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Abstract

Citrus mitis fruit contains high levels of vitamin C, phenolics, and flavonoids,
which exhibit a wide range of beneficial biological effects. The current re-
search aimed to evaluate the levels of vitamin C, flavonoid, total phenolic
contents, and antioxidant properties, as well as the inhibitory effects on
lipid peroxidation, in both unripe and ripe fruit tissues (pulps and peels) of
C. mitis. The fruit tissues were obtained from the Hat Som Paen subdistrict
in Ranong province, located in the southern region of Thailand. Fruit tissues
were extracted using maceration with 80% ethanol and water solvents. Vita-
min C quantification was achieved using the 2,6-dichloro-indophenol ti-
trimetric method. Total flavonoid content was determined using the alu-
minium chloride colorimetric method, while total phenolic content was as-
sessed using the Folin-Ciocalteu procedure. Additionally, ABTS and DPPH
assays were used to assess the antioxidant properties. The measurement of
lipid peroxidation inhibitory activity was carried out using the thiobarbituric
acid reactive substances (TBARS) assay. The findings indicated that the wa-
ter extract exhibited higher levels of vitamin C compared to the 80% etha-
nolic extract. In contrast, the 80% ethanolic extract revealed greater
amounts of total phenolic and flavonoid contents than the water extract.
The water extract of unripe pulp exhibited the highest vitamin C content
among all the extracts, reaching 36.74 mg/100 g fresh weight (FW). The 80%
ethanolic extract of unripe peel demonstrated the highest level of total phe-
nolic content (35.67 mg gallic acid equivalent (GAE)/g extract), while ripe
peel exhibited the highest total flavonoid content (16.88 mg catechin equiv-
alent (CE)/g extract). Both unripe and ripe fruit extracts exhibited antioxi-
dant and lipid peroxidation inhibitory activities. The 80% ethanolic extract
from unripe peel demonstrated the most significant antioxidant activities
against DPPH (6.31 mg trolox equivalent (TE)/g extract) and ABTS (7.69 mg
TE/g extract). Moreover, the 80% ethanolic extract of unripe peel showed
the highest level of inhibitory activity against lipid peroxidation, with a val-
ue of 74.62%. These results underscore the potential bioactivities of unripe
and ripe C. mitis fruit tissues, which can offer nutritional and health benefits.
These properties make them particularly valuable in the food industry due
to their excellent antioxidant and lipid peroxidation inhibitory characteris-
tics.
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Introduction

Vegetables and fruits play a crucial role in providing essen-
tial nutrients and phytochemicals that offer numerous
health benefits to humans. These plant-based foods con-
tain biologically active secondary metabolites, which have
pharmacological effects, including the ability to neutralize
reactive oxygen species (ROS) associated with the devel-
opment of chronic diseases (1). The increased production
of ROS can have damaging effects on biomolecules such as
nucleic acids, proteins, and lipids, leading to oxidation
damage. This oxidative damage is implicated in various
pathophysiological conditions, including heart disease,
neurological disorders, hypertension, diabetes, ageing,
and even cancer (2). Previous research has demonstrated
that long-term consumption of antioxidant-rich foods can
reduce the risk of chronic degenerative diseases through
various mechanisms, including ROS scavenging, quench-
ing free radicals, and inhibiting key enzymes involved in
disease pathogenesis (3). Synthetic antioxidants like BHT
and BHA have faced significant restrictions due to con-
cerns about their potential carcinogenic effects. Conse-
quently, there is considerable interest in exploring alterna-
tive options to replace synthetic antioxidants. Vegetables
and fruits have gained significant attention for being excel-
lent sources of antioxidants and for the potential synergis-
tic effects of their bioactive compounds (4).

Citrus fruits are extensively cultivated in tropical
and subtropical regions, including Thailand, and belong to
the Rutaceae family, which encompasses approximately
forty citrus species (5). In addition to their delightful taste,
these fruits offer significant nutritional value. Previous
research has highlighted numerous bioactivities associat-
ed with citrus fruits, including antioxidant, anti-diabetic,
anti-cancer, and anti-inflammatory properties (6-8). Many
of these biological benefits can be attributed to specific
bioactive compounds abundant in citrus fruits, such as
phenolics, flavonoids, carotenoids, limonoids, glycosides,
ascorbic acid, and fibree (8-9). Among these compounds,
flavonoids, a subgroup of phenolic compounds, are partic-
ularly noteworthy as they are considered one of the prima-
ry sources of bioactive compounds in citrus fruits (10). Re-
search has shown that a higher intake of phenolic com-
pounds is associated with a reduced risk of developing
heart disease or other degenerative conditions. Further-
more, citrus fruits have attracted the attention of research-
ers for their potential role in cancer prevention, as they
inhibit lipid peroxidation (5).

