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Introduction 

Vietnam inhabits several species of the genus Alpinia (Chi Riềng in 

Vietnamese), belonging to the family Zingiberaceae. To date, more 

than 36 spp. of the genus Alpinia have been distributed   Vietnam (1, 

2). All of them are  are characterized by small plant morphology, with 

solitary flowers or flower clusters that are either upright or drooping 

and long petals, rarely shorter than 3 cm. Bracts may or may not be 

present; when present, they nearly envelop the flower bud. One of 

the most distinctive features of Alpinia spp. is their long petals (3, 4). 

In traditional medicine, various parts of Alpinia spp are commonly 

used to treat a variety of ailments such as stomach disorders, 

vomiting and to aid digestion (5, 6). Given this long history of 

ethnomedicinal use, there is a growing need to validate these 

traditional claims through modern phytochemical analyses and 

bioactivity assessments, which can provide scientific evidence for 

their therapeutic potential. Numerous secondary metabolites have 

been identified from extracts of Alpinia spp. including terpenoids, 

phenylpropanoids, diarylheptanoids and flavonoids (7). In addition, 

many biological activities have been discovered, such as 

antibacterial (8), radical scavenging (9), anti-tumor (10-12), 

cardioprotective (13), gastroprotective (14), anti-inflammatory and 

analgesic effects (15). Free radical scavenging activity is important as 

biological functions such as antimutagenicity, anti-carcinogenicity 

and anti-aging arise from this property. 

  

 Alpinia nelumboides Nob. Tanaka, T. T. K. Van & V. Hoang 

was  discovered by the research group led by Nobuyuki Tanaka and 

was published in 2022. This species has been found in several 

locations such as the Bolaven Plateau in Champasak Province, 

southern Laos,  Lam Dong Province in southern Vietnam and it is 

likely distributed in the southeastern region of Indochina. A. 

nelumboides is a small herbaceous plant with long leaves and 

elongated flower clusters, resembling several other species  such as 

A. kwangsiensis, A. roxburghii and A. malaccensis (2, 16). The non-

volatile compound classes such as phenolics and flavonoids, along 

with their biological activities in A. nelumboides, have not yet been 

explored. However, the essential oils from the rhizomes and stems of 

this species have been studied, with the main chemical constituents 

identified as 1,8-cineole, β-pinene, (E)-citral, (Z)-citral, α-pinene and 

limonene, among which 1,8-cineole had the highest concentration 

at 20 %. These essential oils exhibited antioxidant, anti-α-

glucosidase, anticancer and antimicrobial potentials which are 

associated with the presence of monoterpenoid and polyphenol 

compounds (17, 18). In A. nelumboides, leaves, pseudostems and 

rhizomes are medicinally important. The rhizomes are the most 

widely used part in traditional medicine, with leaves and other parts 

contributing secondary or complementary roles in traditional 

practices and modern phytochemical research. In this study, several 

phenolic and flavonoid compounds from this species were identified 

and quantified from different plant parts such as leaves, 
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pseudostems and rhizomes and their free radical scavenging 

abilities were also investigated. 

Materials and Methods 

Sample collection 

The fresh A. nelumboides rhizomes, pseudo-stems and leaves (1 kg 

each part) were collected in Lam Dong province, Vietnam (11°

56'15.2" N, 108°23'18.1" E) in March 2023. A voucher specimen 

(NHTuan045) was kept in the Herbarium of Hanoi National 

University, Vietnam. The fresh samples were dried in a convection 

dryer until their moisture < 10 %. 

Chemicals 

Acetone (HPLC-grade, 99.5 %) was obtained from VWR Chemicals 

(France). Ferulic acid (> 99 %) was obtained from Sigma-Aldrich 

(USA). Chlorogenic acid (> 99 %) was purchased from the National 

Institute of Drug and Quality Control (Vietnam). Flavonoid analytical 

standards (purity > 99 %) were procured from Chengdu Biopurify 

Phytochemicals (China). 2,2'-azino-bis (3-ethylbenzothiazoline-6-

sulfonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were 

obtained from Alfa Aesar and Sigma-Adrich (USA). 

