€) €CLETICA
QUIMICA Eclet. Quim. 51 | 1563, 2026

Original Articles in Chemistry and Related Areas . https://doi.org/10.26850/1678-4618.eq.v51.2026.e1563

Phenolics and antioxidant activity of Rangpur lime
(Citrus x limonia) extracts from peels, leaves, and juice

Maycon Hudson Contador'e, Jacqueline Aparecida Marques'®, Romaiana Picada Pereira™e

Abstract

The Rangpur lime (Citrus x limonia) is a common fruit in Brazil. Although it is popular in Article History
medicine and cuisine, few investigations were conducted into the compositions and antioxidant
capacities of infusions, decoctions and from the juice, leaves, and peels. The Folin-Ciocalteu
reagent was used to evaluate phenolic content; aluminum chloride to measure flavonols; and
sodium borohydride was used to determine flavanones. Antioxidant capacity was assessed Published  June 30, 2026
through ABTS™*, DPPH?e radical scavenging, and ferric ions reducing power. The evaluation of
different extracts confirmed that ripe fruit peels contain more phenolics and flavonoids than
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unripe fruit peels. Furthermore, leaves decoction presents more flavonols and flavones and Keywords
higher antioxidant activity than infusion and peels, both decoction and infusion. Flavonols were 1. natural products;
identified as the primary flavonoids in peel and leaf extracts, but no flavanones were found. 2. flavones;
C .. . . .. . 3. flavanones;

onversely, juices displayed a high amount of flavanones, a significant phenolic level, and the 4 flavonols:
best antioxidant capabilities, the most beneficial form for widespread consumption. Further 5. free radicals.
studies must identify the primary compounds in both juices and infusions.
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1. Introduction

Citrus fruits, including oranges, tangerines, lemons, and
grapefruits, are the second most widely produced class of fruits,
with an estimated production of over 160 million tons in 2021
(FAOSTAT, 2020). This fruit class encompasses all fruits that are
part of the subtribe Citrinae, tribe Citreae, subfamily
Aurantioideae, and Rutaceae family. The economically essential
citrus fruits are categorized into three main genera in this subtribe:
Fortunella, Citrus, and Poncirus (Penjor et al., 2013).

Brazil cultivates citrus trees on different rootstocks, but the
pink lemon tree (Citrus x limonia) is widely grown due to its
resilience and high yield (Schafer er al., 2001). This hybrid citrus
fruit is commonly consumed in Brazil due to its accessibility. It is
versatile, as it can be consumed fresh, used as a seasoning, and
utilized for making juices and infusions (Freitas et al., 2015).

The essential oils in citrus fruits are abundant in terpenes
(Fagodia et al., 2017; Fancello et al., 2016; Gonzalez-Mas et al.,
2019; Othman et al., 2016), while the leaves and peels contain
flavonoids and para-coumaric acid derivatives, for example:
Eriocitrin and Hesperidin - flavanones, dihydroferulic acid and 4-
hydroxycinnamic acid - phenolic acid (Gonzalez-Mas et al., 2019;
Rafiq et al., 2016; Sanches et al., 2022; Zhang et al., 2014; Zou et
al., 2015). These compounds have been found to possess diverse
biological activities, including antioxidant effects that play a role
in reducing inflammation (Geronikaki and Gavalas, 2006),
fighting tumors (Zhang et al., 2015), preventing premature aging
(Chatzianagnostou et al., 2015), and benefiting individuals with
diabetes, cardiovascular issues (Zhang e al., 2015), and
neurodegenerative disorders (Panahi ez al., 2018).

