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Abstract-- Theinvitroantimicrobial and antioxidant activity 

and invivo wound healing potential of the ethanolic extract of 

Alpinia officinarum rhizome in adult zebrafish (Danio rerio). 

The experiment was designed to use healthy adult zebrafish 

wound models, each group containing 3fishes, totally control, 

High dose -100mg/L, Low dose-50mg/L contains 9 fishes. one 

group was used as a control and others were the experimental 

groups. These were treated with the Alpinia officinarum 

extracts at various concentrations. The wound healing was 

studied in the treatment groups in terms of fin regeneration. 

Caudal fin regeneration technique was used to establish the 

adult zebrafish wound healing model. The study involved fin 

regeneration measures and the wound site by performing fin 

regeneration. The fishes treated with ethanolic extract had 

better wound healing compared to aqueous extract. The fishes 

showed maximum fin regeneration on day by day compared 

to control fishes. Fishes were anesthetized on days 5,7and 9 

days post-amputation.  
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I. INTRODUCTION 

Alpiniaofficinarum, commonly known as lesser 

galangal, is a perennial rhizomatous plant of the 

Zingiberaceae family, native to southern China and widely 

cultivated in Southeast Asia (Bitariet al., 2022). Its small, 

aromatic rhizomes have been traditionally used in Chinese, 

Ayurvedic, and Thai medicine to treat gastrointestinal 

disorders, fever, menstrual irregularities, inflammation, and 

pain (Abubakar et al., 2018). 

The rhizomes are rich in bioactive compounds, including 

flavonoids, diarylheptanoids, glycosides, and volatile oils, 

with 1,8-cineole as a major constituent (Fu et al., 2022). 

These phytochemicals contribute to antioxidant, anti-

inflammatory, antimicrobial, anticancer, and 

neuroprotective effects (Eram et al., 2019). Traditionally, 

A. officinarum has been used in medicinal formulations to 

support digestive and stomach health (Liu, 2017). 

Natural products continue to play a crucial role in drug 

discovery and development due to their structural diversity 

and wide range of biological activities.  

Plant-derived compounds, particularly phenolics and 

flavonoids, are recognized for their strong antioxidant 

properties, which help neutralize free radicals and reduce 

oxidative stress. Oxidative stress is closely associated with 

the development of chronic diseases such as cancer, 

cardiovascular disorders, and neurodegenerative 

conditions. Therefore, medicinal plants rich in bioactive 

phytochemicals are increasingly being explored as safer 

and more effective alternatives to synthetic drugs (Liu, 

2017). 

In recent years, there has been growing interest in 

utilizing natural compounds for therapeutic applications 

because of their lower toxicity and better biocompatibility 

compared to conventional pharmaceuticals. The integration 

of traditional medicinal knowledge with modern scientific 

validation has further strengthened the importance of plant-

based research. Studies emphasize that systematic 

phytochemical screening, bioactivity evaluation, and 

molecular characterization are essential to establish the 

pharmacological potential of medicinal plants and to 

support their development into clinically relevant 

formulations (Liu, 2017). 

Modern biomedical research increasingly employs 

zebrafish (Danio rerio) as a model to evaluate the 

pharmacological and toxicological effects of natural 

products due to their genetic similarity to humans, 

transparent embryos, rapid development, and high 

fecundity (Howe et al., 2013). 

Given the growing demand for natural therapies and the 

side effects of synthetic drugs, A. officinarum continues to 

be an important plant for medicinal, culinary, and industrial 

applications, offering significant potential for both 

traditional medicine and modern research. 

II. MATERIALS AND METHODS 

2.1 Collection of Sample 

The powdered rhizome of Alpiniaofficinarum 

(Chitaratai) was obtained from a certified herbal supplier. 

Authentication was performed based on morphological 

characteristics and supplier-provided documentation 

(Kokateet al., 2010). The sample was stored in an airtight 

container under dry conditions until further use. 
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2.2 Plant Extract Preparation 

Ethanolic extract was prepared via maceration. Ten 

grams of rhizome powder were soaked in 100 mL of 80% 

ethanol for 24 hours at room temperature with periodic 

vortexing. The extract was filtered through Whatman paper 

and concentrated or diluted with distilled water/sterile 

saline for subsequent assays (Garg, 2018). 