Crude extract preparation 

To prepare acetonic crude extracts, each plant part (10 g) was 

separately mixed with 100 mL of acetone (100 %). After 24 hr of 

extraction at room temperature, the mixture was filtered through a 

filter paper. The obtained filtrate was evaporated at 35 °C in a rotary 

evaporator (DLAB, Beijing, China) to remove the solvent. The resulting 

crude extract was kept in a cold, dry place for further analysis. 

Determination of pigments 

Pigments including chlorophyll and total carotenoid content (TCC) 

were determined according to the standard method previously (19). 

The sample in powder form was extracted with acetone at a sample/

solvent ratio of 1/20 g/mL and shaken thoroughly for 2 hr. The 

extract was then centrifuged at 60000 rpm for 15 min and the 

supernatant was used to measure absorbance at wavelengths of 

470, 662 and 645 nm. The contents of chlorophyll a, b and 

carotenoids were calculated using the following formulae: 

Chlorophyll a (CA) = (11,24 x A662 - 2,04 x A645) ́  V/W 

Chlorophyll b (CB) = (20,13 x A645 - 4,19 x A662) ́  V/W 

Total carotenoid content = [1000 ́  A470 - (1.9 ́  CA + 63.14 ́  CB)]/214 

 ́V/W 

Where V is the volume of solvent (mL) and W is the initial sample 
mass (g). 

Determination of phenolic compounds 

To determine the concentrations of certain phenolic acids and 

flavonoids present in the extracts of A. nelumboides, high-

performance liquid chromatography (HPLC) was used (LC-2030C 

system) with a UV detector, an Agilent Zorbax Eclipse XDB C18 

column and a mobile phase consisting of 1 % formic acid and 100 % 

acetonitrile (20). Quantification of the phenolics was carried out 

based on external standards. 

Antioxidant activities 

The DPPH free radical scavenging activity was evaluated according 

to previously reported methods (21, 22). A volume of 0.1 mL of each 

concentration of the extract or the positive control (ascorbic acid) 

was mixed with 0.5 mL of 0.1 mM DPPH solution. After incubating the 

mixture in the dark for 30 min, the absorbance (A) was measured at 

517 nm using a UV-VIS spectrophotometer. The ABTS free radical 

scavenging activity was assessed according to methods previously 

published (23). A volume of 0.1 mL of each extract concentration was 

mixed with 3 mL of ABTS solution. The mixture was incubated in the 

dark for 30 min and the absorbance was measured at 734 nm using 

a UV-VIS spectrophotometer. The ABTS radical solution was 

prepared by mixing 50 mL of 7 mM ABTS solution with 50 mL of 2.45 

mM. IC50 (µg/mL) values were used to express the antioxidant activity 

of the extracts. 

Statistical analysis 

The sample testing was carried out in triplicate and the results were 

shown as mean ± standard deviation. The statistical analysis was 

conducted by one-way ANOVA followed by Tukey's test at p < 0.05. 

The XLSTAT (version 2016) was employed for the statistical analysis. 

IC50 values were calculated using dose-response curve, which plots 

the percent inhibition against the concentration of the extracts or 

reference standard. Microsoft Excel 365 was used to construct the 

dose-response curves. 

 

Results and Discussion  

Pigments 

The chlorophyll mainly consists of chlorophyll a (the primary 

pigment) and chlorophyll b (the accessory pigment). Both types of 

chlorophyll are key components of the photosynthetic membrane. 

The ratio of these 2 chlorophyll components depends on the natural 

growing conditions of the species. Typically, the chlorophyll a to b 

ratio is approximately 3; however, if the species grows in shaded 

areas, this ratio is lower, for example, between 2.3 and 2.9 (24). In this 

study, the chlorophyll a and b content in the dried leaf samples was 

less than 2, while in the dried pseudostems and rhizomes, it was 

about 2.2 (Table 1). The levels of chlorophyll a and b in the                          

A. nelumboides leaves were about 3 times as much as those in the 

rhizomes Naturally, chlorophyll content in the leaves remains the 

highest among the 3 parts analyzed. The slightly lower chlorophyll 

content in this study compared to theoretical values may be due to 

losses of chlorophyll a and b during the drying process, under the 

influence of heat and light.  The study   revealed that this compound 

found in A. zerumbet and A. oxyphylla, the chlorophyll a to b ratio was 

found to be less than 2 (25, 26). 