Despite its various uses in folk medicine, such as treating
colds, sore throats, nausea, and anaemia, there is limited
knowledge about the chemical composition and potential
biological effects of Rangpur lime infusions and juices. The
literature has previously emphasized the anti-inflammatory
(Amorim et al., 2016), schistosomicidal (Martins et al., 2016),
leishmanicidal (Estevam et al., 2016), antibacterial (Millezi ef al.,
2014), and larvicidal (Aedes aegypti) effects of essential oils derived
from barks and leaves (Cavalcanti et al., 2004). Thus, considering
also that the most literature data is about another species of Citrus
gennus (Couto and Canniatti-Brazaca, 2010; Siddhartha et al.,
2025), the current research evaluates the levels of phenolic
compounds and antioxidant capacity of different extracts and juice
from the Citrus x limonia hybrid, according to its use in folk
medicine.

2. Experimental

2.1. Plant material

Citrus x limonia fruits (both ripe and unripe) and leaves were
collected in Ponta Grossa (coordinates -25.093810 ° S, -50.101766
° W, altitude 896 m), Parana State, Brazil, during the winter
season. A voucher specimen was identified and deposited at the
Herbarium of Universidade Estadual de Ponta Grossa (HUPG-
22142).

2.2. Preparation of extracts

Peels from ripe (R) and unripe (U) fruits were dried at 50 °C
in an oven and ground using a blender. The hydroalcoholic crude
extract was prepared by macerating 500 g of dried peels at room
temperature in an ethanol (EtOH): distilled water (9:1) mixture for
seven days; the extracts were filtered and concentrated under
reduced pressure in a rotary evaporator. The extracts were
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partitioned using hexane (H) (fractions HR and HU), the aqueous
residues were partitioned again using ethyl acetate (A) (fractions
AR and AU), solvents were removed, and the aqueous (W) residue
was freeze-dried (fractions WR and WU).

One gram per liter (distilled water) of either fresh leaves or
ripe fruit peels was used to make decoctions and infusions. A
decoction was made by boiling the vegetal material for 10 min, and
an infusion was made by pouring boiling water over the vegetal
material. Both extracts remained undisturbed until they reached
room temperature.

To obtain the juices, the fresh ripe fruits were pressed to
extract the pulp, which was then filtered to remove fibers, while
retaining the citrus cloud. All samples (infusions, decoctions, and
juices) were prepared just before use.

2.3. Determination of flavonols and flavones content

The quantification of these flavonoid classes was
determined by their ability to form complexes with aluminum (III)
ion, as first described by Pekal and Pyrzynska (2014), with some
modifications. By combining 40 pL of the sample, 40 pL of 2%
(w/v) AlCl3 aqueous solution, and 200 pL of water, a final volume
of 280 uL was obtained. After incubating for 5 min at room
temperature, the absorbance was measured at A = 415 nm. The
results were expressed in pmol-L™" (for infusions, decoctions, and
juice) and umol-g™! (for extracts), using the calibration curve of the
quercetin standard.

2.4. Determination of flavanones content

The determination of flavanones was carried out using the
acid-oxidized borohydride reduction method, with modifications
from Rowell and Winter’s (1959) protocol. The procedure
involved adding 100 pL of the sample and 100 uL of 0.75% (w/v)
NaBH4 in DMSO to the wells, followed by the addition of 50 pL
of AcOH and 50 uL of HCI after 5 min. The absorbance at A 583
nm was measured right after adding HCl. The results were then
expressed as hesperidin equivalents in pmol-L™!, using the
calibration curve of the hesperidin standard.

2.5. Determination of total phenolic compound
content (TPC)

The phenolic content was measured using the Folin-
Ciocalteu reagent described by Pekal and Pyrzynska (2014). A
mixture of 100 pL of the 10% (v/v) Folin-Ciocalteu reagent and
100 pL of the sample was prepared in a 96-well microplate. After
5 min, 100 pL of 7% (w/v) Na:COs aqueous solution was
introduced, and the absorbance was measured at A 765 nm after 30
min. The results from the calibration curve of gallic acid were
converted to gallic acid equivalents (GAEq) in umol-L ™.

