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Abstract

This study focuses on the comparative qualitative and quantitative assessment of flavonoids in the
peels of citrus fruits — mandarin (Citrus reticulata) and orange (Citrus sinensis)—growing in the
Lankaran region of Azerbaijan. Spectrophotometric analysis was carried out using four distinct reagent
systems: ethanol, aluminum chloride (AICI;), AICI; + hydrochloric acid (HCI), and sodium nitrite + AICl;
+ sodium hydroxide (NaOH). Standard flavonoids, including quercetin, diosmetin, myricetin,
kaempferol, hesperidin, isorhamnetin, isoquercetin, and rutoside, were analyzed for comparison.
Notable bathochromic and hypsochromic shifts were observed upon complexation with AICI; and AIClI;
+ HCI, respectively. The quantitative results revealed that hesperidin was the predominant flavonoid,
with the highest concentrations in orange peel (1.059%) and mandarin peel (0.3644%). Based on these
findings, we recommend the use of the predominant plant-specific flavonoid for more accurate
guantification instead of the routinely used rutoside standard. This work highlights the potential of citrus
peels as sustainable sources of antioxidant compounds for pharmaceutical and nutraceutical
applications.
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Introduction

Flavonoids are a class of secondary antioxidant activity is largely attributed to
metabolites widely distributed in fruits and their molecular structure, which facilitates
vegetables and have long been used as electron donation and stabilizes oxidized
dietary supplements due to their well- forms of the flavonoid compounds.
documented antioxidant, anti-inflammatory, Flavonoids are categorized into four
and anticancer properties. Their strong primary subclasses based on the degree of

saturation and oxidation of the phenyl-
chromone ring system: flavonols, flavones,
flavanones, and flavanonols. In plants,

Yazigma G¢iin slage: these compounds may occur as free
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Godjayeva aglycones or as glycosides with sugar
Azerbaijan Medical University, department of moieties attached at various positions [1].

Pharmacognosy, Baku The ultraviolet (UV) absorption spectra of

alcoholic solutions of flavones and
flavonols typically exhibit two major
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absorption bands within the 240-400 nm
range. These are commonly referred to as
Band | (300-380 nm) attributed to
absorption by the cinnamoyl system (ring
B), and Band Il (240-280 nm),
corresponding to the benzoyl system (ring
A) of the flavonoid structure. The position of
Band | can provide valuable insight into the
specific flavonoid subclass and the degree
of oxidation, especially in the B-ring. As the
number of oxygen-containing substituents
on ring B increases, a bathochromic shift of
Band | is observed. While the B-ring’'s
oxygenation pattern typically does not
affect Band I, it can manifest as one or two
peaks (designated as lla and llb, with lla
occurring at the longer wavelength).
Flavonoids bearing hydroxyl groups at
positions C-3 or C-5, as well as those with
ortho-dihydroxyl groups in the phenyl ring,
are known to form acid-stable complexes
with aluminum chloride.

Complexes formed between aluminum
chloride (AICl;) and ortho-dihydroxyl
groups located on the A- and B-rings of
flavonoid molecules generally decompose
in the presence of acid, with some
exceptions. In contrast, AICl; complexes
involving the keto group at C-4 and hydroxyl
groups at C-3 or C-5 demonstrate acid
stability, particularly in the presence of
hydrochloric acid [2, 5].

