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Abstract   

Piper species is a potential medicinal plant, empirically known for its effec-

tiveness in curing various diseases, particularly in Indonesia. Therefore, this 

research aimed to evaluate the similarities and differences in the profile of 

secondary metabolite compounds in mature and old leaves of four Piper 

species using Gas Chromatography-Mass Spectrometry (GC-MS). The analy-

sis was also carried out to identify the specific compounds found in each 

species at different leaf development stages. Samples used were mature 

and old leaves from four species of Piper, namely forest betel (Piper       

aduncum L.) (PA), red betel (Piper crocatum Ruiz & Pav.) (PC), Javanese chili 

betel (Piper retrofractum Vahl.) (PR), and green betel (Piper betle L.) (PB). 

Subsequently, samples were extracted using ethanol solvent and secondary 

metabolite profile was detected through GC-MS. A total of 40 secondary 

metabolite compounds were found in mature and old leaves of four species. 

The results showed that alkaloid content contributed 25% of the total    

compounds detected, while fatty acids yielded the largest portion (27.5%). 

Based on PCA score plot analysis, a significant grouping of secondary       

metabolite compounds was observed in all species, where PC was catego-

rized separately on the right, and the other species were on the left. Several 

specific compounds were also found only in one species and not in others. 

Similar to mature and old leaves, some compounds were discovered in one 

of the developmental phases. Dillapiole and hexadecane were only found in 

PA, both in mature and old leaves; germacrene A, eugenol, and chavicol 

were found in mature and old leaves of PB, but beta-selinene, delta-

guaiene, and linolelaidic acid were only found in mature leaves. In PC, there 

were specific compounds namely benzofuran, myrcene, and 1,6,10-

dodecatrien that were found in mature and old leaves. Besides that, trans-

ocimene and alpha-bisabolol were only found in old leaves of PC. In PR, 

only tetracosane was found in mature leaves, while piperidine, octanodeca-

noic acid, and benzylmalonic acid were found in old leaves.   

 

Keywords   

GC-MS; mature leaves; old leaves; Piper; profile; secondary metabolite 

 

Introduction   

The Piper plant is used for many different things all around the world. It can 

be used in herbal medicines, culinary applications, decorative displays, and 
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customary rites. It has substantial botanical diversity, with 

about 700 species recognized globally (1) and an esti-

mated 1400–2000 variants arising from various nations. 

The Java Island in Indonesia alone is home to about 23 

different species of Piper known to science. Most species 

are found to be able to survive at elevations between sea 

level and 2500 m, while very few can reach elevations over 

3000 m (2). In particular, Indonesia uses the betel plant in 

traditional medicine. The well-known effects of Piper as an 

antidiabetic, immunomodulator, platelet inhibitor, antiox-

idant, and anticancer agent make it stand out (3).  

 Red betel (Piper crocatum Ruiz & Pav.) (PC) ori-

ginated in Peru and has since spread to several countries, 

including Indonesia. The leaves are elliptical, acuminatus, 

sub-acute at the base with a tapered top, flat edges, shiny 

or hairless, with a length of 9–12 cm and width of 4–5 cm. 

Pinnatus leaf veins are found in the lower half, comprising 

4–5 pairs, forming a bullulatus-lacunosa pattern. The top 

leaves display a dark green with silver markings along the 

veins, while the lower sections exhibit a purple coloration, 

having a slightly slimy texture and a bitter taste, along 

with a less distinct aroma (4). Red betel leaves are widely 

used to get rid of body odor, vaginal discharge, ulcers, fa-

tigue, muscle aches, and to smoothen the skin, as well as 

for itching, red eye cleansers, and canker sores. Red betel 

leaves decoction is also believed to be able to eliminate 

bad breath in the mouth if used as a mouthwash (5). 

 The forest betel, also known as Piper aduncum L. 

(PA), is a shrub or small tree that can grow to a height of      

7 m with a stem diameter of 10 cm or more. It has medium

-hard, brittle wood, short silt roots, and aromatic foliage 

and twigs. The leaves are oval, distichous, and alternating, 

measuring 12 to 22 cm in length. P. aduncum contains an 

essential oil that is reportedly able to prevent bites of the 

Aedes albopictus mosquito (6). 

