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Abstract 

Randia spp. is a medicinal plant traditionally used in the treatment of various diseases. In this study, 
the phytochemical composition and the antioxidant, antiproliferative, and cytotoxic activities of 
hydroalcoholic extracts from fresh and dried Randia spp. fruits were evaluated. The phytochemical 
profile was determined through qualitative assays and high-performance liquid chromatography 
(HPLC). Antioxidant activity was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. The antiproliferative effect was 
tested against CaCo-2 cells (human colon adenocarcinoma), while cytotoxicity was evaluated using 
J774.2 murine macrophages, and the selectivity index (SI) was calculated. The fresh and dried fruit 
extracts contained 50.27 and 47.22 mg QE/g extract of total phenols (TPC), and 27.08 and 35.53 mg 
QE/g extract of total flavonoids (TFC), respectively. In fresh fruit extracts, four phenolic acids (caffeic, 
hydroxybenzoic, ferulic, and coumaric) and one flavonoid (kaempferol) were identified, while dried 
fruit extracts contained ferulic acid, vanillic acid, and kaempferol. Kaempferol was the predominant 
compound in both extracts (137.55 and 42.10 mg/g dry sample in fresh and dried fruits, respectively). 
Both extracts displayed antioxidant activity, with IC₅₀ values of 18.29 mg/mL (DPPH) and 8.70 
mg/mL (ABTS). Among the tested samples, the dried fruit extract demonstrated the highest 
antiproliferative activity. Furthermore, the extract showed moderate antiproliferative effects against 
CaCo-2 cells (IC₅₀ 25.44 ± 0.16 µg/mL) and low cytotoxicity toward J774.2 cells (CC₅₀ > 100 µg/mL), 
resulting in an SI = 3.92. Overall, the antioxidant and antiproliferative activities can be attributed 
mainly to kaempferol, given its high abundance in both extracts. The favorable selectivity index 
suggests that hydroalcoholic extracts of Randia spp. are safe and effective, highlighting their potential 
as candidates for further preclinical and clinical evaluations. 

Keywords: Randia; antioxidant activity; antiproliferative activity; HPLC 

 

1. Introduction 

Under normal physiological conditions, the human body continuously generates free radicals, 
which play essential roles in regulating key cellular processes, including tumor cell apoptosis, 
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immune cell activation, and cell differentiation [1]. The balance of these reactive species is tightly 
controlled by endogenous antioxidant enzymes that protect cells from excessive oxidative damage. 
However, when the production of free radicals exceeds the capacity of these defense systems, 
oxidative stress occurs, contributing to the onset and progression of numerous chronic diseases, such 
as inflammation, cardiovascular disorders, neurodegenerative conditions, and cancer [2]. 

Inflammation, while being one of the critical stages of the wound-healing process and a vital 
component of the innate immune response to tissue injury, can become harmful when dysregulated 
or chronic [3]. Similarly, despite advances in modern medicine, cancer remains one of the leading 
causes of mortality worldwide, highlighting the need for novel, safer, and more effective therapeutic 
strategies [4]. 

Since antiquity, medicinal plants have served as primary remedies for the treatment of diverse 
ailments. Even today, plant-derived compounds continue to represent an invaluable source of 
bioactive molecules due to their safety, accessibility, and therapeutic efficacy [5]. In particular, 
growing attention has been given to natural antioxidants capable of mitigating oxidative stress and 
modulating inflammatory responses. Compounds such as polyphenols, saponins, flavonoids, and 
vitamins have been extensively investigated for their pharmacological properties, including 
antioxidant, anti-inflammatory, and anticancer activities [6]. 

In this context, the exploration of medicinal plants and their secondary metabolites provides an 
important avenue for the discovery of novel therapeutic agents. By elucidating their phytochemical 
composition and biological activities, it becomes possible to identify potential candidates for the 
prevention or complementary treatment of oxidative stress-related diseases, including cancer and 
chronic inflammation. 

Randia is a neotropical genus comprising approximately 60 to 70 species, distributed from the 
southern United States to South America. Mexico represents the center of greatest diversity, 
harboring 33 recognized species [7]. Commonly known as “crucetillo”, this genus is characterized by 
the presence of cross-shaped thorns along the stems of its trees [8]. The fruits are traditionally used 
in local medicine, often prepared as an alcoholic extract mixed with brandy, to counteract the effects 
of snake and insect envenomation (e.g., snakes, spiders, scorpions, toads, bees, wasps). Additionally, 
they are employed in the treatment of cancer, diabetes, inflammation, and pain [9]. 

