Borneo Journal of Pharmacy
Vol 9 Issue 1 March 2026
Pages1-12

Research Article

https://journal.umpr.ac.id/index.php/bjop/article/view/11158
DOI: https:/ /doi.org/10.33084 /bjop.v9il.11158
e-ISSN: 2621-4814

Phytochemical Insights into Rhizophora stylosa: pH-Dependent
Extraction, Antioxidant Activity, and Enzyme Inhibition Potential

Dwi Bagus Pambudi 12~ 4
Muhtadi 3 =2€

Maryati 3

1Doctoral Program of Pharmacy, Universitas
Muhammadiyah  Surakarta, = Surakarta,
Central Java, Indonesia

2Department of Pharmacy, Universitas
Muhammadiyah Pekajangan Pekalongan,
Pekalongan, Central Java, Indonesia
3Department of Pharmacy, Universitas
Muhammadiyah  Surakarta, Surakarta,
Central Java, Indonesia

*email: muhtadi@ums.ac.id;
+6282136362763

phone:

Keywords:

Mangrove

pH Modulation
Rhizophora stylosa

Total Flavonoid Content
Total Phenolic Content

Abstract

The solvent properties, including pH, highly influence the
extraction efficiency of these bioactive compounds. This study
investigated the effect of pH modulation in the ethanol solvent
on the recovery of antioxidants from Rhizophora stylosa.
Ethanolic extraction was performed on R. stylosa samples using
solvents adjusted to varying pH levels (4, 8, 9, 10, and 12). The
total phenolic content (TPC) and total flavonoid content (TFC)
of the extracts were quantified using standard colorimetric
assays. The antioxidant activity was evaluated using the DPPH
(2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. The
inhibitory activity against carbohydrate-digesting enzymes was
assessed through a-amylase and a-glucosidase inhibition
assays. Additionally, data mining of established natural
product databases (KNApSAcK and IMPPAT) and literature
was conducted to identify and catalog the known bioactive
constituents of R. stylosa. The results demonstrated a significant
correlation between the pH of the extraction solvent and the
yields of phenolic compounds, flavonoids, and the resulting
antioxidant activity. Extract obtained at pH 10 yielded the
highest TPC and exhibited the strongest antioxidant activity,
whereas the highest TFC was observed at pH 4. Furthermore,
enzymatic inhibition assays revealed that the pH 10 extract
displayed moderate a-amylase inhibitory activity (ICso = 76.7
pg/mL) but substantially weaker a-glucosidase inhibition
(ICs0= 190 pg/mL), demonstrating a selective inhibition profile
though less potent than that of acarbose. These findings
establish pH-modulated extraction as a targeted strategy to
produce potent, phenolic-rich antioxidant extracts from R.
stylosa, highlighting its potential for nutraceutical and
pharmaceutical applications.
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INTRODUCTION

The global quest for potent natural antioxidants has gained significant momentum, driven by the recognition that oxidative
stress is a central mechanism in the pathogenesis of various chronic diseases. Notably, in diabetes, chronic hyperglycemia
induces oxidative stress, which in turn contributes to insulin resistance and the progression of diabetic complications. This
reality, coupled with growing concerns about the potential health risks of synthetic antioxidants, has redirected research
toward the discovery of safer, natural alternatives'?. Consequently, scientific interest has shifted toward plant-derived
bioactive compounds, which offer a more sustainable and biocompatible profile. Mangrove ecosystems, characterized by
their unique saline and hypoxic environments, have become a focal point in this pursuit®. Due to these environmental
stressors, mangrove species synthesize a wide variety of specialized secondary metabolites with robust defense capabilities,

making them an understudied yet valuable reservoir for novel therapeutic agents.
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Among these resilient species, Rhizophora stylosa stands out as a particularly promising candidate. As a dominant mangrove
species, it has a large ecological footprint and has been traditionally used in folk medicine for its purported healing
properties’. Previous investigations suggest the presence of key bioactive compounds, including flavonoids, phenolics, and
triterpenoids, in its tissues*. However, the potential of R. stylosa remains largely untapped, primarily due to a lack of
systematic scientific investigation aimed at optimizing the recovery of its bioactive constituents. The effectiveness of any
plant-based extract is heavily dependent on the extraction procedure, where variables such as solvent pH are essential yet
often overlooked in determining the solubility, stability, and ultimate bioactivity of the target molecules”.

