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Abstract: The HPLC-DAD analysis identified eight phenolic compounds in the leaf and fruit pulp of
Randia echinocarpa, highlighting acid with the highest concentration, followed by and rutin.
Previous analyses have reported similar phenolic profiles in R. echinocarpa and other species of the
same genus, such as Randia monantha, where chlorogenic acid and rutin were the predominant
compounds. The concentration of total phenolics was found to vary depending on the plant tissue
and season, being highest in the leaf during autumn and lowest in the bark during winter. In the
present study it is reported for the first time that tannin and flavonoid concentrations in R. echinocarpa.
The highest concentration of tannins was determined in the leaf during the fall, although these may
have anti-nutritional effects, the concentrations found do not represent a significant risk to human
health. Using HPLC-DAD, five compounds were identified in its leaves and three in the fruit pulp
during the autumn. This study expands the knowledge on phenolic compounds, flavonoids and
tannins in R. echinocarpa, providing valuable data on their concentration, seasonal variability, and
highlights the importance of these compounds with potential health benefits.

Keywords: polyphenols; antioxidant capacity; medicinal plant

1. Introduction

Mexico is a country with a vast herbal and ethnobotanical heritage, ranked within the four
countries with the greatest diversity on the planet is documented that holds between 10-12% of all
terrestrial species, and a significant percentage of which are classified as endemic to Mexico.
Furthermore, it ranks fifth globally in plant biodiversity with approximately 10,958 vascular plants
and 4,702 non-vascular plants, around 10% of the world's flora reported for 2015, of which 4,000 have
been identified with therapeutic effects [1-3], of which it is estimated that in Mexico, chemical,
pharmacological and biomedical validation has only been carried out in 5% of these species [3].

Randia echinocarpa Moc. & Sessé ex DC. is an endemic shrub species of Mexico belonging to the
Rubiaceae family. It's distributed along the Pacific coast in the conserved tropical deciduous forest
[4]. Present in family orchards, pastures, roadsides, and cultivated areas due to various uses.
Commonly known as papache in the Sinaloa state, this plant produces an irregularly structured fruit
with edible pulp, which has been used in traditional medicine to treat various diseases such as cancer,
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malaria, diabetes, and various kidney, lung, circulatory, and gastrointestinal ailments [4,5]. The
antioxidant, and antimutagenic activities of fractions of the fruit of Randia echinocarpa were first
reported in samples from Sinaloa in 2007 [6]. In 2014, soluble melanin’s were isolated from the fruit
of R. echinocarpa which showed inhibitory capacity of a-glucosidase activity, exhibiting their possible
utility as a retardant in the absorption of carbohydrates in the intestine, to treat type II diabetes [7].
It has been determined that fruit's soluble melanin’s exhibit in wvivo antioxidant and
immunomodulatory activity and are innocuous, thus they could be used as bioactive ingredients in
the formulation of foods, functional supplements, and phyto-therapeutic agents [8]. Additionally,
methanolic extracts of seedlings and calli (mass of undifferentiated somatic plant cells) of R.
echinocarpa have been evaluated, yielding positive results in the scavenging of the DPPH free radical
and the ABTS+ cation radical, exhibiting their antioxidant activity [9]. The various activities
(antioxidants, anti-inflammatory, anti-tumor, among others) are attributed to the phenolic
compounds in the plant tissues, and recent reports have identified ten phenolic compounds in dry
cell biomass and dry supernatants of R. echinocarpa, with chlorogenic and salicylic acids being the
main ones, portraying antioxidant, hypoglycemic, antiviral, analgesic, and anti-inflammatory
properties [10]. The objective of the present study was to determine the phenolic profile and
antioxidant capacity of ethanolic extracts from the leaf, bark, and fruit pulp of R. echinocarpa and to
compare these profiles among seasons.

2. Results
2.1. Total Phenolic Content (TPC)

The concentration of total phenolics was determined in fruit pulp, leaf, and bark of R. echinocarpa
dried via lyophilization (0.045-0.090 mbar, -65°C) and oven at 45°C and 75°C. The highest
concentration was found in the leaf during the autumn season across all drying methods, while the
lowest concentrations were observed in the bark during the winter season for all drying methods
(Table 1).

