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ARTICLE INFO ABSTRACT

Handling Editor: Professor Aigian Ye Green techniques to extract natural pigments are gaining prominence among consumers and food industries. This
trend is predominantly due to the harmful effects imparted by commonly used synthetic dyes and the unwar-
ranted stress created on our ecosystem. The objectives of this study were to obtain natural pigments (anthocy-
anins and chlorophyll) from Estonian-gown European green and red gooseberries by ultrasonic-assisted citric
acid-mediated extraction method and perform antioxidant profiling (quantification via HPLC analysis). Green
gooseberry extracts showed lower content of targeted compounds, with low concentrations of rutin (0.7-1.2 mg/
L) and quercetin 3-glucoside (0.9-1.3 mg/L), while in the red gooseberry extracts, the amount was slightly higher
(1.4-6.9 and 1.0-1.3 mg/L, respectively) with 0.6-6.8 mg/L cyanidin 3-glucoside and 0.32-0.35 mg/L peonidin
3 glucoside recorded. Further, the yield of anthocyanins ranged between 1.14-1.79 and 1.86-3.63 mg/100 g in
green and red gooseberries, respectively. Total phenols ranged between 162-392 and 263-987 mg GAE/100 g in
green and red gooseberry extracts, respectively. The DPPH free radicals scavenging activity showed 73-86% and
87-91% inhibition in both green and red gooseberry, respectively. Results showed significant improvements in
pigment extraction with higher values obtained for targeted antioxidant compounds using conventional and UAE
extraction (aqueous extract), thus confirming that green extractions are a reliable technique to obtain pigments
of interest from natural sources. The results support consumers’ demand and open up the avenue to explore
pigments as natural colourants in food and cosmetics applications.
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1. Introduction carcinogenicity, reproductive toxicity, acute and chronic toxicity etc

(Amchova et al., 2015). Tartrazine, Carmoisine, Sunset yellow and

The term ‘food pigment’ is extensively used to delineate a coloured
substance added to food products as an additive to prevent colour loss
during food processing as well as during storage. The aesthetic value of a
food product depends on its colour, which is linked to visual appeal
(Sharmila et al., 2019; Miranda et al., 2021). Food colourants can be
categorized as synthetic dyes and natural pigments. Artificial/synthetic
dyes are mainly produced from chemicals (petroleum-based chemicals),
which are extensively used in food, cosmetics and pharma industries,
but their application is restricted due to its potentially harmful effects on
human health and on the environment (Sharma and Bhat, 2021). In
developed and industrialized countries, permission to use synthetic
colorants in the food industry is subject to strict legislation and a variety
of toxicity tests such as immune effects, accumulation in the body,
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Erythrosine are some the examples of synthetic food colorants used in
food industry (Bachalla, 2016). Synthetic food colorants are linked with
numerous health related adverse effects. Intake of food color additives
has reportedly been linked to harmful effects on the liver and, kidneys
(Sadar et al., 2017). Consumption of synthetic food colorants lead to
reduce the amount of high density lipoprotein cholesterol (HDL-C), su-
peroxide dismutase (SoD), glutathione secretion (GSH), and plasma
immune system. On the other hand, it can also cause a significant in-
crease in total cholesterol (LDL-C), blood glucose, lipid peroxidase and
plasma urea (Dafallah et al., 2015).

Apart from their harmful effects, artificial dyes are also sensitive to
pH, light and temperature (Roriz et al., 2017). At present, natural pig-
ments and dyes are highly looked for by the food industries and
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consumers since they are environmentally friendly and can easily
replace or overcome the drawbacks of synthetic dyes (Gengatharan
et al, 2015). Therefore, the shift from chemical origin dyes to
plant-based natural pigments is significant for both human health as
well as good for the environment (Sharma et al., 2022). Natural pig-
ments including anthocyanins, betalains, and carotenoids are also
widely used as colouring agents in the food industries (Sharmila et al.,
2019). Fruits and vegetables can be vital source of natural pigments and
antioxidants. In general, berries contain high amounts of antioxidants
among all other plant based produce. For example, extracts obtained
from berries have demonstrated the best antioxidant activities among a
total of 92 phenolic extracts obtained from various edible plants such as
fruits, berries and vegetables (Kahkonen et al., 1999; Chiang et al.,
2013). Generally, anthocyanins are regarded as the leading and major
group of water-soluble pigments in nature, and are accountable for the
red, blue, purple and orange colours of numerous fruits and vegetables
(He and Giusti, 2010; Fang, 2015). They primarily occur as
acyl-glycosides or glycosides of their individual aglycone anthocyani-
dins. The main sources of anthocyanins are blueberries, black currants,
strawberries, raspberries, cherries and purple grapes (Khoo et al., 2017).
Furthermore, a wide range of antioxidant compounds are present in
berries including anthocyanins, flavanols (catechins, quercetin), pro-
cyanidins, and phytoalexins. Many studies have been undertaken on
berry antioxidants, however on gooseberries and their subtypes have
gained least research attention (Chiang et al., 2013; Duda-Chodak and
Tarko, 2007). Gooseberry is a tiny shrub (genus Ribes L.; Saxifragaceae
family), which is extensively cultivated in Europe (Gentili et al., 2015).
Studies have reported p-coumaric acid, isorhamnetin glycoside, quer-
cetin and kaempferol to be the main antioxidant components found in
gooseberry (Hakkinen et al., 1999a, 1999b; Maatta-Riihinen et al.,
2004).