2.3 Phytochemical Analysis 

Qualitative phytochemical screening was performed to 

identify bioactive compounds. The extract was tested for 

saponins, tannins, terpenoids, steroids, glycosides, 

flavonoids, quinones, phenols, coumarins, and 

carbohydrates using standard chemical tests (Kaur et al., 

2016). 

Phytochemical screening of the extract was carried out 

using standard qualitative tests to identify the presence of 

major bioactive constituents. Saponins were detected by the 

foam test, where the formation of a stable 1 cm layer of 

foam indicated their presence. Tannins were confirmed by 

the addition of ferric chloride, producing a greenish-black 

coloration. Terpenoids and steroids were identified using 

the Salkowski test, which resulted in a reddish-brown or 

red coloration. Glycosides were detected by the addition of 

concentrated sulfuric acid (H2SO4), producing a reddish-

brown colour. Flavonoids were confirmed by the alkaline 

reagent test, showing an intense yellow coloration. 

Quinones were identified upon treatment with concentrated 

H2SO4, yielding a red colour. Phenolic compounds were 

detected using 10% ferric chloride solution, producing 

green or blue coloration. Coumarins showed a yellow color 

upon addition of sodium hydroxide (NaOH). Carbohydrates 

were confirmed by the Molisch test, indicated by the 

formation of a characteristic violet ring. 

2.4 Thin Layer Chromatography (TLC) 

TLC was used to detect flavonoids using silica gel and 

Rutin as a standard. The mobile phase consisted of Ethyl 

acetate: Formic acid: Glacial acetic acid: Water 

(100:11:11:26). Retention factor (Rf) values were 

calculated  

2.5 Antimicrobial Activity 

The agar well diffusion method was performed against 

Staphylococcus aureus, Klebsiella pneumoniae, Bacillus 

subtilis, and Escherichia coli (MTCC strains). Wells (5 

mm) in Mueller-Hinton Agar were filled with extract 

concentrations of 50–200 µg/well. Saline served as 

negative control, and Azithromycin (30 µg/mL) as positive 

control. Plates were incubated for 24 hours, and zones of 

inhibition were measured (Zhou et al., 2022). 

2.6 Antioxidant Assay 

DPPH radical scavenging assay was used to evaluate 

antioxidant activity. Varying volumes of extract (0–500 µL) 

were mixed with 0.1 mM DPPH solution in methanol, 

incubated in the dark for 10 min, and absorbance measured 

at 517 nm. Ascorbic acid was used as standard (Watanabe 

et al., 1997). 

2.7 Wound Healing in Adult Zebrafish (Danio rerio) 

Adult zebrafish (5–6 months old) were acclimatized 

under controlled laboratory conditions prior to 

experimentation. The caudal fin amputation was performed 

using a cold ice-cube treatment method to immobilize the 

fish. The animals were randomly divided into three groups: 

Group I served as the untreated control, Group II received a 

high dose (100 mg/L) of ethanolic extract through bath 

exposure, and Group III received a low dose (50 mg/L) via 

bath exposure. The exposure media were renewed every 

three days to maintain consistency. Fin regeneration was 

documented on days 5, 7, and 9 post-amputation using 

imaging techniques and analyzed with image analysis 

software. At the end of the experimental period, fish were 

euthanized by rapid chilling in accordance with established 

laboratory guidelines (Thummel et al., 2006; Olsen et al., 

2010). 

III. RESULTS AND DISCUSSION 

Fresh rhizomes of Alpinia officinarum were cleaned, 

shade-dried, and powdered using a fine grinder. The 

powdered sample was stored in a dry place until use 

(Kokateet al., 2010). 

Ethanolic extract was prepared by macerating 10 g of 

powdered rhizome in 100 mL of 80% ethanol for 24 hours 

at room temperature. The mixture was filtered and 

concentrated for phytochemical and bioassays (Garg, 

2018). 

3.1 Phytochemical Analysis 

The qualitative phytochemical analysis of the ethanolic 

extract of Alpinia officinarum revealed the presence of 

several important bioactive constituents. The screening 

results showed that saponins, tannins, terpenoids, 

flavonoids, phenols, and coumarins were present, while 

steroids, glycosides, quinones, and carbohydrates were 

absent. The presence of saponins in the extract suggests 

potential antimicrobial, antifungal, and immune-boosting 

properties (Francis et al., 2002). Tannins detected in the 

extract are known for their strong antioxidant and 

antimicrobial activities (Okuda, 2005).  
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Similarly, the identification of terpenoids supports 

possible anti-inflammatory and anticancer potential 

(Perestrelo et al., 2024). 