Table 1. TPC in ethanolic extracts of fruit pulp, leaf, and bark of R. echinocarpa collected over an annual cycle

and dried via lyophilization, oven at 45°C and 75°C.

Lyophilized Oven at 45°C Oven at 75°C
Tissue Season mg EQAG g

Fruit pulp Winter 0.788 + 0.0462 1.287 +0.104¢ 1.374 +0.077¢
Fruit pulp Autumn 2.546 +(0.047° 1.467 + 0.0442 0.758 + 0.0354
Leaf Winter 2.447 +0.016P 1.989 + 0.038> 1.751 £ 0.0872
Leaf Autumn 2.617 +0.034° 2.770 + 0.008f 2.683 +0.026¢
Leaf Spring 2.531 +0.047° 1.674 £ 0.1972 1.782 + 0.088
Bark Winter 0.736 + 0.0072 0.437 +0.0094 0.511 +0.0594
Bark Autumn 1.296 + 0.085¢ 0.872 +0.017¢ 1.812 +0.099®
Bark Spring 1.850 + 0.0774 1.779 £ 0.125% 1.558 + 0.0822bc
Bark Summer 2.539 + 0.100P 1.813 + 0.108 1.520 + 0.002z

Data are presented as mean * standard error; Different letters show significant differences between rows
(P<0.05).

2.2. Total Flavonoid Content (TFC)

The concentration of total flavonoids was determined in fruit pulp, leaf, and bark of R.
echinocarpa dried via lyophilization (0.045-0.090 mbar, -65°C) and oven at 45°C and 75°C. The highest
concentrations were found in the leaf during the autumn season dried at 45°C, although similar
concentrations were found in the winter and spring seasons across all drying methods (Table 2).
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Lyophilized Oven at 45°C Oven at 75°C
Tissue Season mg EQR g

Fruit pulp Winter 0.090 + 0.004° 0.101 +0.001~ 0.125 +0.0022
Fruit pulp Autumn 0.021 +0.002° 0.205 + 0.004~ 0.114 £ 0.016°
Leaf Winter 1.287 £ 0.061a 1.286 + 0.109° 0.996 + 0.001b¢
Leaf Autumn 1.309 + 0.0752 2.186 + 0.005¢ 1.247 +0.179¢
Leaf Spring 1.478 +0.104~ 1.201 + 0.249> 1.083 + 0.082b¢
Bark Winter 0.386 + 0.009¢ 0.209 +0.0152 0.222 +0.005%¢
Bark Autumn 0.455 + 0.009<d 0.364 +0.016% 0.468 + 0.0284
Bark Spring 0.630 + 0.0003¢ 0.683 +0.009< 0.664 + 0.053¢f
Bark Summer 1.018 + 0.0002¢ 0.959 + 0.0002b¢ 0.848 + 0.0002>f

Data are presented as mean + standard error; Different letters show significant differences between rows
(P<0.05).

2.3. Condensed Tannin Content (CTC)

The concentration of condensed tannins was determined in fruit pulp, leaf, and bark of R.
echinocarpa dried via lyophilization (0.045-0.090 mbar, -65°C) and oven at 45°C and 75°C. The highest
concentrations were found in the leaf during the autumn season, while the lowest concentrations
were found in the bark during winter, across all drying methods (Table 3).

Table 3. CTC in ethanolic extracts of fruit pulp, leaf, and bark of R. echinocarpa collected over an annual cycle

and dried via lyophilization, oven at 45°C and 75°C.

Lyophilized Oven at 45°C Oven at 75°C
Tissue Season mg EQR g

Fruit pulp Winter 0.037 +0.001~ 0.037 +0.002¢ 0.046 + 0.002°
Fruit pulp Autumn 0.042 + 0.003¢ 0.078 +0.0022 0.058 +0.0001¢
Leaf Winter 0.097 +0.001¢ 0.067 + 0.002¢ 0.070 + 0.002x
Leaf Autumn 0.111 +0.001¢ 0.261 + 0.003f 0.094 + 0.001
Leaf Spring 0.127 +0.007¢ 0.079 + 0.0032 0.075 +0.001=
Bark Winter 0.029 +0.001~ 0.014 +0.001° 0.017 +0.001¢
Bark Autumn 0.042 +0.001~ 0.045 +0.001¢ 0.066 + 0.002<
Bark Spring 0.059 + 0.008¢ 0.077 +0.0022 0.079 + 0.006
Bark Summer 0.097 + 0.003> 0.080 + 0.00032 0.038 + 0.001°

Data are presented as mean + standard error; Different letters show significant differences between rows
(P<0.05).

