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ABSTRACT

Nicotiana tabacum L., commonly known as cultivated tobacco, is an annual plant
of the Solanaceae family that is widely cultivated for commercial tobacco
production. This study provides a comprehensive overview of the morphological,
phytochemical, and microscopic characteristics of N. tabacum leaves and stems,
with particular attention to the composition of biologically active compounds and
the potential utilization of post-harvest tobacco residues. The plant is characterized
by large leaves, branched inflorescences, bicollateral vascular bundles, glandular
and non-glandular trichomes, and calcium oxalate crystals (cystoliths).
Phytochemical analysis demonstrated the presence of nicotine, phenolic
compounds, polysaccharides, amino acids, and various alkaloids. The
concentration of nicotine varied according to the developmental stage and plant
organ. Extraction of post-harvest tobacco residues using conventional solvents and
Natural Deep Eutectic Solvents (NaDES) demonstrated the potential of these
materials as a source of bioactive compounds. NaDES-based extraction resulted in
higher phenolic contents than some conventional extraction systems, while
selected extracts exhibited considerable alkaloid concentrations and antioxidant
activity. The findings indicate that morphological and microscopic characteristics
can be used for the identification of N. tabacum tissues, while the phytochemical
composition of tobacco residues highlights their potential for sustainable biomass
utilization and the development of value-added applications.
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INTRODUCTION

Nicotiana tabacum L. is an annual plant belonging to the Solanaceae family and is
one of the most widely cultivated species of the genus Nicotiana. The plant is
grown primarily for the production of tobacco and related commercial products.
Under suitable conditions, N. tabacum can reach a height of approximately 1-3 m
and develops a thick, relatively sparsely branched stem with large oval, elliptic, or
obovate leaves. The origin of cultivated tobacco is generally associated with
hybridization events involving several Nicotiana species, particularly N. sylvestris
and N. tomentosiformis, with possible contribution from N. otophora. The species
has subsequently undergone extensive cultivation and selection, resulting in
numerous cultivated varieties. Tobacco cultivation and processing generate
considerable quantities of post-harvest biomass, including leaves, stems, and other
plant residues. The accumulation and disposal of these residues may create
environmental concerns and represents a challenge for sustainable agricultural
production. At the same time, tobacco biomass contains a wide range of
biologically active compounds that may be recovered and utilized for alternative
purposes.

The investigation of the morphological, phytochemical, and microscopic
characteristics of N. fabacum 1s therefore important not only for botanical
identification but also for evaluating the potential of tobacco residues as a source
of valuable bioactive compounds. In particular, the application of environmentally
oriented extraction technologies, such as Natural Deep Eutectic Solvents (NaDES),
may provide opportunities for the more sustainable utilization of tobacco biomass.
The aim of this study was to characterize the morphological, phytochemical, and
microscopic features of N. tabacum leaves and stems and to evaluate the potential
of conventional and NaDES-based extraction systems for recovering biologically

active compounds from post-harvest tobacco residues.
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MATERIALS AND METHODS

Plant material consisted of Nicotiana tabacum L. var. Virginia cultivated under
controlled conditions. Leaves and stems were collected at different developmental
stages for morphological, phytochemical, and microscopic examination. Post-
harvest tobacco residues were obtained during topping and tobacco-processing
operations. Morphological characteristics, including plant height, stem structure,
leaf size and shape, inflorescence characteristics, flower coloration, and fruit
morphology, were examined and documented. For phytochemical analysis,
tobacco leaf and stem residues were extracted using conventional solvents,
including water, acetone, and ethanol, as well as Natural Deep Eutectic Solvents
(NaDES). The NaDES systems investigated included LAS, FGS, SALA, CU, and
CAP.

The obtained extracts were analyzed for their contents of alkaloids and phenolic
compounds. Sugar concentrations and antioxidant activity were also evaluated.
Antioxidant activity was determined using ABTS and hydrogen peroxide (H20:)
scavenging assays. For microscopic analysis, fresh and dried leaf and stem
samples, together with finely powdered plant material, were examined using light
microscopy. The investigated anatomical characteristics included epidermal cell
morphology, stomatal type, vascular bundle structure, trichome characteristics,
mesophyll organization, cortical and medullary tissues, and the presence of
calcium oxalate crystals (cystoliths).

