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ABSTRACT 

Background: Black Cardamom (Amomum subulatum Roxb.) is traditionally used for its medicinal 

properties in treating respiratory, digestive, and infectious diseases. However, its bioactive polyphenols 

and their enzyme inhibitory activities remain underexplored. Aims and Objectives: This study aimed to 

investigate the sequential extraction, phytochemical composition, and enzyme inhibitory activity of 

polyphenols from the shell and seed of A. subulatum. Materials and Methods: Sequential extraction 

was performed using hexane, chloroform, petroleum ether, and water. The phytoconstituents were 

analyzed using standard qualitative tests. The total phenolic content (TPC) and total flavonoid content 

(TFC) were determined using spectrophotometric methods. Enzyme inhibition assays were conducted 

against alpha-amylase and trypsin, followed by gas chromatography-mass spectrometry (GC-MS) 

analysis to identify bioactive compounds. Results: Phytochemical analysis showed the presence of 

phenols, saponins, terpenoids, flavonoids and alkaloids in both extracts. TPC and TFC results indicated 

that the seed extract had higher phenolic (141.22 ± 2.52 mg GAE/g) and flavonoid content (1.98 ± 0.42 

mg RE/g) compared to the shell. Enzyme inhibition assays demonstrated 100% inhibition of alpha-

amylase by hexane, chloroform, and petroleum ether extracts at a 1:3 enzyme-to-extract ratio, while 

aqueous extracts showed no inhibition. The dot blot assay confirmed pronounced trypsin inhibition in 

seed extracts obtained using hexane and chloroform. GC-MS analysis identified 80 compounds in the 

shell, including desogestrel (13.08%) and benzofuran (5.08%), and 67 compounds in the seed, including 

oleoyl chloride (10.60%) and pentadecanoic acid (10.64%). Conclusion: Sequential extraction of A. 

subulatum demonstrated significant alpha-amylase and trypsin inhibitory activity, especially in non-polar 

extracts. The bioactive compounds identified suggest the plant's potential in managing hyperglycemia 

and inflammatory conditions.          

Keywords: Amomum subulatum Roxb, Polyphenols, Enzyme inhibition, Alpha-amylase, Trypsin, GC-

MS analysis.    

 
INTRODUCTION 

The quest for natural bioactive compounds with potential therapeutic applications has intensified in 

recent years, driven by the need to find safer and more effective alternatives to synthetic drugs. Among 

such promising natural sources are polyphenols, a diverse group of secondary metabolites widely 

distributed in the plant kingdom [1]. Polyphenols are renowned for their significant antioxidant, anti-

inflammatory, anticancer, and antidiabetic properties [2]. They have been extensively studied for their 

health benefits, particularly their ability to modulate various biological pathways and inhibit key 

enzymes associated with chronic diseases [3-5]. Black cardamom (Amomum subulatum Roxb.), a member 

of the Zingiberaceae family, is a spice commonly used in the Indian subcontinent for its distinct smoky 

flavor and medicinal properties. Traditionally, black cardamom has been utilized for treating respiratory 

disorders, digestive issues, and infections [6]. Despite its well-documented medicinal uses, the 

polyphenolic content of black cardamom and its potential as a source of enzyme inhibitors have not been 

thoroughly explored.  

Proteases and amylases are critical enzymes involved in numerous physiological and pathological 

processes [7,8]. Proteases like trypsin are crucial for various biological processes, including digestion, 

immune system function, and cell signaling. However, their overexpression is implicated in various 

diseases, including cancer and inflammatory disorders [9]. Alpha-amylase are crucial for carbohydrate 

digestion but are also associated with hyperglycemia and diabetes when dysregulated [10,11]. Inhibiting 

these enzymes using natural polyphenols could offer a novel approach to managing conditions like 

cancer and diabetes [12,13]. 
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MATERIAL AND METHODS  

Sample Collection  

Black cardamom (A. subulatum) sample was collected from the 

masala market in Loni Tal. Rahata Dist. Ahmednagar (MS), India 

(Latitude: 18.1820N, Longitude: 74.364550E). The samples were 

authenticated by Dr. A.S. Dr. Wabale, Vice Principal and faculty 

member in the Department of Botany at Padmashri Vikhe Patil 

College of Arts, Science, and Commerce, Loni. 

Sequential Extraction of Polyphenols  

The sequential extraction was performed using hexane, chloroform, 

petroleum ether, and water. The sample (seed: 20 g; shell: 10 g) was 

sequentially extracted with each solvent. After each extraction, the 

residue was dried and weighed before proceeding to the next solvent. 