Extraction of pigments is usually performed by using solvents pos-
sessing similar polarity to the materials to be extracted. Hence, polar
solvents can be used for the extraction of anthocyanin pigments (Mah-
davi et al., 2016). In the course of a green extraction procedure, citric
acid can be used to extract pigments from plant materials in combination
with novel green extraction techniques such as UAE or MAE etc. Despite
being a weak organic acid, metal ions found in plant tissues can be
chelated by citric acid. Many pigments, including carotenoids and
chlorophylls, are naturally linked to metal ions. When these
metal-pigment matrices are broken down with the help of citric acid, the
pigments can be extracted more easily (Novais et al., 2022). The pH of
the extraction media can be changed using citric acid. Moreover, the
stability and solubility of pigments can be significantly influenced by the
pH of the extraction solution. In this regard, citric acid can regulate pH
to provide conditions that are more favourable for the release and
preservation of pigments (Zhang et al., 2023). In order to facilitate the
release of pigments that are bound inside the plant cells, citric acid can
facilitate the break-down of cell walls and membranes. This alteration of
cell structure can improve the effectiveness of pigment extraction (Panic
et al., 2019). Furthermore, being an antioxidant, the addition of citric
acid in the extraction process can also help to protect pigments from
oxidation-related deterioration. This may result in increased pigment
yields and improved colour retention (Ngamwonglumlert et al., 2017).

Various conventional and non-conventional extraction methods are
used for the extraction of anthocyanins and other natural pigments from
plant-based raw materials. The selection of the extraction process is
mainly based on the shelf life and stability of the compounds. In some
cases, prior to applying the extraction methods, it is important to remove
other compounds such as protein, lipids and contaminants from the
sample matrix that may obstruct the extraction of anthocyanins and
other natural pigments (Tan et al., 2022). Decoction, maceration,
soaking, percolation and Soxhlet extraction are some examples of con-
ventional extraction methods, which are currently used in natural dye
industries because these extraction methods have low costs of instru-
mentation and maintenance (Goti and Dasgupta, 2023). However,
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despite their wide usage, these conventional extraction methods also
have some limitations such as high energy consumption, use of harmful
and expensive organic solvents, use of huge volumes of solvents, lower
yield, use of high temperature and long extraction time, which all can
deteriorate antioxidants and other compounds of interest (Belwal et al.,
2018). Hence, novel green extraction methods such as high-pressure
extraction, supercritical fluid extraction, pulsed electric field extrac-
tion, ultra-sonication and microwave-assisted extraction techniques are
preferred over conventional extraction methods (Wani et al., 2021).
Some of the green extraction techniques may require higher initial
equipment costs as compared to conventional extraction techniques;
however, these methods have advantages in terms of lower energy re-
quirements, lower solvent usage, and possibly safer and more sustain-
able practices (Chemat et al., 2019). In addition, the cost-effectiveness
and objectives of the extraction process will determine how
cost-effective a certain extraction method actually is. For instance,
solvent-based conventional extraction techniques often need costly
equipment and procurement and disposal of solvents can be expensive.
Within this background, the current study was designed to extract,
investigate and characterize anthocyanins and other antioxidant com-
pounds in Estonian-origin, European type of red and green gooseberries.
A citric acid-mediated green extraction in combination with ultrasonic-
assisted extraction was employed for the anthocyanins extraction.

2. Material and methods
2.1. Chemicals and reagents

Folin-Ciocalteau reagent, Gallic acid, and 2,2-Diphenyl-1-picrylhy-
drazyl (DPPH) were procured from Sigma Aldrich. Citric acid, for
green extraction, was purchased from Fischer Scientific, Leicestershire
(UK), and ethanol for conventional extraction was procured from Merck
(Darmstadt. Germany). All the solvents and reagents used for this study
were of analytical grade.

2.1.1. HPLC materials and reagents

All HPLC-grade organic reagents, solvents, and reference standard
materials were obtained from commercial suppliers: acetonitrile (Fisher
Chemical), formic acid (Honeywell, Fluka), caffeic acid (Acros Or-
ganics), daidzin (Acros Organics), quercetin 3-glucoside (PhytoLab),
procyanidin B1 (PhytoLab), procyanidin B2 (PhytoLab), malvidin 3-
galactoside chloride (PhytoLab), malvidin 3-glucoside chloride (Phyto-
Lab), petunidin 3-glucoside chloride (PhytoLab), peonidin 3-glucoside
chloride (PhytoLab), delphinidin 3-galactoside chloride (PhytoLab),
delphinidin 3-glucoside chloride (PhytoLab), hyperoside (MCE), cyani-
din 3-galactoside chloride (PhytoLab), cyanidin 3-glucoside chloride
(PhytoLab), cyanidin 3-arabinoside chloride (PhytoLab), myricetin
(Sigma-Aldrich), rutin trihydrate (Sigma-Aldrich), (+)-catechin hydrate
(Cayman Chemical Company), chlorogenic acid (MP Biomedicals),
astragalin (MedChemExpress), phlorizin hydrate (Tokyo Chemical In-
dustry), L-epicatechin (BLDpharm), 2,4-dihydroxybenzoic acid
(BLDpharm).

2.2. Sample preparation

Ripened and matured gooseberries (red and green) were purchased
from the local fresh fruit and vegetable market in Tartu, Estonia. Berries
were washed with clean potable water and frozen prior to freeze-drying.
Freeze-dried samples were ground to attain a homogeneous fine powder.
The ground samples in powder form were vacuum packed and kept at
—20 °C to protect them from oxidation and light, until analysis.

2.2.1. Sample preparation for determination of anthocyanins and
antioxidants

The extracts were filtered through an RC 0.45 pm membrane syringe
filter. The sample extracts were diluted twice with water pH 1.5,



S. Hussain et al.

adjusted with citric acid.

2.3. Anthocyanin extraction

2.3.1. Conventional extraction

Freeze-dried ground gooseberries samples were mixed with extrac-
tion solvents, water and ethanol (75%). The extraction was facilitated
with continuous shaking for 10, 20 and 30 min. The obtained extracts
were filtered and centrifuged at 3000xg at 4 °C for 20 min using a
refrigerated centrifuge (Nuve NF 800 R, Turkey).

