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Citrus is one of the important agricultural crops in Georgia, and agro-industrial wastes of tangerine
and orange juice concentrates and jams production present rich and promising sources of such
valuable bioactive compounds as essential oil, carotenes, natural flavanone hesperidin and pectin,
which could be applied by pharmaceutical and food industries. In the present research, two-step
ultrasound-assisted extraction method for simultaneous obtaining of four natural products (essential
oil containing D-limonene, pectin, hesperidin and beta-carotene) from citrus waste was developed
using the concept of sequential stepwise technique. Under optimal conditions, the percentage of D-
limonene in the extracted essential oil varies from 75% to 98%, the yield of pectin and hesperidin
varies from 15% to 50% and from 60% to 80%, respectively, the recovered content of beta-carotene
in the dried citrus waste materials varies from 25.6 pg/g to 29.9 ug/g for tangerine waste and 39.5ug/g
to 42.3ug/g for orange waste. Hence, the sequence of the developed stepwise ultrasound-assisted
extraction procedures is simple, effective, selective and low cost laboratory method which provides
high quality of target products and can be used to develop a standard technological process for
utilization of citrus wastes. © 2021 Bull. Georg. Natl. Acad. Sci.

Sequential extraction, citrus waste, ultrasound-assisted extraction

Citrus is the largest fruit crop in the world (100
million cubic tons per year). The important
varieties cultivated commercially are orange,
tangerine, lime, lemon and grapefruit. World
production of oranges is projected to grow to reach
77 million tons in 2023, tangerine 28 million tons
[1]. A high percentage of orange production (70 %)
is used to manufacture derivative products and

approximately 50-60 % of the processed fruit is
transformed into citrus waste (peel, seeds and
membrane residues). Annually, the citrus waste
created by processing industries is estimated to be
over 60 million tons worldwide. In order to prevent
problems related to the disposal of this product and
environmental concerns, this agricultural waste
must be properly processed [2].

© 2021 Bull. Georg. Natl. Acad. Sci.
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The agricultural waste is rich in sugars, fibers,
organic acids, amino acids and proteins, minerals,
essential oil (mainly D-limonene), lipids and large
amounts of polyphenolic compounds and vitamins
[3]. Citrus has been the most researched subject in
the category of fruit crops in the last hundred years.
In recent years, extraction techniques for the
chemical, food and pharmaceutical industries have
received a lot of attention because of the increase in
energy prices, carbon dioxide (CO>) emissions and
other environment-related problems. Furthermore,
tremendous growth in the production, processing
and consumption of citrus fruits has created many
challenges for researchers.

One of the most crucial topics in this regard is
the development of methods using modern
techniques to achieve the maximum recovery of the
valuable compounds and by-products at a low cost
[4]. In order to utilize citrus waste for industrial
purpose to obtain many valuable bioactive
compounds, it needs to cover the stable form. Citrus
by-products are sensitive to biochemical and
microbial degradations because of their high
amount of moisture (70-80 %). Moreover, the
bioactive compounds of citrus by-products could be
submitted to enzymatic oxidation at different steps
of processing. Citrus by-products stabilization is an
essential step to facilitate the further uses
(extractions of bioactive compounds for healthy
products formulation). Dehydration at appropriate
conditions, allows a decrease of moisture and water
activity of the product and the inhibition of both
oxidative enzymatic reaction and microorganisms
growth allowing prolonging the shelf life of the
product. Convective drying process is always used
for drying of agro-food and by-products. It is less
expensive than freeze-drying which is better
appropriated to products with high benefit. The
long exposition of the product to ambient
temperature during convective drying could induce
the degradation of thermo-sensitive compounds
and antioxidant capacities of the product [5].
Modern concept focuses on complete utilization of
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agricultural wastes, when the mass reduces by 80%
and use of eco-friendly separation technique
requiring standard equipment for industrial
application. Well-designed sequential extraction
makes available selective and quantitative
extraction of different valuable products, from one
waste material [6-8].