During the processing of citrus fruits for juice pro-
duction, the primary byproduct is the fruit peel, which ac-
counts for approximately 50-65% of the fruit and is often
discarded, resulting in a significant environmental burden.
Traditionally, these byproducts have been utilized for ani-
mal feed, fibre extraction (pectin), and fuel production
(11). However, citrus peels contain some of the highest
levels of natural antioxidants, including flavonoids, phe-
nolics, ascorbic acid, carotenoids, and reducing sugars.
Literature has shown that citrus peel extracts exhibit
stronger antioxidant effects compared to seeds or fruit
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pulp (8-12). Consequently, the phenolic compounds found
in citrus peels and fruit byproducts can be effectively em-
ployed as active ingredients or substitutes for synthetic
preservatives in food products. Furthermore, these com-
pounds have been associated with health benefits.

In the southern region of Thailand, specifically in
Ranong province, a common citrus variety cultivated is
known as Calamondin or Musk lime (Citrus mitis Blanco). It
is a hybrid cultivar of Citrus reticulata Blanco and Fortunel-
la spp., known for its small fruit size. This variety has a long
history of traditional use in Taiwan, where it is often used
to make warm beverages using immature fruits with green
peel, primarily due to its potential health benefits. These
benefits can be attributed, at least in part, to bioactive
substances, including flavonoids, found in the citrus peel
(13). Calamondin’s peel, leaves, and juice sac contain sig-
nificant amounts of DGPP (3',5'-di-C-B-
glucopyranosylphloretin) (14). DGPP, along with com-
pounds such as naringin and hesperidin, has been con-
firmed as an important flavonoid found in the water ex-
tract obtained from immature calamondin peel (15). More-
over, polymethoxyflavones like nobiletin and tangeretin
have been isolated and identified in the calamondin peel
(16). Fruit ripening leads to various changes in biochemi-
cal, physiological, and structural properties, all of which
can impact fruit quality (17). In the case of calamondin, as
it ripens, its color transitions from green to orange, corre-
sponding to changes in chlorophyll concentration as well
as carotenoid content levels. During ripening, carotenoid
levels tend to increase, influenced by alterations occurring
in other bioactive substances (18).

To the best of our knowledge, comprehensive stud-
ies thoroughly investigating the antioxidant and lipid pe-
roxidation inhibitory properties of unripe and ripe fruit
tissues, including pulps and peels, of C. mitis are limited in
the literature. With this in mind, the current research
sought to conduct a comparative assessment of various
biologically active compounds as well as the antioxidant
and lipid peroxidation inhibitory potentials of the pulps
and peels from unripe and ripe C. mitis fruits. The goal is to
promote the global C. mitis industry, provide valuable in-
formation about the health-enhancing compounds pre-
sent in Thai citrus fruits, and highlight the significant con-
tribution of citrus as a major dietary source of antioxi-
dants.

Materials and Methods
Chemicals

Sigma Chemical Co. (St. Louis, Missouri, United States)
supplied the Folin-Ciocalteu reagent, catechin, gallic
acid, thiobarbituric acid, 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox).
The reagents and solvents employed in this research
were all of analytical grade.

https://plantsciencetoday.online
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Collection and preparation of fruit samples

In March 2022, unripe and ripe fruits of C. mitis (Figure 1)
were collected from the Hat Som Paen subdistrict, Mueang
District, Ranong province, in the southern region of Thai-
land. The collection site co-ordinates were 9°57'8.446"N,
98°41'31.547"E (Figure 2). To ensure their botanical au-
thenticity, the plant materials were carefully identified and
verified with the assistance of experts at the Plant Varieties
Protection Department of the Department of Agriculture in
Bangkok, Thailand. One plant sample underwent preser-
vation at the Bangkok Herbarium and was assigned the
classification code BK No. 085008. Separation of the peels
from the pulp was done manually, and the peels were
dried at 50 °C using a hot-air oven for 48 hours. After dry-
ing, the fruit samples were finely powdered with a blender
and stored in vacuum-sealed packaging at 4 °C for future
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analysis.
Preparation of ethanolic and aqueous extracts

The extraction process was carried out following previous-
ly published methods with minor modifications (4). In
brief, ten grams of powdered peels and pulps were sub-
jected to maceration with 200 ml of 80% ethanol and wa-
ter solvents at approximately 25 °C for 48 hours. The re-
sulting mixture underwent filtration using Whatman No.1
filter paper, and the residue was subjected to two addi-
tional extraction cycles using the same procedure. The
filtrates from each extraction were concentrated under
reduced pressure using a rotary evaporator, yielding crude
extracts. For analysis, the crude extracts were re-dissolved
in dimethyl sulfoxide (5% DMSO) to a concentration of 100
mg/mL. The solution was then transferred to glass bottles
and stored at 4 °C until use. The percentage yield of crude
extracts from C. mitis was determined and expressed as %
w/w of the dry sample.