2.3.2. Citric acid mediated UAE-assisted extraction

The citric acid-mediated ultrasound-assisted extraction (CA-UAE)
was carried out in an ultrasonic device (Digital Sonifier® S450 CE,
Branson Ultrasonics Co., Danburry, USA) as a green extraction method.
The accurately weighed (5 g) ground samples of gooseberries were
mixed with extraction solvents: water and ethanol (sample to solvent
ratio of 1:10). The sample mixture was then kept in an ultrasonic
chamber and run at an amplitude of 40% for 10, 20 and 30 min. The
temperature was controlled and maintained under 30 °C by using
condensation accessories connected to the ultrasonic extractor. After
CA-UAE, all the samples were centrifuged (at 3000xg for 20 min),
filtered and stored (at —20 °C) for further analysis. In this study, we used
citric acid (concentration 0.3%) to adjust to pH 2.5 for stabilizing (to
prevent degradation of anthocyanins as the structure of anthocyanins is
more stable at low pH) the anthocyanins and facilitate better extraction.
The experimental design for the extraction of anthocyanins is elucidated
in Table 1.

2.4. Anthocyanin determination

The anthocyanin content was investigated using the pH-differential
method of Giusti and Wrolstad (2001). Briefly, 0.5 mL of sample was
assorted with 9.5 mL each of potassium chloride (KCl) buffer (pH 1.0)
and sodium acetate (CoH3NaOs) buffer (pH 4.5). After mixing, it is
incubated at room temperature (in dark) for 20 min. The absorbance
values were taken at 520 and 700 nm. Then the anthocyanins content
was calculated according to Eq. (2):

Anthocyanin content (%) =

[(A520 — A700),5,,, — [(A520 — A700)pH4_5]xVxan/8xmxb> @
where V, n, M, ¢, m, and b represent the volume, dilution factor, molar

Table 1
Experimental design for the extraction of anthocyanins from green and red
gooseberries.

Samples Extract Extraction time (min.)

Green and Red gooseberries E-CE 10
20
30

E-UAE 10
20
30

W-CE 10
20
30

W-UAE 10
20
30

E-CE, Conventional extraction with ethanol; E-UAE, Ultrasound-assisted
extraction with ethanol; W-CE, Conventional extraction with water; W-UAE,
Ultrasound-assisted extraction with water. All the treatments were extracted at
pH 1.5 adjusted using citric acid.
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mass (449.2 g/mol), molar absorptivity (26,900 L/mol-cm), dry weight,
and cuvette thickness (1 cm), respectively.

2.5. Chlorophyll estimation

Chlorophyll content was estimated using the method provided by
Minguez-Mosquera, et al. (1991). Briefly, 3 g of accurately weighed
sample was dissolved in the cyclohexane. Final volume of 10 mL was
made. Chlorophyll content was calculated from the absorption value of
the green gooseberry sample solution at 670 nm and specific coefficient
for pheophytin a, Eo = 613 using Eq. (3):

C = (Ag0x10°%) /(613 x 100 x d) 3)

2.6. Total phenolic content (TPC) assay

Total phenolics of the samples were investigated by using the stan-
dard method (Singleton and Rossi, 1965; Dudonne et al., 2009) with
slight modifications. A standard curve of gallic acid was plotted at
different concentrations (10-100 pg/mL) to obtain the regression
equation. According to the methodology, 400 pL of gallic acid (different
concentration for standard curve) were assorted with 2 mL of
Folin-Ciocalteu reagent (freshly prepared, 0.2 N). After mixing, 1.6 mL
of 7.5% (w/v) sodium carbonate (NayCO3) solution was added and
vortexed for 2 min. The samples and standards were incubated in dark
for 2 h at room temperature. Absorbance was recorded at 765 nm using
spectrophotometer. All the analyses of samples and standards were done
in triplicate and the TPC was denoted as mg GAE (Gallic acid equiva-
lent)/100 g of the extracts using regression equation (R = 0.9937)
attained from standard curve.

2.7. DPPH radical scavenging activity determination

The DPPH' radical scavenging activity of green and red gooseberry
extracts was determined spectrophotometrically by following the
method of Brand-Williams et al. (1995) as described by Veldzquez et al.
(2003) with minor changes. In brief, an aliquot (40 pL) of properly
diluted extracts was assorted with 200 pL DPPH solution (0.02 mg/mL).
Samples were then kept for 15 min at room temperature followed by
absorbance measurement at 517 nm. The radical scavenging activity is
expressed in mg equivalent Trolox per g of sample (mg Trolox
equivalent/g).

2.8. HPLC analysis of targeted compounds

HPLC-UV-MS analysis was performed on Agilent 1200 Series System,
consisting of G1322A degasser, G1311A quaternary pump, G1329A
autosampler, G1316A thermostated column compartment, G1365B
multiple wavelength detector (MWD) and G6125B single quadrupole
mass detector (MSD, mass accuracy £ 0.13 Da). Macherey-Nagel
Nucleoshell RP18 column (150 x 3.0 mm, 2.7 pm) was employed for
the separation of analytes.

Sample preparation was carried out using Radwag MYA 11.4Y mi-
crobalances (accuracy 0.006 mg) and calibrated automatic pipettes of
20-200 pL and 100-1000 pL. The extracts were filtered through an RC
0.45 pm membrane syringe filter.

2.8.1. HPLC-MWD-MS method

Elution conditions were developed by optimization of the described
HPLC-DAD method (Anastasiadi et al., 2016). The samples were ana-
lysed on Macherey-Nagel Nucleoshell RP18 column (150 x 3.0 mm, 2.7
pm) using eluents A — 3% formic acid and B — acetonitrile in a 42-min
gradient from A:B 95:5 (v/v) to A:B 10:90 (v/v). The flow rate was set
at 0.5 mL/min, column temperature at 30 °C, and injection volume at 10
pL. The analytes were followed at 260 nm, 280 nm, 320 nm, 360 nm and
520 nm. Additional peak identification was carried out by ESI-MS in
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scan mode with typical spray chamber settings, positive polarity, frag-
mentor voltage of 100 V and m/z 100-2000 mass range. The peaks were
identified based on their retention time, specific UV-Vis absorption and
MS signal.