Several species within the genus have demonstrated notable pharmacological properties. For 
example, Randia aculeata has shown partial inhibition of necrosis in skeletal and myocardial muscles 
following exposure to snake venom, thereby offering protection against venom-induced tissue 
damage. Furthermore, hydroalcoholic extracts of its fruits have been reported to exert analgesic 
activity at the visceral level [9,10]. These findings highlight the therapeutic potential of Randia species 
and support their relevance as a source of bioactive compounds for further pharmacological and 
biomedical research. 

Despite its traditional importance, most species of the Randia genus remain poorly characterized 
from a phytochemical perspective. Existing qualitative studies are scarce and incomplete, with 
reports available for only eight species, in which flavonoids and tannins have been the most 
frequently detected compounds. Moreover, the isolation and identification of specific metabolites 
have been achieved in just six species [11]. Among them, Randia spp., distributed in the northern 
region of Oaxaca, Mexico, is particularly noteworthy due to its long-standing traditional use in the 
treatment of poisonous animal bites and in the management of chronic conditions such as diabetes 
and cancer. This ethnopharmacological relevance underscores the urgent need to advance research 
on its chemical composition and therapeutic potential. 

The present study addresses this gap by conducting a detailed investigation of hydroalcoholic 
extracts obtained from fresh and dried fruits of Randia spp. Specifically, the phytochemical profile 
was characterized, and the antioxidant, antiproliferative, and cytotoxic activities were systematically 
evaluated. By integrating both chemical and biological assessments, this research contributes to 
expanding the current knowledge of Randia spp., while also highlighting its potential as a promising 
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source of bioactive compounds with applications in the pharmaceutical and functional food 
industries. 

2. Materials and Methods

2.1. Sample Collection and Preparation 

A total of 100 fruits of Randia spp. (5.7 kg) were collected in October  2023  from the city of  
Tuxtepec, Oaxaca, Mexico (18°01′21″ N, 96°12′10″ W; 35 m a.s.l.). The fruits were thoroughly washed 
to remove soil residues, and any samples showing signs of fungal contamination or physical damage 
(e.g., bruising) were discarded. The selected fruits were ground using a knife mill (model HC-2000Y) 
until a homogeneous paste was obtained. A portion of this paste was subjected to drying in a batch 
refractive window dryer at a constant temperature of 55 °C for 2.5 h. The dried material was 
subsequently re-ground in the same knife mill to obtain a fine powder with a particle size of 0.420 
mm (mesh No. 40). 

2.2. Extraction Procedures and Traditional Wine Preparation Techniques. 

Fresh fruit paste and dried fruit powder of Randia spp. were subjected to ultrasound-assisted 
extraction. The process was performed in an ultrasonic bath (Elmasonic P, D-78224, Singen/Htw., 
Germany) operating at a frequency of 80 kHz and 100% power for 30 min. A hydroalcoholic mixture 
of 70% ethanol in water was used as the extraction solvent, at a plant material-to-solvent ratio of 1:10 
(g/mL). After extraction, the solvent was filtered through Whatman No. 1 filter paper, and the filtrate 
was concentrated under reduced pressure using a Rotavapor® R-3 (Büchi Labortechnik, Flawil, 
Switzerland) at 40 °C and 60 rpm. The resulting extracts were stored at 4 °C until further analysis 
[13]. 

The traditional beverage was formulated by combining 750 mL of sherry wine (La Lupe Mexican 
brand) with 250 mL of brandy, both acquired from the local market. Subsequently, eight ground 
fruits (40 g) were incorporated into the mixture to obtain the final preparation.

2.3. Phytochemical Profile 

2.3.1. Qualitative Identification of Families 

An aliquot of 50 mg of each extract was weighed and diluted in 2.5 mL of a 70% ethanol–water 
solution. The resulting mixture was clarified by filtration through a Pasteur pipette packed with 
diatomaceous earth and activated carbon, after which it was used for subsequent determinations. 
Phytochemical screening of the clarified extracts was carried out using standard qualitative tests: 
alkaloids were detected with Dragendorff’s reagent, saponins by their ability to produce stable foam, 
phenolic compounds with the Folin–Ciocalteu reagent, flavonoids by colorimetric reactions with 
NaOH and HCl, and sterols and triterpenes with the Liebermann–Burchard reagent [14]. 