Determination of total vitamin C content

Assessment of total vitamin C content in the sample ex-
tracts was conducted using the 2,6-dichloroindophenol
titrimetric approach (19). Initially, plant matter (100 g) was
broken into tiny fragments before being mixed with 150
mL of a solution containing 3% (w/v) metaphosphoric acid
and 8% (v/v) acetic acid using a Waring blender. The re-
sulting mixture underwent filtration, and suitable dilutions
were performed with the metaphosphoric acid-acetic acid
solution based on the color intensity of the extract. Subse-
quently, a titration of the solution (7 mL) was performed
against a standard solution of indophenol. The findings
were quantified and reported as mg/100 g FW (milligrams
of ascorbic acid per 100 g of fresh weight).
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Fig. 2. The collection site of Citrus mitis Blanco is situated in the Hat Som Paen subdistrict, Mueang District, Ranong province.
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Determination of total phenolic content

The TPC (total phenolic content) of the sample extracts
could be evaluated via the modified Folin-Ciocalteu proce-
dure (20). In summary, 100 yL of fresh 10% Folin-Ciocalteu
reagent was combined with 20 uL of 30 mg/mL extracts
and placed in 96-well microplates, where the reaction was
permitted to take place for a period of 5 minutes at a tem-
perature of around 25 °C. Subsequently, 80 uL of 7.5% (w/
v) Na,COs;(sodium carbonate) solution was introduced to
the original mixture and incubated at 25 °C for half an
hour. Measurements of the absorbance were taken for the
incubated solution at 765 nm with a microplate reader
(SpectraMax M2). Trials were performed three times,
whereupon the total phenolic content could be quantified
and reported as mg GAE/g extract (milligrams of gallic acid
equivalent per gram of extract). This quantification was
achieved by employing a calibration curve constructed on
the basis of gallic acid dilution series in the range of 5-100
mg/L.

Determination of total flavonoid content

TFC (total flavonoid content) for the sample extract could
be assessed via the adjusted aluminum-chloride colori-
metric approach (21). A total volume comprising 0.5 mL of
30 mg/mL extracts was added to 0.15 mL of 5% NaNO,
(sodium nitrite) and 2 mL of distilled water. The mixture
underwent incubation for 6 minutes, followed by adding
0.15 mL of 10% AICl; (aluminum chloride). After allowing it
to stand for a further 6 minutes, 1 mL of 1 M NaOH (sodium
hydroxide) was introduced before adjusting the volume
using distilled water to reach 5 mL. The mixing of the ob-
tained solution was then carried out using a vortex, where-
upon 200 pL of the resulting mixture was moved to a 96-
well plate. The absorbance was then evaluated at 510 nm
with a microplate reader (SpectraMax M2). Each sample
was assessed in triplicate, with findings presented as mg
CE/g extract (milligrams of catechin equivalent per gram of
extract). This quantification was determined via a calibra-
tion curve produced from different catechin concentra-
tions (in the range of 30-300 mg/L).

DPPH radical scavenging activity

Evaluation of the sample extract DPPH radical scavenging
activity could be conducted through the application of an
adjusted traditional technique (22). Initially, the prepara-
tion of the DPPH stock solution (0.1 mM) utilized 0.4 mg of
DPPH powder, which was dissolved in 9.6 mL of 80% etha-
nol. Precisely, 20 yL drawn from the 30 mg/mL sample
extracts could be mixed in the 96-well microplates with
180 pL of 0.1 mM DPPH solution. This resulting mixture
underwent vigorous shaking before being left in darkness
at a temperature of around 25 °C for half an hour. Subse-
quently, reaction mixture measurements were taken for
the wavelength of 515 nm against a blank (ethanol) using a
microplate reader (SpectraMax M2). DPPH radical scaveng-

(Acontrol - Asample)
% DPPH radical scavenging inhibition = ———— X100

Acontrol
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ing inhibition percentages were duly determined for the
samples investigated using the formula given below:

Where, Acontrot = DPPH absorbance without samples
Asample = DPPH absorbance with samples

Relevant values were determined based on the
trolox standard curve, constructed using concentrations
ranging from 1 to 10 mg/mL and presented in the format of
mg TE/g extract (milligrams of trolox equivalent per gram
of extract). Data shown represent the average of triplicate
tests.