2.8.2. Quantification of anthocyanins and antioxidants

Anthocyanins and other targeted antioxidant compounds were
quantified via calibration graphs. For calibration, a sequence of refer-
ence standard solutions of known concentrations were analysed, and
corresponding peak areas were plotted against analyte concentration
with intercept of linear regression line set at 0. The content of each
analyte, X; (mg/L) was determined using Eq. (1):

_S; e f 01000

X
ki

@
where S; — peak area of the analyte on the chromatogram of test solution,
mAUes;

k; — corresponding calibration curve slope (y = kx, intercept set at 0);

f; — dilution factor.

All samples were analysed in replicates (n = 3) and the results ob-
tained presented as mg/L in the liquid extract.

2.8.3. Calibration solutions

Stock solution of reference standard mixture: 0.02-0.5 mg/ml indi-
vidual reference standard in water: methanol mixture (pH 1.5, adjusted
with citric acid). Calibration solutions in the range of concentrations of
0.00009-0.5 mg/ml were prepared by subsequent dilution of the stock
solution. The calibration was performed for 2 independent parallels of
solution series.

2.9. Colour measurement

The colour pattern of anthocyanin extracts was measured by the
method described by Sharma et al. (2022). The L*, a* and b* values
were taken by using the X-Rite spectrophotometer (Grands Rapids, M,
USA) and the variation in colour values (L*, a* b* and AE*) were
calculated with respect to their solvents medium of each. The L*, a* and
b* values are meant for lightness, greenness to redness, and blueness to
yellowness, respectively. All colour measurements were recorded in
triplicates. The colour difference was calculated using the following Eq.
(4) (previously suggested by a study conducted by Pauli, 1976).

AE = /AL? + Aa* + Ab™ @
2.10. Statistical analysis

All samples were analysed in replicates (n = 3) and results obtained
are presented as mean + standard deviation (SD). The results were
statistically analysed by Multivariate Analysis of Variance (M-ANOVA)
with Duncan’s multiple range post-hoc test (P < 0.05) using IBM® SPSS®
(Statistics version 22.0).

3. Results and discussions

Green techniques such as ultrasonic-assisted extraction coupled with
citric acid-mediated extraction were used for estimation of antioxidant
activity/compounds (TPC and DPPH'), and colour attributes of Euro-
pean green and red gooseberries grown in Estonia. These techniques
were further synergized with conventional extraction method (CE; with
ethanol and water) for extracting anthocyanins and for estimation of
chlorophyll, antioxidants and for evaluating the colour properties. Re-
sults obtained for each studied parameter are discussed in the text
below.
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3.1. Anthocyanins

Table 2 shows the results of anthocyanin content in green and red
gooseberry extracts obtained by conventional and UAE extraction
methods. Accordingly, significant (P < 0.05) differences in the content
of anthocyanin were observed, since these colorants are accountable for
red and blue colour in the fruits. Conventional extraction with ethanol
(E-CE-20) showed the highest anthocyanin content (3.63 mg/100 g) in
red gooseberries, while the least content of anthocyanin (1.14 mg/100
g) was observed in green gooseberry extract (E-UAE-20). Maximum
extraction yield of anthocyanin content was observed in E-CE in both
green and red gooseberries.

Significant differences (P < 0.05) were observed in green and red
gooseberries anthocyanin content obtained from conventional and UAE
extraction with water and ethanol. Anthocyanin content in red goose-
berries ranged from 3.36 to 3.63 mg/100 g of E-CE, 1.86-2.48 mg/100 g
of E-UAE, 2.26 to 2.56 mg/100 g of W-CE and 2.32 to 2.44 mg/100 g of
W-UAE. A similar trend was also recorded for the anthocyanin content of
green gooseberries, where anthocyanin content was ranging from 1.66
to 1.79 mg/100 g of E-CE, 1.14 to 1.67 mg/100 g of E-UAE, 1.16 to 1.56
mg/100 g of W-CE and 1.31 to 1.44 mg/100 g of W-UAE.

Comparable results of anthocyanin content have been reported by
previous researchers, both in green and red gooseberries (Ribes glossu-
laria) (Pantelidis et al., 2007), however they reported higher content of
anthocyanin in red gooseberry. Maatta-Riihinen et al. (2004) studied 18
Scandinavian berry species for their phenolic and anthocyanin content,
however in their study anthocyanins were not detected in both green
and red gooseberry. The difference in content of anthocyanin maybe due
to different cultivar being investigated. UAE method has capability of
enhancing the extraction of anthocyanins to a specific level when it is
compared to solvent extraction method. On the other hand, mechanical
effects and the cavitation generated by ultrasound could damage the
anthocyanin structure during the UAE process (Tan et al., 2022).
Therefore, the ultrasonic conditions must be strictly monitored during
UAE process.

Table 2
Anthocyanins and chlorophyll in green and red gooseberries extracts obtained
from conventional and green extraction methods.