2.4. HPLC/DAD Analysis

The phenolic profile was determined only in leaf and pulp due to the higher concentrations of
polyphenols obtained in them in comparison to other tissues and their well-known use in traditional
medicine. Five different phenolic compounds were identified in the leaf, and three in the fruit pulp,
using HPLC-DAD analysis, as shown in Table 4. Among the eight phenolic compounds identified,
chlorogenic and ferulic acid exhibited the highest concentration, followed by rutin, caffeic acid, and
catechin.
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Table 4. Polyphenols present in ethanolic extracts of leaf and fruit pulp of Randia echinocarpa.

Tissue Polyphenols Retention Time (min) Concentration (ug mL")

24 69.60

3.27 20.32

Leaf 7.17 163.63

9.15 117.60

34.09 213.38
. 47.75
Fruit pulp 11.66
33.23

2.5. DPPH* Assay

Since higher concentrations of polyphenols were found in the leaf and fruit pulp, in addition to
the fact that they are the parts used in traditional medicine, the antioxidant capacity (AC) was only
determined in these two tissues mentioned, both considering the higher concentrations of total
phenols found in the autumn season, and the tissues dried at 45°C (Table 1). The highest AC was
found in the leaf extracts, showing the ability to inhibit the DPPH* radical at all the different
concentrations, finding its median effective concentration (ECso) at the lowest concentration (0.17 mg
mL"), while the pulp showed a lower antioxidant capacity with its ECso at 0.69 mg mL-! (Figure 1).

DPPH* inhibition
EC5,=0.417
0.800 Leaf mFruit pulp
0.700
0.600
0.500
2 0400
0.300 I
0.200
0.100 L
0.000 = =
0.17 035 0.69 139

Concentration of total phenols (mg mL)

Figure 1. Median effective concentration (ECso) for DDPH inhibition by Randia echinocarpa leaf and fruit pulp

extracts. Data are presented as mean absorbance + standard error.

3. Discussion
3.1. Total Phenolic Content (TPC)

Some authors have reported similar concentrations of total phenols to this study, such as those
found in methanolic (0.64 mg g') and aqueous extracts (2.27 mg g*) of the fruit of Randia echinocarpa
[6]. Moreover others have reported higher concentrations using aqueous extraction at room
temperature and aqueous extraction at boiling temperature (4.84 and 6.28 mg g, respectively) [7].
Recently, lower concentrations (0.9 mg g') were reported in dry cell biomass of R. echinocarpa,
compared to those reported in the present study with extracts of fruit pulp, leaf and bark [10]. The
variations in these concentrations across this and previous investigations could be influenced by
harvesting or cultivation season, as well as the specific tissue analyzed, as shown in Table 1.

3.2. Total Flavonoid Content (TFC)

Flavonoids are natural pigments in plants that protect against damage from oxidative agents
such as UV rays, environmental pollution, pathogens, etc., and over 5,000 different flavonoids have
been identified [11-15]. There are studies limited to detect only flavonoids presence but studies on
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the concentration of flavonoids in R. echinocarpa are scarce or nonexistent [16-18]. Therefore, this
study represents the first report on the concentration of these compounds. Confirming their presence
in the phenolic profile via HPLC/DAD, two flavonoid compounds were identified: rutin and catechin
(Table 4).

3.3. Condensed Tannin Content (CTC)

These compounds have some antinutritional effects due to their chemical characteristics, causing
a bitter taste and inhibiting proteins and digestive enzymes [19]. Similar to flavonoids, studies on
concentrations of condensed tannin in R. echinocarpa are scarce or nonexistent, limited to their
detection only [16,18]. In this study, higher concentrations were found in leaves during the autumn
season (Possibly derived as a response to increased temperature), although these concentrations do
not pose a significant risk for human health when consumed due to their low levels [20].