2.3.2. Total Polyphenol Content 

The total polyphenol content (TPC) was determined following the procedure described by 
Singleton and Rossi [15], using gallic acid as the reference standard. Results were expressed as 
milligrams of gallic acid equivalents per gram of extract (mg GAE/g). For the assay, 600 µL of 
deionized water, 10 µL of sample solution (2.5 mg extract/mL H₂O), and 50 µL of Folin–Ciocalteu 
reagent were added sequentially to Eppendorf tubes. After mixing, 150 µL of 20% (w/v) sodium 
carbonate solution was added, and the reaction mixtures were incubated at 27 °C for 2 h. The 
absorbance of each sample was then measured at 760 nm using a UV–Vis spectrophotometer. 
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2.3.2. Total Flavonoid Content 

The total flavonoid content (TFC) was determined following the methodology described by 
Zhishen et al. [16]. Briefly, 1,250 µL of deionized water was mixed with the sample solution (2.5 mg 
extract/mL H₂O), followed by the addition of 75 µL of 5% NaNO₂ solution. After incubation at room 
temperature for 6 min, 150 µL of 10% AlCl₃ solution was added, and the mixture was allowed to 
stand for an additional 5 min. Subsequently, 500 µL of 1 M NaOH was added, and the final mixture 
was thoroughly mixed. Absorbance was recorded at 510 nm using a UV–Vis spectrophotometer. 
Quercetin was used as the reference standard, and results were expressed as milligrams of quercetin 
equivalents per gram of extract (mg QE/g). 

2.4. Identification of Phenols by HPLC 

Phenolic acids were identified using a Perkin-Elmer Flexar high-performance liquid 
chromatography (HPLC) system equipped with a quaternary pump and UV detector, operated with 
Chromera software (version 4.1.16396). 

The procedure followed the method described by Méndez-Lagunas et al. [17]. Separation was 
achieved on a Zorbax Bonus-RP column (4.6 × 150 mm i.d.; Agilent Technologies) coupled to a UV 
detector (Perkin-Elmer Flexar). The mobile phase consisted of two solvents with different polarities: 
0.085% orthophosphoric acid in water and acetonitrile. Identification of phenolic acids was carried 
out by comparison with authentic standards, including ferulic, p-coumaric, syringic, caffeic, 
chlorogenic, 4-hydroxybenzoic, and vanillic acids. Quantification was performed using calibration 
curves prepared from the corresponding standards at a detection wavelength of 280 nm, and peak 
areas were used for calculations. Results were expressed as milligrams per 100 g of dry solids. 

2.5. Antioxidant Activity 

The antioxidant activity of the extracts was evaluated based on their ability to inhibit DPPH and 
ABTS radicals. The percentage of DPPH inhibition was determined following the method of Brand-
Williams et al. [18]. A stock solution of DPPH was prepared by dissolving 2.4 mg of the radical in 
methanol and adjusting the volume to 100 mL. For the assay, 975 µL of the DPPH solution was mixed 
with 25 µL of the sample at concentrations of 10,000, 5,000, 2,500, 1,000, and 500 ppm in Eppendorf 
tubes. The mixtures were incubated under dark conditions at room temperature for 30 min prior to 
absorbance measurement at 515 nm. 

The ABTS radical inhibition assay was performed according to the procedure described by Re 
et al. [19]. ABTS was prepared at a concentration of 7 mM in water, and the ABTS radical cation was 
generated by reacting the stock solution with 2.45 mM potassium persulfate (final concentration). 
The mixture was kept in the dark at room temperature for 12–16 h before use. The working ABTS 
solution was then diluted with ethanol to an absorbance of 0.70 ± 0.05 at 732 nm. The ABTS radical 
solution was added to the samples at a 1:10 (v/v) ratio. Samples at concentrations of 10,000, 5,000, 
2,500, 1,000, 500, 250, 50, and 25 ppm were evaluated, and the results were expressed as percentage 
inhibition. 

2.6. Antiproliferative Activity and Cytotoxicity 

The cytotoxicity assay was performed using mouse macrophage cells J774.2 (ATCC® TIB-67, 
Manassas, VA, USA). Cells were cultured in RPMI 1640 medium supplemented with 10% FBS, 100 
U/mL penicillin, 100 µg/mL streptomycin, and 2 mM glutamine, and maintained at 37 °C in a 
humidified atmosphere containing 5% CO₂. A defined cell suspension (1 × 10⁵ cells/mL) was 
incubated with fresh and dried fruit extracts of Randia spp. at concentrations ranging from 0.78 to 200 
µg/mL for 48 h under the same conditions. Wells containing cells treated with 0.2% DMSO served as 
negative controls, while cisplatin was used as a positive control. Cell metabolic activity was assessed 
by the MTT assay, and cell viability (%) was calculated. The 50% cytotoxic concentration (CC₅₀) was 
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determined by probit analysis. All assays were performed in triplicate across three independent 
experiments [20]. 