Extract Anthocyanins (mg/100 g) Chlorophyll (mg/kg)
Green Gooseberries Red Gooseberries Green Gooseberries

E-CE-10 1.66 + 0.08" 3.36 + 0.19" 2.24 + 0.03°
E-CE-20 1.66 + 0.19" 3.63 + 0.10° 2.85 + 0.04°
E-CE-30 1.79 £ 0.11% 3.55 + 0.02% 3.13 +0.01%
E-UAE-10 1.67 + 0.078" 1.86 + 0.02f 1.32 + 0.01¢
E-UAE-20 1.14 + 0.04' 2.20 + 0.12° 1.13 + 0.07¢f
E-UAE-30 1.38 + 0.14% 2.48 + 0.04° 1.18 + 0.04°
W-CE-10 1.16 + 0.05' 2.26 + 0.04° 0.41 + 0.03
W-CE-20 1.47 + 0.04Y 2.47 £ 0.04¢ 0.46 + 0.02!
W-CE-30 1.56 + 0.05" 2.56 + 0.05¢ 0.45 + 0.02!
W-UAE-10 1.31 + 0.02¢ 2.32 + 0.024¢ 0.54 + 0.01"
W-UAE-20 1.32 4+ 0.04¢ 2.32 + 0.044¢ 0.97 + 0.018
W-UAE-30 1.44 + 0.019% 2.44 + 0.01%¢ 1.12 + 0.02f

E-CE-10; conventional extraction with ethanol for 10 min, E-CE-20; conven-
tional extraction with ethanol for 20 min, E-CE-30; conventional extraction with
ethanol for 30 min, E-UAE-10; ultrasonic-assisted extraction with ethanol for 10
min, E-UAE-20; ultrasonic-assisted extraction with ethanol for 20 min, E-UAE-
30; ultrasonic-assisted extraction with ethanol for 30 min, W-CE-10; conven-
tional extraction with water for 10 min, W-CE-20; conventional extraction with
water for 20 min, W-CE-30; conventional extraction with water for 30 min, W-
UAE-10; ultrasonic-assisted extraction with water for 10 min, W-UAE-20;
ultrasonic-assisted extraction with water for 20 min, W-UAE-30; ultrasonic-
assisted extraction with water for 30 min. Chlorophyll is estimated only in
green gooseberry.
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3.2. Chlorophylls

Pigments such as chlorophylls are accountable for the green colour in
plants and are found in plant chloroplast allied with carotenoids, lipo-
proteins and lipids. These natural pigments, whose structure is alike to
haemoglobin in the human and animal blood, is crucial beside daylight
for capturing energy for the photosynthesis process, playing a crucial
role in plants (Turkiewicz et al., 2020; Mishra et al., 2011).

Chlorophyll content of green gooseberry extracts obtained by con-
ventional and UAE extraction was analysed and absorbance was
compared at 670 nm (Table 2). The extraction yield of chlorophyll
content showed an inclining trend, E-CE > E-UAE > W-UAE > W-CE.
Conventional extraction with ethanol (E-CE-30) showed the highest
content of chlorophyll (3.13 mg/kg) in green gooseberries. While the
lowest content of chlorophyll was recorded in conventional extraction
with water. Significant differences (P < 0.05) were observed in chlo-
rophyll content of conventional and UAE extraction with water and
ethanol (2.24 to 3.13 mg/kg of E-CE, 1.13 to 1.32 mg/kg of E-UAE, 0.41
to 0.46 mg/kg of W-CE and 0.54 to 1.12 mg/kg of W-UAE). These var-
iations in chlorophyll values may be due to extraction time, effect of
ultrasonic waves and processing temperature generated during UAE.

Earlier, Karabagias et al. (2013) have reported on the chlorophyll
content of olive oils extracted from different olives cultivars from
different locations. According to their study, chlorophyll content ranged
between 0.09 and 4.45 mg/kg. Jeana Gross (1983) also reported the
chlorophyll content in Ribes fruit ranging from 34.0 mg/kg for unripe
(green) and 34.0 mg/kg for half ripe (green-red) (chlorophyll a) and
11.2 p/g. for unripe (green) and 9.0 pg/g for half ripe (green-red) for
chlorophyll b. However, to our knowledge, there are not many studies
reporting on the extraction of chlorophyll content from gooseberries
using conventional green extraction methods.

3.3. Identification and quantification of major anthocyanins by HPLC
method

Anthocyanins belong to flavonoid class of compounds and are water
soluble pigments commonly found in plant fruits, flowers, leaves and
stems (Tan et al., 2022). In nature, anthocyanins are generally present in
two main forms; aglycones and glucosides. Amongst them, glycosylated
anthocyanins aglycons and glucosides had greater solubility in water,
while aglycones has higher solubility in ethanol (Pérez et al., 2021).

Spectral characteristics and chromatography technique were used
for identification and quantification of anthocyanins in green and red

Table 3
Anthocyanins and antioxidants determined in the extracts by HPLC-MWD-MS.
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gooseberry extracts. The results of HPLC analysis are provided in
Table 3. In Fig. 1, the HPLC chromatogram of (a) reference standard
mixture and (b) gooseberry extracts are shown. The analysed samples
proved to contain anthocyanins and antioxidants, as well as other un-
identified compounds. Accordingly, as per the results of HPLC analysis,
peaks 1, 2, 3 and 4 were identified as rutin, quercetin 3-glucoside,
cyanidin 3-glucoside and peonidin 3-glucoside, respectively. All analy-
tes were detected at 260 nm (Fig. 1), however, compounds 3 and 4
provided the best response at 520 nm, which was further chosen for their
quantification. Berries with deep colours are rich source of antioxidant
compounds and anthocyanins (McDougall et al., 2005; Heinonen et al.,
1998).

As shown in Table 3, green gooseberry extracts had the lowest con-
tent of compounds of interest with low concentrations of rutin (0.7-1.2
mg/L) and quercetin 3-glucoside (0.9-1.3 mg/L) being detected. In the
red gooseberry extracts their amount was slightly higher (1.4-6.9 mg/L
and 1.0-1.3 mg/L, respectively), besides, 0.6-6.8 mg/L cyanidin 3-
glucoside and 0.32-0.35 mg/L peonidin 3-glucoside were found. The
data obtained allows to conclude that extraction of pigments from green
and red gooseberries performed using conventional and UAE extraction
with water to have exhibited higher yield of targeted compounds such as
cyanidin 3-glucoside, peonidin 3-glucoside, rutin, and quercetin 3-
glucoside. Conventional extraction technique typically provided
higher yields of anthocyanins and other antioxidants, compared to
ultrasound-assisted extraction.

