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Abstract

The mandarin (C. unshiu) is widely distributed in Georgia. Natural juices and concentrates are mainly
made from this fruit. During processing, more than 60% of mandarin pomace (MP) is obtained as
production waste and released into the environment, causing harm to nature. However, waste is also a
source of functional ingredients, including important flavonoids that impact human health. In this study,
we examined the technological parameters of mandarin flavonoid pomace (PEF). An extractor model was
created and the influence of the mixing intensity of a mandarin pomace and extractant mixture (water and
calcium oxide) on the flavonoid extraction rate and yield was determined. Optimal extraction parameters
were found to be a speed of 500 rpm for 2 hours, increasing the yield by 12%. The quantitative content of
flavonoids was determined using a mixture of the extractant dimethyl sulfoxide (DMSO) and ethanol
(10:2) by the spectral method (286 nm). To assess the flavonoids qualitatively, a purification method was
developed using a mixture of 10% NaOH and 96% C,HsOH in a 1:1 ratio, followed by further processing
in the CO, zone. The quantitative content of hesperidin in the resulting preparation is greater than 90%.
Based on the research results, a rational technological scheme has been developed for enterprises producing
flavonoid extracts.

Keywords: industrial mandarin waste, UPLC-MS analysis, flavanoid extract pomace (FEP),
Hesperidin

LIntroduction

It is known that citrus fruits (Rutaceae), which include oranges, tangerines, limes, lemons, sour
oranges (Bigaradia), and grapefruits, contain many substances useful for the human body [1]. To
date, citrus fruits are distributed in 140 countries of the world, namely in both belts of the earth's
equator, covering the tropical and subtropical regions of the world between 35 ° south latitude and
35 ° north latitude. Most of the harvest and production is concentrated in the Southern Hemisphere
[2]. World cultivation of citrus fruits has grown significantly in recent years, and their annual
production has reached 110 million tons [3]. In Georgia, which is practically the extreme north of
citrus distribution, mandarin (C. Unshiu) is predominant. Its average annual yield is 100 thousand
tons.

Citrus fruits are characterized by flavonoid glycosides: hesperidin, naringin, neoheperidin.
Although more than 5000 flavonoids are known [10], only a limited number of them have been
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determined by their effect on the appearance, taste and nutritional value of the product. For
example, an excess of hespedin in citrus juice causes puffiness [11], and naringin causes a feeling of
bitterness [12].

In citrus juices, we have identified and quantified flavonoid compounds, in the core of which
the hydroxyl is located mainly in positions C-5 and C-7 [13].

Flavanones are characterized by a wide range of biological and pharmacological activity
(antioxidant, anticarcinogenic, anti-inflammatory), they play an important role in the prevention of
bone loss, cancer and atherosclerosis [6,7].

The high content of biologically valuable compounds in citrus residues has led to great interest
in waste valorization. Researchers use citrus waste in a variety of beneficial ways to minimize
environmental damage. Citrus residues are rich in phytochemicals [8]. Therefore, it is advisable to
use citrus residues for functional nutrition and food preparation [9].

To date, the most common and effective method for the study of phenolic compounds is the
HPLC method. In most cases, their detection and quantitative study is possible without prior
derivatization and concentration. Reverse phase chromatography is widely used to separate
flavonoids on C8 or C18 columns (using a gradient of polar solvent mixtures). Gradient
chromatography is also often used to separate flavonoids [14,15,16,17].

The main product of industrial processing of mandarin fruits in Georgia is juice and its
concentrate. Juice production wastes (peel, part of the pulp, seeds), despite the fact that they contain
a wide range of secondary components such as polyphenols, carotenoids, vitamins, dietary fiber,
etc., unfortunately, are thrown away and remain unused [2,3, 4, 5]. It should be noted that the
biologically active substances of mandarin grown in Georgia and the possibility of their use using
modern research methods have not been fully studied.

II. Materials and Methods

2.1. Reagents and Samples

Hesperedin (standard), Chemical reagents Acetonitrile, Formic acid, were purchased from
Sigma-Aldrich (Germany; Tbilisi, Georgia)

Mandarin extract - produced from raw mandarin fruits grown in Western Georgia, Unshiu
variety (Citrus unshiu L), harvest 2020-2021. The industrial technological process of juice
preparation provides for the selection and checking of fruits, washing, obtaining juice on a roller
press (the fruit is cut in half, held on a perforated surface), then the residue is additionally squeezed
out on a screw press. The juice preparation process was carried out on the technological line of the
Italian production "FENCQO". The production process was carried out at a citrus processing plant
(Sakrtvelo, Kobuleti), owned by Georgian Industrial Asset Management Group LLC. For research,
there has been used an extract, obtained from the press.

