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Abstract:

Kratom (Mitragyna speciosa Korth.) has emerged as a promising botanical source of
bioactive indole alkaloids, most notably mitragynine, which exerts analgesic activity
through partial agonism at p-opioid receptors. Advancing its pharmacological and
clinical potential requires extraction and purification strategies that are efficient, safe,
and environmentally responsible, as many conventional methods rely on toxic
solvents and produce impure extracts. This study developed an integrated green
extraction platform to obtain mitragynine-enriched extracts from kratom leaves with
high efficiency and sustainability. Microwave-assisted extraction (MAE), selected for
its solvent-saving and energy-efficient performance, produced an ethanolic crude
extract with a yield of 28.6% and a mitragynine content of 6.54 + 0.28% wi/w. Initial
purification using the low-cost hydrophobic resin SEPLITE® LXA1180 resulted in co-
elution of plastid pigments, prompting optimization of both the extraction solvent and
elution system. Incorporating 35% glycerin in ethanol effectively suppressed
chlorophyll solubilization, while subsequent fractionation using stepwise elution (40%,
50%, and 80% ethanol) markedly reduced polar impurities. The optimized protocol
yielded a purified fraction (B2) with a substantially increased mitragynine
concentration of 32.41 £ 1.18% w/w. Overall, this integrated MAE—hydrophobic resin
approach enhances mitragynine purity while adhering to green-extraction principles
through the use of safer solvents and minimized waste. The method provides a
practical, scalable, and sustainable framework for preparing standardized
mitragynine-rich extracts, supporting future development of kratom-derived analgesic
candidates.

under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

provided the work is properly cited.



Journal of Pharmacy and Nutrition Sciences, 2026, Volume 16

1. INTRODUCTION

Kratom (M. speciosa), a tropical evergreen tree of the
Rubiaceae family, is native to Southeast Asia,
particularly Thailand, Malaysia, and Indonesia [1].
Traditionally, kratom leaves have been used among
rural communities, especially in southern Thailand, for
enhancing work endurance or as part of local social
customs [2-3]. Since its removal from Thailand’s
Narcotics Schedule V in 2021, kratom has attracted
increasing interest not only for traditional and
recreational use but also as a promising source of
bioactive compounds with potential medicinal and
industrial applications.

Mitragynine, the major indole alkaloid in kratom,
constitutes up to 66% of the total alkaloid content in the
leaves [4-5]. It exhibits moderate lipophilicity (logP =
1.73) and high solubility in ethanol, chloroform, and
acetic acid, but poor solubility in water or basic solvents
[6-7]. Structurally related diastereomers, speciogynine,
speciociliatine, and mitraciliatine, share similar
chemical frameworks [4]. Mitragynine displays diverse
pharmacological activities, with analgesic effects
mediated primarily through partial agonism at p-opioid
receptors [8]. Although less potent than morphine, it
presents a more favorable safety profile with markedly
reduced respiratory depression [6]. Additional anti-
inflammatory and antidepressant effects have also
been reported, though largely at the preclinical stage.

Evidence suggests that kratom’s analgesic properties
may arise from synergistic interactions among multiple
alkaloids. Sabetghadam et al. (2010) reported that
alkaloid-rich extracts produced stronger analgesic
responses in animal models than methanolic or
aqueous extracts, indicating that minor alkaloids may
modulate or enhance mitragynine’s activity [9]. Thus,
generating  mitragynine-enriched  extracts  while
retaining minor alkaloids may support the development
of safe, multi-component analgesic formulations.

To enable pharmacological or clinical use, however,
extraction and purification methods must be efficient,
safe, and environmentally sustainable. Conventional
extraction techniques often rely on toxic solvents or
yield crude extracts containing chlorophylls,
carotenoids, phenolics, and organic acids. Microwave-
assisted extraction (MAE) has emerged as a promising
green alternative due to its high efficiency, reduced
processing time, and compatibility with low-toxicity
solvents [10].

Among the expanding range of green solvents, bio-
derived and biodegradable alternatives such as
ethanol, ethyl lactate, deep eutectic solvents (DESs),
glycerin, and supercritical fluids have gained
considerable interest for natural product extraction [11].
Each system, however, presents practical limitations,
including high viscosity (e.g., glycerin, DESs), narrow
polarity range (e.g., supercritical CO,), elevated cost
(e.g., ionic liquids), or requirements for specialized
instrumentation. Within this landscape, the glycerin-
ethanol binary system has emerged as a particularly
promising green solvent. Glycerin, an abundant, low-
cost byproduct of biodiesel production, is non-toxic,
biodegradable, and recognized as safe for food and
pharmaceutical use. Its strong hydrogen-bonding
capacity and high polarity facilitate solubilization of
various polar phytochemicals, whereas ethanol
provides lower viscosity, broader solvation capability,
and efficient downstream removal. When combined,
glycerin and ethanol form a tunable solvent system with
adjustable polarity and improved mass-transfer
efficiency as well as suppress pigment extraction.