RESULTS OF THE STUDY

The morphological examination showed that Nicotiana tabacum plants reached
approximately 1-3 m in height and developed thick, relatively sparsely branched
stems. The leaves were large, with lengths of up to approximately 50 cm, and
exhibited oval, elliptic, or obovate shapes. The flowers were arranged in panicles
and ranged in coloration from white to pink or red. The fruit was a capsule with a
narrow elliptic to ovoid shape and a length of approximately 1.5-2 cm.
Phytochemical analysis demonstrated that nicotine was a major alkaloid

component of N. tabacum. Its distribution varied among plant organs, with the
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highest proportion reported in leaves, followed by stems, roots, and flowers.
Nicotine content also increased with plant maturity. In addition to nicotine, the
plant contained polysaccharides, phenolic compounds, amino acids, and several
classes of alkaloids. Among the identified phenolic compounds were rutin and
chlorogenic acid, while amino acids included glutamine, asparagine, and vy-
aminobutyric acid (GABA). The phytochemical profile also included pyridine- and
indole-related alkaloid compounds. Megastigmatrienone was identified as an
important volatile aromatic compound associated with the characteristic fragrance
of tobacco. The extraction experiments demonstrated differences in the efficiency
of conventional solvents and NaDES systems. NaDES extracts exhibited
comparatively high phenolic contents, with values ranging from 18.13 to 21.98 mg
AGE/g of tobacco powder. Among the tested systems, CU and FGS, together with
acetone/ethanol extracts, demonstrated relatively high alkaloid concentrations,
ranging from 6.37 to 11.23 mg ACE/g of tobacco powder. The obtained extracts
also demonstrated antioxidant activity in ABTS and H:O: scavenging assays,
indicating the presence of compounds capable of contributing to antioxidant
activity. These findings support the potential of post-harvest tobacco residues as a
source of biologically active metabolites. Microscopic examination revealed
characteristic anatomical features of N. fabacum. Leaf and stem tissues contained
bicollateral vascular bundles, glandular and multicellular non-glandular trichomes,
and calcium oxalate crystals (cystoliths). The leaves contained approximately 69
glandular trichomes in the examined microscopic fields. Epidermal cells exhibited
sinuous anticlinal walls, while the stomata were predominantly anomocytic.

Mature leaves contained abundant cystoliths within the mesophyll. Cross-sections
of stems revealed elongated cortical parenchyma, medullary parenchyma, fibers,
and vascular bundles. Similar anatomical characteristics could be identified in
powdered plant material, although epidermal fragments were less frequently
observed. The combination of morphological, phytochemical, and microscopic
characteristics provides reliable criteria for the identification and characterization

of N. tabacum leaves and stems. The presence of characteristic epidermal
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structures, trichomes, cystoliths, and bicollateral vascular bundles is particularly
useful for anatomical identification. The results further indicate that post-harvest
tobacco residues contain compounds of potential industrial interest. The use of
NaDES provides an alternative extraction approach that can facilitate the recovery
of phenolic and alkaloid compounds while supporting more sustainable utilization
of plant-derived biomass. However, further studies are required to determine the
safety, biological activity, stability, and practical applicability of the resulting
extracts before their use in cosmetic, pharmaceutical, or other applications.
CONCLUSION

Nicotiana tabacum L. is a morphologically and chemically complex plant
characterized by distinctive anatomical structures and a diverse phytochemical
composition. Its leaves and stems contain biologically active compounds,
including nicotine, phenolic compounds, polysaccharides, amino acids, and
different classes of alkaloids. Microscopic analysis revealed characteristic
diagnostic features, including bicollateral vascular bundles, glandular and non-
glandular trichomes, sinuous anticlinal epidermal walls, anomocytic stomata, and
calcium oxalate crystals. These characteristics can be used for the reliable
identification of tobacco tissues, including powdered plant material.

The phytochemical analysis demonstrated that post-harvest tobacco residues
contain compounds with antioxidant and other biologically relevant properties.
Extraction using Natural Deep Eutectic Solvents showed promising potential for
recovering phenolic and alkaloid compounds from tobacco biomass. Therefore, the
valorization of tobacco residues through environmentally oriented extraction
technologies may contribute to the sustainable utilization of agricultural biomass
and the development of value-added applications.Further research is necessary to
establish the safety, biological efficacy, chemical stability, and technological
feasibility of the obtained extracts before their potential application in cosmetic,

pharmaceutical, or other industrial fields.

"IxoHomuka u couuym' Ne9(148) 2026 www.iupr.ru



LIST OF REFERENCES

1. Kholmurodova, D. K., & Khudoykulov, Z. 1. (2023). Use of Waste in the
National Economy. Texas Journal of Multidisciplinary Studies, 25, 160-162.