Furthermore, the presence of flavonoids and phenolic 

compounds indicates significant antioxidant and 

cardioprotective effects, as these compounds are well 

recognized for neutralizing free radicals and reducing 

oxidative stress (Pancheet al., 2016; Liu et al., 2023). 

Coumarins, which were also detected, are associated with 

anticoagulant and hepatoprotective properties (Venugopala 

et al., 2013). Comparatively, the phytochemical profile 

observed in this study aligns with previous reports 

highlighting the therapeutic relevance of these bioactive 

constituents. The absence of certain compounds such as 

steroids and glycosides may indicate variation due to 

extraction method, solvent polarity, or plant source. 

Overall, the presence of multiple pharmacologically 

important phytoconstituents supports the antioxidant, 

antimicrobial, and potential therapeutic activities observed 

in the experimental study 

 

3.2 Thin Layer Chromatography (TLC) for Flavonoids 

Thin layer chromatography (TLC) analysis of the 

ethanolic extract of Alpinia officinarum was carried out 

using rutin as a reference standard. After derivatization 

with 1% aluminum chloride (AlCl₃), the appearance of 

distinct yellow fluorescent spots under UV light confirmed 

the presence of flavonoids in the extract. The Rf values of 

the sample spots closely matched that of the rutin standard, 

indicating comparable polarity and supporting the 

identification of flavonoid constituents. The presence of 

multiple spots on the chromatogram suggested that the 

extract contains more than one flavonoid compound, 

possibly including galangin, kaempferol, and quercetin 

derivatives. These findings are consistent with standard 

phytochemical identification techniques for flavonoids 

using TLC (Patil et al., 2015) and align with recent reports 

highlighting the diverse flavonoid composition of Alpinia 

officinarum (Sultana et al., 2024). 

Comparatively, the qualitative phytochemical analysis 

presented in your results (as shown in the attached table) 

also confirmed the presence of flavonoids in the ethanolic 

extract. The TLC findings further validate and strengthen 

these preliminary screening results by providing 

chromatographic evidence of flavonoid diversity. Thus, 

both qualitative tests and TLC profiling collectively 

support the rich flavonoid content of the extract, which 

may contribute significantly to its observed antioxidant and 

therapeutic potential. 
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3.3 Antimicrobial Activity 

The antimicrobial activity of the ethanolic extract of 

Alpinia officinarum was evaluated using the agar well 

diffusion method, with azithromycin (30 µg/mL) serving as 

the standard control. The extract exhibited concentration-

dependent inhibitory effects against both Gram-positive 

bacteria (Staphylococcus aureus and Bacillus subtilis) and 

Gram-negative bacteria (Klebsiella pneumoniae and 

Escherichia coli). The highest zones of inhibition were 

observed against K. pneumoniae (20 mm) and E. coli (16 

mm) at 200 µg/well, indicating strong antibacterial 

potential. These findings are consistent with standard 

antimicrobial screening procedures described by Zhou et 

al. (2022), where increased extract concentration correlates 

with enhanced microbial growth inhibition. 

Comparatively, the presence of bioactive 

phytoconstituents such as saponins, tannins, flavonoids, 

phenols, and terpenoids in your qualitative analysis 

supports the observed antimicrobial effects. These 

compounds are widely reported to disrupt microbial cell 

walls, inhibit enzyme activity, and interfere with bacterial 

metabolism. The stronger inhibition observed against 

Gram-negative bacteria in recent study suggests effective 

permeability of the extract’s active compounds through the 

outer membrane barrier. Overall, your results align with 

established antimicrobial evaluation methods and confirm 

the broad-spectrum antibacterial potential of the ethanolic 

extract of Alpinia officinarum. 
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3.4 Antioxidant Activity (DPPH Assay) 

The antioxidant potential of the ethanolic extract of 

Alpinia officinarum was evaluated using the DPPH radical 

scavenging assay. The extract demonstrated a clear 

concentration-dependent activity, with inhibition increasing 

from 7.65% at 100 µg/mL to 88.46% at 500 µg/mL. The 

calculated IC₅₀ value was 251.03 µg/mL, indicating 

moderate to strong antioxidant capacity. The DPPH assay is 

a widely accepted method for determining free radical 

scavenging ability, where antioxidants donate hydrogen 

atoms or electrons to neutralize stable DPPH radicals 

(Watanabe et al., 1997). The observed activity in this study 

can be attributed to the presence of flavonoids, phenols, 

tannins, saponins, and coumarins, which are known for 

their strong antioxidant properties (Pancheet al., 2016). 