 Carotenoids in green photosynthetic plant tissues are 

essential for the plant’s photosynthetic function. However, some 

suggest that the primary role of carotenoids in plants is to protect 

chlorophyll a during photooxidation processes, indicating a close 

relationship between carotenoids and chlorophyll in plant tissues 

(27). In A. nelumboides, the carotenoid content was highest in the 

stems, reaching 5.08 mg/100 g of dry sample. The carotenoid 

content in all 3 parts of A. nelumboides was higher compared to that 

Pigments Leaves Pseudo-stems Rhizomes 

Chlorophyll a 29.50 ± 0.01 a 12.03 ± 0.06 b 11.01 ± 0.02 c 

Chlorophyll b 15.94 ± 0.03 a 5.43 ± 0.02 b 4.87 ± 0.02 c 

TCC 4.91 ± 0.03 b 5.08 ± 0.06 a 4.97 ± 0.02 b 

Table 1. Chlorophyll and carotenoid contents (mg/100 g) of                           
A. nelumboides parts 

Data are shown as mean ± standard deviation (n = 3). Different letters 
(a, b) indicate significant differences in pigment contents among the 

plant parts. 
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  found in the fruit of Renealmia alpinia (28) and in the flowers of                     

A. labella (29). 

Phenolic compounds 

Among the 8 compounds comprising two phenolic compounds and 

6 flavonoid compounds their presence and concentrations were 

determined in 3 types of extracts from A. nelumboides using HPLC 

with a UV detector. The results showed the presence of all 8 

compounds with varying concentrations in the analyzed samples, as 

presented in Table 2. Among them, epicatechin was found in all 3 

extracts with the highest concentration (12.26—61.23 mg/g extract), 

with the highest amount in the pseudo-stems extract. In addition, 

the compounds chlorogenic acid, ferulic acid, rutin, quercetin and 

kaempferol were also detected in all 3 extracts but at lower 

concentrations than epicatechin. The least detected compound was 

EGCG (epigallocatechin gallate), found only in the leaf extract (1.54 ± 

0.27 mg/g extract).  A per the report, A. pricei Hayata, epicatechin and 

catechin were not detected in rhizome extracts (30). Meanwhile, 

chlorogenic acid was present in the highest concentration and was 

higher than in A. nelumboides (48.4 ± 0.2 mg/g extract). Ferulic acid 

and rutin were also present at slightly higher levels (30). Ferulic acid 

in the ethyl acetate extract from the leaves of Alpinia species was 

relatively high (30.4—32.3 mg/g extract). The ethyl acetate extract 

from A. zerumbet had a much higher content compared to the leaf, 

pseudo-stem and rhizome of A. nelumboides (31, 32). Furthermore, 

according to a study on the rhizomes of A. galanga, the compounds 

catechin (124.33 mg/100 g) and quercetin (105.34 mg/100 g) were 

found at lower concentrations than in A. nelumboides in this study 

(33). These findings indicate that species differences, origin of raw 

materials and the specific plant parts studied all contribute to 

variations in the content of phenolic and flavonoid compounds. 

Free radical scavenging activities 

The antioxidant activity of the extracts from A. nelumboides was 
demonstrated through their ability to scavenge DPPH and ABTS free 

radicals. The results of this process are shown in Table 3, Fig. 1 and 2. 

The ABTS radical scavenging activity was found to be concentration-

dependent within the range of 500—4000 µg/mL (Fig. 1). The DPPH 

radical scavenging activity was observed across concentrations 

ranging from 200—1000 µg/mL (Fig. 2). Accordingly, the extracts 

exhibited a faster scavenging effect on ABTS radicals compared to 

DPPH radicals. Among the extracts, the leaf extract demonstrated 

the highest scavenging capacity, achieving nearly 100 % ABTS 

radical removal at concentrations between 500—1000 µg/mL within 

30 min. This was more effective than the rhizome extract in terms of 

efficiency and better than the pseudo-stems extract in terms of 

concentration. For DPPH radical scavenging, all three extracts 

achieved around 90 % effectiveness within 30 min, but this was only 

at a concentration of approximately 1000 µg/mL. At lower 

concentrations, the rhizome extract showed a higher scavenging 

efficiency and the correlation curve between concentration and 

percent of DPPH removed was steeper compared to the other 2 

extracts.  