Despite these advantages, single-step extraction
typically  produces crude extracts containing
undesirable co-extractives, necessitating a subsequent
purification step. Hydrophobic macroporous adsorbent
resins provide a simple, scalable, and eco-friendly
option for enriching mitragynine [12-14]. Febriandi et al.
(2025) demonstrated that both PAD610 and PAD900
effectively enriched mitragynine content [15]. However,
the high cost of these resins remains a major challenge
for large-scale or commercial applications. Therefore,
employing a low-cost hydrophobic resin, such as
SEPLITE® LXA1180, could offer a practical and
sustainable alternative.

Integrating MAE with LXA1180-based purification
provides a sustainable platform for producing
mitragynine-rich extracts with reduced impurities,
minimized solvent use, and improved scalability. In this
context, the present study employs a glycerin-ethanol
solvent system to enhance extraction selectivity while
maintaining strong sustainability credentials.
Accordingly, the objectives of this work are: (i) to
evaluate glycerin-ethanol as a green solvent for MAE of
M. speciosa; (ii) to optimize LXA1180-based resin
purification for mitragynine enrichment; and (iii) to
establish an integrated, efficient, and environmentally
responsible  extraction-purification process. The
findings aim to support the development of
standardized, high-quality kratom-derived extracts for
future pharmacological and industrial applications.
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2. MATERIALS AND METHODS

2.1. Plant Material

Dried kratom leaves were purchased from a local
market in Songkhla, Thailand. The plant material was
taxonomically identified, and a voucher specimen (No.
SKP 165-13-19-18) was deposited at the Herbarium of
the Faculty of Pharmaceutical Sciences, Prince of
Songkla University. The dried leaves were coarsely
ground, pulverized into fine powder, and sieved
through a No. 20 mesh to obtain a uniform particle size.

2.2. Chemicals

Mitragynine standard was obtained from AdooQ
Bioscience (Beijing, China). Ethanol (analytical grade),
methanol (HPLC grade), ammonium bicarbonate, and
other analytical reagents were supplied by RCI
Labscan (Bangkok, Thailand). Ultrapure water was
prepared using a Milli-Q purification system (Millipore,
Bedford, MA, USA). The hydrophobic adsorbent resin
SEPLITE® LXA1180 was purchased from Sunresin
(Shaanxi, China).

2.3. Microwave-Assisted Extraction

Leaf powders were extracted with either ethanol or
35% v/v glycerin in ethanol using a solid-to-solvent
ratio of 1:25 (60 g: 1.5 L). Extractions were performed
in a microwave extractor operating at 900 W and 2.45
GHz for 5 min, followed by 1 min of manual stirring.
The extraction cycle was repeated once under the
same conditions while maintaining the temperature at
70-79 °C.

After extraction, the mixtures were filtered. Ethanol in
the crude ethanol extract was removed under reduced
pressure using a rotary evaporator, and the residue
was dried in a desiccator prior to HPLC quantification
of mitragynine.

2.4. Purification of Ethanol Extract

A 200 mL aliquot of crude ethanol extract, prior to
evaporation, was diluted with an equal volume of
deionized water and loaded onto a chromatographic
column (5 x 60 cm) packed with 200 g of LXA1180
resin pre-equilibrated with 50% ethanol. Sequential
elution was performed using 50% (1 L), 60% (4 L), 70%
(2 L), and 80% (7 L) ethanol. Fractions of 200 mL were
collected. Three pooled alkaloid fractions (A1-A3) were
identified based on fraction color and the Dragendorff's
reagent precipitation test. Each pooled fraction was

concentrated by rotary evaporation at 50 °C and dried
under reduced pressure.

2.5. Purification of 35% Glycerin Extract

A 200 mL portion of the 35% glycerin extract, prior to
evaporation, was mixed with 200 mL deionized water
and applied to a column of identical dimensions packed
with 200 g LXA1180 equilibrated with 40% ethanol.
Elution proceeded with 40% (2 L), 50% (3 L), and 80%
(10 L) ethanol. Fractions of 200 mL were collected and
combined into two pooled alkaloid fractions (B1 and
B2) using the same identification criteria as above.
Each pooled fraction was concentrated at 50 °C and
dried under reduced pressure.

2.6. Quantitative HPLC Analysis of Mitragynine

Quantification of mitragynine was performed using a
previously reported method [16] with minor
modifications. Briefly, the analysis was conducted on a
Shimadzu LC-20 HPLC system equipped with a
photodiode array detector. Separation was achieved on
an ACE® 5 C18-PFP column (150 x 4.6 mm). The
mobile phase consisted of (A) 5.0 mM ammonium
bicarbonate (pH 9.5) and (B) acetonitrile with the
following gradient: 0-17 min, 30-70% B; 17-18 min,
70% B; 18-19 min, 70-30% B. The flow rate was 1.5
mL/min, and detection was set at 266 nm.

