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Abstract

Introduction and Objective: Bergenin is a key bioactive compound found in various medicinal plants and exhibits
antioxidant and anti-inflammatory activities. However, standardized extraction approaches that ensure consistent quality
remain limited. This study aims to develop a comparative conceptual framework of extraction methods for bergenin from
herbal sources.

Methods: This study employed the conceptual analysis approach proposed by Walker and Avant, consisting of
five steps: (1) selecting the concept; (2) determining the purpose of the analysis; (3) identifying the sources of the concept
through systematic searches of ScienceDirect, Springer, Google Scholar, Pharmacia, and the Thai Journal Citation Index
(TCI), yielding 1,211 articles, of which six relevant studies were selected for in—depth analysis; (4) defining the attributes
of the concept; and (5) determining antecedents and consequences.

Results: Extraction methods significantly influence the yield and stability of bergenin. Microwave-assisted extrac-
tion (MAE) and ultrasound-assisted extraction (UAE) demonstrated high efficiency, shorter extraction time, and lower
solvent consumption. Maceration and freeze drying were more suitable for preserving compound stability, whereas Soxhlet
extraction and decoction were limited by thermal degradation. Polar solvents showed favorable extraction performance.

Discussion: Temperature was identified as the most critical factor affecting bergenin stability due to its heat
sensitivity. MAE and UAE minimized degradation and improved extraction efficiency, whereas continuous heat-based
methods tended to reduce compound stability. In addition, extraction time and solvent type also influenced extraction
efficiency.

Conclusion and Recommendations: Selection of extraction methods should consider temperature, extraction
time, and solvent type to obtain high—quality bergenin with preserved bioactivity.

Key words: bergenin, microwave assisted extraction, extraction techniques, bioactive compounds, Walker and Avant
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Table 1 Extraction techniques, conditions, and extraction yields of bergenin from herbal sources

Herbal source Extraction Solvent  Key conditions Outcomes Reference

technique

Ardisia crenata Microwave Assisted Methanol 500 W, 60 °C,  Bergenin yield of 26.5 + 0.3 mg/g Deng et al., 2010"*

Soxhlet extraction 15 min 60 °C, (comparable to Soxhlet extraction:
12 h 27.7 £ 0.4 mg/g using methanol
for 12 h)
Choklan Herbal Decoction Water Decoction for Highest bergenin content observed Wasin Bumrungchaichana
Formula Maceration Ethanol 7 days on day 5 of decoction; highest etal, 2019

(8:1 reduction)  mallorepine content on day 3

maceration in

ethanol for

7 days
Choklan Herbal Decoction Water Decoction for Average yield (%): Khwanchanok Maitnork
Formula Infusion 7 days decoction 23.71%, et al., 2020"®

(3:1 reduction) infusion 21.13%

infusion at 80°C

for 20 min
Endopleura uchi Decoction Water 100 °C, 30 min; High bergenin with decoction Magno Muniz et al.,
Soxhlet Methanol 65 °C, 6 h; (high phenolics); purer but 2020""
Ultrasound Ethanol 40 kHz, 50 °C, lower bergenin with Soxhlet;
30 min highest bergenin with ultrasound
using less solvent and time.
Ficus racemosa Ultrasound Ethanol 60 kHz, 50 °C, Water extraction yielded higher Naiyana Boonsong et al.,
Freeze dried Water 30 min; -20 °C  bergenin than 95% ethanol, 2020
reaching 1.512% (dry weight
Mallotus repandus Soxhlet, Methanol 65 °C, 3 h Soxhlet extraction with water Yollada Sriset et al.,
Maceration Ethanol 75 °C, 3 h resulted in the lowest ABTS 20221
Water 100 °C, 3 h IC5, value and a bergenin

maceration for content of 12.67%

3 days
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Table 2 Evaluation of the advantages and disadvantages of extraction techniques

Suitable for heat—sensitive compounds

Extraction Operating principle Advantages
technique Short Use of
time heat

Soxhlet v/ v/ Reduced solvent consumption,

extraction high extract concentration,
heat enhances extraction efficiency

Maceration = = Standardized procedure,

Decoction = v Produces chemically standardized
extracts, suitable for water—soluble
compounds

Infusion = v/ Uses water as a safe solvent, suitable
for extracts intended for direct
consumption

Microwave v/ v/ Short extraction time, high efficiency,

Assisted Low effective temperature, suitable for

Extraction heat—sensitive compounds

(MAE)

Ultrasound = v/ Short extraction time, high efficiency;

Assisted low effective temperature, suitable

Extraction for heat—sensitive compounds

(UAE)

Freeze Drying

Preserves the stability of bioactive
compounds, no heat involved, suitable

for dry extract preparation

Limitations

High temperature may
degrade heat-sensitive

compounds

Requires a long extraction time

Heat may degrade certain bioactive

compounds

Limited to water as the sole

solvent

Non-polar solvents do not efficiently

absorb microwave energy

Requires specialized ultra sonic
equipment; excessive energy

may cause compound degradation

Time—consuming, high cost and

energy consumption
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Bergenin extraction methods

2. Decoction

Selected herbs

o

Solvents
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1. Water
2. Infusion
2. Ethanol
3. Methanol

consumption

Group 1
High temperature, high solvent
consumption, moderate to long
extraction time

1. Soxhlet extraction

Group 2
Moderate temperature, high solvent E> Bioactive bergenin

consumption, long extraction time

Group 3
Controlled-temperature techniques;

short extraction time; low solvent

1. Microwave Assisted Extraction

2. Ultrasound-Assisted Extraction
Group 4

Very low temperature; no solvent use

1. Freeze Drying

compounds

Figure 2 Conceptual framework illustrating the advantages and limitations of bergenin extraction processes
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