2.6. Determination of the ferric ion reducing power

The ferric ion-reducing power was determined by
measuring the extract's capacity to reduce solutions of tris(1,10-
phenanthroline)iron(IIT) complex ([Fe(phen)3]Cl3), as described by
Berker et al. (2007), with modifications. A stock solution of the
complex was prepared by mixing 0.1600 g of NH4Fe(SO4)2.12H20
with 2 mL of 37% HCI. Then, the minimum volume required
(approximately 3.6 mL) of ethanol was used to dissolve 0.1802 g
of 1,10-phenanthroline, this solution was mixed with the
ammonium ferric sulphate solution, and the volume was adjusted
to 100 mL with water, resulting in a [Fe(phen)s]Cl3 solution
concentration of 3.3 mmol-L™!. A mixture of 50 uL of
[Fe(phen)s;]Cl; reagent solution, 100 pL of water, and 150 puL of
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the sample was prepared in a 96-well plate. The absorbance at A =
510 nm was measured after incubating for 30 min at 50 °C. Water
was used as the control, while ascorbic acid was the standard. The
results were reported as ascorbic acid equivalent antioxidant
capacity (VCEAQ).

2.7. Determination of DPPH- radical scavenging
ability

The DPPH' radical scavenging capacity of the extracts was
measured using the procedure described by Brand-Williams et al.
(1995), with modifications. In a 96-well plate, 100 uL of DPPH"
solution in EtOH (120 pmol-L™), 80 uL of EtOH, and 20 pL of
samples (concentration range: 10 to 1000 pg-mL™) were
combined. The absence of light was maintained during a 30-min
incubation at room temperature, and the absorbance was then
measured at L = 518 nm. Ethanol served as the control while
ascorbic acid was used as the standard. From the inhibition
percentage of each extract concentration, a curve of inhibition
percentage versus extract concentration was plotted. From the
generated equation, it was possible to calculate the ICso value,
which is the extract concentration required to inhibit 50% of the
DPPH radical. All the results were expressed as ICso values.

2.8. Determination of ABTS™* radical cation

scavenging ability

The ability of the extracts to scavenge the ABTS™ radical
cation was assessed using the method described by Re ez al. (1999).
To prepare the radical cation stock solution, 100 mL of water,
0.3602 g of ABTS, and 0.0662 g of potassium persulfate were
mixed and left in the dark for 12 h to form ABTS™*. A mixture of
100 pL of this solution, 20 pL of the sample (concentration range:
10 to 100 pg-mL™), and 100 uL of ethanol was prepared in a 96-
well plate. The absorbance was measured at A = 734 nm following
a 30-min incubation in the dark at room temperature. Ethanol was
used as the control, while ascorbic acid was used as the standard.
All results were expressed as IC50 values, calculated as described
previously for the DPPH radical assay.

2.9. Mathematical analyses and statistics

The results were presented as mean * standard error of
means (sem). All analyses were performed in triplicate. The
software Origin 9.0 was used for data analysis. ICso values were
obtained through logistic regression, and all data were evaluated
using analysis of variance (ONE-WAY ANOVA) to compare the
means of different groups using the Tukey’s test. Correlation
analyses were made using the Pearson and Spearman models. The
level of significance for the analyses was set to p < 0.05.

2.10. Material

All chemicals and solvents used were of analytical grade
and they were purchased from Sigma-Aldrich Chemical Company
(Saint Louis, Missouri, USA). Aluminum chloride (AlCl3.6H20),
ammonium ferric sulphate [NH4Fe(SO4)..12H20], sodium
borohydride (NaBHi), sodium carbonate (Na.COs), 37%
hydrochloric acid (HCI), potassium persulfate (K2520s), Folin-
Ciocalteu reagent, quercetin, hesperidin, gallic acid, 1,10-
phenanthroline  monohydrate, 2,2-diphenyl-1-picrylhydrazyl
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(DPPH), 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), ascorbic acid (AA), 96% Ethanol (EtOH), hexane, ethyl
acetate, dimethyl sulfoxide (DMSO) and glacial acetic acid
(AcOH) were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). All aqueous solutions were prepared with distilled
water.