Preparation of FEP samples.

Pre-washed mandarin juice, crushed to particles 0.5-1.0 mm in size, was placed in an extractor
equipped with a weeder (rotation speed 50-1000 rpm) and a temperature controller (0-1000C),
drinking water was added (1 part of the juice and 2 parts of water), calcium oxide was added until
the pH of the mixture reached 11. The test mixture thus prepared was divided into four samples of
equal weight. Exposure of sample No. 1 (control) for 24 hours with periodic stirring (4-5 times); A
mixture of the remaining samples (No. 2, No. 3, No. 4) was loaded into the extractor, intensively
mixed at a speed of 355, 500 and 710 rpm, respectively; Samples were processed at a temperature of
+350C. In addition to the control, the test samples were processed for different durations at hourly
intervals from 1 to 5 hours. For all samples after the extraction process, the suspension was removed,
filtered and 20% hydrochloric acid was added until the pH value of the region was 5. The acidified
extract was kept at a temperature of +6-(+8) ° C for 24 hours until the flavonoid complex was
completely precipitated. At the end of the process, the supernatant was drained with a siphon, and
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the remaining mass was centrifuged at 3000 rpm at a temperature of +8°C. There has been formed a
pale precipitate, which was dried at 60-65°C and then crushed; dry PFE has been obtained.

2.2.Methods

Standard methods of analysis

Determination of dry matter - by thermogravimetric method (AOAC Official Method);
Quantitative determination of water-soluble dry substances - by means of a digital refractometer
(Carl Zeiss, Germany) (AOAC Official Method, 920.151 (37.1.12)(AOAC, 2000).

Determination of total titration acidity and pH value - on an automatic titrometer (Mettler-
Toledo AG, Analytical www.mt.com/education-line CH-8603 Schwerzenbach, Switzerland) 920.151
(37.1.12)(AOAC, 2000);

determination of carotenoids - by HPLC method-39);

determination of total pectin by carbazole - spectral method (26);

Quantitative determination of vitamin C - using the iodometric method of titration (AOAC
Official Method, 1999, Gaithersburg, MD, method 939.13 and 966.18)and HPLC (25);

Fiber - by AOAC method (AOAC, 2000);

Quantification of carbohydrates — by HPLC Method;

2.2.1. Hesperidin separation and identification of substances by Ultra High-Performance
Liquid Chromatography (UPLC)-PDAMS methods; (Waters, Ultra-high pressure liquid
chromatography system, Waters PDA Deteqtor, Acquity UPLC H-Class Core System, Acquity QDa
Single Quadupole Mass-Detector, USA) analysis by column BEN HSS, 1.7 um, Eluent Water+0.1 %
F.A. (A) and ACN+0.1% F.A. (B), (gradient 0 min-2% B; 0-3 min 25% B, 3-6 min 26% B, 6-10 min
35% B, 10-12.5min 99% B, 12.5-13min 99% B, 13-13.5 min 2% B, 13.5-15 min 2 % B), Flow 0.3 ml/min,
column tem. 40°C, MS scan 100-1200 da, Probe 600°C, Positive (ESI-MS)+ sb® negative (ESI-MS)-
, capillary 0.8 kV, CV -15.

Qualitative and quantitative study of vitamin C by high pressure liquid chromatography
method. Instrument - Waters Binary HPLC Pump 1525; Breeze 2489, detector - ultraviolet and
visible lights, column - C18 Bridge (150 mm x 4.8 mm), eluent - water: methanol (50:50), detection
at 270 nm (25).

Determination of carbohydrate by High performance liquid chromatography (HPLC RI) -
Waters (Waters HPLC Pump 1525), chromatographic column with amide (250 mm x 4.5 mm);
column temperature 40°C, eluent 80% acetonitrile detected by refractometry ( Waters RI detector
2414).

Quantification of hesperidin

For the quantitative determination of hespedin, we have used a spectrophotometric method.
The quantitative study is based on the determination of the optical density of flavanones, hesperidin
has been used as a standard sample. Flavonoids have been extracted with a mixture of ethyl alcohol
and dimethyl sulfoxide (DMSO) (10:2). Using this extractant, hesperidin was extracted from the
samples and spectrophotometry was performed at 286 nm [20].