3.4. Gooseberry antioxidants

3.4.1. Total phenolic content (TPC)

Results of TPC of green and red gooseberry extracts are shown in
Table 4. Significant (P < 0.05) differences in the TPC were observed
among different extracts. Highest TPC (987.29 mg/100 g) was recorded
in the red gooseberries, while the lowest content (161.88 mg/100 g) was
found in conventional extraction with water (W-CE-10).

Significant (P < 0.05) differences among extracts (UAE extraction
with water and ethanol) as well as green and red gooseberries were also
observed. Higher content of TPC was found in red gooseberries as
compared to green gooseberries. In red gooseberries, TPC ranged from
263.13 to 987.29 mg/100 g. While in green gooseberries, it was from
161.88 to 391.90 mg/100 g. Among different extracts, conventional
extraction with ethanol showed highest TPC in red gooseberries fol-
lowed by UAE extracts with ethanol. In detail, TPC in red gooseberries
ranged from 771.88 to 987.29 mg/100 g in E-CE extract, 559.79 to

Extract Red Gooseberries (mg/L) Green Gooseberries (mg/L)
Cyanidin 3-glucoside Peonidin 3-glucoside Rutin Quercetin 3-glucoside Rutin Quercetin 3-glucoside
E-CE-10 0.63 £ 0.01 - 3.7+0.1 1.1+0.1 0.69 =+ 0.02 0.94 + 0.02
E-CE-20 0.9+0.1 - 3.4+0.1 1.06 + 0.02 0.84 + 0.02 0.98 + 0.01
E-CE-30 0.81 £ 0.03 - 3.4+ 0.04 1.02 £ 0.03 0.8+0.1 09+0.1
E-UAE-10 - - 6.7 £ 0.1 1.3+0.1 0.87 £ 0.03 0.97 £+ 0.02
E-UAE-20 - - 6.9 +0.1 1.4+0.1 0.90 £+ 0.01 0.96 £+ 0.03
E-UAE-30 - - 6.0 +0.2 1.31 £ 0.01 0.86 + 0.04 1.27 £ 0.04
W-CE-10 5.6 £0.1 0.326 + 0.006 1.43 £0.03 1.09 + 0.01 1.04 + 0.03 0.86 + 0.03
W-CE-20 6.4 + 0.1 0.340 + 0.002 1.49 £+ 0.01 1.18 + 0.02 1.2+0.1 0.9+ 0.1
W-CE-30 6.6 + 0.1 0.354 + 0.004 1.55 + 0.02 1.23 +0.01 1.1+0.1 0.9+0.1
W-UAE-10 6.6 + 0.04 0.355 =+ 0.001 1.47 £ 0.01 1.12 £ 0.01 1.2+0.1 1+0.1
W-UAE-20 6.3 +0.1 0.33 +£0.01 1.51 £0.01 1.16 £ 0.1 1.24+0.1 1+0.1
W-UAE-30 6.8 +0.1 0.350 =+ 0.004 1.54 + 0.01 1.17 £ 0.01 1.1+0.1 1+0.1

E-CE-10; conventional extraction with ethanol for 10 min, E-CE-20; conventional extraction with ethanol for 20 min, E-CE-30; conventional extraction with ethanol for
30 min, E-UAE-10; ultrasonic-assisted extraction with ethanol for 10 min, E-UAE-20; ultrasonic-assisted extraction with ethanol for 20 min, E-UAE-30; ultrasonic-
assisted extraction with ethanol for 30 min, W-CE-10; conventional extraction with water for 10 min, W-CE-20; conventional extraction with water for 20 min, W-
CE-30; conventional extraction with water for 30 min, W-UAE-10; ultrasonic-assisted extraction with water for 10 min, W-UAE-20; ultrasonic-assisted extraction with
water for 20 min, W-UAE-30; ultrasonic-assisted extraction with water for 30 min.
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Fig. 1. (a). HPLC chromatograms of reference standard mixture at 260 nm. (b). HPLC chromatograms of green gooseberry (left) and red gooseberry (right) extracts
at 260 nm. The identified anthocyanins and antioxidants are denoted as follows: 1 — rutin, 2 — quercetin 3-glucoside, 3 - cyanidin 3-glucoside, 4 — peonidin 3-gluco-
side. E-CE; conventional extraction with ethanol, E-UAE; ultrasonic-assisted extraction with ethanol, W-CE; conventional extraction with water, W-UAE; ultrasonic-
assisted extraction with water. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

923.75 mg/100 g in E-UAE extract 270.42 to 332.29 mg/100 g in W-CE
extract and 263.13 to 289.58 mg/100 g in W-UAE extract. On the other
hand, TPC in green gooseberries were ranged from 304.96 to 391.90
mg/100 g in E-CE extract, 207.44 to 268.13 mg/100 g in E-UAE extract,
161.88 to 198.42 mg/100 g in W-CE extract and 204.05 to 265.03 mg/
100 g in W-UAE extract.

Intake of gooseberries can offer possibly higher antioxidant avail-
ability that may have potential health benefits. Assessment of TPC is an
accepted method to reveal the quantity of accessible antioxidants a
sample possibly contain. However, limited research work has been
carried out on antioxidants in gooseberries as compared to other berry
fruits (Chiang et al., 2013; Duda-Chodak and Tarko, 2007). According to
an earlier study by Kahkonen et al. (1999), TPC analysis in crowberry
and aronia exhibited 70% more antioxidant content as compared to
gooseberries. Another study by (Da Silva Pinto et al., 2010), reported
that TPC of gooseberry was lesser than that of black currant. An
assessment of our findings with an analysis of phenols and antioxidant
activity in various berries shows that berries, such as black currant,
chokeberry and bilberry are richer in polyphenols than in gooseberry
(Kahkonen et al., 2001). Moreover, in a similar study Chiang et al.
(2013) on Tixia gooseberry, a considerably elevated antioxidant activity
than that of Invicta gooseberry was reported. These two gooseberry
species are of similar shapes, but different in colour. Tixia is of red colour
while Invicta is of green colour.