Hexane Extraction: Ground sample (seed: 20 g; shell: 10 g) was 

mixed with hexane (ratio 4:1) and incubated overnight. Extracts were 

centrifuged at 10,000 rpm, and the supernatant was transferred to petri 

dishes for evaporation. The residue was dried, weighed, and then 

subjected to re-extraction using chloroform. Chloroform and 

Petroleum Ether Extractions: The procedure was the same as for 

hexane. After evaporation, residues were collected in centrifuge tubes 

using 1.5 mL DMSO. Aqueous Extraction: The mixture of solvent 

and sample was prepared in a ratio of 10:1 (w/v) and incubated 

overnight. Extracts were filtered and collected in centrifuge tubes. 

Non-aqueous extracts were diluted with 3 mL of 100% methanol 
[14,15]. 

Qualitative of Polyphenols 

Phytochemicals (phenols and tannins, flavonoids, saponins, alkaloids, 

and terpenoids) were tested using methods described by [16]. 

Quantitative Analysis of Polyphenols  

The Total Phenol Content (TPC) was measured using the Folin-

Ciocalteu method [17]. Samples (1 mL, 100 µg/mL w/v in H₂O) were 

mixed with 0.5 mL of Folin-Ciocalteu reagent (diluted 1:3 with 

distilled water) and 2 mL (20%) sodium carbonate. Absorbance was 

recorded at 650 nm with a UV-visible spectrophotometer. TPC was 

expressed as milligrams of gallic acid equivalent (GAE) per gram of 

extract [18]. The Total Flavonoid Content (TFC) was determined using 

a colorimetric assay [19]. Samples (2 mL) were mixed with 0.1 mL 

AlCl₃ and 0.1 mL potassium acetate, incubated for 30 minutes at room 

temperature, and absorbance was measured at 415 nm. Results were 

expressed as mg rutin equivalent (RE)/g extract. 

Amylase Inhibitory Activity by starch agar plate 

Starch agar plates were prepared with 1.5 g agar and 0.1 g starch. 

Wells were made and filled with mixtures of enzyme and extracts at 

different ratios (3:1, 1:1, 1:3 v/v). The plates were incubated overnight 

at 37°C and subsequently stained with an iodine-potassium iodide 

solution. Zones of hydrolysis were compared to control wells. 

Amylase Inhibition by Solution Assays 

Salivary amylase (40 µL) was preincubated with different volumes of 

extracts and 10 mM sodium phosphate buffer, pH 6.9. Starch (1 mL, 

1%) was added and incubated at 37 °C for 15 minutes. One milliliter 

of DNSA reagent was added to the mixture, which was then incubated 

at 85 °C for 15 minutes and allowed to cool. Absorbance was 

measured at 540 nm. 

Protease Inhibition by Solution Assays 

Trypsin (100 µL) was preincubated with different volumes of extracts 

and 0.1 M Tris HCl buffer, pH 7.8. One milliliter of 1% casein 

solution was added and the mixture was incubated at 37 °C for 30 

minutes. Reaction was terminated with 1 mL of 5% TCA, centrifuged, 

and supernatant was mixed with 2.5 mL of 0.5 M Na₂CO₃ and 0.5 mL 

Folin-Ciocalteu reagent. Absorbance was measured at 660 nm [20]. 

Protease Inhibitory Activity by Dot-Blot Assay 

Different concentrations of trypsin and extracts (Black cardamom) 

were prepared (1:3, 1:1, 3:1 v/v). Mixtures were applied to X-ray film, 

incubated at 37 °C for 15 minutes, washed, and dried. Patterns of 

gelatin hydrolysis indicated inhibitor effectiveness [21]. 

GC-MS Analysis of Phytochemicals 

For sample preparation, 70% methanol was added to the sample (5 g 

seed, 5 g shell) at a ratio of 1:5, incubated overnight, centrifuged at 

10,000 rpm, and supernatant was collected in centrifuge tubes with 

1.5 mL DMSO. GC-MS Analysis was conducted on a Shimadzu 

GCMS-TQ8040 with RESTEK Rxi-5ms column. Injection 

temperature: 280 °C, carrier gas: helium, flow: 1.2 mL/min. Column 

temperature: 40 °C to 270 °C. Ion source temperature: 220 °C. Mass 

range: m/z 45-550. Compound identification was performed using the 

NIST (National Institute of Standards and Technology) library. 