An analytical sample of the raw material was crushed to a particle size passing through a 2 mm
sieve. A sample weighing about 1.0 g (exact weight) was placed in a 100 ml flask.

To build a calibration curve, we transferred 0.01 g of standard hesperidin into a 50 ml
volumetric flask, added 40 ml of a mixture of solvents, dissolved hesperidin by shaking, and filled
the flask to the mark.

The following volumes of the standard solution were transferred into flasks with a capacity of
25 ml: 0.6; 1.0; 1.4; 1.8; 2.2; 2.6; 3.0; 3.4; 3.8 ml, the flasks were filled to the mark with a mixture of
solvents, the concentration of hesperidin were: 0.48; 0.80, 1.12; 1296; 1.76; 2.08; 2.40; 2.72; 3.04*10-5
g/ml. An analytical solution was poured into the working cuvette, and a mixture of solvents was
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poured into the comparative cuvette. The calibration graph of standard solutions, built depending
on the optical density of the solutions (D) and the quantitative indicators of various concentrations
of hesperidin (C), had the form of a straight line.

The mass fraction of flavonoids in the studied extracts in terms of hesperidin has been
calculated by the following formula:

€*100%25%100

ax1x(100—-w) *100%;

where:

¢ - concentration of the analyzed solution, corresponding to the measured optical density on the
calibration curve - 105 g/ml.

a - mass of raw materials, g;

w - loss of raw materials during drying, %.

Qualitative assessment of FEP

The extraction of hesperidin from the flavonoid extract has been carried out according to the
following method: 5 g of the dry preparation was dissolved in an equal mixture of 10% sodium
alkali solution and 96% ethyl alcohol. Dissolution occured within 15 minutes with constant shaking.
It was then filtered under vacuum. The resulting filtrate was subjected to a flow of carbon dioxide
for 1.5 hours, whereby hesperidin was abundantly precipitated. It was then filtered under vacuum;
the precipitate remaining on the filter was first treated with a weak solution of hydrochloric acid
and then washed with hot water. The resulting hesperidin was a colorless microscopic needle.

Statistical Analysis — Standard error was calculated for each data using Excel software.
Confidence coefficient p < 0.05.

III. Results and discussion

Mandarin, like other citrus fruits, is characterized by a high biological value due to its special
chemical composition (21,22). Hesperidin has been found mainly in the peel of citrus fruits and is
considered to be the main functional component. Hesperidin dominates among the flavonones in
the peel of mandarin fruits (23), whit has also been confirmed by the results of our studies on the
example of mandarin grown in Georgia.

At the initial stage of the research, the main chemical parameters of the mandarin extract were
determined. The data obtained are shown in table No. 1:

Table 1: Physical-chemical parameters of mandarin residue

Ne The name of the indicator Method unit Result
1 Soluble dry matter (TSS) Refractometry % 5,3+0,12
2 dry substance, by drying by drying % 19,5+1,75
3 Titrate acidity in terms of citric acid titration % 0,26+0,14
(pHS8.1)
4 Vitamin C HPLC mg/% 38,80 +0,2
5 Quantitative determination of spectral % 2,24+0,4
flavonoids
total sugars, including: HPLC % 3,54+0,4
glucose HPLC % 1,65+1,05
6 fructose HPLC % 1, 73+0,34
Sucrose HPLC % 0,16+0,0015
Pectin substances, including;: spectral
total pectin spectral % 4,21+0,13
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7 Hydropectin spectral % 1,60+0,036
Protopectin spectral % 2,61+0,066
8 essential oils titration % 0,46+0,08
9 fiber weight method % 3,51+0,05
10 Quantitative determination of HPLC mg/% 17,8+0,20
carotins

Table 1 shows that MP is characterized by a high content of biologically active substances: total
flavonoids, carotenoids, vitamin C. MP contains much more antioxidant substances than pulp and juice.
Among them, flavonoids are of great importance.