The simultaneous challenges of biodiversity loss and the rising demand for natural therapies underscore the urgency of this
study. Mangrove forests are among the world's most threatened ecosystems, currently facing rapid deforestation®.
Therefore, comprehensively studying species like R. stylosa is not only a scientific imperative but also a conservation priority.
By identifying high-value applications for its metabolites, we can establish an economic incentive for the preservation and
sustainable management of these vital coastal forests. Furthermore, optimizing extraction processes maximizes yield and
efficiency, thereby reducing waste and enhancing the economic viability of utilizing these natural resources’.

Accordingly, this study is designed to address this critical gap by systematically investigating the influence of solvent pH
adjustment on the extraction efficiency of antioxidants from R. stylosa. The principle guiding this investigation is that pH
manipulation directly affects the solubility and stability of ionizable bioactive compounds. The approach is grounded in the
theory that alkaline conditions may enhance the extraction of phenolic compounds through saponification and cell wall
disruption', while specific pH levels may stabilize certain pH-sensitive flavonoids™. By establishing a definitive correlation
between extraction parameters and bioactivity, this research aims to provide a scientifically grounded method for
harnessing the full phytochemical potential of this mangrove species, contributing to the development of standardized
natural antioxidant products while highlighting the inherent value of biodiversity conservation.

MATERIALS AND METHODS

Materials

The biological material for this investigation comprised 300 g of dried leaf powder derived from R. stylosa specimens. These
samples were strategically obtained from various coastal locations across Central Java, ensuring a diverse representation of
the regional mangrove flora. To ensure taxonomic accuracy, the plant material was formally authenticated at the Faculty of
Pharmacy, Universitas Muhammadiyah Surakarta, and voucher specimens were retained for reference. Analytical-grade
chemical reagents were utilized for all extraction and quantification procedures. The primary solvent systems included 96%
ethanol, absolute methanol, dimethyl sulfoxide, and distilled water, with pH adjustments made by precise application of 1
MHCland 1M NaOH.

Quantitative phytochemical analysis was performed using Folin-Ciocalteu reagent, 7.5% and 0.2 M NaxCO;, and 2%
methanolic AlCl;, while antioxidant capacity was assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH). For the enzymatic
inhibition assays, high-purity a-amylase and a-glucosidase were used, along with their respective substrates, soluble starch
(0.5%) and p-nitrophenyl-a-D-glucopyranoside (pNPG, 0.5 mM). Analytical standards, including gallic acid, quercetin, and
acarbose, served as calibration standards. All biochemical reactions were stabilized using 0.01 M and 0.1 M phosphate
buffers adjusted to pH 7.0, with an iodine solution (0.5%) utilized for starch-endpoint detection.

Methods

Extraction of Rhizophora stylosa with pH adjustment

A total of 300 g of dried R. stylosa leaf powder was partitioned into equal subsets to evaluate extraction efficiency under
varied pH conditions. Each batch underwent exhaustive maceration with 96% ethanol, with the solvent pH pre-adjusted to
4,8,9,10, and 12 by the meticulous dropwise addition of 1 M HCl or 1 M NaOH. This extraction process was repeated for
five consecutive 24-hour cycles for each pH variant, complemented by two additional remaceration steps to ensure
maximum compound recovery. The resulting filtrates for each pH level were isolated and concentrated under reduced
pressure at 50°C. To safeguard the integrity of thermolabile bioactive molecules, all final yields were further concentrated at
40°C before being secured in amber vials for subsequent downstream analyses'>'3.


https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814

Pambudi DB, Muhtadi, Maryati. 2026. Phytochemical Insights into Rhizophora stylosa: pH-Dependent Extraction, Antioxidant Activity, and ...