 In combination with IC50 data, for DPPH radical scavenging 

activity, the rhizome extract showed the highest activity > pseudo-

stem extract > leaf extract. For ABTS radical scavenging activity, the 

leaf extract was the most effective > pseudo-stem extract > rhizome 

extract. The differences in radical scavenging activity among the 

extracts when tested against DPPH and ABTS radicals may be 

explained by the varying solubility and diffusion capacities of 

antioxidant compounds present in each extract. Natural 

compounds capable of scavenging DPPH radicals are typically 

soluble in less polar organic solvents and are generally ineffective in 

Phenolics Leaf Pseudo-stem Rhizome 

Chlorogenic acid 0.14 ± 0.00 c 0.86 ± 0.00 a 0.19 ± 0.00 b 

Ferulic acid 0.83 ± 0.01 a 0.37 ± 0.04 b 0.28 ± 0.00 c 

Catechin n.d. 1.92 ± 0.31 b 9.71 ± 0.69 a 

Epicatechin 12.26 ± 1.20 c 61.23 ± 4.10 a 20.59 ± 2.73 b 

EGCG 1.54 ± 0.27 n.d. n.d. 

Rutin 0.11 ± 0.00 c 0.28 ± 0.00 a 0.17 ± 0.00 b 

Quercetin 1.60 ± 0.11 a 0.26 ± 0.00 b 0.33 ± 0.11 b 

Kaempferol 1.33 ± 0.03 a 0.34 ± 0.03 c 0.57 ± 0.14 b 

Table 2. Phenolic content (mg/g extract) of A. nelumboides extracts 

Data are shown as mean ± standard deviation (n = 3). Different letters 
(a, b, c) indicate significant differences among the extracts. n.d.: not 

detected. 

Fig. 1. ABTS radical scavenging activity of A. nelumboides extracts and ascorbic acid. 

Extracts ABTS DPPH 

Leaf 339.46 ± 10.18 b 256.53 ± 13.93 a 

Pseudo-stem 913.88 ± 22.33 a 251.10 ± 3.74 a 

Rhizome 932.86 ± 9.77 a 149.56 ± 2.37 b 

Ascorbic acid 60.52 ± 1.22 c 5.81 ± 0.07 c 

Table 3. Free radical scavenging activities (IC50, µg/mL) of the                     
A. nelumboides extracts 

Data are shown as mean ± standard deviation (n = 3). Different letters 
(a, b, c) denote significant differences among the extracts. 
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polar solvents (34, 35), whereas those soluble in polar solvents are 

more effective in ABTS radical scavenging (35). Among the extracts, 

the highest ABTS radical scavenging activity was observed in the 

rhizome extract with an IC50 of 149.56 ± 2.37 µg/mL, while the highest 

DPPH scavenging activity was shown by the leaf extract with an IC50 

of 339.46 ± 10.18 µg/mL, both values being less effective than the 

positive control ascorbic acid. Compared to the leaf extract of                        

A. nigra, the radical scavenging ability of A. nelumboides extracts was 

not as strong and specifically, A. nigra showed IC₅₀ values of 65.51 µg/

mL for DPPH and 28.32 µg/mL for ABTS (36). In a study  on A. mutica, 

the DPPH radical scavenging activity of the rhizome extract from                    

A. nelumboides was higher than in some A. mutica extracts, while the 

stem/branch extract also exhibited stronger activity than the ethyl 

acetate extract and other solvent extracts (80 % methanol, hexane, 

water) of A. mutica  (37). For the rhizome part of A. pahangensis, the 

best DPPH scavenging activity was found in the ethyl acetate extract 

(0.35 ± 0.094 mg/mL), which is still lower in activity compared to 

extracts from various parts of the species in this study (38). 

 The findings of this study provide valuable insights into the 

phytochemical composition and antioxidant properties of                                  

A. nelumboides, which suggest potential pharmacological 

applications, particularly in the development of plant-derived 

therapeutics for disease prevention and management. The 

identification of epicatechin as the most abundant phenolic 

compound is noteworthy, given its well-documented biological 

activities, including anticancer and anti-inflammatory potentials, 

which highlight the relevance of A. nelumboides as a promising source 

of bioactive compounds. However, it is important to acknowledge 

the limitations of this study. The pharmacological significance of 

these results cannot be fully established without in- vivo validation, 

as antioxidant capacity measured in- vitro may not directly translate 

to biological efficacy in living systems. In addition, the outcomes may 

be influenced by the choice of extraction method, which can alter 

both yield and compound profiles, as well as by the purity and 

stability of the identified compounds.  