Statistical Analysis 

All experiments were performed in triplicate. Microsoft Excel was 

used to compute the mean values and standard deviations. 

RESULTS 

The phytoconstituent analysis of A. subulatum seed and seed shell 

extracts was performed using different solvents: hexane, chloroform, 

petroleum ether, and aqueous extracts. The presence of phenolic 

compounds, flavonoids, saponins, terpenoids, and alkaloids was 

determined for both the seed and seed shell. 

Phytoconstituents Analysis of Seed Extracts 

As shown in Table 1, the analysis of A. subulatum seed extracts 

revealed the presence of phenols and tannins, flavonoids, saponins, 

terpenoids, and alkaloids in varying amounts across the different 

solvent extracts. Both the hexane and chloroform extracts showed 

positive results for phenols, tannins, flavonoids, saponins, terpenoids, 

and alkaloids, with saponins being present in all solvent types. In 

contrast, petroleum ether extracts showed a negative result for 

phenols, tannins, flavonoids, terpenoids, and alkaloids, while saponins 

were the only phytoconstituent detected. Aqueous extracts showed a 

limited presence of terpenoids and saponins, while phenols, tannins, 

flavonoids, and alkaloids were absent. 

Phytoconstituents Analysis of Seed Shell Extracts 

Table 2 summarizes the phytochemical screening of the seed shell 

extracts. The hexane and chloroform extracts revealed the presence of 

phenols, tannins, flavonoids, saponins, terpenoids, and alkaloids, with 

terpenoids and alkaloids being prevalent in all solvent types. 

Petroleum ether extracts showed a slightly broader spectrum of 

phytoconstituents, including flavonoids, saponins, terpenoids, and 

alkaloids, while phenols and tannins were absent. Aqueous extracts, 

however, were found to contain saponins and terpenoids but were 

negative for phenols, tannins, flavonoids, and alkaloids. 

Total Phenolic Content (TPC) Analysis 

The TPC of A. subulatum seed and seed shell extracts was quantified. 

Based on the standard regression line for gallic acid, with a coefficient 

of determination R2 = 0.9957, the concentration of phenolics in the 

shell extract was determined to be 90.81 ± 0 mg/g gallic acid 

equivalent (GAE). In comparison, the phenolic content in the seed 

extract was significantly higher, measured at 141.225 ± 2.52 mg/g 

GAE (Figure 1). These results indicate that the seed of A. subulatum 
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contains a greater amount of phenolic compounds than the seed shell, 

highlighting its potential as a rich source of antioxidants. The strong 

linearity of the regression line emphasises the reliability and accuracy 

of the phenolic quantification method used in this study. 

 

Figure 1: Regression line of gallic acid for estimation of TPC 

Total Flavonoid Content (TFC) Analysis 

The TFC of the A. subulatum seed and seed shell extracts was 

determined using the standard regression line for rutin, with a 

coefficient of determination R2=0.9988, the concentration of 

flavonoids in the shell extract was measured at 1.01254 ± 0.42 mg/g 

rutin equivalent (RE). In contrast, the flavonoid content in the seed 

extract was found to be higher, at 1.983 ± 0 mg/g RE. These results 

demonstrate that the seed extract of A. subulatum contains nearly 

double the amount of flavonoids compared to the seed shell, 

suggesting its superior potential as a source of bioactive flavonoids. 

 

Figure 2: Regression line of rutin for estimation of TFC 

Amylase Inhibition Activity 

The starch agar plate method was used to detect the amylase inhibitor 

activity in sequentially extracted samples of A. subulatum. The 

extracts were tested at various enzyme-to- extract ratios (E: I), 

including 1:1, 3:1, and 1:3 (v/v). It was observed that the hexane shell 

extract (HCE), chloroform shell extract (CCE), petroleum ether shell 

extract (PCE), and petroleum ether seed extract (PSE) demonstrated 

complete inhibition of alpha-amylase activity at a 1:3 (E: I) ratio. 

Conversely, the water shell extract (WCE) and water seed extract 

(WSE) exhibited no inhibition of alpha-amylase, as shown in Figures 

3 and 4. 

 

Figure 3: Detection of amylase inhibition by starch agar plate method (A- 

Enzyme, B- (1:1, E: I), C-(3:1, E: I) D- (1:3, E: I), O- Buffer, a) Hexane Shell 
Extract (HCE); b) Hexane Seed Extract (HSE); c) Chloroform Shell Extract 

(CCE); d) Chloroform See Extract (CSE). 