For the spectrophotometric readings, a Varian Cary 100
double-beam spectrophotometer with a deuterium lamp was used
for readings in the range of A from 190-350 nm, and a tungsten
lamp for readings above A = 350 nm. Also, 96-well plate analyses
were performed on a Biotek Epoch plate reader equipped with a
10W xenon flash lamp for readings across the ultraviolet and
visible ranges.

3. Results and discussion

3.1. Determination of total phenolic content (TPC) in
the fractions of the ripe (R) and unripe (U) Citrus x
limoniapeels

In the ripe fruit peels, the fractions obtained from hexane
(HR) and ethyl acetate (AR) exhibited higher levels of phenolic
compounds (Fig. 1 and Table 1) compared to other fractions
analyzed. There was no significant difference (p < 0.05) among the
fractions from the unripe fruit peels.

350

300 4

S

C (GAg, umol g”)
g

AU
Figure 1. Total phenolic content (TPC), as gallic acid equivalents (GAEq),
for: water fractions from ripe fruit peels (WR) and unripe fruit peels (WU);
hexane fractions from ripe fruit peels (HR) and unripe fruit peels (HU); and
ethyl acetate fractions from ripe fruit peels (AR) and unripe peels (AU) of
Citrus x limonia. According to Tukey’s test, values with identical indices
show no significant difference at 0.05.

Source: Elaborated by the authors.

Phenolic degradation commonly occurs during fruit
ripening due to polyphenol oxidase activity. The behavior of the
fractions is unexpectedly distinct from Citrus limon (Dong et al.,
2019; Mcharek and Hanchi, 2017), but comparable to Citrus
reticulata (Wang et al., 2016; Yoo et al., 2004). The genetic similarity
of the hybrid to Citrus reticulata may explain this result (Curk et al.,
2016). Nonetheless, the dissimilarities in the collection, planting,
and extraction techniques have a notable impact on the observed
composition and should also be recognized as sources of this
variation (Cardefiosa et al., 2015; Loizzo et al., 2012). Importantly,
our results align with the literature data on organic extracts from
the citrus genus, specifically those evaluating ripening peels, which
demonstrate superior phenolic content in ripe fruits (Mehmood et
al., 2020).
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Table 1. TPC, flavonols and flavones content, and the ratio of quercetin
(QEq) and gallic acid (GAeq) equivalents for: water fractions from ripe fruit
peels (WR) and unripe fruit peels (WU); hexane fractions from ripe fruit
peels (HR) and unripe fruit peels (HU); and ethyl acetate fractions from
ripe fruit peels (AR) and unripe fruit peels (AU) of Citrus x limonia.

Fraction TPC Flavonols and flavones Ratio
(GAeq pmol-g™) (QEq pmol-g™) QEq/GA.
WR 65+ 60 3.3+0.2¢F 0.052 £ 0.009¢
WU 71+17° 8+ 20 0.12 +0.03¢
HR 235 £ 682 34+ 2° 0.16 + 0.062
HU 134 + 26° 14.6 +0.9¢ 0.11+0.03¢
AR 196 + 492 24 + 48 0.13 + 0.04¢
AU 135+ 40 21+18 0.152 +0.004

Note: Lowercase and uppercase letters: Values with the same letter do not
differ significantly at a level of 0.05 according to Tukey’s test. WR: Water
fractions from ripe fruit peels; WU: Water fractions from unripe fruit peels;
HR: Hexane fractions from ripe fruit peels; HU: Hexane fractions from
unripe fruit peels; AR: Ethyl acetate fractions from ripe fruit peels; AU:
Ethyl acetate fractions from unripe fruit peels

Source: Elaborated by the authors.