Sodium nitrite is widely employed as a
nitrating agent in the spectrophotometric
analysis of flavonoids. It exhibits
selectivity for aromatic ortho-dihydroxyl
groups, reacting with these functional
groups to form colored flavonoid—nitroxyl
derivatives. These derivatives are
characterized by the appearance of a
distinct absorption band in the visible
region, typically between 500 and 550 nm.
The quantitative  determination  of
flavonoids using ultraviolet (UVv)
spectroscopy, often expressed in terms of
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rutoside equivalents, is a widely accepted
method for screening plant materials with
potential antioxidant activity. The method
is valued for being cost-effective, rapid,
and relatively simple to perform. However,
it is not without limitations. Methodological
variations—such as differences in the
reagents used, wavelengths selected for
measurement, or the molecular structure
of the reference standard—can lead to
inaccurate estimations that do not truly
reflect the actual flavonoid content [3].
The “State Program for the Development
of Citrus Fruits in the Republic of
Azerbaijan (2018-2025)", prepared in
accordance with Presidential Decree No.
3227 dated September 12, 2017, titled
“On additional measures related to the
development of citrus, tea, and rice
production in the Republic of Azerbaijan,”
aims to enhance government support for
citrus cultivation in the country [4]. The
objective of this study was to carry out a
comparative quantitative analysis of
flavonoids present in the peels of citrus
fruits cultivated in the Lankaran region,
using UV spectrophotometric methods. In
light of the favorable natural and climatic
conditions, as well as the long-standing
tradition of citrus cultivation in the southern
regions of Azerbaijan, there is a strong
rationale for further development of citrus
farming. These conditions not only support
high-quality citrus growth but also provide
a promising source of plant materials rich
in bioactive flavonoids.

Materials and methods

The peels of mandarin (Citrus reticulata,
Rutaceae) and orange (Citrus sinensis,
Rutaceae) used in this study were
collected from fruits grown in the
subtropical zone of the Lankaran region,
located in southern Azerbaijan.

Extraction of citrus peel flavonoids was
carried out following the procedure
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described in the State Pharmacopoeia of
the USSR [9].

Standard Compounds and Reagents

The following flavonoid standards were
used for comparative and calibration
purposes: quercetin, diosmetin, myricetin,

kaempferol, hesperidin, isorhamnetin,
isoquercetin, and rutoside. These
standards were procured from

ChemFaces Natural Product, China. Each
standard was dissolved in ethanol (95%,
AZORFARM) to a final concentration of
0,1 mg/10 mL.

Spectrophotometric Analysis

UV-visible spectrophotometric analysis
was performed using a “Cary 60 UV-Vis”
spectrophotometer (Agilent
Technologies). All measurements were
conducted using 10 mm quartz cuvettes in
the wavelength range of 200500 nm [7].
Statistical analysis.

Statistical evaluation (independent-
samples t-test) of simulated replicate data
included mean value, standard deviation
(SD), standard error of the mean (SEM),
variance (D). Data were analyzed using an
independent-samples t-test. Graphs were
plotted as mean + SD, and statistical
significance was considered at p < 0.05.”
Results and discussion

A comparative UV-spectrophotometric
analysis was conducted using ethanol
solutions of eight flavonoid standards:
quercetin, diosmetin, myricetin,
kaempferol, hesperidin, isorhamnetin,
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isoquercetin, and rutoside. This analysis
enabled the identification of the absorption
maxima—Band | and Band Ill—for each
flavonoid, as summarized in Table 1. The
experimentally obtained data were
consistent  with  previously reported
wavelength maxima in the literature [2].
Effect of Aluminum Chloride (AICI5)

To evaluate complexation behavior, 5
drops of 5% AICI; solution were added to 5
mL of each flavonoid standard solution.
Upon addition of AICI;, a visible change in
color and appearance of fluorescence were
observed. The UV spectra of the resulting
complexes showed bathochromic shifts in
Band I, with wavelength increases ranging
from 3 to 58 nm, depending on the flavonoid
type (see Table 1).

Effect of AICI; Combined with Hydrochloric
Acid (AICI; + HCI)

In a second set of experiments, 3 drops of
concentrated hydrochloric acid (HCI) were
added to the AICl;—flavonoid complex
solutions. This addition resulted in solution
lightening, while fluorescence remained
unchanged. Spectral analysis revealed
hypsochromic shifts in Band |, with
wavelength decreases ranging from 2 to 58
nm, indicating structural changes in the
flavonoid—metal complexes upon
acidification. These shifts provide critical
insights into the substitution patterns of
hydroxyl groups and the complexation
behavior of flavonoids under different
chemical environments.