3.4. HPLC/DAD Analysis

Analyses of the phenolic profile of Randia echinocarpa are extremely scarce; a previous
investigation focused on dry cell biomass and dry supernatants of this species, identified 11 phenolic
compounds, with salicylic acid and chlorogenic acid being the most concentrated [10]. Phenolic
profiling has also been conducted on species within the same genus, such as Randia monantha, where
fruit pulp and seed were analyzed using ultra-high performance liquid chromatography-mass
spectrometry (UPLC-MS-MS), revealing 15 phenolic compounds, with chlorogenic acid and rutin
being the most concentrated, respectively [21]. These studies reveal a similar trend in phenolic
compound diversity within the genus Randia. However, other studies on different plant species have
reported greater diversity, such as Maclura tinctoria with 33 compounds in bark extracts [22] and
Fouquieria splendens with 15 phenolic compounds [23]. Differences in the number of phenolic
compounds found in this study and those mentioned may be due to specific properties of phenolic
compounds in response to biotic and abiotic factors. Additionally, the quantity, type, and
concentration of phenolic compounds depend on several factors, including plant tissue and
developmental stage [24].

3.5. DPPH Assay

The highest antioxidant capacity (AC) was found in the leaf ethanolic extracts (ECso at 0.17 mg
mL1), while the pulp showed a lower AC (ECso at 0.69 mg mL-'). The AC of both tissues were lower
than those reported in another plant species, with hydroalcoholic extracts of Caesalpinia spinosa pods
with an ECso at 3.2 ug mL-1 [25], although higher than acetone extracts of Oxalis tuberosa peel with an
ECsoat 5.37 mg mL- [26]. Similarly, the AC in this study was higher in both tissues than that reported
in methanolic extracts of Randia monantha fruit pulp with an ECsoa 1mg mL [21], the difference in
antioxidant capacity could be due, first of all, to the type of plant tissue used, the diversity of
antioxidant compounds, as well as the solvent used for the extraction of the compounds, due to the
polarity or affinity of the compounds to be extracted with the solvents used. Antioxidants are
essential because they can neutralize or stabilize free radicals (ROS), which can cause oxidative stress.
In addition, they have been found to possess antimicrobial properties by interfering with protein
synthesis and altering the cell membrane, thereby affecting the metabolism of microorganisms
[11,12,26-28], furthermore, plants are the main source of bioactive metabolites (e.g., phenolics,
quinones, flavonoids, terpenoids and alkaloids), and a relationship between these activities and
antioxidant capacity has already been demonstrated [6,17,29].

4. Materials and Methods
4.1. Sample Collection

Four samplings were conducted over an annual cycle to collect samples of bark, leaves, and pulp
from the Randia echinocarpa plant during 2023. These were collected from five areas (Figure 2)
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surrounding the Rancho Viejo community in the municipality of Badiraguato, Sinaloa, Mexico
(located: 25°59'14” N, 107°24’04” W at 743 meters above sea level). Healthy tissue from 10 plants was
selected, stems with abundant leaves were collected, obtaining an approximate weight of 250 g,
which were stored in 50 x 20 cm paper bags. Additionally, 20 mature fruits with an approximate
weight of 2.5 kg were collected and stored in 50 x 100 cm black bags.
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Figure 2. Collection areas surrounding the community of Rancho Viejo in the municipality of Badiraguato,

Sinaloa, Mexico. (Green circles represents the place of the collected sample).

4.2. Sample Processing

The leaves, bark, and pulp were dried using lyophilization (working conditions: 0.045-0.090
mbar and -85°C) and oven at 45°C and 75°C (from 1 day to 1 week depending on the dried plant
tissue) (Figure 3), taking care to avoid exposure to light to prevent oxidation. Subsequently, they were
pulverized using a household blender (Toastmaster). The pulverized samples were reduced to a
particle size of less than 1 mm using a hammer mill. The samples were then stored in aluminum-
covered jars and kept at ultra-low temperatures at -80°C until use.