 Based on its morphology, the Javanese chili betel 

(Piper retrofractum Vahl.) (PR) is a climbing plant, charac-

terized by round leaves, lanceolate, and wide with green 

to dark green coloration. The stem is round and large, has 

a diameter of ± 5–7 mm, length of the main stem is              

2.93–9.82 cm, with significantly varying color from black, 

and brown to blackish brown. The main chemical constitu-

ents that have been isolated and identified from                   

P. retrofractum are amides, alkaloids, phenylpropanoids, 

alkyl glycosides, and lignans. This plant possesses antioxi-

dant, hepatoprotective, cytotoxic, larvicidal, antiprolifera-

tive, antitubercular, antileishmanial, antiphotoaging, and 

antiobesity properties. P. retrofractum has the potential 

for the treatment of several diseases and disorders (7). 

 Green betel (Piper betle L.) (PB) is a perennial       

dioecious climber, with large leaves, 15–20 cm long, 

broadly ovate, slightly cordate, shortly acuminate, acute, 

entire, glabrous, yellowish or bright green, shining on both 

sides (8). Betel leaf has many properties such as                

anti-fungal, anti-septic, anti-microbial, anti-cancer,        

anti-diabetic, anti-allergic, anti-fertility, anti-filarial, 

wound healing and anti-dermatophytic. It also prevents 

gastrointestinal infections due to its immunomodulatory 

effect. It may be useful in the treatment of diabetes by 

maintaining blood sugar levels (9). 

 Piperaceae species are widely recognized for their 

rich content of essential oils, alkaloids, and phenols (10). 

Alkaloids and phenols, which are common components of 

the Piperaceae family, are significant physiological ingre-

dients that aid in controlling plant growth and providing 

defense against diseases and insect pests (11). These com-

pounds have also been extensively used as natural plant 

products, mainly applied in the pharmaceutical and food 

industries (12–14). Currently, the research on plant meta-

bolomics has gained significant attention due to its poten-

tial for diagnosing metabolite changes in low molecular 

weight metabolite and the underlying biochemical mecha-

nisms (15). This shows that the use of plant metabolomic 

research to investigate the distribution and profile of     

secondary metabolite in plant organs is an important step 

in identifying the medicinal properties of various plant 

parts. 

 The part of the Piper plant that is used in traditional 

medicine, especially in Indonesia, is the leaves. Based on 

previous investigations, there is no research that has     

explored and comprehensively compared secondary      

metabolite profile in mature and old leaves of four Piper 

species, namely forest betel (P. aduncum L.) (PA), red betel 

(P. crocatum Ruiz & Pav.) (PC), Javanese chili betel              (P. 

retrofractum Vahl.) (PR), and green betel (P. betle L.) (PB). 

Consequently, this research aimed to evaluate the similari-

ties and differences of secondary metabolite profile in ma-

ture and old leaves of four Piper species using            GC-MS. 

The specific compounds found in each species at different 

ages of leaves were also explored because it is an im-

portant step in identifying medicinal properties of various 

plants in different stage of development.   

 

Materials and Methods 

Chemical and Plant Materials        

Chemicals for extraction were carried out using Merck  

Sigma Aldrich’s absolute ethanol and liquid nitrogen.  

Samples used were mature (M) and old leaves (O) from PA, 

PC, PR, and PB, with three replications for each age and 

species. Leaves samples were collected from Sleman    

Regency, Yogyakarta Special Province, Indonesia. 

 

Metabolite Profile         

Extraction of Secondary Metabolite       

Sample extraction used the maceration method reported 

in previous research (16) with modifications. A sample of 

20 g leaves was added with liquid nitrogen and crushed 

using a mortar to obtain a powder form. Subsequently, the 

powder was transferred to an Erlenmeyer flask, 15 mL  

ethanol was added, and stirred. Samples were incubated 

at room temperature for 72 hrs, filtered, and the extract 

was evaporated in a petri dish for analysis using GC-MS. 
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GC-MS Analysis         

GC-MS analysis was conducted using Shimadzu GCMS-

QP2010S equipped with an Agilent DB-5MS column. The 

column specifications included a length of 30 m, 0.25 mm 

ID, 0.25 um film, Helium carrier gas, and EI 70Ev ionizer.   

GC-2010 specifications were column oven temperature of 

70.0°C, injection temperature of 300.00°C, splitless injec-

tion mode, sampling time of 1.00 min, flow control mode 

pressure, pressure 30.0 kPa, total flow 35.6 mL/min,        

column flow 0.65 mL/min, linear velocity 29.6 cm/sec, 

purge flow 3.0 mL/min, split ratio 49. Furthermore, the ion 

source temperature was 250°C, the interface temperature 

of 305°C, the solvent cut time was 5 min, and the detector 

gain relative mode. Total GC running time was 80 min and 

the relative percentage amount of each component was 

calculated by comparing its average peak area to the total 

areas. 