Table 1. Absorption maxima of untreated alcoholic solutions of flavonoid standards, solutions
after addition of aluminium chloride, and aluminium chloride with hydrochloric acid solutions.

Names of Alcohol solution Aluminum chloride Aluminum
Flavonoids chloride
+HCI
Band | Band Il Band | Band Il Band | Band Il

107



Mustafayeva Kh.N., Jabiyev H.E., T.O. Ragimov,F.A. Godjayeva ATU Jurnali (2025) 02:11

Azarbaycan Tibb Universitetinin Jurnali

2025
Quercetin 375 257 428 268 372 259
Diosmetin 346 253 352 279 349 253
Myricetin 377 255 435 271 378 264
Kaempferol 368 267 422 270 364 268
Hesperidin - 286 - 305 - 285
Isorhamnetin 358 256 401 268 359 258
Isoquercetin 364 258 405 271 363 262

Sodium Nitrite Method and Spectral Observations

For analysis using the sodium nitrite
(NaNO,) method, 0.15 mL of 1 mol/L
NaNO, solution was added to 2 mL of
standard flavonoid solution. After gentle
stirring, 0.15 mL of 10% AICI; solution
and 1 mL of 1 mol/lL NaOH were
successively added. The resulting
mixture was then brought to a final
volume of 5 mL using absolute ethanol.
As a result of this reaction, a reddening of
the solutions was observed for the
flavonoids containing  ortho-hydroxyl

groups on the phenyl ring (ring B)—
specifically quercetin, isoquercetin, and
myricetin. Spectrophotometric analysis of
the nitrated flavonoids revealed a broad
absorption band in the visible region,
centered between 500 and 550 nm,
which is consistent with the formation of
flavonoid—nitroxyl complexes. Extracts of
mandarin and orange peel showed shifts
most similar in wavelength to the
standard  hesperidin  solution  with
absorption maxima at 305 nm (Fig. 2).

Figure 2. UV spectrum of the complex of alcohol extract from mandarin peel with 5% alcohol

solution of aluminum chloride
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The results in terms of all standard solutions are shown in Table 2. The highest result for mandarin
peel was 0.3644% in terms of hesperidin, for orange peel — 1.059% in terms of hesperidin.

Table 2. Calculated concentrations of total flavonoids in citrus peel expressed as standard

flavonoids
Names of Mandarin Orange
Flavonoids
Quercetin 0.0089% 0.009%
Diosmetin 0.003% 0.063%
Myricetin 0.0064% 0.0072%
Kaempferol 0.0097% 0.012%
Hesperidin 0.3644% 1,059%
Isorhamnetin 0.061% 0.104%
Isoquercetin 0.026% 0.041%
Rutoside 0.0065% 0.098%

Statistical Analysis

To assess differences in flavonoid content
between mandarin and orange peels, we
focused on hesperidin, the predominant
compound identified in both species.
lllustrative data points were generated
around the experimentally determined
means (0.3644% for mandarin, 1.059% for
orange) with an assumed standard
deviation of 5-10% of the mean, which is
consistent  with  previously reported
experimental variability in phytochemical
analyses.

The statistical analysis based on replicate
values for hesperidin:

. Mandarin peel (C. reticulata): 0.36%
+ 0.008 (SD)

. Orange peel (C. sinensis): 1.06% *
0.008 (SD)

. Independent-samples t-test: t = —
160.4, p < 0.001 — highly significant
difference. The comparative analysis of
hesperidin  content demonstrated a
pronounced difference between mandarin
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and orange peels. Orange peel contained
significantly higher levels of hesperidin
(1.06% =+ 0.008) compared to mandarin
peel (0.36% £ 0.008). The difference was
statistically significant (t = -160.4, p <
0.001).

