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DETERMINATION OF CARBOHYDRATE CONTENT IN MAHONIAAQUIFOLIUM (PURSH) NUTT.

Actuality. Mahonia aquifolium belongs to the barberry family (Berberidaceae) and originates from the western regions of North
America. In Ukraine, it is commonly cultivated in parks and public spaces and is widely used in landscape design. Traditionally,
American medicine has employed Mahonia aquifolium to treat conditions such as fever, digestive disorders, gout, rheumatism, kidney
and biliary diseases, and particularly chronic skin conditions. The biologically active compounds found in this plant demonstrate a
wide spectrum of pharmacological activities, including antioxidant, anti-inflammatory, hypoglycemic, hepatoprotective, hypotensive,
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antimicrobial, antibacterial, antimutagenic, antitumor, and immunomodulatory effects, especially beneficial for dermatological
disorders. Although some research has been conducted on the alkaloid and phenolic content in certain parts of the plant, its overall
chemical composition remains insufficiently studied. Therefore, a comprehensive phytochemical analysis of all plant organs is both
necessary and timely.

The present study aimed to analyze the carbohydrate content in the roots, flowers, leaves, and fruits of Mahonia aquifolium.

Material and methods. The material for the research was the leaves, roots, fruits, and flowers of Mahonia aquifolium, harvested in
the experimental plots of the Laboratory of Medical Botany of M.M. Hryshko National Botanical Garden of the NAS of Ukraine (Kyiv)
in 2024. Ildentification and quantitative content of carbohydrates in the studied medicinal plant raw materials was carried out by gas-
liquid chromatography-mass spectrometry using the Agilent 6890N/597 3inert gas chromatography-mass spectrometry system (Agilent
Technologies, USA). Identification of monosaccharides was based on comparing their retention times with retention times of standards
of the mass spectral library NIST 02. Quantification was done by using sorbitol added to the sample.

Research results. This study identified and quantified nine carbohydrate compounds using GC/MS method. Among all carbohydrate
compounds identified in various parts of Mahonia aquifolium, D-glucose was present in the highest concentration. After hydrolysis,
L-fucose was the leading monosaccharide derivative, with recorded amounts of 11,96 mg/g in fruits, 18,41 mg/g in flowers, 10,07 mg/g
in leaves, and 17,46 mg/g in roots. Similarly, D-xylose was also a prominent hydrolysis product, with concentrations of 3,25 mg/g in
Sfruits, 6,98 mg/g in flowers, 14,62 mg/g in leaves, and 17,87 mg/g in roots.

Conclusion. For the first time, GC/MS analysis revealed nine distinct carbohydrate compounds in Mahonia aquifolium, present in
both their free and hydrolyzed forms. These sugars are associated with significant pharmacological activity, supporting existing knowledge
of the plant s medicinal value. D-glucose was the most abundant carbohydrate across all studied organs of the plant. Following hydrolysis,
L-fucose and D-xylose were identified as the dominant monosaccharides in the samples. These results suggest that the carbohydrate profile
of Mahonia aquifolium may provide a useful foundation for developing pharmaceutical and nutraceutical products.

Key words: Mahonia aquifolium, carbohydrates, monosaccharides, gas-liquid chromatography-mass spectrometry (GC/MS).
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BU3HAYEHHS BMICTY BYIVNIEBOAIB Y MAHONIA AQUIFOLIUM (PURSH) NUTT.