The antiproliferative activity was evaluated using human colorectal adenocarcinoma Caco-2 
cells. Cells were cultured in high-glucose DMEM supplemented with 20% FBS and 1% antibiotic–
antimycotic solution, maintained at 37 °C in a humidified atmosphere with 5% CO₂. The culture 
medium was replaced every 2–3 days, depending on cell confluence. For the assay, 15,000 cells per 
well were seeded in 96-well plates and incubated for 24 h. Cells were then treated with fresh and 
dried fruit extracts of Randia spp. at concentrations ranging from 0.78 to 200 µg/mL, washed with 
PBS, and incubated with fresh, treatment-free medium for an additional 22 h. Cisplatin was used as 
a positive control. 

Cell viability was assessed using the MTT assay. After treatments, culture supernatants were 
removed, wells were washed with PBS, and 100 µL of serum-free medium containing 0.5 mg/mL 
MTT was added. Plates were incubated at 37 °C for 2 h, after which the resulting formazan crystals 
were dissolved in isopropyl alcohol. Absorbance was measured at 540 nm using a microplate reader 
[21]. Experiments were performed in triplicate across three independent assays, and results are 
expressed as mean ± standard error. The half-maximal inhibitory concentration (IC₅₀) was determined 
by probit analysis. 

The selectivity index (SI) of the fresh and dried fruit extracts was calculated as the ratio between 
CC₅₀ and IC₅₀ (SI = CC₅₀ / IC₅₀) [20]. 

2.7. Statistical Analysis 

All results are presented as mean ± standard deviation (SD). Statistical analysis was performed 
using one-way analysis of variance (ANOVA), followed by Tukey’s test to assess significant 
differences between means at a 95% confidence level (p < 0.05). Analyses were conducted using 
Statistica software, version 10.0 (StatSoft Inc., 1984–2008, USA). 

3. Results 

3.1. Phytochemical Profile 

3.1.1. Qualitative Family Identification 

The colorimetric assays revealed the presence (+) or absence (–) of secondary metabolites, as 
summarized in Table 1. Extracts from the fresh and dried fruit, as well as from the traditional 
beverage, were positive for saponins, phenols, and flavonoids, compounds that are widely 
recognized for their potential contribution to antioxidant activity. 

Table 1. Identification of chemical families of extracts from the fresh and dried fruit of Randia spp. 

Family  Fresh fruit Dried fruit Traditional drink 
Alkaloids  - - - 
Saponins  ++ ++ + 

Sterols and triterpenes - -  
- 

Phenols  ++ ++ + 
Flavonoids  + + ++ 

Absent (-), little (+), moderate (++), abundant (+++). The values represent the mean of three determinations ± 
standard deviation. Different letters in the same column indicate significantly different values (p<5) according 
to Tukey's test. 

In the extracts of fresh and dried fruit, phenols and saponins were identified as the predominant 
metabolite families, whereas lower levels of flavonoids were detected compared to those found in 
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the traditional drink. In contrast, alkaloids, steroids, and triterpenes were not detected in any of the 
evaluated extracts. 

3.1.2. Total Polyphenol and Flavonoid Content 

The total polyphenol content of the fruit extracts is presented in Table 1, with values of 47.22 ± 
0.96 mg GAE/g for the fresh fruit extract and 50.27 ± 0.14 mg GAE/g for the dried fruit extract. No 
significant differences were observed between the fresh and dried samples, indicating that drying 
using a refractive window did not notably affect the polyphenol content. 

Significant differences in total flavonoid content were observed among the extracts, with the 
dried fruit extract showing the highest value (35.53 ± 2.20 mg QE/g, Table 2). The increase is likely 
due to water removal during drying, which concentrates the compounds and disrupts cellular 
vacuoles, facilitating flavonoid extraction [22]. 

Table 2. Total polyphenol and flavonoid content of fresh and dried fruit extracts of Randia spp. 

Extract  
TPC 

(mg GAE/g extract) 
TFC 

(mg QE/g extract) 
Fresh  47.22 ± 0.96 A 27.08 ± 1.36 B 

Dry   50.27 ± 0.14 A 35.53 ± 2.20 A 

Traditional drink 38.583 ± 2.677B 18.660 ± 1.696C 
The values represent the mean of three determinations ± standard deviation. Different letters in the same column 
indicate significantly different values (p≤<0.05) according to Tukey's test. 

3.1.3. Identification of Phenols by HPLC 

The phenolic profiles of Randia spp. fruit extracts, as determined by HPLC, are presented in 
Table 3. In the fresh fruit extract, four phenolic acids (caffeic, hydroxybenzoic, ferulic, and coumaric 
acids) and one flavonoid (kaempferol) were identified and quantified. In contrast, the dried fruit 
extract contained only two phenolic acids (ferulic and vanillic acids) along with kaempferol (Table 
3), suggesting that several phenolic compounds were degraded during the drying process due to 
thermal effects [23]. 