Phytochemical composition

The TPC was quantified through the Folin-Ciocalteu colorimetric method. In this procedure, 0.5 mL of methanolic extract
(1 mg/mL) was reacted with 2.5 mL of 10% Folin-Ciocalteu reagent for 5 minutes, then alkalized with 2 mL of 7.5% NaCOs.
After a 30-minute incubation at 40°C in the dark, absorbance was measured at 765 nm. Phenolic concentrations were
interpolated from a gallic acid standard curve (0-100 pg/mL) and reported as mg gallic acid equivalents per gram of dry
extract (mg GAE/ g)*%. Similarly, the TFC was appraised using AlCl; assay, where 1 mL of extract was combined with 2%
methanolic AICL. After a 30-minute ambient incubation, the absorbance of the flavonoid-aluminum complex was measured
at 415 nm. Results were calculated against a quercetin calibration curve (0-100 pg/mL) and expressed as mg quercetin
equivalents per gram of extract (mg QE/ g)'6.

DPPH radical scavenging activity assay

The in vitro antioxidant capacity of the extracts was determined using the DPPH free radical scavenging assay, modified for
high-throughput analysis?”. A 0.2 mM stock solution of DPPH was freshly prepared in absolute methanol and protected
from light. Test samples were serially diluted in methanol to achieve a concentration gradient of 1 to 10 mg/mL. The assay
was conducted in 96-well microplates, where 100 pL of each sample concentration was combined with 100 puL of the DPPH
solution, homogenized, and incubated in the dark for 30 minutes. Negative controls utilized methanol in place of the sample,
while blanks were corrected for inherent sample pigmentation. Absorbance was measured at 520 nm, and the percentage
of inhibition was calculated using Equation 1. Antioxidant potency was quantified as the half-maximal inhibitory
concentration (ICso), determined from a linear regression of the concentration-inhibition plot. All experimental runs were
performed in triplicate to ensure statistical reliability.

Control absorbance — Sample absorbance

%inhibition = x 100% [1]

Control absorbance

Spectroscopic characterization

Electronic transitions in R. sfylosa extracts were investigated by UV-Vis spectroscopy using a Shimadzu UV-1280
spectrophotometer. Each extract was diluted with its corresponding pH-adjusted ethanol solvent to maintain chemical
consistency during analysis across a wavelength range of 200 to 800 nm?8. Furthermore, FTIR spectroscopy was employed
to map the functional groups using a Shimadzu IRSpirit spectrometer equipped with a QATR™.-S Single Reflection ATR
accessory. Spectra were recorded from 4000 to 500 cm™ at a resolution of 4 cm, with 45 scans accumulated per sample to
maximize the signal-to-noise ratio and ensure high-fidelity structural identification®.

Assessment of a-amylase and a-glucosidase inhibitory activity

The evaluation of a-amylase inhibition followed a systematic multi-step protocol, beginning with the preparation of a 0.01
M phosphate buffer at pH 7.0. Test samples and fractions were dissolved in DMSO and diluted to a primary concentration
of 1000 pg/mL; further working dilutions were prepared at concentrations between 25 and 100 pg/mL. An enzymatic
solution of a-amylase (0.5128 U/mL) was reacted with a 0.5% starch substrate, using acarbose as a reference inhibitor.
Following sequential 10-minute and 15-minute incubations at 37°C, the reaction was terminated with a 0.5% iodine solution,
and absorbance was recorded at 540 nm?. In parallel, c-glucosidase inhibition was assessed by assembling reaction mixtures
of phosphate buffer, pNPG substrate (0.5 mM), test samples (500 pg/mL), and enzyme solution (0.04 U/mL). After a 30-
minute incubation at 37°C, the reaction was halted with 0.2 M NaxCOs, which also intensified the yellow coloration of the
liberated p-nitrophenol. Quantitative analysis was performed at 410 nm, with all determinations conducted in triplicate?.