 

Figure 4: Detection of amylase inhibition by starch agar plate method (A- 
Enzyme, B- (1:1, E: I), C-(3:1, E: I) D- (1:3, E: I), O- Buffer, a) Petroleum 

Ether Shell Extract (PCE); b) Petroleum Ether Seed Extract; c) Water Shell 

Extract (WCE); d) Water Seed Extract (WSE). 

The percentage inhibition of alpha-amylase by each extract was 

calculated based on the diameter of the starch hydrolysis zones 

surrounding the wells in the agar plates. The HCE, CCE, PCE, and 

PSE extracts all showed 100% inhibition of alpha-amylase, whereas 

the WSE showed 0% inhibition (Figure 5). Additionally, a standard 

solution assay confirmed that the inhibition of alpha-amylase was 

concentration-dependent, with higher concentrations of extract 

leading to greater enzyme inhibition. 

 

Figure 5: Percent (%) inhibition of alpha amylase with various solvent extracts 

Protease Inhibitor Activity against Trypsin 

The potency of protease inhibitors (PIs) against trypsin in A. 

subulatum extracts was evaluated using the dot blot assay with X-ray 

film. The assay revealed that both HSE and CCE were the most 

effective trypsin inhibitors. In addition, trypsin inhibition was 

observed with all other extracts, including HCE, CSE, PCE, PSE, 

WCE, and WSE, at enzyme-to-inhibitor ratios (E: I) of 1:1 and 1:3 

(Figure 6). 

The results indicate that the inhibition of trypsin is concentration-

dependent, as evident from varying degrees of inhibition across 

different ratios of enzyme to extract. The extracts HSE and CCE 

exhibited the strongest inhibitory activity, suggesting their high 

potential as sources of protease inhibitors. 
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Figure 6: Detection of protease inhibitory (Trypsin) activity by dot blot assay 

(E- enzyme, A-(1:1, E: I), B-(3:1, E: I) C- (1:3, E: I)), a) HCE; b) HSE; c) 

CCE; d) CSE; e) PCE; f) PSE; g) WCE; h) WSE. 

 

GC-MS Analysis of Bioactive Phytochemicals 

The GC-MS analysis of the methanolic extract from A. subulatum 

Roxb. shell identified 80 distinct bioactive compounds. Figure 7 

displays the chromatogram. 

The most abundant compound was desogestrel, constituting peak area 

13.08%, followed by two structurally similar compounds showing 

hypoglycemic activity with molecular weights of 410, accounting for 

peak area 17.34% and 8.48%, respectively (Table 3). Significant 

bioactive compounds detected include benzofuran (5.08%), phytol 

(peak area 2.23%), and 9,12,15-octadecatrienoic acid (peak area 

4.16%), all known for their antioxidant, antimicrobial, and anticancer 

activities. Other noteworthy compounds include n-hexadecanoic acid 

(peak area 4.63%) and retinal (peak area 0.29%), both contributing to 

antioxidant and antibacterial properties. In addition, compounds such 

as eugenol, γ-muurolene, and isospathulenol exhibited a range of 

pharmacological activities. 

GC-MS analysis of the methanolic seed extract of Amomum 

subulatum identified 67 distinct bioactive compounds. The 

corresponding chromatogram is shown in Figure 8. 

Among these, Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl (Peak 18, 

Area% 5.78) and Oleoyl chloride (Peak 66, Area% 10.60) exhibited 

strong antimicrobial activity, respectively (Table 4). Additionally, 

Pentadecanoic acid (Peak 48, Area% 10.64) was identified as having 

anti-cancer property. The extract also contained antioxidants such as 

4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6 (Peak 4, Area% 3.48), 

while compounds like α-Terpineol (Peak 5, Area% 0.86) and Furaneol 

(Peak 2, Area% 0.29) showed potential anticancer effects. Notably, 

Palmitoleic acid (Peak 46, Area% 1.12) and Hydroxydehydrostevic 

acid (Peak 49, Area% 4.75) were linked to antitumor and 

antimicrobial activities, respectively. 

 
Figure 7: GC-MS chromatogram of methanolic shell extract of A. subulatum roxb 
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Figure 8: GC-MS chromatogram of methanolic seed extract of A. subulatum roxb 

Table 1: Phytoconstituents analysis of A. subulatum seed extracts 

S. 

No. 