Table 3. Phenolic profile of extracts from the fresh and dried fruit of Randia spp. 

Compound (mg/gdb) Fresh  Dry  Traditional drink 
Caffeic acid  1.05 ± 0.01 nd nd 
Hydroxybenzoic acid  5.34 ± 0.1 nd nd 
Ferulic acid  2.30 ± 0.03 A 1.94 ± 0.05 B nd 
Cumaric acid  1.54 ± 0.05 nd nd 
Kaempferol  137.55 ± 0.16 A 42.10 ± 0.20 B nd 
Vanillic acid  nd 7.51 ± 0.33 nd 
The values represent the mean of three determinations ± the standard deviation. Different letters in the same 
row indicate significantly different values (p<0.05). nd: not detected. 

The detection of vanillic acid in the dried fruit extract is noteworthy, as it was not observed in 
the fresh fruit. This may be attributed to its formation as an intermediate from ferulic acid (present 
in the fresh fruit) during vanillin biosynthesis, reflecting the structural diversity of phenolic 
compounds arising from oxidative coupling reactions [24]. No phenolic compounds were detected 
in the traditional beverage. 
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3.2. Antioxidant Activity 

Several methods have been developed to assess the antioxidant activity of plant extracts, each 
providing a distinct perspective on their antioxidant potential. Consequently, the most 
comprehensive evaluation is achieved by combining two or more complementary methods [25]. In 
this study, the in vitro antioxidant activity of the extracts was evaluated using the DPPH radical 
scavenging assay and the ABTS method. Figures 1 and 2 present the percentage inhibition of DPPH 
and ABTS radicals across concentrations ranging from 500 to 10,000 ppm. The highest inhibition was 
observed at the maximum concentration tested (10 mg/mL), indicating a concentration-dependent 
radical scavenging activity. No significant differences in antioxidant activity were observed between 
the fresh and dried fruit extracts with either method (Table 4), which correlates with the similar total 
polyphenol content observed in both extracts. This finding aligns with the observations of Martínez-
Ceja et al. [26], who reported a strong relationship between phenolic compound concentration and 
antioxidant activity. 

 
Figure 1. Antioxidant activity (% inhibition) of the DPPH radical for fruit extracts and traditional fruit drink of 
Randia spp. at various concentrations. FFE = fresh fruit extract; DFE = dried fruit extract; TDE = traditional fruit 
drink extract. Different letters within the same concentration indicate significant differences (p < 0.05) according 
to Tukey’s test. 
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Figure 2. Antioxidant activity (% inhibition) of the ABTS radical for fruit extracts and traditional fruit drink of 
Randia spp. at different concentrations. FFE = fresh fruit extract; DFE = dried fruit extract; TDE = traditional drink 
extract. Different letters within the same concentration indicate significant differences (p < 0.05) according to 
Tukey’s test. 

The mean inhibitory concentration (IC50) was calculated to quantify the antioxidant capacity of 
the extracts. For the DPPH assay, IC50 values were 18.29 ± 0.8 mg/mL for the fresh fruit extract and 
14.22 ± 1.35 mg/mL for the dried fruit extract. For the ABTS assay, IC50 values were 8.70 ± 0.14 mg/mL 
and 8.68 ± 0.62 mg/mL for the fresh and dried fruit extracts, respectively (Table 4). No significant 
differences were detected between the IC50 values obtained for the two extracts using either method. 

Table 4. Antioxidant activity of fruit extracts of Randia spp. 

Extract DPPH (%) IC50 (mg/mL) ABTS (%) IC50 (mg/mL) 

Fresh 31.8 ± 1.85 A 18.29 ± 0.8 A 
51.54 ± 2.12 A 8.70 ± 0.14 A 

Dry  35.7 ± 1.92 A 14.22 ± 1.35 A 
54.54 ± 1.87 A 8.68 ± 0.62 A 

Traditional drink 14.6 ± 1.92 B 61.933 ± 1.042 B 
 

45.54 ± 1.92 B 
61.933 ± 1.042 B 

The values represent the mean of three determinations ± the standard 
deviation. Different letters in the same column indicate significantly different 
values (p<0.05). 

3.3. Antiproliferative Activity and Cytotoxicity 

The assessment of cytotoxicity in medicinal plants has gained considerable importance, as it 
serves as an initial step in evaluating their safety and is also indicative of the biological activity of 
plant extracts or isolated compounds [27]. Table 5 presents the cytotoxic concentration (CC50) values 
of the extracts. Both the fresh and dried fruit extracts exhibited CC50 values greater than 200 
µg/mL, indicating low cytotoxicity. In contrast, the reference compound cisplatin, a 
chemotherapeutic agent, displayed a CC50 value of 2.22 ± 0.21 µg/mL. 
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Table 5. Cytotoxicity and antiproliferative activity of extracts from the fruit of Randia spp. 