Data-driven phytochemical profiling of Rhizophora species

A comprehensive chemical census of R. stylosa was established through an integrative computational-bibliographic
framework. This strategy used major natural product repositories, including the KNApSAcK Family database to retrieve
documented secondary metabolites?? and the IMPPAT database to cross-reference phytochemical profiles with their known
biological activities?. This digital exploration was synthesized with a rigorous examination of the existing scientific literature
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to ensure exhaustive coverage. Strategic search queries, including "Rhizophora stylosa chemical compounds," were
systematically applied across multiple digital platforms to compile a definitive phytochemical inventory for the species.

Data analysis

Quantitative data were analyzed using the R statistical computing environment (version 2025.05.1). The analytical workflow
was categorized based on the underlying data distribution, which was initially evaluated for normality via the Shapiro-Wilk
test. For datasets meeting the normality criteria, the homogeneity of variances was confirmed using Levene's test. Data
conforming to these parametric assumptions were subjected to a one-way ANOVA. When significant differences were
detected, post hoc comparisons were conducted using Tukey's HSD test. All statistical evaluations were conducted at the a
= 0.05 significance threshold to ensure the rigor of the findings.

RESULTS AND DISCUSSION

Statistical analysis revealed that extraction pH had a highly significant effect on total phenolic content (F(4,10) = 41.51, p
<0.0001). Post-hoc Tukey HSD analysis identified specific differences, most notably that extraction at pH 8 resulted in a
significantly lower phenolic yield (36.56 + 2.97 mg GAE/g) than in all other cohorts (p <0.0001 for pH 4, 9, and 10; p <0.001
for pH 12). Conversely, the highest yields were recorded at pH 10 (91.16 + 5.50 mg GAE/g) and pH 4 (86.69 + 2.80 mg
GAE/ g), which were statistically indistinguishable. In parallel, the extraction pH significantly influenced flavonoid content
(F(4,10) =10.55, p = 0.0013), with a peak at pH 4 (1041 £ 0.38 mg QE/ g). A significant reduction was observed at pH 12 (5.57
+1.07 mg QE/g) and pH 10 (5.74 £ 0.19 mg QE/ g), suggesting that specific flavonoid classes may undergo degradation in
highly basic environments. These relationships are detailed in Figure 1.
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Figure 1. The effect of extraction pH on the (a) TPC and (b) TFC of R. stylosa extract. Data are presented as mean + SD (n=3). Statistical
significance between groups was determined using a one-way ANOVA followed by Tukey's post hoc test. Asterisks (*) indicate
significant differences compared to the pH 4 group: *p <0.05, **p <0.01, ***p <0.001, ns indicates no significant differences.

The significant variation in TPC and TFC content across the pH spectrum underscores the critical role of solvent alkalinity
inmodulating the solubility and stability of R. stylosa metabolites. The peak phenolic yield at pH 10 is likely facilitated by the
alkaline-induced hydrolysis of ester and ether bonds that tether phenolic acids to the lignocellulosic matrix of the plant cell
wall?*®. This process increases the accessibility of glycosylated phenolics, which often remain sequestered in acidic or neutral
media. Conversely, the drastic reduction in TFC at pH 12 suggests that while alkalinity aids extraction, extreme basicity
triggers the ring-opening of the flavonoid C-ring or promotes the degradation of anthocyanins and chalcones. This
alignment with findings in other mangrove species confirms that specific flavonoid classes possess a narrow window of
stability, typically favoring near-neutral to moderately alkaline ranges?.