ABTS radical cation scavenging activity

Scavenging of the ABTS radical cations followed a method-
ology outlined in the work of Gonzalez-Palma et al. (2016)
(22), albeit slightly modified. To prepare the necessary
stable stock solution of ABTS radical cation, an aqueous
ABTS solution (4 mM) was used for the reaction involving
2.45 mM K,S,0s (potassium persulfate) at a ratio of 1:1 (v/v)
at room temperature in darkness for a period of 12 to 16
hours prior to its use in further investigation. This ABTS
solution then underwent dilution using distilled water to
achieve an absorbance level of 1.0 + 0.02 at 734 nm. Subse-
quently, 20 pL of sample extracts (30 mg/mL) were added
to 150 pL of working solution in a 96-well microplate. Fol-
lowing incubation for 15 minutes in the dark at around 25
°C, measurements of the absorbance were immediately
taken for the wavelength of 734 nm using a microplate
reader (SpectraMax M2). The ABTS radical cation scaveng-
ing inhibition percentages could be determined via the

. X . (Acontrol - Asample)
% ABTS radical cation scavenging =

inhibition

X100
Acontrol

formula given below:
Where, Acontrol = ABTS absorbance without samples

Asample = ABTS absorbance with samples

All outcomes could be determined via the use of a
calibration curve of Trolox within a concentration range of
5-100 mg/mL. Reported findings took the form of mg TE/g
extract. The experimental procedures were conducted in
triplicate.

Lipid peroxidation inhibition assay

The inhibition of lipid peroxidation due to the actions of
the sample extracts and ascorbic acid underwent assess-
ment via the use of the thiobarbituric acid reactive sub-
stances (TBARS) assay, following the protocol outlined by
Badmus et al. (2011) (23). Egg yolk homogenate, a lipid-
rich medium, was combined with the extract (30 mg/mL) in
a 0.1 mL to 0.5 mL ratio, respectively. The volume was ad-
justed to a value of 1.0 mL using distilled water. The addi-
tion of 0.05 mL of FeSQu(iron (lI) sulfate) followed, with the
subsequent incubation of the resulting mixture for a peri-
od of half an hour at a temperature of 37 °C. Acetic acid
(1.5 mL) and TBA in SDS (1.5 mL) were then sequentially
added to the mixture. Following vortex mixing, the solu-
tion was heated at 95 °C for 60 minutes. Once cooled, buta-
nol (5 mL) was introduced, whereupon the resulting mix
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was placed in a centrifuge for 10 minutes at 3,000 rpm.
Measurements of the organic upper layer absorbance were
taken at 532 nm, whereupon the lipid peroxidation inhibi-

(Acontrol - Asample)

% lipid peroxidation inhibition= X100

Acontrol

tion percentage could be determined using the equation
given below:

Where, Acontrot = the control absorbance without samples

Asample = the test absorbance with samples

Analysis of the data

Each analysis was conducted in triplicate (n = 3). Data were
presented in the form of mean * standard deviation and
subjected to further analysis via the use of the Statistical
Package for Social Sciences (SPSS version 21). One-way
ANOVA allowed the determination of significant differ-
ences between means, while Duncan's new multiple tests
allowed the identification of the least significant differ-
ences with 95% confidence (p < 0.05).

Results and discussion
Extraction yields

The extraction efficiencies of 80% ethanol and water for
obtaining unripe and ripe C. mitis pulps and peels are pre-
sented in Table 1. The extract yields, expressed as percent-
ages, ranged from 6.54% to 11.57% for 80% ethanol and
from 5.49% to 9.58% for water. Notably, the highest crude
extract was obtained from the unripe peel using 80% etha-
nol, yielding 11.57%. Following closely was the ripe peel
extracted in 80% ethanol, yielding 10.56%. Conversely, the
lowest yield was observed in the ripe peel extracted using
water, with a yield of 5.49%. Considering its favorable
properties in extracting polyphenolic compounds and its
non-toxic nature for the environment and human con-
sumption, a solvent consisting of aqueous ethanol (80% v/

Table 1. The extraction yields of unripe and ripe of C. mitis pulps and peels
with different solvents based on weight

Yields (% w/w)

Samples

80% Ethanol Water
Unripe pulp 6.54 8.32
Ripe pulp 7.23 9.58
Unripe peel 11.57 6.27
Ripe peel 10.36 5.49
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v) was chosen for the extraction process (24). Consequent-
ly, the extraction process successfully obtained water-
soluble and ethanol-soluble compounds.