3.2. Determination of the flavonols and flavones
content in the fractions of the ripe (R) and unripe (U)
Citrus x limonia peels

Literature supports that citrus peels are rich in flavonoids
(Dong et al., 2019; Mcharek and Hanchi, 2017; Yoo et al., 2004).
The data analysis (Table 1, Fig. 1 and 2) supports a significant
correlation (r = 0.970) between flavonoid and phenolic
compounds. The study of the flavonoid/phenolic ratio reveals no
significant difference in the distribution of these compounds
between unripe and ripe peel samples (p < 0.05).

According to literature, the flavonoid content in different
Citrus fruit species decreases as they mature (Dong et al., 2019;
Moriguchi ez al., 2001; Wang et al., 2016). This behavior was only
observed for the aqueous fraction in this study. The TPC of the
hexanic ripe fruit fraction was noticeably larger than that of the
unripe fraction. However, no differences were observed in the
composition of the ethyl acetate fractions (Table 1and Fig. 2).

12

3

C (Qgq umol g'')

-

AU

Figure 2. Comparison between the flavonoid contents in the different
fractions of Citrus x limonia peel extracts. According to Tukey’s test, values
with identical indices show no significant difference at the 0.05 level.
Source: Elaborated by the authors.

3.3. Determination of ferric ion reducing capacity of
the fractions from ripe (R) and unripe (U) Citrus x
limoniapeels

The phenolic compounds and flavonoids contents of citrus
fruits are correlated with their antioxidant capacity (Martins ef al.,
2016; Millezi et al., 2014). The present study showed no significant
correlation between the reducing power of ferric ions and
flavonoids (p = 0.64) or phenolics (p = 0.66). The reduced potential
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may be due to undetected compounds, such as flavanones, which
are known to reduce metal ions (Apak et al., 2007).

Moreover, the ethyl acetate fractions extracted from unripe
fruit peel exhibited a stronger reducing power compared to those
from ripe fruit peel (Fig. 3). This result can be attributed to the
increased level of hesperidin in unripe fruits, which decreases as
the fruit matures (Moriguchi et al., 2001).

1
°

»n
o

g
°

VCEAC (umol g')

o

©

i
o

£
°

AR AU

Figure 3. Antioxidant capacity measured by the ferric ion reducing power
expressed as VCEAC in pmol g! for the fractions of Citrus x limonia peel
extracts. According to Tukey's test, values with identical indices show no
significant difference at 0.05.

Source: Elaborated by the authors.

3.4. Determination of total phenolic content (TPC) in
Citrus x limonia decoctions (D) and infusions (I) from
leaves (L) and peels (P)

The leaf and peel decoctions exhibited similar levels of
phenolic content. In the infusions, the leaf extracts had the highest
content of these compounds (Fig. 4). The content of phenolic
compounds in the peel and leaves can vary among different species
of the Citrus genus (Muthiah ef al., 2012) and within the same
species for different cultivars and collection regions (Lagha-
Benamrouche and Madani, 2013; Loizzo et al., 2012).

Additionally, the results indicate that the decoction method
was superior in extracting phenolic compounds (Fig. 4). It is
generally noted that the extended contact of plant material with
boiling solvent can assist in extraction or result in the breakdown
of extracted compounds (Fotakis et al., 2016; Sentkowska et al.,
2014; 2016), potentially yielding low molecular weight phenolic
compounds (Jeong et al., 2004).

30

254

o~ 204
=)
©
£
unj15-
<
9' —
Q 104
7/
54
0 T T 2
LD Ll Pl

Figure 4. TPC in the decoctions and infusions obtained from leaves and
peels of Citrus x limonia. According to Tukey’s test, values with identical
indices show no significant difference at the 0.05 level.

Source: Elaborated by the authors.
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3.5. Determination of flavonoid content in Cifrus x
limonia decoctions (D) and infusions (I) from leaves
(L) and peels (P)

Flavonols, flavones, and flavanones are the predominant
flavonoid classes in citrus fruits (Nogata et al., 2006). Flavonols
and flavones were present in the studied extracts, while no
flavanones were detected. Additionally, Fig. 5 highlights that the
leaf decoction had the highest flavonoid content. HPLC analysis
of methanolic extracts from Citrus aurantium leaves and peels
yielded similar results (Loizzo et al., 2012).