The ICs values for R. stylosa met all statistical assumptions for parametric analysis, including normality and homogeneity
of variances (Levene's test, p = 0.641). A one-way ANOVA demonstrated that extraction pH significantly affected
antioxidant activity (F(4,10) = 8644, p <0.0001). Post-hoc Tukey's HSD tests revealed that extractions at pH 8, 9, and 10
produced extracts with significantly enhanced antioxidant potency (lower ICx) relative to the acidic pH 4 extract (p <0.001
for all), as seen in Figure 2a. The highest antioxidant potency was observed at pH 10 (50.15 + 0.38 ng/mL) and pH 8 (51.15
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1371 ug/mL), which were statistically indistinguishable. Conversely, extraction at pH 12 (81.84 £ 3.29 ug/mL) yielded an
extract with significantly weaker activity than other alkaline levels (8, 9, 10) (p <0.01), though it remained more potent than
the pH 4 extract (99.83 £ 6.06 ug/mL, p = 0.0019). The pH 9 extract (60.31 £+ 3.81 pg/mL) demonstrated moderate potency.
As anticipated, the positive control (Vitamin C) exhibited vastly superior antioxidant activity (ICso = 4.47 + 040 pg/mL)
compared to all plant-derived extracts (Figure 2b).

5.00 ®
160 p=1e-07

*%

*
%
%
o~
~
o

) ——— -
£ 120 *E £
] w £
T S
g -
o f?j i 450 S
2 8
8 %0 —_—— o -~
g 425 ‘
——— — _ese—
®
pH_4 pH_8 pH_9 pH_10 pH_12
pH Vitamin C
a b

Figure 2. The effect of extraction pH on the antioxidant activity. (a) ICso values of of R. stylosa extract from different pH conditions. A
lower ICso value indicates stronger antioxidant activity. (b) ICso value of the positive control (Vitamin C) for activity comparison. Data
are presented as mean + SD (n=3). Statistical significance between groups was determined using a one-way ANOVA followed by
Tukey's post hoc test. Asterisks (*) indicate significant differences compared to the pH 4 group: *p <0.05, **p <0.01, ***p <0.001, ns
indicates no significant differences.

The strong inverse correlation between ICsy values and phytochemical yield? provides statistical confirmation that the
antioxidant power of R. stylosa is predominantly driven by its phenolic constituents. However, the robust activity of the pH
10 extract, despite its significantly lower flavonoid count compared to the pH 4 group, indicates that antioxidant potency is
notmerely a function of total concentration. Instead, the alkaline environment at pH 10 appears to selectively recover specific
phenolic subclasses, likely high-value antioxidant polymers, with exceptionally high radical-scavenging capacities®. This
qualitative shift in the phytochemical profile suggests that targeted pH modification can yield extracts more efficacious than
those obtained by traditional bulk extraction methods.

The comparative analysis illustrated in Figure 3a reveals a discernible relationship between pH modification and the
recovery of bioactive compounds. An inverse relationship was observed between phenolic recovery and ICs values,
indicating that extracts with higher phenolic concentrations exhibited significantly greater radical scavenging activity. The
heatmap in Figure 3b further identifies pH 10 as the optimal condition, balancing the highest total phenolic content (91.16
mg GAE/ g) with peak antioxidant activity (ICs=50.15 pg/mL). In contrast, pH 8 yielded the lowest phenolic content (36.56

mgGAE/g).

100
75

50
Ic50DPPH  [ITRH] Zscore

1

m 0

4

PH_4 pH_8 PH_9 pH_10 pH_12 Total Flavonoid m .
pH_4

Total Phenol/Flavonoid

Total Phenol

Parameter

pH
Parameter Total Flavonoid Total Phenol =@ IC50 DPPH - pH.8 P:':lg PH_10 pH_12
a b
Figure 3. Multivariate analysis of the effect of extraction pH on bioactive compound yield and antioxidant activity. (a) Comparative line
chart of mean total phenolic content, total flavonoid content, and ICso of R. stylosa across different pH conditions. (b) Heatmap of Z-
score standardized values for each parameter. The color gradient represents relative performance, enabling direct visual comparison
with the optimal extraction condition (pH 10).
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To visualize the complex interrelationship between the measured variables, a three-dimensional scatter plot was constructed
(Figure 4). The plot highlights a robust inverse correlation between ICs (z-axis) and total phenolic content (y-axis), with
samples with the highest phenolic concentrations consistently located within the region of maximum antioxidant potency.
Although the relationship with total flavonoid content was less pronounced, the distinct clustering of data points confirms
that extraction pH is a primary determinant of the extract's functional profile. Specifically, the pH 10 cohort forms a unique
cluster, visually and statistically confirming its optimal status for high phenolic yield and radical scavenging. In contrast, the
PH 8 extract is isolated, reflecting its status as a high-potency but low-yield variant3.
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Figure 4. Three-dimensional scatter plot illustrating the relationship between antioxidant activity (ICso DPPH, z-axis), TPC (y-axis), and
TEC (x-axis) for extracts from different pH conditions. The clustering of data points demonstrates the dominant positive correlation
between phenolic content and enhanced antioxidant power.