Vitamin C content of C. mitis Blanco fruit tissues

Citrus fruits are known for their high ascorbic acid content,
which can be understood to serve as a crucial indicator of
their efficacy in preventing scurvy, cancer, cardiovascular
diseases, and chronic nervous system diseases (25). The
study on C. mitis revealed significant variations in the
ascorbic acid content based on fruit ripening stages, fruit
parts, and extraction solvents, as presented in Table 2.
Comparing the fruit parts and ripening stages, it was found
that the pulp contained higher levels of ascorbic acid than
the peel, and this concentration decreased gradually as
the fruit ripened. Among the solvents used for extraction,
water extracts exhibited higher levels of ascorbic acid than
80% ethanolic extracts. Notably, the unripe pulp extracted
with water displayed the highest ascorbic acid content,
with a value of 36.74 mg/100 g FW, whereas the ripe peel
extracted with 80% ethanol had a value of 7.39 mg/100 g
FW. These findings concur with earlier research examining
alternative cultivars involving citrus fruits, in which the
pulp of various commercial citrus fruits in Brazil contained
more ascorbic acid than peel (26). In contrast to these re-
sults, the peel of fruits, including lemon, grapefruit, or or-
ange, contained higher levels of vitamin C than their inner
parts, including the pulp and seeds (27). This variation
could be attributed to different cultivars, maturity stages,
extraction solvents, or other environmental factors.

Phenolic compositions of C. mitis Blanco fruit tissues

Polyphenolic compounds, encompassing phenolics and
flavonoids, are secondary metabolites present in plants
that exhibit notable antioxidant activity and are widely
distributed in different parts of fruits. The current research
sought to establish the TPC (total phenolic content) and
TFC (total flavonoid content) of unripe and ripe C. mitis
pulps and peels via the respective use of the Folin-
Ciocalteu and aluminum chloride colorimetric methods.
Results of TPC and TFC in 80% ethanol and water extracts
for unripe and ripe C. mitis pulps and peels are provided in
Table 2. The TPC ranged from 3.58 to 35.67 mg GAE/g ex-
tract in 80% ethanol and 2.32 to 29.86 mg GAE/g extract in
water. Similarly, the TFC varied from 0.86 to 14.07 mg CE/g
extract in 80% ethanol and 1.75 to 16.88 mg CE/g extract in
water. The findings demonstrated significant variations in
TPC and TFC based on fruit ripening periods, fruit tissues,
and extraction solvents.

Interestingly, the TPC decreased as the fruit rip-

Table 2. Vitamin C, total phenolic and total flavonoid contents was detected in unripe and ripe of C. mitis pulp and peel extracts in different solvents

Vitamin C content (mg/100 g FW)

Total phenolic content (mg GAE/g extract)

Total flavonoid content (mg CE/g extract)

Treatments

80% Ethanol Water 80% Ethanol Water 80% Ethanol Water
Unripe pulp 29.64+0.10f 36.74+0.07" 6.41+0.06¢ 5.32+£0.07¢ 1.75+0.04° 0.86+0.03°
Ripe pulp 24.25+0.08¢ 31.36+0.09¢ 3.58+0.07° 2.32+£0.04° 3.44+0.05¢ 1.96+0.03 ¢
Unripe peel 11.25+0.07¢ 15.49+0.08¢ 35.67+0.09" 29.86+0.05¢8 11.07 £0.06f 9.77+0.06 ¢
Ripe peel 7.39+0.08° 10.20+£0.05° 24.49+0.08f 21.24+0.05¢ 16.88+0.06" 14.07£0.05¢8

The values are presented as mean * standard deviation (n = 3). Different superscript lowercase letters in column denote significant differences at p < 0.05 using
one-way ANOVA followed by Duncan’s new multiple range test (DMRT). FW = fresh weight; GAE = gallic acid equivalent; CE = catechin equivalent
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ened, whereas a rising trend could be seen in the case of
flavonoids, with increases taking place as the fruit ma-
tured in all fruit tissues. Regardless of the solvent, unripe
extracts consistently exhibited higher TPC than ripe ex-
tracts. Notably, the unripe peel extracted with 80% etha-
nol and water displayed the highest TPC, with values of
35.67 and 29.86 mg GAE/g extract, respectively. Converse-
ly, the ripe extracts contained higher TFC than the unripe
extracts, with the ripe peel in 80% ethanol and water ex-
hibiting the highest TFC, with values of 16.88 and 14.07 mg
CE/g extract, respectively. Furthermore, the ripe pulp
showed the lowest TPC value, whereas the unripe pulp
displayed the lowest TFC value across all solvents. Among
the solvents used, 80% of ethanolic extracts consistently
demonstrated significantly higher TPC and TFC than water
extracts.