25

|

0 f
LD

Figure 5. Flavonols and flavones contents in the decoctions and infusions
obtained from Citrus x limonia leaves and peels. According to Tukey’s test,
values with identical indices show no significant difference at the 0.05 level.
Source: Elaborated by the authors.

T
LI Pl

(a)

1 (%)

The ferric ion reducing capacity assay (Fig. 7b) exhibits a
similar pattern to the flavone and flavonol assay (Fig. 5), which is

confirmed by the strong correlation with VCEAC (r = 0.990).
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Figure 6. (a) Inhibition curves of ABTS™ radical cation for the extracts obtained by decoction (D) and infusion (I), with ascorbic acid (AA) as standard; and
(b) DPPH' radical inhibition curves for the same extracts.
Source: Elaborated by the authors.
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3.6. Determination of the antioxidant capacity of
Citrus x limonia decoctions (D) and infusions (I) from
leaves (L) and peels (P)

Measurements of DPPHe radical and ABTSe+ radical
cation scavenging abilities, as well as the ferric ion-reducing power
assay, were conducted to evaluate the antioxidant capacity,
considering the presence of phenolic compounds (Fig. 4) and
flavonoids (Fig. 5).

In Fig. 6a, the extracts displayed effective inhibition of the
ABTS™ radical cation, while in Fig. 6b, they couldn't reach the
ICso in the DPPH" radical assay. Literature indicates that the
primary mechanism for inhibiting both radicals is electron transfer
(SET) rather than hydrogen transfer (HAT), which explains why
the differences between these tests are unrelated to the mechanism
involved. The slower kinetics of the DPPH" assay can be attributed
to the steric hindrance caused by flavonoids and phenolic acids,
indicating that ascorbic acid and phenolic acids do not play a
significant role in the antioxidant capacity of these extracts (Chen
et al., 2015; Floegel et al., 2011; Huang et al., 2005; Schaich et al.,
2015).

The order of efficiency for ABTS™ radical cation
scavenging ability (Fig. 7a) can be verified as LD > LI > PD > PI.
The correlation analysis confirms that there is no significant
correlation between phenolics (p = 0.30) or flavonoids (p = 0.31),
indicating that other secondary metabolites not included in these
tests may contribute to the measured antioxidant capacity by
inhibiting ABTS™ radical cation.

o AA
+ DL

= IL

T

800 1000
C(mg-L")

Table 2 compares the antioxidant values, ferric ion-reducing
power, and contents of phenolics, flavonols, and flavones.
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Figure 7. (a) ICsy values against ABTS™ radical cation of extracts; and (b) VCEAC values of the same extracts. According to Tukey's test, values with

identical indices show no significant difference at the 0.05 level.
Source: Elaborated by the authors.

Table 2. TPC (umol eq gallic acid L™), flavonols and flavones (umol eq quercetin L™), VCEAC (umol eq. AA L) and ICsy (mg-L™") for DPPH" radical and
ABTS"* radical cation for the extracts obtained from leaves (L) and peels (P) of Citrus x limonia.

Extract Phenolics Flavonols and flavones I1Cso (DPPH) 1Cso (ABTS™) VCEAC
LD 23.6+0.5° 21412 >7000 103.1£0.82 35.58 £0.072
PD 21.2+0.9° 11.0+0.4° >1000 330 + 4¢ 179.0+0.2°
LI 11.5+0.4° 6.6+ 0.5° >1000 195+ 2° 15.4+0.1°
PI 4.5+ 0.5° 6.1+0.8° >1000 501 + 79 15.4+0.1°

Note: Lowercase letters: Values with the same letter do not differ significantly at a level of 0.05 according to Tukey’s test. LD: Decoctions
from leaves; PD: Decoctions from peels; LI: Infusions from leaves; PI: Infusions from peels.