Axmyansvuicms. Mazonia nadybonucma Hanexcums 0o poounu bapoapucosux (Berberidaceae) i noxooums i3 3axionux pecionie I1ig-
Hiunol Amepuku. B Yrpaini it 3a3euuail Kyiomugyioms ma wupoKo 6UKOpUCMosyoms y Janowagpmuomy ousauni. Tpaouyitino 6 amepu-
KAHCHbKIL MeOUYUHI BUKOPUCINOBYBANU MA2OHIIO OISl NIKYBAHHS MAKUX CIMANIB, SIK TUXOMAHKA, PO3IA0U MPAGIeHHs, N00azpd, PeeMAmusm,
3aX80PI0BAHHA HUPOK, HCOBUOBUBIOHUX ULIAXIB, WIKIPHI 3aX80PI06aHHS. Bionoziuno akmueni cnonyku, wo Micmamucs 8 Yiil pOCIUHI, Maomy
WUPOKULL cneKmp PapmMarono2iunoi aKmueHOCmi, 30Kkpema i aHMUOKCUOAHIMHY, NPOMU3ANATbLHY, 2IN02NIKEMIUHY, 2enamonpomeKmopHy,
2INOMeH3UBHY, AHMUOAKMEPIATbHY, NPOMUNYXAUHHY U IMyHOMOOYIIoWYY Oito. Haykosysamu Oynu npogedeHi 00CIiodNcen s wooo emicmy
ankanoioie i (peHONbHUX CROIYK Y YACMUHAX POCTUHU, NPOme 3a2anbHull YimoxXiMiuHuLl CKAa0 MAa2oHii nadyboaucmol 3a1umaemscs He
documb suguerutl. Tomy KoOMnAEKCHUT IMOXIMIYHUL AHATI3 YCIX OP2AHI8 POCIUHU € HEOOXIOHUM QOCTIONCEHHSIM.

Mema 0ocnidrcennn — npogecmu anHaniz GMicny 8yeneoois y KOpeHsx, Cyygimmsx, IUCmKax i nooax Mazomii nadyoonucmoi.

Mamepian i memoou. Mamepianom 013 00CaiOH#ceHHs OYIU TUCMKU, KOpeHi, nioou ma cyysimms Mahonia aquifolium, 3iopani na
Q0CiOHUX OinsiHKax a1abopamopii meouunoi bomanixu Hayionanvroeo 6omaniunoeo cady imeni M.M. I'puwxa Hayionanenoi akademii
nayx Yxpainu (micmo Kuis) y 2024 poyi. I0enmugixayilo ma eusnauenus KitbKicHO20 8MICHy 8Y211e800i8 )y 00CHIONCYBAHIL NIKAPCHKIl
POCIUHHILU CUPOBUHI NPOBOOULU MEMOOOM 2A30PIOUHHOT XPOMATNO-MAC-CNEKMPOMEMPIL 3 BUKOPUCTNAHHAM THEPMHOI 2a3080i Xpoma-
mo-mac-cnexkmpomempuunoi cucmemu “Agilent 6890N/5973 " (Agilent Technologies, CIIIA). [0enmudpixayiro monocaxapudis npoeo-
OUNU HA OCHOBI NOPIBHANHS IXHbO2O YACY YMPUMYBAHHS I3 YACOM YMPUMYBAHHI candapmie mac-cnekmpanvroi oibniomexu NIST 02.
Kinvxicne susnauents nposoounu 3a 00nomMo20i0 6HympiuHb020 CManoapniy copoimy, 000ano20 00 3paska.

Pesynomamu oocnioxycennsn. Y pesynomami docniodxcenns memooom I'X/MC 6yno idenmugixoéano ma KilbKiCHO 6UHAYEHO
0es’samb gyenesoonux cnonyk. Ceped ycix euasnenux 6yeneoois y pisnux opeanax Mahonia aquifolium naibinewuii emicm ycmanog-
neno o5t D-enokosu. 'V pesyniomami 2ioponizy nausuwy Konyenmpayito ceped Monocaxapuoie cmanosguia L-pyrosa: 11,96 me/e y nio-
oax, 18,41 me/z y cyysimmsx, 10,07 me/e y nucmrax i 17,46 me/e y kopensix. Takodic y 3HAUHUX KITbKOCMSX NIC/s 2i0PONI3y MICMUnacs
D-kcunosa y nnooax (3,25 me/e), cyysimmsx (6,98 me/e), nucmrax (14,62 me/e), kopensax (17,87 me/e).