3.4.2. DPPH assay

The health beneficial activity of berries is because of its antioxidant
activity which have ability to scavenge free radical produced from
oxidation-reduction reaction during the process of metabolism (Sharma
et al., 2022). The DPPH assay is routinely employed as a rapid and
reliable method that offers an initial indication of radical scavenging
potential of a sample extract. The findings of our study showed green

and red gooseberry extracts (obtained from UAE and conventional
extraction techniques) have radical inhibition activity and can serve as
major antioxidants (see Table 4). In berries, including gooseberry fruits,
significant amounts of antioxidants are present. Majority of these
bioactive antioxidants are polyphenolic compounds and these include
flavonols, quercetin, kaempferol, myricetin, coumaric, caffeic, ellagic
and hydroxybenzoic acids (Borkowska, 2003; Moyer et al., 2002).

Gooseberry extracts obtained from conventional and UAE techniques
with ethanol showed significantly (P < 0.05) higher percent inhibition
of radical scavenging activity than that of UAE and conventional extract
with water. This study also revealed that red gooseberry extract to have
significantly (P < 0.05) higher percent inhibition of radical scavenging
activity when compared with green gooseberry extracts. The red
gooseberry extract obtained from conventional extraction technique
with ethanol ranged from 90.36 to 91.23%, extract obtained from UAE
with ethanol ranged between 89.52 and 90.52%, extract obtained from
conventional extraction with water ranged between 86.85 and 90.31%,
whereas, extract obtained from UAE with water ranged from 88.47 to
89.43%. On the other hand, green gooseberry extract obtained from
conventional extraction technique with ethanol showed a range from
85.86 to 86.26%, extract obtained from UAE with ethanol showed a
range between 82.56 and 84.47%, extract obtained from conventional
extraction with water ranged between 73.35 and 74.41% and extract
obtained from UAE with water showed a range from 74.64 to 77.23%.
The results of this study clearly indicate significantly (P < 0.05) higher
potential in scavenging DPPH radicals to occur in the conventional and
UAE technique with ethanol when compared with water extracts.

To support our results, there are some relevant reports available. In a
study by Jordheim et al. (2007) 14 different cultivars of European
gooseberries were evaluated and accordingly various proportions of
3-rutinoside, 3-glucoside, the 3-xyloside, and 3-glucoside of peonidin
were identified. Babbar et al. (2011) screened the extract of kinnow
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Table 4
TPC and DPPH estimation of red and green gooseberries extracts obtained from
conventional and green extraction methods.

Extract Green Gooseberry Red Gooseberry
TPC (mg DPPH (% TPC (mg DPPH (%
GAE/100 g) inhibition) GAE/100 ) inhibition)
E-CE-10  337.29 + 86.17 + 0.088 9225 +8.27°  90.36 +0.19°
1.598
E-CE-20  304.96 + 85.86 + 0.17" 771.88 + 90.94 + 0.31°
3.44" 2.17¢
E-CE-30  391.90 + 86.26 + 0.07¢ 987.29 + 91.23 + 0.09°
0.44° 8.25°
E-UAE- 260.23 + 82.56 + 0.07% 608.13 + 90.32 + 0.09°
10 1.9™ 8.68¢
E-UAE- 207.44 + 83.89 + 0.04/ 559.79 + 90.52 + 0.20°
20 0.07° 2.00°
E-UAE- 268.13 + 84.47 + 0.21' 923.75 + 89.52 + 0.39°
30 1.164 4.37°
W-CE- 161.88 + 74.08 + 0.15° 332,20 + 86.85 + 0.04
10 0.75° 6.888
W-CE- 185.08 + 74.41 + 0.16" 270.42 + 88.99 + 0.16¢
20 2.39¢ 6.62%
W-CE- 198.42 + 73.35 + 0.07° 331.88 + 90.31 + 0.06°
30 3.25P 1.878
W-UAE-  204.05 + 77.23 + 0.39' 263.13 + 89.43 + 0.55°
10 0.59% 3.34m
W-UAE-  245.07 + 76.68 + 0.08™  289.58 + 89.03 + 0.42¢
20 1.62" 2.52!
W-UAE-  265.03 + 74.64 + 0.18" 275.42 + 88.47 + 0.19°
30 1.63Km 2.81

E-CE-10; conventional extraction with ethanol for 10 min, E-CE-20; conven-
tional extraction with ethanol for 20 min, E-CE-30; conventional extraction with
ethanol for 30 min, E-UAE-10; ultrasonic-assisted extraction with ethanol for 10
min, E-UAE-20; ultrasonic-assisted extraction with ethanol for 20 min, E-UAE-
30; ultrasonic-assisted extraction with ethanol for 30 min, W-CE-10; conven-
tional extraction with water for 10 min, W-CE-20; conventional extraction with
water for 20 min, W-CE-30; conventional extraction with water for 30 min, W-
UAE-10; ultrasonic-assisted extraction with water for 10 min, W-UAE-20;
ultrasonic-assisted extraction with water for 20 min, W-UAE-30; ultrasonic-
assisted extraction with water for 30 min.