In the present research, a simple and effective
extraction procedure for valuable bioactive
compounds from waste of the citrus fruits was
developed using the concept of sequential stepwise
technique. It has been observed that design of
sequential stepwise extraction methodology
requires to conduct the following preliminary
studies: shelf life investigation and drying kinetics
of wastes; selection of valuable target compounds
available from agricultural wastes; selection of
suitable extraction method from the following
techniques - supercritical (SC) fluid - SC-CO;
(SFE), ultrasound-assisted (UAE), magnetic
stirring (MSE) and conventional extraction (CE);
determining the sequence of steps for extraction of
selected target compounds; selection of organic
solvents; optimization of operational conditions;
development and validation of simple, specific and
precise analytical methods for identification and
quantitative determination of extracted target
products; evaluating general feasibility for large-
scale production of these bioactive compounds and
demand of local market.

Recently, it has been proposed a sequence of
procedures for the extraction of target products
from the tangerine peel including steps of
extraction of essential oil by SC-CO,, acetone-
modified SC-CO, extraction of carotenes and
methanol-modified = SC-CO,  extraction  of
flavanones, culminating in the recovery of
hesperidin from extract and pectin from dry residue
[7]. The proposed method provided high yields of
target products, but for a number of small and
medium-sized enterprises (SMESs) it turned out to
be too difficult due to the use of sequential SC-CO,
extraction method for large-scale production.



52

Mzia Tsitsagi, Imeda Rubashvili, Mariam Chkhaidze...

The present paper discribes an alternative,
simple, low cost, sequantial stepwise extraction
method for extraction of four valuable bioactive
compounds — essential oil mostly composed
of D-limonene ((4R)-1-methyl-4-prop-1-en-2-
ylcyclohexene, CigHig), pectin, hesperidin and
carotene pigment as beta-carotene from citrus
waste. The developed method provides receiving
more than one target product from one waste
material.

Materials and Methods

The Test samples for extraction were tangerine and
orange processing wastes as citrus waste.
Tangerine waste material was provided by local
juice manufacturer and orange waste material was
obtained from fruit juice machine in laboratory
conditions. The plant raw material was dried under
the  controlled  environmental conditions
(temperature - 30-40°C and relative humidity - 30-
60 %) and protected from direct sunlight during 14
days.

The analytical standards of hesperidin
((2S)-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-
7-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-
methyloxan-2-yl]Joxymethyl]oxan-2-yl]oxy-2,3-
dihydrochromen-4-one, CzH34015), galacturonic
acid ((2S,3R,4S,5R,6R)-3,4,5,6-tetrahydroxyoxane
-2-carboxylic acid, CgH1007) and beta-carotene
(1,3,3-trimethyl-2-
[(1E,3E,5E,7E,9E,11E,13E,15E,17E)-3,7,12,16-
tetramethyl-18-(2,6,6-trimethylcyclohexen-1-yl)
octadeca-1,3,5,7,9,11,13,15,17-
nonaenyl]cyclohexene, CaiHss) were purchased
from Sigma-Aldrich (Germany), as well as the
HPLC/GC grade acetonitrile, methanol, ethanol,
acetone, ethyl acetate, dimethyl formamide,
dimethyl sulfoxide, 1,2-dichloromethane, n-
hexane, chloroform and the analytical grade
anhydrous sodium sulfate, acetic acid, hydrochloric
acid, formic acid, acetic acid, sodium salt of
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ethylene diamine tetra acetic acid (EDTA),
pectinase and phosphoric acid.

Water distillation was selected for extraction of
essential oil from citrus waste. In order to isolate
essential oil a sufficient quantity of water was
added to plant material and brought to boil. The
main characteristic of water distillation is that there
is direct contact between boiling water and plant
material, which makes a possibility of extraction of
pectin. Citric acid was added for maintaining
pH=1.5+0.1. Ethanol extraction procedure was
used for the recovery of hesperidin and beta-
carotene. Chloroform was used for separation of
beta-carotene from hesperidin.