 

Conclusion  

This study provides the first analysis of chlorophyll, total carotenoid 

phenolic content in the leaves, pseudo-stems and rhizomes of                     

A. nelumboides. It identified epicatechin as the predominant 

phenolic compound. The antioxidant activity of the plant’s acetonic 

extracts was also demonstrated, highlighting its potential as a source 

of bioactive compounds with health-promoting properties. These 

findings not only expand current knowledge on the chemical 

composition of A. nelumboides but also suggest its promise in the 

development of plant-derived therapeutics for disease prevention 

and treatment. However, the study is limited to in vitro assays and 

chemical profiling. Further in vivo studies and mechanistic 

investigations are needed to validate the biological relevance and 

therapeutic applicability of these compounds. 

 

Authors' contributions 

NTN carried out the bioassays and contributed to drafting the 

manuscript. NTT was involved in experimental design, performed 

statistical analyses and also contributed to manuscript drafting.  

Both the authors reviewed and approved the final version of the 

manuscript. 

 

Compliance with ethical standards 

Conflicts of interest: Authors do not have any conflict of 

interests to declare. 

Ethical issues: None 

 

References 

1. Pham HH. An illustrated flora of Vietnam. Vol 3. Hanoi: Youth 
Publishing House; 2000. 

2. Saensouk P, Saensouk S, Maknoi C, Rakarcha S. A new subspecies 
and two new records of the genus Alpinia from Lao PDR. Trop J Nat 
Prod Res. 2024;8:6631–5. https://doi.org/10.26538/tjnpr/v8i3.23 

3. Smith RM. Alpinia (Zingiberaceae): A proposed new infrageneric 
classification. Edinb J Bot. 1990;47:1–75. https://doi.org/10.1017/
S0960428600003140 

4. Tanaka N, Hoang V, Van TTK, Khanh TTN, Tagane S, Funakoshi H, et 

al. A new species of Alpinia (Zingiberaceae: subgenus Alpinia 
subsect. Catimbium) from Laos and Vietnam. Bull Natl Mus Nat Sci B 

Bot. 2023;49:25–32. 

5. Itokawa H, Watanabe K, Morita H, Mihashi S, Iitaka Y. A novel 
sesquiterpene peroxide from Alpinia japonica (Thunb.) Miq. Chem 

Pharm Bull. 1985;33:2023–7. https://doi.org/10.1248/cpb.33.2023 

6. Roy B, Swargiary A. Anthelmintic efficacy of ethanolic shoot extract 
of Alpinia nigra on tegumental enzymes of Fasciolopsis buski. J 

Parasit Dis. 2009;33:48–53. https://doi.org/10.1007/s12639-009-0008
-1 

Fig. 2. DPPH radical scavenging activity of A. nelumboides extracts and ascorbic acid. 

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

7. Zhang WJ, Luo JG, Kong LY. The genus Alpinia: A review of its 

phytochemistry and pharmacology. World J Tradit Chin Med. 
2016;2:26–41. https://doi.org/10.15806/j.issn.2311-8571.2015.0026 

8. Haraguchi H, Kuwata Y, Inada K, Shingu K, Miyahara K, Nagao M, et 
al. Antifungal activity from Alpinia galanga and the competition for 

incorporation of unsaturated fatty acids in cell growth. Planta Med. 