A standard stock solution (1 mg/10 mL methanol) was
serially diluted (6.25-100 pg/mL) and filtered through a
0.45 ym membrane prior to injection. Calibration was
performed using peak area versus concentration,
yielding the regression equation Y = 5564.2X — 10,775
(R? = 0.9998). Sample solutions were prepared by
dissolving 1 mg of each fraction in 10 mL methanol and
filtering through a 045 pm membrane. All
measurements were performed in triplicate.

2.7. Statistical Analysis

All experiments were conducted in triplicate. Data are
presented as mean * standard deviation. Statistical
comparisons were performed using one-way ANOVA
followed by Tukey’s post hoc test, with significance set
atp <0.05.

3. RESULTS AND DISCUSSION

Mitragynine is relatively stable at temperatures up to 80
°C for short periods, and MAE can be conducted
effectively when temperature is carefully controlled to
prevent degradation. In this study, MAE was performed
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at 900 W for two 5-min cycles while maintaining the
temperature between 70-79 °C to ensure efficient
extraction while avoiding thermal degradation of
mitragynine.

Variation in mitragynine content among kratom leaves
cultivated in Thailand (0.75-2.66% w/w) has been
previously documented and may influence the quality
and pharmacological consistency of kratom-derived
products [17]. Therefore, the plant material used in this
study was first evaluated for mitragynine content by
HPLC. The raw leaf powder contained 1.86 + 0.48%
w/w mitragynine (dry weight), meeting the Thai FDA
requirement of not less than 1.0% w/w for use in
regulated herbal or food products [18]. These findings
confirm that the plant material was of adequate quality
for extraction and purification.

MAE using ethanol yielded an extract containing 6.54 +
0.28% w/w mitragynine and provided a high extraction

yield of 28.6%. This represents a substantial
enrichment relative to the raw plant material,
highlighting the efficiency of MAE in recovering

alkaloids. The results align with those reported by
Karunakaran et al., who found mitragynine levels of
7.2-9.4% w/w in Malaysian kratom extracts prepared
using ultrasound-assisted extraction (UAE) [19].
Although UAE also enhances extraction efficiency, it
typically requires longer extraction times and larger
volumes of solvent compared with MAE.

The superior performance of MAE is attributed to rapid
volumetric heating and effective cell disruption, which
improve alkaloid solubilization and reduce solvent
consumption. These findings are consistent with
Subtaeng et al. [20], who reported that MAE yields
mitragynine-rich extracts more efficiently and preserves
compound integrity better than conventional techniques
such as reflux extraction.

Following MAE, the crude ethanol extract was
subjected to purification using an LXA1180 adsorption
column. Three pooled fractions (A1-A3) were obtained

based on Dragendorff's reagent testing and fraction
color. HPLC analysis (Table 1) showed that fraction A2
contained the highest mitragynine concentration
(16.56% w/w), which was significantly higher than that
of fractions A1 and A3. Although column fractionation
increased mitragynine content relative to the crude
extract, the extent of enrichment remained modest, and
A2 and A3 still displayed a brown coloration indicative
of co-eluted pigments.

To enhance purification efficiency, the elution strategy
was optimized. Given the polarity characteristics of
mitragynine and its elution behavior on LXA1180, it
was expected to elute predominantly at ethanol
concentrations between 60-80% v/v. Therefore, lower
ethanol concentrations (< 50%) were used initially to
remove polar impurities prior to mitragynine elution.
However, the use of 80% ethanol resulted in co-elution
of chlorophylls, leading to darker extracts and reduced
apparent purity.

To address this issue, 35% glycerin in ethanol was
introduced as the extraction solvent. Glycerin
effectively suppressed chlorophyll solubilization due to
its high polarity and viscosity, producing crude extracts
with lighter coloration. The optimized extract was then
subjected to LXA1180 column chromatography using
the revised 40-50-80% ethanol gradient. Two pooled
fractions (B1 and B2) were obtained; B2 appeared as a
pale yellow-brownish powder after drying.

HPLC quantification (Figure 1) revealed that fraction B2
contained up to 32.41 £ 1.18% w/w mitragynine, which
was significantly higher than that of fraction B1 (Table
2), representing a pronounced improvement over both
the crude extract and earlier fractions. This
enhancement is likely attributed to the more suitable
solvent polarity and improved elution efficiency under
the optimized conditions. The combined use of a
glycerin-ethanol solvent system and stepwise ethanol
elution effectively minimized co-extracted pigments and
other polar constituents while substantially enriching
mitragynine.