Data Processing and Statistics       

The data from GC-MS analysis was summarized based on 

the Similarity Index (SI) value > 80%. Compound names, 

chemical formula, and retention time values were tabulat-

ed and analyzed with the MetaboAnalyst program (https://

www.metaboanalyst.ca/MetaboAnalyst/). The distribution 

and sample grouping were visualized using principal        

component analysis (PCA), an unsupervised approach that 

lowered the dimension of the data sets. The threshold for 

identifying possible outliers in the dataset was set at a 

95% confidence interval in the PCA score plot.   

 

Results and Discussion  

Metabolomic Profile of Samples       

The results of GC-MS analysis showed that 40 secondary 
metabolite compounds were detected in mature and old 

leaves of all Piper species. These compounds were divided 

into 12 groups, namely monoterpenes (5%), sesquiterpe-

noids (15%), terpenes (2.5%), fatty acids (25%), alkanes 

(22.5%), phytosterols (2.5%), benzene (5%), terpenoids 

(5%), phenols (2.5%), phenylpropanoids (2.5%), toco-

pherols (5%), and azacycloalkalene (2.5%), as presented in 

Fig. 1. Piper species has been widely explored and the  phy-

tochemical investigations globally led to the isolation of 

several physiologically active compounds, including alka-

loids, amides, propenyl phenols, lignanes,                  neo-

lignanes, terpenes, steroids, kawapyrones, piperloids, 

chalcons, dihydrochalcones, and flavones. Biological    

activities of different species have special emphasis, indi-

cating a wide spectrum of pharmacological activities (17). 

Furthermore, the 40 compounds detected were analyzed 

with MetaboAnalyst to determine the grouping of specific 

compounds in each species with different ages of leaves. 

Grouping Compounds        

In order to make it easier to see the similarities and differ-
ences across the data sets, PCA was utilized to categorize 

metabolite phenotypes and find the differential metabo-

lite. Every point of a PCA score represented a single        

sample, and the score plot displayed the distribution of 

samples. This demonstrated that whilst distinct          

metabolomic activities were distributed, similar metabo-

lomic  processes were clustered (18). As seen in Fig. 2, PCA 

was used to find variations in metabolite profiles across 

eight datasets that included two leaf development stages 

and four Piper species. 

Fig. 1. Classification of 40 secondary metabolite compounds in mature and 
old leaves of forest betel (Piper aduncum L.), red betel (Piper crocatum Ruiz 
& Pav.), Javanese chili betel (Piper retrofractum Vahl.), and green betel (Piper 
betle L.).  

Fig. 2. PCA score plot of forest betel (Piper aduncum  L.) (PA), red betel 
(Piper crocatum Ruiz & Pav.) (PC), Javanese chili betel (Piper retrofractum 
Vahl.) (PR), and green betel (Piper betle L.) (PB) in mature (M) and old             
(O) leaves.  
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 In this research, PCA was carried out on 40 seco-

ndary metabolite compounds resulting from GC-MS      

analysis. The score plot showed that samples from the 

same Piper species were closely clustered, while those 

from different species were separated from each other. 

PCA results of all detected compounds identified four 

groups, where secondary metabolite compounds in PC 

were grouped separately on the right. Meanwhile, PA, PR, 

and PB were categorized on the left, as presented in Fig. 2. 

PC1 and PC2 accounted for 29% and 17.5% of the variance 

in the data, respectively, showing specific secondary      

metabolite compounds found in each Piper species.     

However, there were no differences in the grouping of 

compounds in mature and old leaves of each species. 

 The results of PCA analysis showed that PC had a 

different group of compounds compared to other species. 

Morphologically, PC had the most different characters 

compared to others, namely in the morphological charac-

ters of leaves. The upper leaves are dark green with a sil-

very appearance around the veins, while the lower parts 

are purple (4). These leaves are slimy and have a bitter 

taste with a less specific odor compared to other species. 

PC leaves are found to include flavonoids, polyphenolic 

chemicals, tannins, and essential oils, according to chro-

matography analysis (19). 

 Heatmap analysis was carried out on the 40 dete-

cted compounds to determine the grouping and profile of 

specific compounds in each sample, as shown in Fig. 3. 