Bucnosok. Omoice, 3a pezyiomamamu npogedernoco I’ X/MC ananizy 6 cuposuni Mahonia aquifolium euseneno deg’simo gyane-
BOOHUX CHONYK K Y GLUILHOMY, MAK i y 36 s13aHoMy cmaHi. L]i peuosunu 8i0oMi C80€I0 (apmMaKoIo2iuHO0 aKMUGHICTIO, WO Y3200iC)-
€MbCS 3 HAABHUMU OGHUMU OO0 TIKYBATbHUX enacmusocmell yiei pocaunu. Hatieuwuii emicm cepeod 8y2nesodie cnocmepieasdces 0ns
D-enioxo3u 6 ycix opeanax pocaunu. Ilicas 2ioponisy ocnognumu mMonocaxapuoamu, wo nepesasycanu, oynu L-¢pyxoza ma D-xcunosa.
Ompumani 0ani ceiouams npo NepCneKmueHiCmb UKOPUCTAHHSL 8Y2l1e600i6 MA2OHIT nadyoorucmol 015k CmeopPeHHsl HOBUX IIKAPCLKUX
npenapamis Ha pOCIUHHIN OCHOBI.

Kniouogi cnosa: Mahonia aquifolium, éyeneeoou, monocaxapuou, eazopiounna xpomamo-mac-cnekmpomempis (I[’X/MC).

Introduction. Actuality. Modern pharmacotherapy ments and alongside synthetic medications (Budniak, et
increasingly incorporates traditional herbal knowledge, al., 2021a). Despite the development of synthetic drugs,
using plant-based remedies both as standalone treat- many of which replicate plant-derived bioactive com-
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pounds, natural remedies have retained their significance.
Medicinal plants remain a unique and valuable source of
therapeutic agents used for both the prevention and treat-
ment of numerous human health conditions (Feshchenko et
al., 2021; Budniak et al., 2022; Oproshanska et al., 2024).

The Berberidaceae family includes around nine gen-
era and encompasses approximately 590 species, primarily
distributed across the Northern Hemisphere and parts of
South America. Mahonia Nuttall ranks as the second most
extensive genus within this family, comprising nearly 70
species found predominantly in Eastern Asia, North Amer-
ica, and Central America (Dulin & Kirchoff, 2010). Species
of Mahonia have long been utilized in traditional healing
practices, and research has demonstrated that these plants
exhibit a wide range of biological activities, including anti-
oxidant, anti-inflammatory, antifungal, antimicrobial, anti-
proliferative, hepatoprotective, and analgesic effects (Hu et
al., 2011; Li et al., 2007; Zhang et al., 2011).

Mahonia aquifolium (Pursh) Nutt. is among the most
widely grown and commonly used medicinal species of the
Mahonia genus. Research on Mahonia plants has primarily
focused on their alkaloid content, particularly compounds
such as berberine, jatrorrhizine, and palmatine, which are
recognized as their principal active constituents. These alka-
loids contribute to the plant’s ability to inhibit keratinocyte
proliferation and reduce inflammation, making it effective
in managing conditions like psoriasis and atopic dermatitis
(He & Mu, 2015; Lastovychenko et al., 2025a). In addition,
phytochemical investigations of Mahonia aquifolium have
identified various secondary metabolites, including chloro-
genic acid, p-coumaric acid, ferulic acid, rutin, isoquercitrin,
and quercetin (Andreicut et al., 2018b).

In traditional American medicine, Mahonia aquifolium
is used to treat fever, diarrhea, dyspepsia, gout, rheumatism,
kidney and biliary tract diseases, and especially chronic
recurrent dermatosis (Godevac et al., 2018; Andreicut et
al., 2018a). The chemical profile of Mahonia aquifolium
remains insufficiently explored. Some research has exam-
ined the presence of alkaloids, amino acids, and phenolic
compounds in select types of raw plant materials from this
species (Sedlackova et al., 2022; Coklar & Akbulut, 2017;
Lastovychenko et al., 2025b).