Our research has confirmed that the ripening pro-
cess impacts phenolic compounds in different fruit tissues,
and these compounds exhibit variations in antioxidant
content depending on various factors, including compo-
nents, cultivars, species, maturation stages, harvest times,
climatic conditions, and storage durations (28). Wang et al.
(2022) (29) reported that phenolic compounds such as cat-
echin, ferulic acid, chlorogenic acid, and coumaric acid can
be found in significant quantities in immature fruit, alt-
hough the amounts decrease as the fruits mature. General-
ly, the total phenolic content (TPC) was higher in unripe
fruits compared to ripe fruits, which can be a consequence
of the lower levels of tannins and various other phenolic
compounds as the fruits ripen to enhance their palatability
(30). These findings align with previous studies that ob-
served a high concentration of TPC in non-edible parts of
orange plants, such as the leaves, seeds, or peel, in con-
trast to the parts which can be eaten, such as the juice or
pulp (31-33). Similarly, it has been reported that phenolic
compounds have an uneven distribution throughout the
flesh of the fruit and are primarily found within the epider-
mis and sub-epidermis (34). However, this finding contra-
dicts a previous study by Huda-Faujan et al. (2015) (35),
which suggested that the water extracts derived from cer-
tain vegetables from Malaysia offered greater phenolic
content than was the case for the ethanolic extracts. It can
be explained that the discrepancy might possibly be due to
the inability of pure ethanol to extract polar phenolic com-
pounds. It could be dependent on the extract concentra-
tion along with the sample-to-solvent ratio employed.
Overall, it has been shown that aqueous solvents offer
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greater phenolic compound yields than is the case for al-
ternative solvents (36).

Flavonoids, the primary phenolic compounds in
oranges, play a crucial role as antioxidants through free
radical scavenging, lipid peroxidation inhibition, and the
chelation of metal ions through those phenolic hydroxyl
groups that are attached to their ring structures (31,33,37).
Additionally, flavonoids exhibit effective regulation of vari-
ous human diseases through their antioxidant, anti-
inflammatory, and immunomodulatory effects (38). The
findings of this study align with previous research studies
indicating that orange peel contains flavonoids at high
concentrations in contrast to the rest of the fruit (33,39).
Moreover, when extracted using aqueous ethanol, TFC
(total flavonoid content) for calamondin peels exceeds
that of the pulp (40). The main flavonoids, such as naringin
and hesperidin, have a higher solubility in aqueous etha-
nol, resulting in lower TFC values in water extracts com-
pared to extracts with 80% ethanol (40). Similarly, in line
with the present study, extracting TFC from C. grandis us-
ing aqueous ethanol was more favorable and efficient (41).
Furthermore, C. reticulata peel exhibited a high content of
flavonoids, which strongly influenced the fruit's color (42).
It is worth noting that flavonoid synthesis requires light,
and the full sunlight exposure may have induced their ac-
cumulation in the peel of this particular cultivar (43).

DPPH and ABTS radicals scavenging activities of C. mitis
Blanco fruit extracts

The DPPH assay is widely used for assessing antioxidant
activity in vitro since it is simple, cheap, fast, and the find-
ings are easily reproduced. DPPH radicals are organic free
radicals with a nitrogen center, exhibiting purple in etha-
nolic solutions. When they interact with materials capable
of donating protons, or antioxidants, this changes the radi-
cal to form DPPH, resulting in alterations in the color to
appear yellow rather than the original purple (diphenyl-
picrylhydrazine). During the course of this study, antioxi-
dant activity against DPPH was compared between unripe
and ripe C. mitis pulps and peels, and it was also compared
to the well-known antioxidant, ascorbic acid, as presented
in Table 3. The extracts from the analyzed fruit tissues
demonstrated significant antioxidant properties, ranging
from 2.63 to 6.31 mg TE/g extract. Consistent with the total
phenolic content, the unripe peel exhibited the highest
DPPH radical scavenging activity, with 6.31 mg TE/g ex-
tract in 80% ethanol and 5.49 mg TE/g extract in water. In

Table 3. The antioxidant and lipid peroxidation inhibitory activities of unripe and ripe C. mitis pulp and peel extracts obtained using various solvents were com-

pared to ascorbic acid with the concentration set to 0.5 mg/mL

DPPH scavenging activity (mg TE/g extract)