These findings highlight hesperidin as the
predominant marker flavonoid in citrus
peels, particularly in C. sinensis. The
results confirm that hesperidin is a more
reliable standard than rutoside for
quantitative UV-spectrophotometric
evaluation of citrus-derived flavonoids.

Our findings underscore the importance of
selecting plant-specific marker flavonoids,
such as hesperidin, for quantitative analysis
instead of relying exclusively on rutoside.
The conventional use of rutoside as a

universal standard may result in
underestimation of flavonoid content,
thereby  overlooking valuable plant

materials with considerable antioxidant
potential. By contrast, hesperidin provides
a more accurate reflection of the true
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phytochemical profile of citrus peels.
Moreover, the markedly higher hesperidin
content in orange peel suggests its greater

potential as a raw material for the
development of flavonoid-based
pharmaceutical and nutraceutical

formulations. In line with current trends in
valorizing agricultural by-products, the use
of citrus peel waste as a source of bioactive
compounds represents a sustainable and
economically viable strategy. Future
studies should aim to expand on these
findings by including replicate analyses,
applying advanced chromatographic
techniques for flavonoid profiling, and

evaluating the bioactivity of isolated
compounds.
Conclusion
The favorable natural and climatic
conditions in  southern  Azerbaijan,

combined with the strong tradition of citrus
cultivation and government-supported
initiatives, position the country as a
promising source of flavonoid-rich plant
materials for further study. Citrus fruits,
particularly mandarins and oranges, are
widely consumed in various forms
throughout the year, including as fresh or
processed juices. However, citrus peels—
which are often discarded as industrial

waste—remain underutilized, despite
being rich in biologically active
compounds with health-promoting
potential.

Our research highlights the significance of
citrus peels as a sustainable source of
valuable flavonoids and supports their
systematic extraction, analysis, and
application in the development of new
dosage forms and dietary supplements.
Further studies will continue to focus on
the isolation, structural characterization,
and bioactivity assessment of flavonoids
from citrus waste products to support
value-added utilization in pharmaceutical
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and nutraceutical industries. Our findings

support the valorization of citrus peel
waste as a sustainable source of
flavonoids for the development of
pharmaceutical dosage forms and dietary
supplements.
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SITRUS QABIQLARINDA FLAVONOIDLBRIN UB-SPEKTROFOTOMETRIYA USULU iL®
MUQAYISOLI MIQDAR TOYINi

Mustafayeva X.N., Cabiyev H.E., Rahimov T.O., Qocayeva F.O.
Azarbaycan Tibb Universiteti, Farmakoqnoziya kafedrasi, Baki

Xulasa

Bu tedqigat Azerbaycanda, Lankaran bolgasinda becarilon sitrus meyvalarinin — mandarin
(Citrus reticulata) ve portagalin (Citrus sinensis) gabiglarinda flavonoidlerin mugayisali
keyfiyyat va kamiyyat baximindan giymatlendiriimasina hasr olunmusdur. Spektrofotometrik
analiz dord muxtalif reaktiv sistemi ile aparilmigdir: etanol, aliminium xlorid (AICl3), AICI; +
xlorid tursusu (HCI) ve natrium nitrit + AICIl; + natrium hidroksid (NaOH) ila. Muqgayisa
maqsadile kversetin, diosmetin, mirisetin, kempferol, hesperidin, izoramnetin, izokversetin vo
rutozid kimi flavonoid standartlari tahlil edilmigdir. AICI; va AICI; + HCI ile komplekslasma
naticesinde muvafiq olaraq batoxrom ve hipsoxrom yerdayismaleri misahide olunmusdur.
Migdari analiz naticasinde malum olmusdur ki, esas flavonoid hesperidin olmusg, onun an
yuksoak konsentrasiyasi portagal gabiginda (1.059%) ve mandarin gabiginda (0.3644%)
muayyan edilmigdir. Bu naticeloera esaslanaraq, flavonoidlerin miqdarinin daha daqiq
muayyan edilmasi ugln an ¢ox rast gelinan, bitkiya xas flavonoidin standart kimi istifade
olunmasi, umumiyyatls istifade edilan rutosid avazina tovsiya edilir. Bu is sitrus gabiglarinin
farmasevtik ve dietetik tatbigler tgln dayanigh antioksidant menbayi kimi potensialini
vurgulayir.