Remarkably, despite shifting from acidic to strongly alkaline conditions, the UV-Vis spectra (Figure 5a) remained stable,
with no significant bathochromic or hypsochromic shifts. The preservation of nearly identical peak shapes in the 250-450
nm region (Figure 5b) suggests that the core chromophore systems, responsible for the primary m—1* and n— 1r* electronic
transitions, remain structurally intact and unaffected by pH-mediated ionization®?2 However, hierarchical cluster analysis
(HCA) of the FTIR data (Figure 5¢) provided a more nuanced perspective, segregating pH 8, 9, and 10 into a distinct group
separate from pH 4 and 12. This clustering aligns with the bioactivity data, implying that moderately alkaline conditions
preserve a favorable phytochemical fingerprint optimal for radical scavenging®. The anomaly at pH 8, characterized by low
yield but high activity, may relate to an isoelectric point or the formation of insoluble complexes that induce co-precipitation,
demonstrating the non-linear impact of pH on plant matrices*3.

The pH 10 extract was further evaluated for its ability to modulate carbohydrate digestion. In enzymatic assays, the extract
(RS-aAmy) demonstrated moderate a-amylase inhibition (ICs = 76.7 + 644 ng/mL), though it was less potent than the
acarbose standard (Acb-AMS, 269 + 3.64 pg/mL). Its efficacy against a-glucosidase (RS-BGls, 190 + 25.1 pg/mL) was
significantly weaker than the reference control (Acb-BGL, 0.212 £0.0194 ng/mL), as seen in Figure 6. These findings suggest
that the extract's complex mixture may involve non-competitive interactions, whereas acarbose acts as a high-affinity
oligosaccharide mimic3-.

Building upon the promising antioxidant profile of the pH 10 extract, its evaluation against carbohydrate-hydrolyzing
enzymes represents a critical step in assessing its utility for managing postprandial hyperglycaemia. The observation that
the extract (RS-aAmy) demonstrated moderate a-amylase inhibition while being substantially weaker against a-
glucosidase is a therapeutically significant differential. Ideal anti-hyperglycaemic agents should preferentially inhibit a-
glucosidase to prevent rapid glucose absorption in the small intestine while minimizing excessive fermentation of
undigested starch in the colon. Such a profile helps reduce the gastrointestinal side effects, such as flatulence and diarrhea,
typically associated with potent a-amylase inhibitors like acarbose.
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Figure 6. Enzyme inhibition potency of acarbose and R. stylosa extract. Lower ICso values indicate stronger inhibition. Acarbose
demonstrated superior inhibition, particularly against a-glucosidase (Acb-BGL).

To explain this performance, a computational-bibliographic strategy identified a profile of 48 secondary metabolites in R.
stylosa (Table I), characterized by a high prevalence of flavan-3-ols, such as catechins and proanthocyanidins®#. The
identification of specific compounds such as taraxerol, taraxerone, careaborin, and rhizostyloide underscores the species'
chemodiversity. The alkaline extraction at pH 10 likely recovers high-value polymers such as cinchonains, which possess
antioxidant capacities exceeding those of simple monomers®, thereby justifying the extract's robust bioactivity despite a
lower flavonoid content.
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Tablel.  Bioactive compounds identified in R. stylosa through data mining.