Based on heatmap analysis, the profile of secondary      

metabolite-specific compounds for each species was    

identified at different ages. In PC, specific compounds 

were found in mature leaves (PCM), namely Benzofuran, 

2,3-dihydro (benzene), Myrcene (Monoterpenes), and 

1,6,10-Dodecatrien (Terpenoids), while old leaves (PCO) 

contained Trans-Ocimene (Monoterpenes), and alpha 

Bisabolol (sesquiterpenes). The extract from PC leaves 

contained alkaloids, carbohydrates, water, tannins,       

phenols, flavonoids, and essential oils, as per an earlier 

study (19). According to the results of (20), certain          

compounds were found in PC leaves, such as flavonoids 

with groups like quercetin and aurone, and essential oils 

with monoterpene components like α-thujene, α-pinene, 

sabinene, ß-myrcene, α-terpinene, ß-phellandrene,              

γ-terpinene, α-terpineol, terpinolene, and copaene.        

Neo-lignans, including 1-allyl-3,5-dimethoxy7-methyl-oxo-

6-(3,4,5-trimethoxyphenyl) bicyclo[3,2,1]oct-2-en-8-yl    

acetate, and sesquiterpenes including caryophyllene,         

α-caryophyllene, and germacrene D, were also found.    

Additionally, compounds such as alkaloids, tannins-

polyphenols, steroids-terpenoids, and saponins were also 

Fig. 3. Heatmap clustering among forest betel (Piper aduncum  L.) (PA), red betel (Piper crocatum Ruiz & Pav.) (PC), Javanese chili betel (Piper              
retrofractum Vahl.) (PR), and green betel (Piper betle L.) (PB) in mature (M) and old (O) leaves.  
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discovered. PC leaves have been shown to have anti-

inflammatory, antibacterial, antifungal, antihyperglyce-

mic, and anti-proliferative qualities in a number of investi-

gations into their pharmacological characteristics. 

 In PR, specific compounds were detected in mature 

(PRM) and old leaves (PRO), including Piperidine 

(azacycloalkane), Octadecanoid acid (fatty acids), and 

Benzylmalonic acid (malonates). Additionally, high        

concentrations of tetracosane compounds (alkalenes) 

were detected in PRM. The main chemical constituents 

that were isolated and identified from PR included amides, 

alkaloids, phenylpropanoids, alkyl glycosides, and lignans 

(4), while Piperidine was found in leaves (19). Tetracosane 

is a straight-chain alkane containing 24 carbon atoms, 

playing a role as a plant metabolite and a volatile oil      

component. Tetracosane is a natural product found in 

Cryptotermes brevis, Erucaria microcarpa, and other     or-

ganisms (20, 21), which has been explored in the         phar-

maceutical field. According to previous research (22), 

tetracosane is a potential bioactive compound, providing 

a rationale for its traditional use in peptic ulcer treatment. 

 Piper betle L. has the highest number of secondary 

metabolite compounds compared to other species, with 

23 in total. Specific compounds had been found in PB, 

both in mature (PBM) and old leaves (PBO) (Table 1), in-

cluding germacrene A (sesquiterpenoids), eugenol 

(terpenoids), and chaviol (phenols). These compounds 

were responsible for the distinctive aroma of PB, (23) 