2. Ammposa, II. XK., & Xypoiikynos, XK. (2025). ECTECTBEHHbLIE U
CUHTETUYECKUE HAPKOTUKU: TIOJIb3A U BPE/. Research
Focus, 4(1), 148-152.

3. Xommyponona, M. K., Uciomos, JI. b., & Xypoiikynos, X. U. (2023).
OODOEKTHBHOE NCTIOJIb3OBAHUE CbIPbSA. IJODKOR
O'QITUVCHI, 3(33), 277-281.

4. Hxpomosa, . A, &  Xynouikynos, XK. . (2024).
SJIEKTPOXMMUNYECKOE JIEUEHUE " METO/IbI
JNUATHOCTUKMWU. Research Focus, 3(11), 146-150.

5. Zoyirova, S. J., Samadova, M. A., & Xudoyqulov, J. 1. (2025).
CHILONJIYDA O ‘SIMLIGINING DORIVOR
XUSUSIYATLARI. Oxonomuxa u coyuym, (7-1 (134)), 341-343.

6. Mxpomoa, UI. A. & Xypoiikynos, XK. HW. (2025). IIOJIb3A
AHTUOKCUJIAHTOB B XKXN3HU YEJIOBEKA n
MEJNIWHE. Sxonomuka u coyuym, (4-1 (131)), 1361-1365.

7. Inomovich, X. J. (2025). FERMENTLARNING TIBBIYOTDAGI
AHAMIYATI VA ULARNING QO’LLANILISHI. Jlyuwue
unmeniekmyanvhole uccieoosanus, 38(1), 285-291.

8. Inom o’g’li, X. J. (2025). BIOLOGIK FAOL KOMPLEKS
BIRIKMALAR. Jlyuwue unmennexmyanvhvie ucciedoganus, 38(1), 319-
325.

9. Vozhehova, R., Borovyk, V., & Ubaydullaev, J. (2025). Inheritance of yield
and fiber length in hybrids cotton of the first generation F1. In BIO Web of
Conferences (Vol. 151, p. 04001). EDP Sciences.

10. Xayrullayeva, D. M., Davronova, M. P., Xalimov, B. J., & Ubaydullaev, J.
N. (2024). KOLLOID  ERITMALARNING  TIBBIYOTDAGI

"IxoHomuka u couuym' Ne9(148) 2026 wWww.iupr.ru



AHAMIYATI VA QONNING KRIOSKOPIYA USULIDA MUZLASH
HARORATINI ANIQLASH. Eurasian Journal of Medical and Natural
Sciences, 4(4-1), 272-276.

11. Ubaidullaev, J. N., Vakhin, A. V., Katnov, V. E., Trubistina, S. A., &
Mukhamadiev, N. K. (2023). Assessments of Chemical Composition and
Properties High-Viscosity Oil Based on Elemental. Central Asian Journal of
Medical and Natural Science, 4(5), 332-339.

12. Xonmyponos, T. A., Mupzae, O. O., & VYoanaymnaes, XX. H. (2023).
KATAJIMTUYECKOE OBJIATOPAXWBAHUE TSXXEJIOM HED®TU B
[MPUCYTCTBUU I[TOBEPXHOCTHO-AKTHMBHbBIX BEIECTB.
In /[o6vbiua, noocomoexa, mpancnopm negpmu u 2aza (pp. 62-63).

13. JlycrmypomoB, M. M. IIPOBJIEMbl COBPEMEHHOM HAYKU U
OBPA3OBAHUS. IIPOBJIEMBI ~ COBPEMEHHOM — HAYKH U
OBPA30OBAHUA Yupeoumenu: Onumn, (9), 42-47.

14. lyctmypomoB, M. M. V. (2022). KBAJIMOUKAILIUN HEKOTOPBIX
CUMBOJIMHECKHUX 3AIJIABHBIX OIIMTETOB B OPXOHO-
EHUCEMCKUX HAIIUCIX. Ilpobnemvr  coepemennol  Hayku u
oopazoeanus, (9 (178)), 42-47.

"IxoHomuka u couuym' Ne9(148) 2026 wWww.iupr.ru



	NICOTIANA TABACUM L.: MORPHOLOGICAL, PHYTOCHEMICAL, AND MICROSCOPIC CHARACTERIZATION OF LEAVES AND STEMS Fazilova Marjona Odilovna
	Student of SamSMU, Faculty of General Medicine
	Temirov Muhammad Alisherovich
	Student of SamSMU, Faculty of Stomatology
	Khudoyqulov Jamoliddin Inomovich SamSMU, Assistant of the Department of Medical Chemistry
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS OF THE STUDY
	CONCLUSION