To date, no published studies have addressed the carbo-
hydrate composition of Mahonia aquifolium.

The study aimed to analyze the carbohydrate content in
the roots, flowers, leaves, and fruits of this plant. To the best
of our knowledge, this work represents the first investigation
into the monosaccharide profile of Mahonia aquifolium.

Materials and research methods. Roots, fruits, flow-
ers, and leaves of the Mahonia aquifolium were collected at
the experimental sites of M.M. Hryshko National Botanic
Garden of the NAS of Ukraine, Kyiv, in 2024. The raw
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material was authenticated by Senior Scientist Nadia
Dzhurenko. A voucher specimen was deposited in the her-
barium at the Department of Pharmacognosy and Medical
Botany, TNMU, Ternopil, Ukraine.

The carbohydrate composition of Mahonia aquifolium
was determined by GC/MS method on gas chromatograph
Agilent 6890N with 5973 inert mass detector (Agilent Tech-
nologies, USA). Samples were analyzed on a capillary col-
umn HP-5MS of 30 m in length and an internal diameter of
0,25 mm, a thickness of the stationary phase is 0,25 um. The
first set up oven temperature at 160 °C and held for 8 min,
then raised to 240 °C at the rate of 5 °C/min and kept at this
point for 6 min. At a constant flow rate of 1,2 sm®min was
used Helium as the carrier gas. Detection was performed in
the SCAN mode at the width range of 38400 m/z (Khvo-
rost et al., 2023).

Sample Preparation. For the extraction of bonded mon-
osaccharides or monosaccharides after hydrolysis 500 mg
of powdered of the raw materials was placed into the flask
and added 5 ml of 2 M trifluoroacetic acid. Hydrolysis was
performed under 100 °C for 6 hours. 2 mL of obtained
hydrolysate was evaporated and was added 2 mL of an
internal standard.

For the extraction of free monosaccharides, 0,5 mg of
methanol solution with internal standard (sorbitol) was
added to 500 mg of powdered raw materials. The extraction
was performed at the ultrasonic water bath at 80 °C for 4 h.
Then, to obtain acetylated aldonitriles 2 ml of the extract
was evaporated to dryness and was added 0,3 ml of derivat-
ization reagent (32 mg/ml of hydroxylamine hydrochloride
in pyridine/methanol (4:1 v/v)). The extract was incubated
at 75 °C for 25 min. To the samples was subsequently added
1 ml of acetic anhydride and incubated at 75 °C for 15 min. 2
ml of dichloroethane was added, and the excess of the deri-
vatization reagents was removed by the double extraction
with water and 1 M hydrochloric acid. The dichloroethane
layer was dried and dissolved in 300 pl of the mixture of
ethyl acetate/heptane (1:1 v/v).

Identification of monosaccharides was based on com-
paring their retention times with retention times of stand-
ards of the mass spectral library NIST 02. Quantification
was done by using sorbitol added to the sample (Huzio et
al., 2020; Budniak et al., 2021b).

Research results and discussion. Carbohydrates are
high-energy compounds that serve not only as fuel for vital
biological processes but also as structural components in the
cell walls of both plants and animals. In animal organisms,
they are essential for immune function, contribute to disease
mechanisms, and participate in blood coagulation processes.
Polysaccharides, in particular, exhibit a range of biologi-
cal activities, including absorbent, expectorant, anti-ulcer,
anti-inflammatory, and detoxifying effects (Sun et al., 2020).
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This study identified and quantified nine carbohydrate
compounds using gas chromatography-mass spectrometry
(GC/MS), as detailed in table 1. The chromatographic pro-
files illustrating the carbohydrate content in various Maho-

nia aquifolium plant parts are presented in fig. 1-8. The
results of the qualitative composition study and quantitative
content determination of carbohydrates of the raw materials
are shown in table 1.