which occurred due to the presence of oils, including ter-

penes and phenols. In this research, it was also discovered 

that the compounds beta-selinene (sesquiterpenoids), 

delta-Guaiene (sesquiterpenoids), and Linolelaidic acid 

(fatty acids) were only found in PBM at high concentra-

tions, producing more essential oil compared to PBO. The 

main constituent of leaves is oil with a chemical composi-

tion depending on the location observed, namely asbetle 

oil. Leaves produce compounds such as hydroxychavicol 

acetate, allylpyrocatechol, chavibetol, piperbetol, 

methylpiperbetol, piperol A and B. Hydrocydroxychavicol 

and eugenol, including phenolic compounds, consist of 

monocyclic fragrant ring with an alcoholic, aldehydic, or 

carboxylic group, which are essential in PB leaves, contrib-

uting to several bioactivities. Chavibetol is the main com-

No. Compound Name PCM PCO PBM PBO PAM PAO PRM PRO 

1 Myrcene ✓ ✓   ✓         

2 Trans-Ocimene   ✓   ✓         

3 Benzofuran, 2,3-Dihydro- ✓ ✓   ✓         

4 Benzene, 1,2-Dimethyl-   ✓   ✓   ✓     

5 Beta.-Caryophyllene ✓ ✓ ✓ ✓ ✓ ✓     

6 Germacrene D ✓ ✓   ✓ ✓ ✓     

7 Germacrene A     ✓ ✓         

8 Alpha.-Bisabolol   ✓   ✓         

9 Beta.-Selinene     ✓ ✓         

10 Delta.-Guaiene     ✓           

11 1,6,10-Dodecatrien-3-Ol, 3,7,11-Trimethyl-, S-(Z) - ✓ ✓             

12 Phytol ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

13 Eugenol     ✓ ✓         

14 Chavicol     ✓ ✓         

15 1-Octadecyne     ✓ ✓ ✓   ✓   

16 Octadecanoic Acid, Methyl Ester               ✓ 

17 Octadecanoic Acid ✓ ✓ ✓   ✓ ✓ ✓   

18 Hexadecanoic Acid ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

19 9,12,15-Octadecatrienoic Acid, Methyl Ester, (Z,Z,Z)- ✓ ✓ ✓ ✓         

20 8,11,14-Eicosatrienoic Acid, (Z,Z,Z)-       ✓ ✓ ✓ ✓ ✓ 

21 9-Octadecenoic Acid (Z)-, Methyl Ester         ✓ ✓   ✓ 

22 Hexadecanoic Acid, Ethyl Ester     ✓ ✓     ✓   

23 Linolelaidic Acid, Methyl Ester                 

24 9,12-Octadecadienoic Acid, Methyl Ester, (E,E)-       ✓     ✓ ✓ 

25 9,12,15-Octadecatrien-1-Ol       ✓ ✓       

26 Dioctyl Phthalate     ✓   ✓   ✓   

Table 1. Secondary metabolite compound in mature (M) and old (O) leaves of four Piper species: Piper aduncum  L. (PA), Piper crocatum Ruiz & Pav. (PC), 
Piper retrofractum Vahl. (PR), and Piper betle L. (PB).  
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ponent of the essential oil, characterized by a highly 

spiced odor. Hydroxychavicol has also shown beneficial 

bioactivities like anticarcinogenic and antimutagenic ac-

tivities (23). 

 In PA, specific compounds were detected, namely 

Dilapiole and Hexadecane, which belong to the alkanes 

group. According to previous research (24), PA leaves and 

fruit contains 0.30% and 0.33% of essential oil, respe-

ctively. Apiol was the most abundant chemical compound 

obtained in the essential oil of leaves and fruit, with       

concentrations of 57.10% and 66.31%, respectively. This 

essential oil successfully inhibited the growth of               

Aspergillus niger and Cladosporium sp. but was unable to 

inhibit Fusarium oxysporum  and Fusarium solani. In this 

research, Germacene D, a class of sesquiterpenes com-

pounds, was also detected. Similarly, it was discovered 

(25) that based on gas chromatography analysis, 17.16% 

of Germacrene D was detected in leaves. This compound 

also suppressed the growth of lung cancer and leukemia 

cells in vitro. 

 Apart from specific compounds that are found in 

one species, 8,11,14-Eicosatrie, Trans-stigmasta-5,         

Dotriacontane, Tetratetracontane, Hexatriacontane,     

Delta-tochopherol, and Hexadecanoic acid, were also 

found in all species (Table 1). These compounds were only 

found in PA, PC, and PB, due to a separate grouping in PR 

compared to the other three Piper species. 

 

Conclusion   

In conclusion, based on the GC-MS results, a total of           

40 secondary metabolite compounds were detected in 

four Piper species. Alkaloid content contributed 25% of the 

total compounds detected, while fatty acids had the     

largest portion of 27.5%. PCA score plot analysis showed 

that there was a significant grouping of the compounds, 

where PC was grouped separately on the right, while other 

species were on the left. Furthermore, there were several 

specific compounds found in one species and not in       

others. Similar to mature and old leaves, some com-

pounds were only found in one of these developmental 

phases. Dillapiole and hexadecane were only found in   

Piper aduncum L., both in mature and old leaves;            ger-

macrene A, eugenol, and chavicol were found in mature 

and old leaves of Piper betle L., but beta-selinene,           

delta-guaiene, and linolelaidic acid were only found in 

mature leaves. In Piper crocatum Ruiz & Pav., there were 

specific compounds namely benzofuran, myrcene, and 

1,6,10-dodecatrien that were found in mature and old 

leaves. Besides that, trans-ocimene and alpha-bisabolol 

were only found in old leaves of P. crocatum Ruiz & Pav. In 

Piper retrofractum Vahl., only tetracosane was found in ma-

ture leaves, while piperidine, octanodecanoic acid, and 

benzylmalonic acid were found in old leaves. The isolation 

and identification of active molecules with pharmaco-

logical properties should be the main focus of future      

research. In addition, most pharmacological research has 

been done on leaves; nevertheless, further research is  

required to look at the bioactivity of other plant parts.   
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27 Heptacosane ✓   ✓   ✓ ✓ ✓ ✓ 