Table 1: Extraction Yields and Mitragynine Levels of the Pooled Fractions (A1-A3)

Pooled fractions

Yields of extract (% wiw)*

Mitragynine content (% wi/w)

A1 (Fractions 7-15) 0.80 2.97 = 0.08°
A2 (Fractions 16-51) 0.88 16.56 + 0.99°
A3 (Fractions 52-97) 1.1 11.41 = 0.24°

*Values were determined relative to the dry weight of the leaf powder. Values in the same column marked with different letters indicate statistically significant

differences (p < 0.05).
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Figure 1: HPLC-chromatograms of standard mitragynine (A) and mitragynine-enriched fraction B2 (B).

Table 2:

Extraction Yields and Mitragynine Levels of Fractions B1 and B2

Pooled fractions Yields of extract (% w/w)*

Mitragynine content (% w/w)

B1 (Fractions 8-23)

3.61

7.28 + 0.67°

B2 (Fractions 24-74)

294

32.41 +1.18°

*Values were determined relative to the dry weight of the leaf powder. Values in the same column marked with different letters indicate statistically significant

differences (p < 0.05).

In comparison with other green extraction techniques,
the integrated MAE-resin approach developed in this
study offers several practical advantages. While
ultrasound-assisted extraction (UAE) improves mass
transfer, it typically requires longer processing times
and greater solvent volumes. Supercritical CO,
extraction provides excellent selectivity for non-polar
constituents but depends on high-pressure equipment
and co-solvents, increasing cost and operational
complexity. Pressurized liquid extraction (PLE)
enhances extraction kinetics but may expose
thermolabile alkaloids to degradation. In contrast, MAE
enables rapid volumetric heating, reduced solvent use,
and short extraction times while maintaining
temperatures conducive to alkaloid stability [21-23].

When combined with LXA1180 purification and a
glycerin-ethanol green solvent system, this workflow
delivers higher selectivity, minimal pigment co-
extraction, and improved cost-effectiveness, making it
a more scalable and industrially viable option.

Overall, the optimized process produced a
standardized, mitragynine-rich extract with enhanced
purity and reduced pigment contamination. This eco-
friendly and scalable methodology supports the
development of high-quality kratom extracts for
pharmacological research and future commercial
applications, with glycerin contributing both improved
selectivity and strong alignment with green extraction
principles.
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Despite the advantages of the optimized extraction,
purification workflow, several limitations should be
acknowledged. First, natural variability in the alkaloid
content of M. speciosa leaves, arising from differences
in geography, cultivation practices, plant age, and post-
harvest handling, may influence the reproducibility of
mitragynine yield and purity. Standardization of raw
materials or implementation of pre-extraction quality
screening will be essential for ensuring consistent
product quality in large-scale operations. Second,
although the method demonstrates strong potential for
scalability, the operational parameters of MAE (such as
heat distribution, energy input, and batch size) may
require adjustment when transitioning from laboratory
units to pilot- or industrial-scale continuous systems.
Similarly, resin performance under repeated loading-
elution cycles must be evaluated to assess long-term
stability, regeneration efficiency, and adsorption
capacity. Finally, while LXA1180 is more cost-effective
than other hydrophobic resins, the overall cost-benefit
ratio will depend on solvent recycling efficiency, resin
lifetime, and process throughput. Addressing these
considerations in future studies will help strengthen the
economic feasibility and industrial applicability of the
developed green extraction platform.

4. CONCLUSIONS

This study established a green and efficient protocol for
producing mitragynine-enriched extracts from M.
speciosa by integrating MAE with LXA1180 hydro-
phobic resin purification. The use of a glycerin-ethanol
solvent system in MAE significantly enhanced extrac-
tion selectivity by suppressing pigment solubilization
while  maintaining  high  extraction efficiency.
Subsequent purification using a low-cost LXA1180
resin and a reduced-solvent 40-50-80% ethanol
gradient yielded a highly enriched fraction containing
32.41% w/w mitragynine with strong recovery.

Compared with existing MAE-resin approaches, the
present workflow introduces three key innovations: (i) a
glycerin—ethanol green solvent system that improves
selectivity and reduces pigment contamination; (ii) the
use of an economical hydrophobic resin suitable for
scale-up; and (iii) a streamlined elution strategy that
minimizes solvent and chlorophyll co-elution. Together,
these advances provide a practical, scalable, and
environmentally responsible method for obtaining high-
purity mitragynine.

Future work should include bioactivity validation of the
enriched fractions, assessment of resin regeneration

and reuse, and pilot-scale or continuous-flow extraction
trials to evaluate industrial feasibility. These efforts will
support the development of standardized kratom-
derived ingredients for research, therapeutic
development, and potential commercial applications.
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