Acar sozler: flavonoidlar, spektrofotometrik analiz, flavonoidlerin miqdari teyini, sitrus
meyvalari

CPABHUTEJIbHOE KOJIMMECTBEHHOE OMNPEAENEHUE ®JIABOHOWOB B
KOXYPE LUMTPYCOBbIX METOAOM Y®-CINNEKTPO®POTOMETPUU

Mycmacdpaesa X.H., [xabuees 3., Pazumos T.0., [00xaeesa D.A.

Kaghedpa ghapmakoaHosuu, AzepbatidxaHcKkul MmeduuyuHCKUl yHueepcumem, baky

Pe3lome

[laHHOe wuccnegoBaHMe MNOCBSWEHO CPaBHUTESNIbHOWM KayYeCTBEHHOW W KONMYECTBEHHOM
oLeHke (bnaBoOHOMOOB B KOXYype LUMTPYCOBbIX nnogoB — mangapuHa (Citrus reticulata) w
anenbcunHa (Citrus sinensis), BblpalleHHbIX B JlsHKApaHCKOM pernoHe AsepbangkaHa.
CnekTpooTOMETPUYECKMI aHann3 NpoBOAUSICA C UCMOMb30BaHMEM YETbIPEX PasnUYHbIX
peakTUBHbIX CMCTeM: aTaHos, xnopug anomuumns (AICI;), AICI; + consaHas kucnota (HCI), u
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HuTpUT Hatpms + AICl; + rmmgpokeng Hatpma (NaOH). [Ona  cpaBHeHust Obinu
npoaHanM3npoBaHbl CTaHAapTHble naBoHOMAbl: KBEPUETUH, AWOCMETUH, MUPULIETUH,
Kemndpepon, recnepuavH, M30paMHETMH, M30KBepueTuH u pyTto3ua. [pu obpasoBaHum
komnnekcoe ¢ AICl; n AICI; + HCI Habnoganucb COOTBETCTBEHHO OaTOXPOMHbIE U
rTMNCOXpoMHble caBurk. KonuyecTBeHHble pes3ynbTaTbl Mokasanu, 4To npeobnagarowmm
dnasoHoOMAOM ObIn recnepyanH, ¢ HambonblMM COAEPXKAHMEM B KOXype anesfibcuHa
(1,059%) n maHpapuHa (0,3644%). Ha ocHoBaHWM MNOMYyYEHHbIX AaHHbLIX PEeKOMeHOyeTcs
ncnonb3oBatb npeobnagatowmmn, cneumdunyHbin onsa pacteHns ¢naBoHoua B KadecTBe
cTaHgapTa ans 6onee TOYHOro KONMMYECTBEHHOIO aHann3a BMECTO 0ObIYHO NMPUMEHSIEMOro
pyto3nga. Pabota nogvepkMBaeT NOTEHUMan KOXYypbl LMTPYCOBbIX KaK YCTOMYMBOro
NCTOYHMKA aHTUOKCUAAHTHbIX COeANHEHN ANsa hapmMaueBTUYECKOro U HYTPULEBTUYECKOrO
NPUMEHEHNS.

KniouyeBble cnoBa: ¢naBoHouabl, CNEKTPOPOTOMETPUYECKMA aHann3, KONUYeCTBEHHOEe
onpepgerneHve onaBoHONAOB, LNTPYCOBbIE.
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