Dean Stark apparatus was used for
simultaneous extraction of pectin and essential oil
from citrus waste. 20g of the dried and powdered
citrus waste was weighed and placed in round-
bottom flask, added 200mL of distilled water.
Citric acid was added for maintaining pH=1.5+0.1.
The obtained mixture was heated to boiling point.
The extraction was carried out during 1 h from the
first drop of distillate until the amount of essential
oil stabilized. Essential oil was separated from
water layer, dried over anhydrous sodium sulfate,
filtered by 0.45um membrane filter and stored in a
refrigerator (2-8°C) for gas chromatography-mass
spectrometry (GC-MS) analysis [7]. The obtained
residue was dried and stored for further use. The hot
acid extract was filtered through muslin cloth. The
filtrate was cooled to the room temperature. Pectin-
containing aqueous extract was coagulated by using
an equal volume of ethanol at 4°C and was left for
1 h. The precipitate was recovered through
centrifugation (4000 rpm for 15 min) and filtration,
and then washed with 55 % and again with 70 %
ethanol [7]. Finally, the dried and purified pectin
was ground and kept for further analysis to
determine  total  pectin  using  UV-Vis
spectrophotometry (at wavelength 520nm) [8].
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The solid residue remained after the first step of
extraction was dried, grounded again, weighed and
immersed in beaker. Ethanol was added as
extraction solvent for hesperidin and beta-carotene
with a solid-liquid ratio of 1:10. Ultrasonic bath
extraction was carried out with 20 kHz ultrasonic
power, for 30 min at 30°C. Then the obtained
mixture was filtered and concentrated. Syrup
residue was diluted with a cold 6% acetic acid and
allowed to stand for 6 h in order to crystallize. The
precipitate was filtered through Buchner funnel and
washed with chloroform. The crude hesperidin was
heated with water at 70°C for 45 min., then filtered,
dried and added again to chloroform. The white
crystalline hesperidin was filtered through a
Buchner funnel and dried. Melting point of the
obtained purified hesperidin was 248-249°C; this
result was complied with the value of the melting
point of hesperidin analytical standard. The
obtained pure hesperidin was identified by thin-
layer chromatography (TLC) analysis using
aluminum-backed silica gel 60 Fzs4 plate (Sigma-
Aldrich, Germany) with methanol/chloroform as
mobile phase (Ry=0.72). The quantitative
determination of hesperidin was carried out by high
performance liquid chromatography (HPLC) with
the validated analytical method. Beta-carotene
containing filtrate was evaporated under reduced
pressure and the obtained dried residue was
analyzed using HPLC with the validated method
[9]. The chromatographic analysis was performed
using LC-20AD Prominence Shimadzu HPLC
system (Japan) and GC-MS 790B1/5977A system
(AG Technologies, USA) on the following
columns: Agilent SB-C18 (4.6x250 mm, 5um) and
HP-5 (30mx0.32mmx0.25um), respectively.

The sequence of extraction procedures is
illustrated in the scheme.

Results and Discussion

According to results of the GC-MS analysis carried
out for determination of the composition of the
extracted essential oil, D-limonene is a dominant
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contributor (75-98 %). The yield of essential oil
obtained from orange waste was 0.7-1.7 %, in case
of tangerine waste the percentage was 0.5-2.5 %.
The composition and the yield of essential oil
depend on the maturity of citrus.

Drying and grinding of citrus waste/sample
preparation for extraction

{

Step I - Combined recovery of essential oil
and pectin/water distillation

fication of ﬂ L oil and - GC-MS/UV-Vis
Purification of essential oil and pectin b spectrophotometric

ﬂ analysis

Step II — Ultrasound-assisted extraction of
hesperidin and beta-carotene

{

Separation and purification of hesperidin
and beta-carotene

HPLC/TLC analysis

Scheme. Sequential stepwise extraction.

The vyield of pectin was varied from 15% to
50%, significantly depended on the type of citrus
waste. The content of pectin was determined by
external standard method of quantification using
the analytical standard of galacturonic acid.

The recovered contents of beta-carotene in the
dried citrus waste materials varied from 25.6 ug/g
to 29.9 ug/g for tangerine waste and from 39.5 ug/g
to 42.3ug/g for orange waste. The percentage of
beta-carotene in the dried powder varied from 75 to
89%.

The yield of hesperidin varied from 60% to 80%
depended on the citrus waste material.