28 Tetratetracontane ✓   ✓ ✓ ✓ ✓ ✓ ✓ 

29 Hexatriacontane     ✓ ✓ ✓ ✓ ✓ ✓ 

30 Dotriacontane     ✓ ✓ ✓ ✓ ✓ ✓ 

31 Octacosane     ✓ ✓     ✓ ✓ 

32 Pentatriacontane     ✓   ✓ ✓   ✓ 

33 Dillapiole         ✓ ✓     

34 Hexadecane         ✓ ✓     

35 Tetracosane             ✓   

36 Delta.-Tocopherol     ✓ ✓ ✓ ✓ ✓ ✓ 

37 Alpha.-Tocopherol   ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

38 Trans-Stigmasta-5,22-Dien-3.Beta.-Ol     ✓ ✓ ✓ ✓ ✓ ✓ 

39 Piperidine               ✓ 

40 Benzylmalonic Acid               ✓ 

https://plantsciencetoday.online


552 

Plant Science Today, ISSN 2348-1900 (online) 

 

Compliance with ethical standards   

Conflict of interest: Authors do not have any conflict of 

interests to declare.    

Ethical issues: None.  

 

Supplementary data 

Supplementary Fig. 1. Results of GC-MS analysis. 

Supplementary Fig. 2. Determination results for each Piper 

species. 

Supplementary Fig. 3. Secondary metabolite data that was 

submitted in MetaboAnalyst.  

 

References   

1. Potzernheim M, Bizzo HR, Agostini-Costa, Vieira RF, Carvalho-
Cilva M, Gracindo LBAM et al. Chemical characterization of sev-

en Piper species (Piperaceae) from Federal district, Brazil, 
based on volatile oil constituents. Rev Bras Plantas Med. 

2006;8:10-12. https://www.semanticscholar.org/paper/
Chemical-characterization-of-seven-Piper-species-(-

Potzernheim-Carvalho-
Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-

influential&pdf=true 

2. Quijano-Abril MA, Callejas-Posada R, Miranda-Esquivel DR. Are-
as of endemism and distribution patterns for Neotropical Piper 

species (Piperaceae). J Biogeogr. 2006;33(7):1266-78. https://
doi.org/10.1111/j.1365-2699.2006.01501.x 

3. Bhalerao SA, Verma DR, Gavankar RV, Teli NC, Rane YY, Didwana 
VS et al. Phytochemistry, pharmacological profile and therapeu-
tic uses of Piper betle Linn. – An overview. J Pharmacogn Phyto-

chem. 2013;1(2):10-19. https://www.semanticscholar.org/

paper/Phytochemistry%2C-Pharmacological-Profile-and-Uses-
of-Bhalerao-Verma/368143edb166e99990be878d2ce23894fb8de1b8 

4. Macbride JF. Flora of Peru. Field Museum Press, Chicago. 
1893;Vol. XIII. 

5. Suri MA, Azizah Z, Ridho AR. A review: Traditional use, phyto-

chemical and pharmacological review of red betel leaves (Piper 
crocatum Ruiz & Pav). Asian Journal of Pharmaceutical Research 

and Development. 2021;9(1):159-63. https://doi.org/10.22270/
ajprd.v9i1.926 

6. Misni N, Sulaiman S, Othman H,  Umar B. Repellency of essential 
oil of Piper aduncum against Aedes albopictus in the laboratory. 
Journal of the American Mosquito Control Association. 2009;25

(4):442-47. https://doi.org/10.2987/09-0006.1 

7. Salleh WMNHW, Ahmad F. Phytopharmacological investigations 
of Piper retrofractum Vahl. A review. Agric Conspec Sci. 2020;85