Figure 3. Plant Tissue Processing. Preparation of pulp, leaf, and bark for oven drying (A), separation of plant

tissues (B), lyophilization of samples (C), and pulverization of dried material (D).
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4.3. Extraction of Phenolic Compounds by Ethanol Extraction

One gram of each sample was taken and macerated in 10 mL of 50% ethanol (v/v) (Baker®) for
24 hours at room temperature, in darkness. The resulting extracts were centrifuged at 4,000 x g for 15
minutes (Eppendorf Centrifuge 5804) and the supernatants were recovered in capped tubes protected
from light with aluminum foil [30].

4.4. Determination of Phenolic Profile and Antioxidant Capacity
4.4.1. HPLC/DAD Analysis

The phenolic profile was determined by direct comparison using high-performance liquid
chromatography/diode array detector (HPLC/DAD). One gram of dried tissue was macerated in 10
mL of ethanol-water (50% v/v). The HPLC profile of phenolics in the methanolic crude extract was
established with a Dionex UltiMate 3000 liquid chromatograph, equipped with a titanium quaternary
pump (LPG-3400 AB), an autosampler (WPS-3000 TBPL), column oven and a photodiode array
detector DAD-3000 (RS) (scan range 190-800 nm and scan speed 2 nm s') from Thermo Scientific
(Thermo Fisher Scientificc New York, NY, USA). Separation was carried out using an analytical
column Acclaim® 120 A (C18, 5 um, 120 A, 4.6 X 250 mm), from Dionex (Thermo Fisher Scientific,
New York, NY, USA), at ambient temperature. Elution was done with a gradient of two solvents:
water acidified with acetic acid (pH 2.8) (A) and acetonitrile (B). The gradient for phenolic acids was
100% phase A, 6% phase B from 0-8 min, 6% to 12% B from 8-14 min, 12% to 20% B from 14-18 min:
20% to 35% B from 18-24 min, 35% to 95% B from 24-27 min, 95% to 100% B from 27-30 min, and 100%
B to 100% A in 10 min. The fixed wavelengths were 260, 270, 275, 280, 285, 290, 295 and 300 nm.
Gradient for the elution of flavonoids was 100% A, 10% B from 0- 190 2.5 min, 10% to 12% B from 2.5-
6 min, 12% to 23% B from 6-18 min, 23% to 35% B from 18-24 min, 35% to 95% B from 24-27 min, 95%
to 100% B from 27-30 min, and 100% B to 100% A in 10 min: 260 and 342 nm. The flow rate was 0.5
mL/min. The injection volume was 10 uL. Chromatographic peaks were identified by comparing the
retention times and UV Visible absorption of pure standards. Each sample was injected three times.
The data were processed using Chromeleon 7.0 200 software (Dionex, Thermo Fisher Scientific, New
York, NY, USA) [30,31].

4.4.2. Total Phenolic Content (TPC)

The total phenolic content was determined using the Folin-Ciocalteu method adapted for
microplate assays. In a microplate, 140 uL of distilled water, 10 uL of the sample or standard, and 10
uL of Folin's reagent were mixed, and allowed to stand for 6 minutes in darkness. Then, 40 uL of
7.5% (w/v) sodium carbonate solution was added, the reaction mixture was mixed and incubated at
45°C for 15 minutes in darkness. The absorbance was read at 760 nm using a Thermo Scientific
Multiskan GO spectrophotometer. Gallic acid was used as the standard at different concentrations,
and the results are expressed as milligrams of gallic acid equivalents per gram of dry tissue (mg GAE

g") [32]-

4.4.3. Total Flavonoid Content (TFC)

The determination of total flavonoid content required mixing 100 pL of the ethanolic extract
with 130 uL of distilled water and 20 uL of a 1% (w/v) solution of 2-aminoethyl diphenylborinate in
a 96-well microplate. The absorbance of the solution was immediately read at 404 nm using a
spectrophotometer (Thermo Scientific Multiskan GO). Rutin at different concentrations was used as
the standard; in this case, 50 pL of rutin was mixed with 180 uL of distilled water and 20 pL of 2-
aminoethyl diphenylborinate. The flavonoid content is expressed as milligrams of rutin equivalents
per gram of dry tissue (mg RE g) [33].
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4.4.4. Condensed Tannin Content (CTC)