(Tangerine) peel, litchi pericarp and banana peel for total phenolic
content (TPC) and DPPH: free radical scavenging activities. In this study,
methanolic extracts obtained from kinnow peel contained 17.5 mg
GAE/g of TPC with 51.7 mg TE/g of antioxidant activity. Similarly, litchi
peel extract showed 24.6 mg GAE/g of TPC and 36.42 mg TE/g of
antioxidant activity, while banana peel contained 3.8 mg GAE/g of TPC
and 5.67 mg TE/g of antioxidant activity (all on d.w. basis). In a com-
parable study on sea buckthorn pomace extract, Sharma et al. (2022)
reported the TPC values to range from 341.02 to 405.58 mg gallic acid
equivalent (GAE)/g of extract with DPPH free radical inhibition ranging
from 27.50 to 94.16 %. In another study, Sharma and Bhat (2021)
studied the carotenoid content in the extracts of pumpkin peels and
reported TPC to range from 535.58 to 588.68 mg gallic acid equivalent
(GAE)/g of extract and with DPPH free radical assay ranging between
91.35 and 93.53 % inhibition.

Previously, Chiang et al. (2013) reported stronger scavenging DPPH-
radicals in Tixia (red gooseberries) than that of Invicta (green goose-
berries). Their findings are comparable with our results. In addition, it is
worth to note that differences in the DPPH assay results can depend on
the difference in cultivar, extraction technique, solvent used and
extraction time.

3.5. Colour analysis of green and red gooseberry extracts

Colour is a major contributor of visual appeal that can enhance the
market value and demand of any food products (Sharma et al., 2022).
Green and red gooseberries are rich in natural pigments; hence, the
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extraction of anthocyanins in water and ethanol significantly (P < 0.05)
increased the colour in extracts. As shown in Table 5, there was a high
value of L* in W-UAE, extracts (28.08-36.76) followed by W-CE extract
(28.25-31.09). Whereas, lowest values of lightness (L*) was recorded in
case of E-CE extracts (13.20-17.09) followed by E-UAE extract
(17.68-24.09). This can be justified by reflecting the higher yield of
chlorophyll and anthocyanin content in E-CE and E-UAE extracts and
poor yield in W-CE and W-UAE extracts.

4. Conclusions

Green extraction methods (UAE and conventional extraction tech-
niques) combined with green extraction solvents (water and ethanol)
were successfully employed for the extraction of natural pigments from
European green and red gooseberries. Data obtained from HPLC analysis
showed that conventional extraction and UAE with water to exhibit
higher yield of targeted anthocyanins. Results of this study promote
utilization of green extraction techniques and green solvents for
extraction of natural pigments (anthocyanins), thus playing a significant
part in contributing regarding a cleaner environment. Consequently, the
established procedure is an innovative one with an environment friendly

Table 5
Colour attributes of red and green gooseberries extracts obtained from con-
ventional and green extraction methods.

Extract Colour attributes
Green gooseberries Red gooseberries
L* a* b* L* a* b*
E-CE- 14.39 6.62 & 2524+ 675+ 2578 +  11.05 +
10 + 0.57M 0.87>¢ 0.19% 1.114 0.7%
0.79°f
E-CE- 17.09 6.88 + 26.47 +  4.03 + 18.26 +  6.47 +
20 + 0.678M 0.89>< 0.13™ 0.67¢ 0.328"
1.259%f
E-CE- 13.20 5.85 + 20.81+ 156 + 773 £ 2.46 +
30 + 0.44! 0.75% 0.05™ 0.317M 0.19"
0.848M
E-UAE-  24.09 9.41 + 3536+ 1355+ 3419+ 2279+
10 +1.21¢  0.83f%N" 1.08% 0.347" 1.02" 0.43%
E-UAE-  18.08 7.86 + 2721+ 850+ 27.17 +  14.02 +
20 +1.08¢  0.51%" 1.01%¢ 0.32 0.85¢ 0.29¢
E-UAE-  17.68 8.98 + 27.90 + 1007+ 2726+  16.70 +
30 + 0.39%hi 0.94 0.43Mik 0.87¢ 0.54°f
1.23%

W-CE- 31.09 1063+  28.65+  9.46 + 31.56 +  15.92 +
10 +0.51°  0.6f 0.72 0.72% 0.83¢ 0.16°f
W-CE- 30.41 10.18+  29.84+ 1001+  31.58+ 16.44 +
20 +1.11°  o0.57%" 0.67%° 0.63Mk 1.09° 0.22¢f
W-CE- 28.25 9.36 + 2756+ 972+ 31.96 +  16.38 +
30 +0.46°  0.19F8M 0.95" 0.47'% 1.21¢ 0.47°f
w- 36.76 1023+  31.06+ 1591+ 3833+ 2693+
UAE-  +0.82%  0.41% 1.13% 0.76%f 1.45° 0.93%

10

w- 30.10 8.83 + 2742+ 1509+  38.04+ 2567 +
UAE-  +1.18"  0.45%8h 0.81% 0.66%f 1.61° 0.67°4
20

w- 28.08 879 + 2695+ 1305+ 3591+  23.09+
UAE-  +1.67° o0.61%N 0.59> 0.588M 1.36%° 0.82¢
30

E-CE-10; conventional extraction with ethanol for 10 min, E-CE-20; conven-
tional extraction with ethanol for 20 min, E-CE-30; conventional extraction with
ethanol for 30 min, E-UAE-10; ultrasonic-assisted extraction with ethanol for 10
min, E-UAE-20; ultrasonic-assisted extraction with ethanol for 20 min, E-UAE-
30; ultrasonic-assisted extraction with ethanol for 30 min, W-CE-10; conven-
tional extraction with water for 10 min, W-CE-20; conventional extraction with
water for 20 min, W-CE-30; conventional extraction with water for 30 min, W-
UAE-10; ultrasonic-assisted extraction with water for 10 min, W-UAE-20;
ultrasonic-assisted extraction with water for 20 min, W-UAE-30; ultrasonic-
assisted extraction with water for 30 min.
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approach that can be implemented for extracting natural pigments
(bioactive) not only from gooseberries, but also from other raw mate-
rials, such as those of agri-food industrial processing wastes and by-
products. Our results support consumers demand and opens up the
avenue to explore pigments as natural colourants in food and cosmetics
applications.
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