(3):193-202. http://acs.agr.hr/acs/index.php/acs/article/
view/177 

8. Kale RN, Patil RY. High performance thin layer chromatography 
fingerprinting analysis of Piper betle L. leaves. J Pharm Res Int. 
2020;32(48):8-15. https://doi.org/10.9734/jpri/2020/v32i4831120 

9. Pandit A, Joshi A. A short overview on significance of betel leaf 

(Piper betle) and its applications. International Journal of Health 
Sciences and Research. 2022;12(11):251-54. https://

doi.org/10.52403/ijhsr.20221132 

10. Durant-Archibold AA, Santana AI, Gupta MP. Ethnomedical uses 
and pharmacological activities of most prevalent species of 

genus Piper in Panama: A review. J Ethnopharmacol. Jan 
2018;217:63-82. https://doi.org/10.1016/j.jep.2018.02.008  

11. Vermerris W, Ralph N. Phenolic compound biochemistry. In: 

Springer, Dordrecht. 1994. p. 211–34. https://
doi.org/10.1007/978-1-4020-5164-7 

12. Barbosa-Filho JM, Moural MD, Silva MS, Karla, Lima VB. Anti-
inflammatory activity of alkaloids: A twenty-century review. 

Brazilian J Pharmacogn. 2006;16(1):109-39 https://

doi.org/10.1590/S0102-695X2006000100020 

13. Cai YZ, Mei S, Jie X, Luo Q, Corke H. Structure-radical scavenging 
activity relationships of phenolic compounds from traditional 

Chinese medicinal plants. Life Sci. 2006;78(25):2872-88. https://
doi.org/10.1016/j.lfs.2005.11.004 

14. Othman L, Sleiman A, Abdel-Massih RM. Antimicrobial activity of 
polyphenols and alkaloids in middle Eastern plants. Front Mi-

crobiol. 2019;10:911.  https://doi.org/10.3389/fmicb.2019.00911 

15. Ernst M, Silva DB, Silva RR, Vêncio RZN, Lopes NP. Mass spec-
trometry in plant metabolomics strategies: From analytical 

platforms to data acquisition and processing. Nat Prod Rep. 

2014;31(6):784-806. https://doi.org/10.1039/c3np70086k 

16. Junairiah, Nurhariyati T, Marisan M, Suhargo L, Zuraidassanaaz 
NI. Extraction, isolation and characterization of bioactive com-
pounds from ethanol and chloroform extracts of Piper sarmen-

tosum Roxb. leaves. Asian J Plant Sci. 2023;22(2):290-94.  https://

doi.org/10.3923/ajps.2023.290.294 

17. Salehi B, Zakaria ZA, Gyawali R, Ibrahim SA, Rajkovic J, Shinwari 
ZK et al. Piper species: A comprehensive review on their phyto-

chemistry, biological activities and applications. Molecules. 
2019;24(7). https://doi.org/10.3390/molecules24071364 

18. Saccenti E, Hoefsloot HCJ, Smilde AK, Westerhuis JA, Hendriks 
MMWB. Reflections on univariate and multivariate analysis of 

metabolomics data. Metabolomics. 2014;10(3):361-74. https://

doi.org/10.1007/s11306-013-0598-6 

19. Luyen BTT, Tai BH, Thao NP, Yang SY, Cuong NM, Kwon YI et al. A 
new phenylpropanoid and an alkylglycoside from Piper retro-

fractum leaves with their antioxidant and α-glucosidase inhibito-

ry activity. Bioorganic Med Chem Lett. 2014;24(17):4120-24. 
https://doi.org/10.1016/j.bmcl.2014.07.057 

20. Woodrow RJ, Grace JK, Nelson LJ, Haverty MI. Modication of 

cuticular hydrocarbons of Cryptotermes brevis (Isoptera: Ka-
lotermitidae) in response to temperature and relative humidity. 

Environ Entomol. 2000;29(6):1100-07. https://
doi.org/10.1603/0046-225X-29.6.1100 

21. Hashem F, Saleh MM. Antimicrobial components of some Crucif-

erae plants (Diplotaxis harra Forsk. and Erucaria microcarpa 
Boiss.). Phytotherapy Research. 1999;13(4):329-32. https://

doi.org/10.1002/(sici)1099-1573(199906)13:4%3C329::aid-
ptr458%3E3.0.co;2-u 

22. Uddin SJ, Grice D, Tiralongo E. Evaluation of cytotoxic activity of 
patriscabratine, tetracosane and various flavonoids isolated 
from the Bangladeshi medicinal plant Acrostichum aureum. 