Extract  Cytotoxicity a 

CC50 (µg/mL) 
Antiproliferative Activityb 

IC50 (µg/mL) 
SIc 

Fresh fruit >100 >100 1 

Dried fruit >100 25.44± 0.16 3.92 

Traditional drink 29.99± 8.45 100.50 ± 6.54 0.29 

Control (cisplatin) 2.22 ± 0.21 7.52 ± 0.41 0.29 

a CC50 concentration of the extract that produces a 50% reduction in the J774.2 cell line. b IC50 concentration of the 
extract that produces a 50% reduction of the CaCo-2 cell line. c IS selectivity index (CC50/IC50). 

The antiproliferative activity of the extracts, evaluated using the Caco-2 cell line, is presented 
in Table 4. The dried fruit extract exhibited an activity of 25.44 ± 0.16 µg/mL, which was higher than 
that of the control (7.52 ± 0.41 µg/mL). Regarding the selectivity index, both the fresh and dried fruit 
extracts demonstrated greater selectivity compared to the traditional beverage and the control, with 
values of 1, whereas the control and beverage exhibited a selectivity index of 0.29. 

4. Discussion 

Most Randia species remain poorly characterized, with the earliest chemical studies dating back 
to the 1990s and focusing primarily on Randia echinocarpa [28]. To date, qualitative phytochemical 
studies are still limited and incomplete for several species, with flavonoids and tannins being the 
most commonly reported metabolites. Cano-Campos and Ojeda-Ayala et al. [7,11] identified phenols, 
flavonoids, and saponins in Randia echinocarpa, Randia nitida, and Randia laevigata; these same classes 
of compounds were also detected in both fresh and dried fruit extracts in the present study. Such 
similarities may be related not only to the species but also to methodological aspects, including the 
extraction procedure and solvent system employed [29]. 

With respect to total polyphenol content (TPC), previous reports on the dried pulp of Randia 
monantha Bent showed values of 413 ± 0.61, 125 ± 0.63, and 57 ± 0.70 mg GAE/g for aqueous, 
methanolic, and ethanolic extracts, respectively [10]. For the dried seeds of the same species, TPC 
values of 276 ± 0.36, 146 ± 1.76, and 268 ± 0.27 mg GAE/g were reported for aqueous, methanolic, and 
ethanolic extracts, respectively [10]. Martínez-Ceja et al. [26] reported a TPC of 30.65 ± 0.00 mg GAE/g 
in methanolic extracts of Randia aculeata leaves. In comparison, the values obtained in the present 
work were lower than those reported for the seeds and dried pulp of R. monantha, but higher than 
those reported for the methanolic extract of R. aculeata leaves. 

It is important to note that, in contrast to most previous studies where pulp and seeds were 
analyzed separately, the present study evaluated the whole fruit. This methodological difference 
likely explains the variation in TPC values, as polyphenolic compounds are differentially distributed 
across plant tissues [30]. Such distributional differences highlight the importance of considering the 
plant part analyzed and the extraction strategy employed when comparing phytochemical profiles 
across Randia species. 

The phytochemical composition observed in this study is consistent with the biological activities 
obtained. The comparable antioxidant activities of fresh and dried fruit extracts, measured by DPPH 
and ABTS assays, correlate with the similar polyphenol contents observed between the two 
treatments. Moreover, the presence of bioactive compounds such as phenolic acids and flavonoids 
may underlie the low cytotoxicity and selective antiproliferative effects detected in the Caco-2 cell 
line. These findings reinforce the idea that phenolic composition not only varies among Randia species 
and plant parts but also plays a critical role in defining their functional and therapeutic potential. 
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Flavonoids are a major subclass of polyphenolic compounds widely distributed in plants and 
known for their diverse biological activities. Qualitative phytochemical studies in Randia species have 
consistently reported the presence of flavonoids, with seeds being particularly rich in these 
metabolites [11]. In the present study, flavonoids were quantitatively assessed, and the dried fruit 
extract exhibited a higher flavonoid content compared to the fresh fruit extract. This increase may be 
attributed to the mechanical processes involved in powder production (grinding and sieving), which 
likely promoted the rupture of cellular vacuoles and cell walls, thereby enhancing the release and 
extraction efficiency of flavonoids [22]. Such findings highlight the influence of postharvest 
processing on the phytochemical yield of plant materials. 