The data of the experiment conducted in order to intensify the process of extracting flavonoids from MP
(acceleration of the process, increase in yield) are shown in Table 2:

Table 2: The influence of the intensity of stirring of the extractant on the rate and yield of flavonoids in the extractant
Duration of exposure, h

weed speed | control 1 | 7 3 | 4 | 5
RPM Total amount of flavonoids,%
355 2,16+0,07 3,41+0,12 4,47+0,17 4,48+0,13 4,4+0,15
500 392 70642008 | 4472015 | 4,470,17 448:0,14 | 4421017
710 2,59+0,07 4,48+0,16 4,48+0,18 4,46+0,17 4,39+0,18

The data of Table 2 show that in the control experiment - without the use of weeds, after the
end of the process, the maximum concentration of the flavonoid complex is 3.92% based on dry
weight. In the case of trial variants of the experiment, the maximum yield of flavonoids is 2.16-
4.48%, which is achieved with various combinations of time and speed. Although the extraction
yield at 710 rpm for 2 hours is high, foaming and disintegration of the crushed mandarin particles
are observed, which ultimately degrades the quality of the flavonoids and subsequent processing.
According to the results of the experiment, the speed of the weed was 500 rpm, and the time was 2
hours. The experiment shows that the use of an extractor equipped with a weed reduces the
extraction time of the flavonoid substance from 24 hours to 2 hours and at the same time increases
the yield by 12%. Based on the results of the research, a recommended technological scheme for the
industrial production of flavonoids from mandarin juice production waste has been developed.

Identification and quantification of hesperidin

The study of flavonoids using a mass spectrometer - Hesperidin MW 610 Da, m / z (M-H-)
609, a fragment of the hesperidin 301 aglycone was identified in the mandarin extract and the
preparation obtained from it, the results are presented on chromatograms (Fig. 1-4).

482



M. Ardzenadze, A. Kalandia, D. Chikovani, I. Kartsivadze,
M. Khakhutaishvili, R. Davitadze, E. Kamadadze

NEW TECHNOLOGY FOR OBTAINING FLAVONOIDS RT&A, Special Issue No. 9 (87),
FROM MANDARIN PROCESSING WASTE Volume 20, November 2025
-2.000e+005
: z
~1.000e+005 £
£0.000e+000 =
~200.00
— | 400.00
_ f i . L
i, L
1 800.00
P ~—— — |
— 11000.00

000 200 400  6.00
Minutes

Figure 1: Hesperidin in Mandarin Unshio residues UPLC-MS Chromatogram
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Figure 2: Hesperidin obtained from PFE by recrystallization (ethanol + 20% DMSO), UPLC-MS spectrum SIR 609.09
Da, absorption max 284.1 nm.
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Figure 3: Hesperidin obtained from PFE by recrystallization (NaOH+C2H50H) UPLC-MS chromatogram, in 3D
format, UPLC-MS spectrum SIR 609.09 Da
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Figure 4: UPLC-MS spectrum of standard hesperidin SIR 609.09 Da,absorption max 284.1 nm.
Substances were identified using standard compounds (Fig. 4.) and mass of substances

https://metlin.scripps.edu free database, as well as comparing the data of peer-reviewed literary
publications.
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To maximize the recovery of hesperidin, the samples have been eluted with different solvents,
but extraction with a DMSO solution is optimal. The content of recrystallized hesperidin from the
extract of unshiu flavonoids is 996 mg/g and with chromatographic extraction of 20% DMSO, a
lower content of impurities is observed, the quantitative index of hesperidin in the resulting
preparation is 90%.

Table 3: Quantitative content of hesperidin in mandarin and preparations derived from it

Sample name mg/g
Hesperidin Standard 1,000.0
Hesperidin obtained from PFE, (ethanol +20% DMSO) 983.0+39,32

Hesperidin obtained from PFE, (NaOH+C2HsOH) 996.0+39,84

The content of hesperidin in the mandarin peel is almost 1.5 times higher (0.750 mg/g) than in
the whole cake; (0.496 mg/g). Recrystallization of hesperidin from PFE is effectively possible with
NaOH+C2H50H and ethanol + 20% DMSO. The results obtained are almost identical and allow
them to be used for the recrystallization of hesperidin in an individual form from PFE.

IV. Conclusion

The chemical composition of oilcake, which remains during the processing of mandarin fruits
(C. Unshiu), common in Georgia, has been studied, and it was found that it contains biologically
active substances: flavonoids, carotenoids, vitamin C, pectin substances. The use of mandarin
pomace to obtain PFE with a high content of hesperidin has been substantiated theoretically and
experimentally. The kinetics of extraction of flavonoids and the factors, influencing it, have been
determined; the optimal conditions for extraction and mixing were determined. Flavonoid content,
hesperidin identification and quantitative content were determined by HPLC. Hesperidin was
found to be the dominant flavonoid. There has been developed the method for the qualitative
assessment of flavonoid extract, which makes it possible to achieve 90% hesperidin content in PFE.

Based on the results of the research, there has been developed a recommended rational
technological scheme for the industrial production of flavonoids (hesperidin) from mandarin
pomace, which ensures high yield and quality.
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