Comparatively, the qualitative phytochemical analysis 

presented in our results confirmed the presence of 

flavonoids, phenols, tannins, saponins, and coumarins in 

the extract, which supports the significant DPPH 

scavenging activity observed. The progressive increase in 

percentage inhibition with rising concentration further 

validates the dose-dependent antioxidant effect of these 

bioactive constituents. Thus, your experimental findings 

correlate well with established literature, demonstrating 

that the antioxidant activity of Alpinia officinarum is 

closely linked to its rich phytochemical composition. 

 

 

 

 

3.5 Wound Healing in Adult Zebrafish (Danio rerio) 

The in vivo wound healing study demonstrated that the 

high-dose (100 mg/L) ethanolic extract of Alpinia 

officinarum produced the most significant caudal fin 

regeneration at 9 days post-amputation, with dorsal 

regeneration measuring 2.064 ± 0.016 mm and ventral 

regeneration measuring 2.067 ± 0.011 mm. This was 

followed by the low-dose group, while the control group 

showed comparatively slower regeneration. The enhanced 

regenerative response observed in the treated groups may 

be attributed to the presence of bioactive phytochemicals 

that stimulate wound closure, cellular proliferation, and 

blastema formation, which are key processes in zebrafish 

fin regeneration (Akimenkoet al., 2003; Thummel et al., 

2006; Stoick-Cooper et al., 2007). 

Comparatively, the phytochemical analysis of your 

extract confirmed the presence of flavonoids, phenols, 

tannins, saponins, and terpenoids, which are known to 

possess antioxidant and anti-inflammatory properties. 

These compounds may reduce oxidative stress at the 

wound site and enhance tissue remodeling, thereby 

accelerating regeneration. The significantly higher 

regeneration measurements in the high-dose group 

compared to the low-dose and control groups indicate a 

dose-dependent effect, aligning with established zebrafish 

regeneration mechanisms described in previous studies. 

Overall, your findings are consistent with reported 

molecular and cellular pathways involved in caudal fin 

regeneration and further support the therapeutic potential of 

Alpinia officinarum in wound healing applications.
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IV. CONCLUSION 

The present study demonstrates that the ethanolic extract 

of Alpinia officinarum possesses rich phytochemical 

diversity, including flavonoids, phenols, tannins, saponins, 

and coumarins, which are well recognized for their 

antioxidant, antimicrobial, and therapeutic properties. The 

qualitative phytochemical screening results shown in your 

analysis confirm the presence of these bioactive 

constituents, supporting their contribution to the observed 

biological activities. TLC profiling further validated the 

presence of flavonoid compounds through characteristic 

spots comparable to the standard, reinforcing previous 

chromatographic identification methods. The antimicrobial 

assay revealed concentration-dependent inhibition against 

both Gram-positive and Gram-negative bacteria. Similarly, 

the extract exhibited strong DPPH radical scavenging 

activity, with increasing inhibition at higher concentrations, 

consistent with the known antioxidant role of phenolic and 

flavonoid compounds. In vivo zebrafish experiments 

showed enhanced caudal fin regeneration in treated groups, 

particularly at higher doses, indicating effective wound 

healing potential. This regenerative response correlates 

with previously described cellular and molecular 

mechanisms involved in zebrafish fin regeneration. 

Comparatively, this experimental findings strongly align 

with reported literature, as the phytochemical composition 

observed in your extract directly supports the antioxidant, 

antimicrobial, and regenerative outcomes demonstrated in 

the biological assays. Overall,   Alpinia officinarum 

emerges as a promising natural source of 

pharmacologically active compounds. Future research 

should emphasize quantitative phytochemical profiling, 

isolation of active constituents, molecular mechanism 

studies, and extended in vivo validation to establish its 

therapeutic efficacy and enhance its clinical applicability. 
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