Despite the growing interest in Randia species, there is still a limited number of studies that have 
systematically identified and quantified individual phenolic compounds in Randia fruits. A notable 
contribution is the work of Juárez-Trujillo et al. [10], who conducted the first comprehensive profiling 
of phenolic compounds in pulp and seed extracts of Randia monantha using aqueous, methanolic, and 
ethanolic solvents. They identified 10 compounds in the pulp and 13 in the seeds, most of which were 
classified as phenolic acids. The seed extracts consistently exhibited a higher diversity and 
concentration of individual phenolics compared to the pulp. 

In their study, chlorogenic acid was the predominant compound in the aqueous seed extract 
(81.11 ± 1.94 µg/g), followed by rutin (51.61 ± 3.12 µg/g), 4-coumaric acid (30.29 ± 0.06 µg/g), and 
caffeic acid (21.95 ± 0.25 µg/g). Other compounds detected in lower concentrations across all seed 
extracts included ferulic acid, kaempferol, vanillic acid, quercetin, (–)-epicatechin, 4-hydroxybenzoic 
acid, vanillin, 2,4-dimethoxy-6-methylbenzoic acid, and scopoletin. In contrast, the pulp extracts 
contained lower concentrations of phenolics overall. Chlorogenic acid was also the major compound 
in the pulp, with concentrations of 39.81, 20.74, and 13.01 µg/g in the ethanolic, aqueous, and 
methanolic extracts, respectively. Vanillic acid was consistently present in all pulp extracts, with the 
highest concentration in the aqueous extract (9.83 ± 0.28 µg/g), followed by the methanolic (4.87 ± 
0.48 µg/g) and ethanolic (2.17 ± 0.22 µg/g) extracts. Caffeic acid was also detected at low levels in the 
ethanolic pulp extract (3.11 ± 0.09 µg/g). 

Several of these phenolic acids—including chlorogenic acid, vanillic acid, and caffeic acid—were 
also detected and quantified in the fresh and dried fruit extracts of Randia spp. analyzed in the present 
work. The overlap in compound profiles between our results and previous studies supports the 
reproducibility of the phytochemical composition across different Randia species and extraction 
methods. However, differences in compound abundance are likely influenced by several factors, 
including the plant organ analyzed (whole fruit versus separated pulp or seed), the solvent polarity, 
and the extraction conditions employed. 

These findings contribute to the limited but growing body of knowledge on the phytochemistry 
of Randia fruits. By combining qualitative and quantitative data, the present study underscores the 
relevance of both processing techniques and analytical methods in shaping the phytochemical profile, 
particularly with respect to flavonoid and phenolic acid content. Such insights are essential for 
understanding the bioactive potential of Randia species and for guiding future research aimed at their 
pharmacological and nutraceutical applications. 

Comparison of the results obtained in this study with previous reports highlights important 
differences in the phenolic profiles of Randia spp. The main compound identified in both the fresh 
and dried fruit extracts was kaempferol, whereas in the literature this flavonoid has been reported at 
low concentrations in seed extracts of Randia monantha Benth and was not detected in the pulp. A key 
distinction is that the present study evaluated the whole fruit (pulp and seeds), which likely accounts 
for part of the observed variation. 

The chemical composition of plant extracts is strongly influenced by the solubility of metabolites 
in the solvent system employed. In this study, 70% ethanol was selected, as it is well recognized for 
its efficiency in extracting flavonoids and phenolic acids, though its selectivity toward different 
classes of polyphenols can vary. This factor, together with the use of whole fruit, may explain the 
differences between the extracts analyzed here and those previously reported [30,31]. Beyond solvent 
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choice, phytochemical composition can also be affected by other variables, including the extraction 
method, analytical protocols, environmental conditions, and geographical location of plant growth 
[12]. 

All compounds identified in the fresh and dried fruit extracts of Randia spp. contain conjugated 
double bonds in their chemical structures, which enable electronic delocalization. This structural 
feature is closely associated with the antioxidant and anti-inflammatory properties of polyphenols 
described in various plants [32] and may therefore contribute to the biological activities observed in 
the present study. 

In contrast, no compounds were detected in the traditional beverage extract. This absence is 
likely attributable to the low concentration of bioactive compounds, which falls below the detection 
limits of the analytical method employed. To overcome this limitation, modifications in the 
chromatographic protocol—such as adjustments to the mobile phase composition, retention times, or 
inclusion of additional standards—are recommended to achieve a more comprehensive 
characterization of the beverage extract. 