Source: Elaborated by the authors.

3.7. Determination of total phenolic content (TPC)
and flavonoids in Citrus x limoniajuice

The phenolic compound content of Citrus X limonia juice
was significantly higher than that of infusions and decoctions, with
a phenolic content forty times greater than the extracts mentioned
in Table 2. This value is like the phenolic content observed in Citrus
reticulata juices (Synowiec-Wojtarowicz et al., 2018).

Despite this, the literature on Citrus reticulata juices reports
no significant presence of flavonols and flavones (Gattuso et al.,
2007). Flavanones (Table 3) are abundantly found in Citrus x
limonia juices, making them the primary phenolic compounds. The
same behavior is observed in other citrus fruit juices (Dugo et al.,
2005; Gattuso et al., 2007; Kimball, 1991; Letaief et al., 2016).

Table 3. TPC (umol eq gallic acid-L™), flavonols and flavones (umol eq
quercetin-L™!) and flavanones (umol eq hesperidin-L™") contents found in
Citrus X limonia juice.

Compounds Content

Phenolics 1028+ 6
Flavonols e flavones ND*

Flavanones 583+ 3

Note: *ND = Not detected.
Source: Elaborated by the authors.

3.8. Determination of the antioxidant capacity of
Citrus x limoniajuice
Comparatively, the juice has a more intense antioxidant

capacity (Table 4) than the infusions and decoctions (Table 2). The
presence of phenolics in the juice did not result in DPPH" radical
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inhibition, possibly due to steric factors. However, it did show
notable inhibition of the ABTSe+ radical cation (Fig. 8).

100

1 (%)

0 T T T
0 2 4 6 8 10

C (% viv)

Figure 8. Comparison of the inhibitions of DPPH" radical and ABTS™*
radical cation by Citrus x limonia juice.
Source: Elaborated by the authors.

The presence of flavanones in these juices, with their
phenolic and flavanone contents, suggests that their antioxidant
activity is primarily attributed to flavanones. This is supported by
ascorbic acid, which effectively scavenges DPPH" radicals,
whereas the juices did not exhibit DPPH" radical inhibition. These
data are essential, since most studies found in literature investigate
other species of the citrus genus and do not compare juices with
extracts (Huynh et al., 2023; Rahmiati er al., 2024; Sanches et al.,
2022).
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Table 4. ICsy values (% v/v) of the DPPH'" radical and ABTS™ radical
cation and the values of VCEAC (umol eq. ascorbic acid-L™") for Citrus x
limonia juice.

Assay Antioxidant Capacity
DPPH' >100%
ABTS™ 29+0.2%
VCEAC 986 + 14

Source: Elaborated by the authors.

4. Conclusions

The antioxidant compounds in the ripe fruits were higher
than in the unripe fruits, showing an increased reduction in the
power of ferric ions and containing more phenolics and flavonoids.

The ethyl acetate fraction of the unripe fruit peel exhibits
the highest antioxidant capacity in this study and should be further
examined for its composition. This data is essential since the
sample could be explored as a possible source for a future
nutraceutical product.

The extracts revealed that the decoctions contained higher
levels of phenolics, flavonols, and flavones and demonstrated
superior antioxidant capabilities compared to infusions. When
comparing leaves and peels, it was found that preparations with
leaves had higher phenolic and flavonoid levels and a greater
antioxidant capacity.

While the leaf decoction (the best extract) had a lower
phenolic content, the juice surpassed it by over 40 times.
Surprisingly, the juice had no detectable levels of flavones and
flavonols but had a significant presence of flavanones, which can
be attributed to the juice cloud. It can be concluded that consuming
Citrus x limonia (Rangpur lime) juice in popular forms is the most
effective way to benefit from phenolics, flavonoids, and
antioxidant capacity. However, further analysis is needed to
identify the primary components responsible for the juice's
antioxidant capacity.
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