ABTS scavenging activity (mg TE/g extract)

Lipid peroxidation inhibitory activity (%)

Treatments
80% Ethanol Water 80% Ethanol Water 80% Ethanol Water
Unripe pulp 4.13+0.06¢ 3.15+0.03° 6.50+£0.07 ¢ 5.63+0.05¢ 53.56+0.09°¢ 38.65+0.13°
Ripe pulp 3.66+0.04¢ 2.63+0.05° 5.44+0.04° 4.72+0.052 47.87+0.05¢ 31.74+0.06°
Unripe peel 6.31+0.03" 5.49+0.068 7.69+0.04¢ 7.04+0.03f 74.62+0.05" 59.67+0.11F
Ripe peel 5.33+0.04f 4.74+0.02¢ 7.06+0.03f 6.19+0.02¢ 68.15+0.08 ¢ 50.27+0.09 ¢
Ascorbic acid 12.36+0.04° 14.52£0.03" 89.26 £ 0.05'

The values are presented as mean + standard deviation (n = 3). Different superscript lowercase letters in column denote significant differences at p < 0.05 using
one-way ANOVA followed by Duncan’s new multiple range test (DMRT). TE = trolox equivalent
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contrast, the ripe pulp exhibited the lowest scavenging
activity across all solvents.

Concerning the antioxidant potential of C. mitis ex-
tracts evaluated using the ABTS assay, the results were
consistent with the DPPH radical scavenging activity. The
data presented in Table 3 demonstrate notable variations
in the ABTS cationic radical scavenging of C. mitis extracts
acquired with a variety of solvents across various fruit tis-
sues, ranging from 4.72 to 7.69 mg TE/g extract. The unripe
peel, extracted with 80% ethanol, exhibited significantly
higher ABTS scavenging ability than the other groups, with
a 7.69 mg TE/g extract value. The ripe peel, unripe, and
ripe pulp demonstrated progressively lower scavenging
activities. When considering the different polar solvents,
the water extracts displayed similar antioxidant activity to
the 80% ethanolic extracts, albeit with lower values for
each fruit tissue and ripening stage. Ethanol, an intermedi-
ate-polar solvent utilized in extraction, can effectively ex-
tract a wide range of compounds, from hydrophilic to hy-
drophobic, including phenolic compounds. Consequently,
it provides higher antioxidant properties compared to wa-
ter extraction (44).

However, the scavenging activities of the extracts
using the DPPH and ABTS assays were lower than those of
ascorbic acid, which served as the positive control, with
values of 12.36 and 14.52 mg TE/g, respectively. Interest-
ingly, a significant decrease in antioxidant capacity was
observed in both the pulp and peel as they ripened. This
decline in antioxidant activity during ripening could be
attributed to a reduction in the total phenolic content or
the activity of antioxidant enzymes like ascorbate and glu-
tathione in the tissues (45). Furthermore, the high content
of phenolics and flavonoids in C. mitis peel contributed to
its greater antioxidant potential than the pulp. Our find-
ings support previous studies indicating that citrus peel
exhibits robust antioxidant activity due to its abundance of
bioactive compounds such as phenolics, flavonoids (DGPP,
naringin, and hesperidin), polymethoxyflavones (nobiletin
and tangeretin), and limonoids (15,16). These compounds
likely play a crucial role in scavenging free radicals in the
extracts, particularly naringin and hesperidin, which pos-
sess 4'-OH and 3'-OH groups, respectively, known to en-
hance the antioxidant power of flavonoids. Immature cala-
mondin peel extracts demonstrated good oxygen radical
scavenging capacity (46). Most studies have indicated that
phenolic compounds exert a greater influence on antioxi-
dant activity compared to ascorbic acid (47,48).

Moreover, the total polyphenol content has been
identified as the major contributor to the antioxidant ca-
pacity of citrus fruits (49). The variation in antioxidant ca-
pacity observed among different citrus fruit tissues may be
attributed to differences in their phenolic composition
(50). However, it should be noted that the extracts are
complex mixtures containing numerous compounds with
specific activities (51). Finally, the health benefits associat-
ed with citrus fruits are primarily attributed to their antiox-
idant activity.
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Lipid peroxidation inhibitory activity of C. mitis Blanco
fruit extracts

Lipid peroxidation typically involves a free radical chain
reaction, causing damage to biological membranes and a
loss of their functioning. Lipid radicals are formed when
lipids react with free radicals, which combine with molecu-
lar oxygen to form lipid peroxyl radicals, which in turn will
serve to extend the process of peroxidation through the
extraction from the various lipid molecules of hydrogen
atoms. This process of propagation can be disrupted by
hydrogen-donating antioxidants, while lipid peroxidation
is also inhibited (23). Our study assessed the potential of
unripe and ripe C. mitis fruit extracts to inhibit lipid peroxi-
dation, as shown in Table 3. The extracts from unripe fruit
demonstrated a stronger inhibitory effect on lipid peroxi-
dation than those from ripe fruit. Both unripe and ripe
peels exhibited significantly higher inhibition of lipid pe-
roxidation than the pulp extracts in egg yolk. However, the
inhibitory effect of ascorbic acid was significantly greater
than that of the extracts.