No. Compound Name MW (g/mol)  References
1 (-)-Epicatechin 290.27 42
2 (+)-Afzelechin 274.27 42
3 (+)-Catechin 290.27 42
4 (+)-Catechin 3-O-a-L-rhamnoside 436.40 41
5 (+)-Isolariciresinol 360.40 39
6 (+)-Pinoresinol 358.40 39
7 (65,7E9R)-6,9-dihydroxy-4,7-megastigmadien-3-one 9-O-[a-L-arabinopyranosyl-(1—6)-3-D- 520.25 39

glucopyranoside]
8 (75,8R)-3,3',5-trimethoxy-4',7-epoxy-8,5'-neolignan-4,9,9'-triol 390.17 39
9 (7S,8R)-3,3'-dimethoxy-4',7-epoxy-8,5'-neolignan-4,9,9'-triol 360.16 39
10 (S)-2,3-Epoxysqualene (2,3-oxidosqualene) 426.70 31
11 1,2-dimethoxybenzene 138.16 31
12 15a-hydroxy-p-amyrin 442 38 31
13 2,3-butanediol 90.12 31
14  3,3'4',5,7-O-pentaacetyl-(—)-epicatechin 500.13 31
15 3,7-O-diacetyl (-)-epicatechin 37212 31
16  3-O-acetyl (-)-epicatechin 332.09 31
17 3p-O-(E)-coumaroyl-15a-hydroxy-p-amyrin 588.42 31
18  3P-O-(Z) coumaroyl-taraxerol 574.44 31
19  3pB-taraxerol acetate 468.40 31
20  3p-taraxerol formate 456.40 31
21  Astilbin 450.40 40
22 Blumenol A 224.14 39
23 Careaborin 572.87 42,40
24 Cinchonain la 452.40 41
25  Cinchonain Ib 452.40 41
26  Cinchonain Ila 740.70 41
27  Cinchonain IIb 740.70 41
28  Cycloartenol 426.70 41
29  Eugenol 164.20 39
30  Glabaroside A 598.17 41
31  Glabaroside B 598.17 41
32 Isovanillic acid 168.15 39
33  Kaempferol 3-rutinoside 594.50 39
34  Lauric Acid 200.32 41
35  Linalool 154.25 39
36  N,N-dimethyl-L-alanine 117.15 39
37  Polystachyol 420.18 39
38  Proanthocyanidin B2 578.50 42
39  Procyanidin 594.53 5
40  Prodelphinidin 594.14 5
41  Protocatechuic acid 154.12 39
42 Quercetin-3-O-galactopyranoside 464.10 5
43 Rhizostyloide 632.43 39
44  Rutin 610.50 40
45  Taraxerol 426.73 42,40
46  Taraxerone 424.70 40
47  p-Daucosterol 576.80 40
48  B-Sitosterol 414.70 40

The data-mined phytochemical profile including classic mangrove triterpenoids such as taraxerol and taraxerone, aligns

with the chemical fingerprint expected for the Rhizophoraceae family*2. The prominence of flavan-3-ols and their polymers
(e.g., procyanidin B2) as the likely key antioxidants is a pivotal finding. By directly linking optimized pH extraction to peak
efficacy, this study provides a targeted strategy for developing standardized R. stylosa extracts. Future applications should
focus on isolating these specific high-value polymers to produce more potent and predictable therapeutic agents than

general plant extracts.

CONCLUSION

This study demonstrates that modulating solvent pH is an effective strategy for optimizing the antioxidant potential of R.
stylosa extracts. The alkaline pH 10 was identified as the optimal condition, yielding high phenolic content and exceptional
radical scavenging activity without compromising the structural integrity of the core chromophore systems. The strong
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correlation between phytochemical profiles and bioactivity, visualized through 3D multivariate mapping and confirmed by
HCA clustering, underscores the critical role of targeted extraction. While the extract exhibits moderate c-amylase inhibition,
its primary value lies in its potent antioxidant capacity, likely driven by the recovery of specialized flavan-3-ols and
cinchonains. These results provide a robust scientific foundation for utilizing R. stylosa as a standardized source of high-
potency antioxidants in the pharmaceutical and nutraceutical sectors. Future work should isolate specific high-activity
constituents at pH 10 and evaluate their performance in complex biological systems.
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