Abundance
1800000

1700000
1600000
1500000
1400000
1300000
1200000
1100003
1000000
0000
E0000Y
T0000
0000
500000
40000
200000
20000

10000 18
La.ﬁa

Y NN
by

9.51
6.55 757
FI A A Rt

1507

14.6215.4

TIC: 1v.D

21e4

119.22
33.40

24.08

20.87

LY S

'

T T
Tirme--= 4.00

L3 LIS e
6.00 8.00 10.00 12.00

T T T L e e e e e R e
20.00 2200 2400 26.00 28.00 30.00
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Fig. 7. GC/MS chromatogram of free carbohydrate of Mahonia aquifolium flowers
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As shown in table 1, D-glucose was found in the
highest concentration among all carbohydrates across
the different parts of Mahonia aquifolium. Glucose
serves as a primary energy source for a wide range of

. 044 ®itorepanis. Yaconuc

living organisms, from microorganisms to humans. The
human brain alone consumes approximately 75% of
the body’s daily glucose supply (Khowala et al., 2008).
Additionally, neurons and developing red blood cells
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have substantial energy requirements. A decrease in glu-
cose levels can impair cognitive processes and reduce
mental performance (Mergenthaler et al., 2013).
Following hydrolysis, L-fucose was identified as the
dominant monosaccharide derivative in all examined
parts of the plant, with concentrations of 11,96 mg/g in
fruits, 18,41 mg/g in flowers, 10,07 mg/g in leaves, and
17,46 mg/g in roots, as presented in table 1. L-Fucose
is an uncommon sugar found across a wide range of
organisms, from bacteria to humans (Kim et al., 2019).
Owing to its diverse biological activities, L-fucose holds
promise for applications in anti-inflammatory, anticancer,
and immunomodulatory therapies. It is also considered a
valuable ingredient in cosmetics for its skin-whitening,
moisturizing, and anti-aging effects, as well as in dietary
supplements (Robert et al., 2005; Peterszegi et al., 2003).
After hydrolysis, D-xylose emerged as the predom-
inant monosaccharide in all analyzed parts of Mahonia
aquifolium, with concentrations of 3,25 mg/g in the
fruits, 6,98 mg/g in the flowers, 14,62 mg/g in the leaves,
and 17,87 mg/g in the roots (Table 1). Commonly known
as wood sugar, xylose is recognized for its antifungal
and antibacterial properties, showing notable activity
against Candida species and various gram-negative bac-
teria. This aldopentose is typically found in the embryos
of many edible plants (Yoon et al., 2003). It is important

to highlight that D-xylose was absent from the free car-
bohydrate fraction across all plant organs studied.

Additionally, D-fructose was the major sugar
detected in the fruits of Mahonia aquifolium, with its
content reaching 12,52 mg/g among the free carbohy-
drates and 7,46 mg/g in the monosaccharide fraction fol-
lowing hydrolysis.

The results of the study suggest that Mahonia aqui-
folium holds significant potential, largely owing to the
vital functions carbohydrates perform in numerous
physiological processes.

Conclusions. In summary, GC/MS analysis indi-
cated the presence of nine carbohydrate compounds
in Mahonia aquifolium, detected in both free and
bound forms. These compounds are known for their
notable pharmacological properties, aligning with
existing data on the plant’s therapeutic potential.
D-glucose was found in the highest concentration
among all carbohydrates across the different parts of
Mahonia aquifolium. Among monosaccharides, after
hydrolysis, L-fucose and D-xylose were the predom-
inant monosaccharide compounds in the analyzed
raw material. Based on these findings, carbohydrates
extracted from Mahonia aquifolium show prom-
ise for use in pharmaceutical formulations and the
development of nutraceutical products.
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