The determination of condensed tannins was performed by preparing a 1% (w/v) vanillin
solution in 100% methanol on the day of analysis and mixing it with an 8% (v/v) HCI solution
(prepared in 100% methanol) in a 1:1 ratio to obtain a 0.5% (w/v) vanillin reagent solution. Epicatechin
at different concentrations was used as the standard. Then, 40 pL of extract or standard was mixed
with 200 pL of 0.5% (w/v) vanillin reagent solution. The reaction mixture was incubated at 30°C for
20 minutes and the absorbance was read at 500 nm using a Thermo Scientific Multiskan GO
spectrophotometer. The condensed tannin content is expressed as milligrams of epicatechin
equivalents per gram of dry tissue (mg EE g) [34].

4.4.5. DPPH Assay

The DPPH assay was adapted for microplate use. The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical was prepared at 150 uM in 80% (v/v) methanol by weighing 1.5 mg of DPPH and adding 20
mL of 80% methanol; subsequently, it was made up to a volume of 25 mL. The solution was sonicated
for 15 minutes. The plate was prepared with 20 uL of the sample, in their respective independent
wells and 200 pL of DPPH (150 uM) were added, recording the absorbance at 515 nm (Thermo
Scientific Multiskan GO®). The results were reported as the median effective concentration (ECso)
required to scavenge DPPH* radicals, starting from the initial absorbance of DPPH at 515 nm. [35].

4.5. Statistical Analysis

All experiments were performed at least in triplicate. The results are presented asmean values +
standard error (Mean + SE). The normality of the data is determined using a Kolmogorov-Smirnov
test. Data were analyzed using one-way ANOVA (P<0.05), and to determine significant differences
between tissues, seasons of collection, and types of drying, Tukey’s test was employed. Different
letters denote significant variations (P<0.05). Statistical analysis was performed using Statistica 10
software (StatSoft, Inc., 1984-2011).

5. Conclusions

The HPLC-DAD analysis revealed five phenolic compounds in the leaves and three in the fruit
pulp of Randia echinocarpa, with chlorogenic acid exhibiting the highest concentration, followed by
acids ferulic, rutin, caffeic, and catechin. This suggests that the leaves and fruit pulp of R. echinocarpa
are a rich source of phenolic compounds, especially during the autumn season, and under different
drying methods (especially with drying at 45°C, because better concentrations of compounds were
obtained). Total phenolic concentration varied significantly depending on the tissue (pulp fruit, leaf,
and bark) and season. The pulp fruit showed the highest phenolic concentration in winter, while bark
had the lowest concentrations in winter, regardless of drying method. These variations can be
attributed to seasonal factors (temperature, precipitation, UV radiation, soil nutrient variation, and
predators) and the type of tissue analyzed.

This study is the first in reporting flavonoids concentrations in R. echinocarpa. Two flavonoid
compounds (rutin and catechin) were identified, with higher concentrations in leaves during autumn,
particularly over drying at 45°C. Flavonoid concentrations also varied between seasons, influenced
by stress factors such as temperature, water scarcity, and solar radiation. Additionally, condensed
tannin analysis showed higher concentrations in leaves, and this study is the first in reporting tannin
concentrations in R. echinocarpa. While tannins can have antinutritional effects, the concentrations
found established no significant risk for human or animal health at consumption. The concentrations
of phenolic compounds found in this study differ from those reported in previous research, which
vary depending on extraction methodology and cultivation or harvesting conditions. This difference
highlights the importance of environmental factors present at the collection sites and the processing
of plant tissues in the diversity of bioactive compounds in plants. The analyzed tissues could
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potentially be used to extract antioxidant compounds, due to the high antioxidant capacity found
against DPPH".

Furthermore, it would be important to determine the phenolic profile of other plant tissues in
papache, across different seasons to understand the variability in profile composition. Additionally,
conducting further studies on this plant used in traditional medicine is crucial to validate its use and
describe the compounds responsible for its medicinal effects, especially in populations that are
distant from medical services, such as rural and low-income areas.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: title; Table S1: title; Video S1: title.
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