1996;62:308–13. https://doi.org/10.1055/s-2006-957890 

9. Wong LF, Lim YY, Omar M. Antioxidant and antimicrobial activities 
of some Alpinia species. J Food Biochem. 2009;33:835–51. https://

doi.org/10.1111/j.1745-4514.2009.00258.x 

10. Kakegawa T, Takase S, Masubuchi E, Yasukawa K. Diarylheptanoids 
from Alpinia officinarum cause distinct but overlapping effects on 
the translatome of B lymphoblastoid cells. Evid Based Complement 

Alternat Med. 2014;2014:204797. https://

doi.org/10.1155/2014/204797 

11. Gewali MB, Tezuka Y, Banskota AH, Ali MS, Saiki I, Dong H, et al. 
Epicalyxin F and calyxin I: Two novel antiproliferative 

diarylheptanoids from the seeds of Alpinia blepharocalyx. Org Lett. 
1999;1:1733–6. https://doi.org/10.1021/ol990260p 

12. Tezuka Y, Ali MS, Banskota AH, Kadota S. Blepharocalyxins C–E: 
Three novel antiproliferative diarylheptanoids from the seeds of 

Alpinia blepharocalyx. Tetrahedron Lett. 2000;41:5903–7. https://

doi.org/10.1016/S0040-4039(00)00967-9 

13. Jantan I, Raweh SM, Sirat HM, Jamil S, Yasin YHM, Jalil J, et al. 
Inhibitory effect of compounds from Zingiberaceae species on 

human platelet aggregation. Phytomedicine. 2008;15:306–9. 
https://doi.org/10.1016/j.phymed.2007.08.002 

14. Yang Y, Kinoshita K, Koyama K, Takahashi K, Tai T, Nunoura Y, et al. 
Two novel anti-emetic principles of Alpinia katsumadai. J Nat Prod. 

1999;62:1672–4. https://doi.org/10.1021/np990096e 

15. Lee MY, Seo CS, Lee JA, Shin IS, Kim SJ, Ha H, et al. Alpinia 
katsumadai seed extract inhibits LPS-induced inflammation by 

induction of heme oxygenase-1 in RAW264.7 cells. Inflammation. 

2012;35:746–57. https://doi.org/10.1007/s10753-011-9370-0 

16. Lý NS. Alpinia newmanii sp. nov. (Zingiberaceae) from central 
Vietnam. Nord J Bot. 2017;35:176–81. https://doi.org/10.1111/
njb.01429 

17. Nguyen Hoang T, Tran-Trung H, Giang LD, Triet NT, Tran Van C, Vu 
DC, et al. Alpinia nelumboides: Phytochemical analysis and 
antioxidant activities of pseudostem and rhizome essential oils. Nat 

Prod Res. 2025;39:127–34. https://

doi.org/10.1080/14786419.2023.2256021 

18. Le TT, Nguyen CH, Tran TN, Hoang V. Chemical composition, 

antibacterial, anticancer and anti-α-glucosidase activities of essential 

oils from Alpinia nelumboides. J Appl Pharm Sci. 2024;14:068–075. 

19. Lichtenthaler HK, Buschmann C. Chlorophylls and carotenoids: 

Measurement and characterization by UV-VIS spectroscopy. Curr 
Protoc Food Anal Chem. 2001;1:F4.3.1–F4.3.8. https://

doi.org/10.1002/0471142913.faf0403s01 

20. Vu DC, Nguyen THD, Tran-Trung H, Tuan NH, Nguyet NTM. 
Comparative analysis of pigments, phenolics and bioactivities of 

three Camellia species growing in Vietnam. Nat Prod Commun. 
2024;19. https://doi.org/10.1177/1934578X241249090 

21. Nguyen TT, Phan TH. Stirred maceration extraction of custard apple 

(Annona squamosa) peel. IOP Conf Ser Earth Environ Sci. 2023;1155. 
https://doi.org/10.1088/1755-1315/1155/1/012016 

22. Vu DC, Vu QT, Huynh L, Lin CH, Alvarez S, Vo XT, et al. Evaluation of 

fatty acids, phenolics and bioactivities of spent coffee grounds 
prepared from Vietnamese coffee. Int J Food Prop. 2021;24:1548–58. 

https://doi.org/10.1080/10942912.2021.1977657 

23. Thi TN, Tai HP. Microwave-assisted extraction of custard apple 

(Annona squamosa) peel. Carpathian J Food Sci Technol. 
2023;15:220–31. https://doi.org/10.34302/crpjfst/2023.15.1.16 

24. Lichtenthaler HK. Chlorophylls and carotenoids: Pigments of 
photosynthetic biomembranes. In: Methods in Enzymology. Vol 148. 