Phytoconstituents Hexane Chloroform Petroleum 

ether 

Aqueous 

1. Phenol & Tannins + + - - 

2. Flavonoids + + - - 

3. Saponins + + + + 

4. Terpenoids + + - + 

5. Alkaloids + + - - 

 

Table 2: Phytoconstituents analysis of A. subulatum seed shell extracts 

S. No. Phytoconstituents Hexane Chloroform Petroleum ether Aqueous 

1. Phenol & Tannins + + - - 

2. Flavonoids + + + - 

3. Saponin + - + + 

4. Terpenoids + + + + 

5. Alkaloids + + + - 

 

Table 3: Major Phytoconstituents of methanolic shell extract of A. subulatum roxb 

Peak  Compound Name Area % Biological Activities 

1 2-Furanmethanol 0.23 Antimicrobial, antioxidant [33] 

5 & 6 L-.alpha.-Terpineol, .alpha.-Terpineol 0.01, 0.18 Antimicrobial, anti-inflammatory, antioxidant [34] 

7 Benzofuran, 2,3-dihydro- 5.08 Antimicrobial, anti-inflammatory [35] 

12 Phenol, 2,6-dimethoxy- 1.61 Antioxidant, antimicrobial [36] 

17 Eugenol 0.63 Antimicrobial, anti-inflammatory, analgesic [37] 

21 gamma.-Muurolene 0.12 Antimicrobial, anti-inflammatory [38] 

61 Phytol 2.23 Antioxidant, anti-inflammatory, anticancer [39] 

62 Desogestrel 13.08 Contraceptive [38] 

59 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 4.16 Anti-inflammatory, cardiovascular protective [39] 

53 & 55 Hexadecanoic acid, methyl ester, n-Hexadecanoic acid 1.58, 4.63 Antioxidant, anti-inflammatory [40] 

66 Retinal 0.29 Essential for vision, skin health [41] 

76 Villosin 3.05 Potential anticancer, antimicrobial [42] 

78 Verrucarol 1.16 Antifungal, anticancer [43] 
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Table 4: Major Phytoconstituents of methanolic seed extract of A. subulatum roxb 

Peak Name Area% Pharmacological Activities 

1 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-on 0.19 Antimicrobial [44] 

2 Furaneol 0.29 Anticancer, Antimicrobial [45] 

4 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6 3.48 Antioxidant, Antimicrobial [46] 

5 α-Terpineol 0.86 Anticancer [31] 

7 4-Hepten-3-one, 4-methyl- 4.58 Antioxidant, Antibacterial [47] 

18 Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl 5.78 Antimicrobial [48] 

46 Palmitoleic acid 1.12 Antitumor [49] 

48 Pentadecanoic acid 10.64 Anti-cancer effects [30] 

49 Hydroxydehydrostevic acid 4.75 Antimicrobial 

66 Oleoyl chloride 10.60 Antimicrobial [50] 

 

DISCUSSION  

Phytochemical screening revealed a rich diversity of bioactive 

compounds in A. subulatum seed and seed shell extracts, including 

phenolic compounds, flavonoids, saponins, terpenoids, and alkaloids, 

underscoring the plant's therapeutic potential. The consistent presence 

of these compounds in hexane and chloroform extracts aligns with 

previous findings [22], which emphasize the effectiveness of organic 

solvents for extracting both polar and non-polar phytochemicals. 

Saponins were notably present across all extracts, reflecting their 

significant bioactivity, including antimicrobial and anticancer 

properties [23]. Conversely, the absence of phenolic compounds in 

petroleum ether extracts highlights the importance of solvent selection 

in phytochemical analysis. The seed shell extracts showed similar 

profiles, indicating that both parts of the plant contribute to its overall 

bioactivity. Aqueous extracts predominantly contained saponins and 

terpenoids, consistent with findings [24] regarding the solubility of 

saponins in various solvents. The presence of terpenoids, recognized 

for their antimicrobial and anti-inflammatory effects [27], and 

alkaloids, associated with analgesic properties, further supports the 

pharmacological relevance of A. subulatum. The phytochemical 

analysis confirms the presence of several bioactive compounds, 

validating traditional uses of the plant and providing a scientific 

foundation for future pharmacological studies.  

