — sixliq, refraksiya gostoricisi miioyyan edilmis, homginin
infraqurmiz1 spektroskopiya iisulu ilo onlarin funksional qruplar1 analiz olunmus va naticolor miigayisali

sokildoa tohlil edilmisdir.

Tadqiqat ¢argivasinds Soxhlet isulu tatbiq olunmus, alds edilon naticalar asasinda xammal novii va ekstraksiya
metodunun somarsliliyi miiqayiss edilorok on uygun variant miioyyen edilmisdir.
Acar sozlor: bitki tullantilari, bioloji aktiv madds, ekstraksiya, rozmarin, sam agaci.
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OCHOBHOM LIEJTBIO ITAHHOTO MCCIICIOBAHUS SBISICTCS MMOJTYYSHHUE OMONIOMMYECKH aKTHBHBIX BEILECTB U3 pa3-
JIMYHBIX PACTHTEIBHBIX OTXO/0B, ONPEISICHHE X BBIXO/A U U3yYCHHE OCHOBHBIX CBOMCTB IOIY4YEHHBIX JKC-
TpakToB. B kauecTBe 00BEKTOB HCCIICIOBAHUS OBUIH BHIOPAHBI OTXOBI PO3MapHHA U XBOWHOTO JICPEBa COCHBI.
PacturensHoe CI)IpI)é MMPEABAPUTECIILHO BRICYIIHMBAJIOCH U U3MEJIbYaJIOCh, ITIOCJIC Y€T0 6I/IOJIOI‘I/ILICCKI/I AKTUBHBIC
KOMIIOHEHTBI U3BJICKAIUCH C UCIIOJIBb30BAHUEM PA3IMYHBIX METOMOB IKCTpaKIMU. C LENbIO MOBBIICHUS (-
q)eKTI/IBHOCTI/I Impouecca 3KCTPAKIIUN 1 OIMPEACIICHNA OIITHUMAJIbHBIX YCJ'IOBI/Iﬁ 6I)IJ'II/I CUCTEMATHUYCCKH UCCIIC-
JIOBaHbI [TIApaMETPBI TEMIIEPATYPbL, BPEMEHU U TUIIA PACTBOPUTEILA.

DU3NKO-XUMUYECKHE TTOKA3aTENN MOTYUYCHHBIX 3KCTPAKTOB — IUIOTHOCTh M MOKA3aTelb MPElOMICHUS —
ObLIM OIPEIeNCHBI, a TAKXKe MPOBEIEH aHaIN3 (HYHKIHOHAIBHBIX TPYII C UCIOIBb30BaHUEM MeTo/Ia HHDpa-
KPaCHOH CIIEKTPOCKOIIHH, Pe3yIbTaThl KOTOPOTrO ObUIN COMOCTABIICHBI.

B pamkax uccrenoBanust npuMeHsuics Metosr Cokcnera. Ha OCHOBaHMH TOJTy4EHHBIX PE3yJIbTaTOB ObLT IIPO-
BeIEH CPaBHUTENBHBIN aHan3 3(pHEKTUBHOCTH THUIA CBIPbS © METO/a SKCTPAKIMH, B PE3yJIbTaTe Yero ObLT
orpeenéH Hanbosee ONTUMAILHBIN BapHaHT.

KiroueBble ciioBa: PACTUTECIILHBIC OTXO/bI, OMOJIOTUYECKH aKTHUBHBIE BCIIECTBA, 3KCTpaKOusiA, pO3MapuH,
COCHA.
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