Conclusion

The most widely used method of utilization of agro-
industrial wastes is dedicated to the recovery of
only one valuable product from one waste material.
However, this approach is not effective, because it
cannot provide the waste minimization and value
adding to the agro-industrial waste. Extraction of
more than one valuable bioactive compound can
significantly reduce volume and mass of waste
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material. Unlike SF extraction, the polarity of
organic solvents decreases in sequential extraction
of essential oil, pectin, hesperidin and beta-
carotene. Compared to sequential SF extraction of
citrus waste, proposed method is simple in
manipulation, selective, low cost and makes
possible to extract simultaneously four different
valuable compounds in two main steps from one
waste material. Disadvantage of this method is the
lower yield of beta-carotene in comparison with
sequential SF-CO, extraction method, because of
partial thermal degradation of carotene pigment due
to relatively high temperature of essential oil
hydro-distillation / pectin extraction step. Method
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is reproducible and convenient for large-scale
replication [7].

Hence, the sequence of the developed stepwise
ultrasound-assisted extraction procedures of four
bioactive compounds from citrus waste material is
simple, effective, selective and low cost laboratory
method combined with the quality control UV-VIS
spectrophotometric, HPLC and GC-MS quanti-
tative validated analytical procedures, which
provides high quality of target products and can be
used to develop a standard technological process
for utilization of citrus wastes.
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(Fom0m©agb00s 53509300L 93¢0 3. 30308300l Bog®)

Lsgos®anggemmdo 30@Hngdo 3603369emmgzsb0 bolimgymm-lsdguy®bgm 39w Ew®ss s 9sbsto-
Bols s gmOmmbEol §i3gbgdols s xgdgdol Fobdmgdols s3MmmobrlE®mommo Bs@Bgbgdo
0lgmo oMo BOMEMYOMMSE 3dB0MMO Bo3mMogMHgdIdoL doEst s 39ML3gdEowe Fys-
Ol Fo®mIMsagbl, Mmam™moEss gmghbgmo, JshmEobgdo, dbgdmogzo REsgsbmbgdo — 3gldy-
6oobo s 39d@Hobo, MMAgdog Bglisdegdgumos a53mygbgdryem 0dbgl Bs®IsEg3G MO ©s
1533900 36OH™©YIEHJOoL FoMdmgdsdo. §obsdgdatyg 33¢g30L BOMYEYdTo ™630dg3MvIEo
Loggbm®gdmogo gdbogol 3mbignaool LogmdzgmByg 993m3sggduyeos o@®MmMLgdols bomBgby-
30036 MOLIBILMMH0BO MEEHMBYgHoMmo gJiBMod3ool Ggommmo gHhmOMmMEs© 4 dbgddhogo
360 Eob (D-godmbgbol 89933g¢ro goghbgomo, 3gd@obo, 3gb3gmoobo s Bg@E)s-35GmEobo)
Jobsmgds. Mm3GHodserc 3oMmmdgddo 9JuEMs3oMhgdme gmghbgmdo D-grodmbgbols 3Gmagb-
Ao 399339e0mds 8gMygmdls 75%-qsb 98%-3¢0y, 39d@Eobols s 3gl3gMoobols godmlisgeros-
Bmds 89500296l Bglssdsdobs 15%-qsb 50%-0¢g s 60%-¢sb 80%-0¢0g; s©agboemo dgdE)s-3sGm-
obol 990339 ds 30GGLOL Bs®Pybgdol 8Msn dsbisdo Tgiygmdls 25,6 039/4-56 29,9 93y/y-
9009 3560060l Bo®Pgbols 98mbggzsto, bmem 39,5 333/4-00s6 42,3 332/3-009 BMMMbEOl
09900bggg9d0. 53M0Ys®, 096003©I3Mmmo LsBIbMGIIMOZ30 MEGMIdYIHoMO 9JuBMogE00lL

0999953909600 301 39IMHIOOL JOHMNMIoMBS FoMTmsmagbl Js®@og, 989JGIM, Ly G ©s
QOBONRGEH03D EsdMOEHMGOME dgmmEl, Hmdgeog Ggbsdmgdemdsl 0dgrggzs Jomgdwmem
0gbgl dsmsgmo bamolbolb LsdoBby 6ogmogMgdgdo s 89dmdszgl LEBIHEHwMO Fgdbemerm-
309900 3OHmEgLo FoGMMLYdOL bs®Bybrdol »EHOEoDBIgool dobboo.
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