Amsterdam: Elsevier; 1987. p. 350–82. https://doi.org/10.1016/0076-

6879(87)48036-1  

25. Zulfiqar F, Chen J, Younis A, Abideen Z, Naveed M, Koyro HW, et al. 
Biochar, compost and biochar–compost blend applications 

modulate growth, photosynthesis, osmolytes and antioxidant system 
of Alpinia zerumbet. Front Plant Sci. 2021;12:707061. https://

doi.org/10.3389/fpls.2021.707061  

26. Cheng HT, Li QF, Liu JK, Yan TL, Zhang QY, Wang JC. Seasonal 
changes of photosynthetic characteristics of Alpinia oxyphylla 

growing under Hevea brasiliensis. Chin J Plant Ecol. 2018;42:585–94. 
https://doi.org/10.17521/cjpe.2018.0016 

27. Schneider HAW. Chlorophylle: Aspekte der Biosynthese und ihrer 

Regulation. Ber Dtsch Bot Ges. 1975;88:83–123. https://
doi.org/10.1111/j.1438-8677.1975.tb02452.x 

28. Guevara MLL, Velasco CEO, Carranza PH, Cortes LEUC, Guevara JJL. 
Composition, physicochemical properties and antioxidant capacity of 

Renealmia alpinia fruit. Rev Fac Cienc Agrar UNCuyo. 2018;50:377–85. 

29. Zhao T, Yu Q, Lin C, Liu H, Dong L, Feng X, et al. Morphology, 
metabolomics and transcriptomics reveal pigment accumulation 

mechanisms in diverse-colored labellum tissues of Alpinia. Plants. 

2023;12:3766. https://doi.org/10.3390/plants12213766 

30. Yu YS, Hsu CL, Yen GC. Anti-inflammatory effects of the roots of 
Alpinia pricei and its phenolic compounds. J Agric Food Chem. 
2009;57:7673–80. https://doi.org/10.1021/jf901327g  

31. Elzaawely AA, Xuan TD, Koyama H, Tawata S. Antioxidant activity 
and contents of essential oil and phenolic compounds in flowers 
and seeds of Alpinia zerumbet. Food Chem. 2007;104:1648–53. 

https://doi.org/10.1016/j.foodchem.2007.03.016 

32. Elzaawely AA, Xuan TD, Tawata S. Essential oils, kava pyrones and 
phenolic compounds from leaves and rhizomes of Alpinia zerumbet 

and their antioxidant activity. Food Chem. 2007;103:486–94. https://
doi.org/10.1016/j.foodchem.2006.08.025 

33. Aljobair MO. Chemical composition, antimicrobial properties and 
antioxidant activity of galangal rhizome. Food Sci Technol. 
2022;42:e45622. https://doi.org/10.1590/fst.45622  

34. Zhu L, Chen J, Tang X, Xiong YL. Reducing, radical scavenging and 
chelation properties of in vitro digests of alcalase-treated zein 
hydrolysate. J Agric Food Chem. 2008;56:2714–21. https://

doi.org/10.1021/jf703697e 

35. Arnao MB. Some methodological problems in the determination of 
antioxidant activity using chromogen radicals: A practical case. 

Trends Food Sci Technol. 2000;11:419–21. https://doi.org/10.1016/
S0924-2244(01)00027-9 

36. Sahoo S, Ghosh G, Das D, Nayak S. Phytochemical investigation and 
in vitro antioxidant activity of an indigenous medicinal plant Alpinia 
nigra BL Burtt. Asian Pac J Trop Biomed. 2013;3:871–6. https://

doi.org/10.1016/S2221-1691(13)60171-9 

37. Phang CW, Malek SNA, Ibrahim H, Wahab NA. Antioxidant properties 
of crude and fractionated extracts of Alpinia mutica rhizomes and 

their total phenolic content. Afr J Pharm Pharmacol. 2011;5:842–52. 

38. Phang CW, Malek SNA, Ibrahim H. Antioxidant potential, cytotoxic 
activity and total phenolic content of Alpinia pahangensis rhizomes. 

BMC Complement Altern Med. 2013;13:1–9. https://
doi.org/10.1186/1472-6882-13-243 

  



NGUYEN & NGUYEN   6     

https://plantsciencetoday.online 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://plantsciencetoday.online
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