Interestingly, the unripe peel extracted with 80%
ethanol displayed the highest inhibitory activity, with val-
ues of 74.62%, while the water extract of ripe pulp showed
the lowest activity, with values of 31.74%. These findings
align with a previous study that reported higher lipid pe-
roxidation inhibition in the peel extract of C. limonum
compared to the pulp extract (52). The high lipid peroxida-
tion inhibition observed in the 80% ethanol extract of the
peel may be attributed to the existence of the phenolic
compounds known to show a good correlation with the
antioxidant properties of citrus fruits. Additionally, the
higher lipid content and lower levels of endogenous anti-
oxidant components in the peel may contribute to the low-
er inhibition of lipid peroxidation (53).

Correlation between TPC and TFC with antioxidant and
lipid peroxidation inhibitory activities

Pearson's correlation coefficients were considered signifi-
cantly negative when they fell within the -0.61 < r <-0.97
range and significantly positive when they fell within the
0.61 <r<0.97 range (54). The results of this study, depicted
in Table 4, examined the relationship between TPC and
TFC with antioxidant and lipid peroxidation inhibitory ac-
tivities in extracts from unripe and ripe C. mitis pulps and
peels using different solvents. The findings of this study
revealed a strong positive correlation, indicating that TPC
and TFC in citrus samples contribute significantly to their

Table 4. The correlation coefficient was determined for the examination of
the association between the inhibition of antioxidant properties and lipid
peroxidation (LP) activities and the TPC (total phenolic content) and TFC
(total flavonoid content) of unripe and ripe C. mitis pulp and peel extracts
obtained using different solvents

Assays DPPH ABTS LP TPC TFC
DPPH 1

ABTS 0.960 1

LP 0.957 0.957 1

TPC 0.956 0.888 0.856 1

TFC 0.866 0.784 0.704 0.959 1
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antioxidant and lipid peroxidation inhibitory activities.
Earlier research has also found that TPC shows a positive
correlation with the antioxidant activity of citrus peel, alt-
hough there have also been contrasting reports (40,55).
For instance, de Moraes Barros et al. (2012) (8) found a lack
of correlation linking TPC and antioxidant activity for ex-
tracts of citrus peel, while Rahman et al. (2018) (56) ob-
served that DPPH values were negatively correlated with
TPC. These findings might be attributed to the various
different citrus species studied as well as the extraction
procedures employed. The citrus peel contains various
phenolic compounds that can be found in citrus peel, in-
cluding flavonoids and phenolic acids, and different spe-
cies may exhibit different compositions (9,40). While most
phenolic compounds exhibit intense antioxidant activity,
some may have weaker activity (57). Additionally, the anti-
oxidant qualities of the extracts can also be affected by the
presence of a number of different bioactive compounds,
including mineral elements, vitamins, terpenoids, fatty
acids, amino acids, or pectin (8,12).

Conclusion

In summary, the extracts obtained from C. mitis or cala-
mondin fruit showed varying levels of antioxidant activity,
including scavenging DPPH and ABTS radicals and lipid
peroxidation inhibition. These activities were influenced
by certain factors, such as the ripening stages of the fruit,
the specific fruit tissues utilized, and the choice of solvent
used for extraction. In comparison to the ripe fruit extract,
the unripe fruit extract exhibited stronger antioxidant and
lipid peroxidation inhibitory activities. Particularly, the
fruit peel contained higher levels of bioactive compounds
and exhibited greater antioxidant potential, making it a
promising source of compounds for developing food prod-
ucts with health benefits. The observed bioactivities can
be attributed to ascorbic acid, flavonoids, and phenolic
compounds detected in the fruit extracts. These bioactive
compounds contribute to free radicals' scavenging and
lipid peroxidation inhibition. Therefore, the current study
provides valuable insights into the potential of C. mitis fruit
to counteract oxidative damage caused by free radicals.
The findings have significant implications for agricultural
practices and the food industry, offering important guid-
ance for developing new products that prioritize safety
and health promotion.
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