Vanillic acid, identified in the dried fruit extract of Randia spp., is a phenolic compound 
previously reported to possess anti-snakebite properties [33]. Phenolic compounds are also 
recognized for their anti-inflammatory potential in various pathologies, which may explain their 
traditional use in treating animal bites. Another key compound detected in the extracts was 
kaempferol, a flavonoid widely known for its antioxidant, anti-inflammatory, and neuroprotective 
activities. Kaempferol contributes to cellular protection by neutralizing reactive oxygen species and 
reducing oxidative stress [34]. The high content of this compound in both fresh and dried fruit 
extracts highlights Randia spp. as a rich source of bioactive secondary metabolites with potential 
applications in the pharmaceutical and food industries [30]. 

Furthermore, the strong correlation between total polyphenol content and antioxidant activity, 
consistently demonstrated in this and other studies [35,36], reinforces the role of phenolic compounds 
as major contributors to the biological activity of Randia spp. extracts. 

Although studies have reported the antioxidant activity of pulp, seeds, and leaves of Randia 
species [18], no previous evaluations have been conducted specifically on the whole fruit. In the 
present study, antioxidant activity was assessed by determining the percentage of inhibition of DPPH 
and ABTS radicals, as well as the IC50 values for both assays. The activity observed in the fresh and 
dried fruit extracts can be largely attributed to kaempferol, which, as noted above, exhibits 
antioxidant, anti-inflammatory, and neuroprotective properties by effectively neutralizing reactive 
oxygen species and protecting cells against oxidative stress [34]. 

It is noteworthy that the ABTS assay exhibited higher inhibition percentages compared to the 
DPPH assay. This difference is consistent with the broader applicability of the ABTS method, which 
is capable of evaluating both hydrophilic and lipophilic antioxidant systems, whereas the DPPH 
assay is more restricted to hydrophobic environments [37]. 

The evaluation of cytotoxicity has gained increasing importance as an initial step in assessing 
the safety of medicinal plants, since it provides valuable insights into the biological activity of plant 
extracts and isolated compounds [27]. In this context, previous studies on Randia ferox leaf extracts 
demonstrated that peripheral blood mononuclear cells treated for 24 h maintained normal cell 
viability. Moreover, all tested concentrations reduced intracellular reactive oxygen species (ROS) 
levels without affecting nitric oxide (NO) production, and most did not alter double-stranded DNA 
(dsDNA) release [38]. 

In the present study, the cytotoxicity of hydroalcoholic extracts from fresh and dried fruit, as 
well as from the traditional beverage prepared from Randia spp., was evaluated in the J774.2 cell line. 
The extracts exhibited low cytotoxicity compared to cisplatin, suggesting a favorable safety profile. 
These findings highlight the potential of Randia spp. fruit as a safe source of bioactive compounds for 
therapeutic applications and support its traditional use in the treatment of various diseases and 
symptoms. 
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Species of the genus Randia have been attributed with diverse biological activities; however, only 
antioxidant, anti-inflammatory, and antimicrobial properties have been experimentally validated to 
date [11]. In the present study, hydroalcoholic extracts of fresh and dried fruit of Randia spp. 
exhibited an IC₅₀ > 200 µg/mL against the colon adenocarcinoma cell line (CaCo-2) using the MTT 
assay. These findings suggest a potential antiproliferative effect, which may be primarily attributed 
to kaempferol, a flavonoid identified in the extracts. Previous studies have demonstrated that 
flavonoids possess anticancer activity while generally exhibiting lower toxicity than conventional 
chemotherapeutic agents [39,40]. 

Furthermore, comparison of the selectivity index (SI) of the fresh and dried Randia spp. fruit 
extracts with that of cisplatin, a standard drug used in cancer therapy, revealed that the extracts 
displayed higher SI values. This is a desirable characteristic, as a higher SI indicates greater safety 
and efficacy. Ideally, a compound should demonstrate minimal cytotoxicity at high concentrations 
while maintaining biological activity at low concentrations, thus yielding a high SI value [41]. These 
results highlight the potential of Randia spp. fruit extracts as promising candidates for the 
development of safer, plant-derived anticancer agents. 

5. Conclusions 

In this study, the phytochemical composition, antioxidant and antiproliferative activities, and 
cytotoxicity of hydroalcoholic extracts from fresh and dried Randia spp. fruits were evaluated. 
Qualitative analysis confirmed the presence of saponins, phenols, and flavonoids. The dried fruit 
extract exhibited higher levels of total polyphenols and flavonoids, likely due to concentration effects 
during drying using a refractive window. HPLC analysis revealed that the fresh fruit extract 
contained a greater diversity of phenolic compounds, while kaempferol was the predominant 
compound in both extracts, contributing significantly to their antioxidant and antiproliferative 
activities. Both extracts demonstrated low cytotoxicity and high selectivity indices, supporting their 
potential safety and therapeutic value in the prevention or management of chronic degenerative 
diseases. 
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