The quantification of TPC and TFC in A. subulatum extracts revealed 

significant differences between the seed and seed shell. The TPC 

analysis indicated that the seed extract contained a notably higher 

concentration of phenolic compounds compared to the seed shell. This 

finding supports previous studies that emphasize the antioxidant 

potential of phenolic compounds, which have been linked to various 

health benefits, including anti-inflammatory and anti-cancer 

properties [2]. The TFC results further corroborated the superior 

bioactive profile of the seed, with almost double that of the seed shell. 

This highlights the seeds' potential as a valuable source of flavonoids, 

which are recognized for their role in promoting cardiovascular health 

and mitigating oxidative stress [28]. 

The amylase inhibition activity of A. subulatum extracts was 

evaluated using the starch agar plate method, revealing complete 

inhibition of alpha-amylase by hexane, chloroform, and petroleum 

ether extracts at a 1:3 enzyme-to- extract (E) ratio. Specifically, HCE, 

CCE, PCE, and PSE exhibited 100% inhibition, while the water 

extracts showed no activity. This highlights the solvent extraction 

efficiency, with non-polar solvents yielding extracts rich in bioactive 

compounds that effectively inhibit enzyme activity. These findings 

align with previous research indicating that non-polar phytochemicals 

are often more effective against carbohydrate-hydrolyzing enzymes, 

suggesting potential applications in managing carbohydrate 

metabolism and glycemic response. Similarly, the protease inhibitory 

activity against trypsin demonstrated that both HSE and CCE were 

particularly effective, showing significant inhibition across various 

enzyme-to- extract ratios. The concentration-dependent inhibition 

observed across all extracts further supports the potential of A. 

subulatum as a source of protease inhibitors, which could have 

implications in therapeutic applications for conditions associated with 

excessive protease activity, such as inflammation and cancer. 

GC-MS analysis identified 80 compounds in the seed shell and 67 in 

the seed extracts. Notably, desogestrel was the most abundant in the 

shell extract, accounting for 13.08% of the peak area, followed by 

other compounds exhibiting hypoglycemic activity. This finding is 

consistent with previous studies that highlighted the hypoglycemic 

potential of similar compounds in medicinal plants, suggesting 

possible therapeutic applications in managing diabetes. Among the 

significant compounds, benzofuran (5.08%), phytol (2.23%), and 

9,12,15-octadecatrienoic acid (4.16%) were noted for their 

antioxidant, antimicrobial, and anticancer properties. These results 

corroborate earlier reports indicating that phytol and octadecatrienoic 

acid possess potent antioxidant capabilities, which could contribute to 

the overall health benefits of A. subulatum extracts [29]. The 

polyphenols in black cardamom likely block enzymes by sticking to 

their active sites and disrupting their structure12. Non-polar extracts 

(like hexane) showed stronger inhibition because their fat-soluble 

compounds bind more effectively to enzymes than water-soluble 

compounds [13]. 

In the seed extract, the identification of oleoyl chloride (10.60%) and 

pentadecanoic acid (10.64%) highlights the anticancer potential of A. 

subulatum, aligning with findings30. Additionally, the presence of 

compounds such as α-terpineol and 4H-pyran-4-one suggests 

promising anticancer and antioxidant activities, respectively, which 

further emphasizes the pharmacological relevance of these extracts 
[31,32]. Although this study recognised promising bioactive compounds 

in A. subulatum, limitations include the exclusive use of in vitro 

assays requiring future in vivo validation, potential variability in 

extraction yields due to seasonal/geographical factors, and 

unexamined synergistic effects among compounds. 

CONCLUSION 

The phytochemical analysis of Amomum subulatum extracts, 

including both seed and seed shell, reveals a significant presence of 

bioactive compounds, including phenolics, flavonoids, saponins, 

terpenoids, and alkaloids, which underscores the plant's therapeutic 

potential. The seeds exhibited a notably higher concentration of TPC 

and TFC compared to the seed shells, supporting their recognized role 

as a valuable source of antioxidants and bioactive agents. The extracts 

demonstrated effective amylase and protease inhibition, particularly 

with hexane and chloroform extracts, indicating their potential 

applications in managing carbohydrate metabolism and conditions 

associated with excessive protease activity. The results from the GC-

MS analysis further confirmed the presence of diverse bioactive 

compounds, with the seed shell revealing 80 distinct compounds and 



The Journal of Phytopharmacology 

 

 

368 

the seeds containing 67. Significant compounds included desogestrel, 

oleoyl chloride, and pentadecanoic acid, all recognized for their 

pharmacological properties. Additional research is needed to 

investigate the specific mechanisms of action and potential health 

benefits associated with these bioactive compounds. 
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