Pharm Biol. 2012;50(10):1276-80. https://
doi.org/10.3109/13880209.2012.673628 

23. Nerkar VK, Lal PI, Chaudhary PH, Ruikar DB. A comprehensive 
review on Piper betel Linn. International Journal of Pharmaceu-
tical Research and Applications. 2023;8(2):1726-34. https://

doi.org/10.35629/7781-080217261734 

24. Wibawa IPAH, Saraswaty V, Kuswantoro F, Andila PS, Wardhani 
PK, Tirta IG. A study of essential oil from an invasive Piper adun-

cum L. J Biol Udayana. 2019;23(2):50-58. https://
doi.org/10.24843/JBIOUNUD.2019.v23.i02.p02  

25. Mayanga-Herrera A, Tapia-Rojas S, Fukusaki-Yoshizawa A, Mar-
celo-Rodríguez Á, Amiel-Pérez J. Actividad citotóxica de la frac-
ción clorofórmica de Piper aduncum y su efecto en el ciclo celu-

lar en líneas celulares de cáncer gástrico. Rev Peru Med Exp 
Salud Publica. 2020;37(3):471-77. http://dx.doi.org/10.17843/

rpmesp.2020.373.5157  

https://www.semanticscholar.org/paper/Chemical-characterization-of-seven-Piper-species-(-Potzernheim-Carvalho-Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-influential&pdf=true
https://www.semanticscholar.org/paper/Chemical-characterization-of-seven-Piper-species-(-Potzernheim-Carvalho-Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-influential&pdf=true
https://www.semanticscholar.org/paper/Chemical-characterization-of-seven-Piper-species-(-Potzernheim-Carvalho-Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-influential&pdf=true
https://www.semanticscholar.org/paper/Chemical-characterization-of-seven-Piper-species-(-Potzernheim-Carvalho-Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-influential&pdf=true
https://www.semanticscholar.org/paper/Chemical-characterization-of-seven-Piper-species-(-Potzernheim-Carvalho-Cilva/2b0ac47b31c6659222023ec12c330237e107f84f?sort=is-influential&pdf=true
https://doi.org/10.1111/j.1365-2699.2006.01501.x
https://doi.org/10.1111/j.1365-2699.2006.01501.x
https://www.semanticscholar.org/paper/Phytochemistry%2C-Pharmacological-Profile-and-Uses-of-Bhalerao-Verma/368143edb166e99990be878d2ce23894fb8de1b8
https://www.semanticscholar.org/paper/Phytochemistry%2C-Pharmacological-Profile-and-Uses-of-Bhalerao-Verma/368143edb166e99990be878d2ce23894fb8de1b8
https://www.semanticscholar.org/paper/Phytochemistry%2C-Pharmacological-Profile-and-Uses-of-Bhalerao-Verma/368143edb166e99990be878d2ce23894fb8de1b8
https://doi.org/10.22270/ajprd.v9i1.926
https://doi.org/10.22270/ajprd.v9i1.926
https://doi.org/10.2987/09-0006.1
http://acs.agr.hr/acs/index.php/acs/article/view/177
http://acs.agr.hr/acs/index.php/acs/article/view/177
https://doi.org/10.9734/jpri/2020/v32i4831120
https://doi.org/10.52403/ijhsr.20221132
https://doi.org/10.52403/ijhsr.20221132
https://doi.org/10.1016/j.jep.2018.02.008
https://doi.org/10.1007/978-1-4020-5164-7
https://doi.org/10.1007/978-1-4020-5164-7
https://doi.org/10.1590/S0102-695X2006000100020
https://doi.org/10.1590/S0102-695X2006000100020
https://doi.org/10.1016/j.lfs.2005.11.004
https://doi.org/10.1016/j.lfs.2005.11.004
https://doi.org/10.3389/fmicb.2019.00911
https://doi.org/10.1039/c3np70086k
https://doi.org/10.3923/ajps.2023.290.294
https://doi.org/10.3923/ajps.2023.290.294
https://doi.org/10.3390/molecules24071364
https://doi.org/10.1007/s11306-013-0598-6
https://doi.org/10.1007/s11306-013-0598-6
https://doi.org/10.1016/j.bmcl.2014.07.057
https://doi.org/10.1603/0046-225X-29.6.1100
https://doi.org/10.1603/0046-225X-29.6.1100
https://doi.org/10.1002/(sici)1099-1573(199906)13:4%3C329::aid-ptr458%3E3.0.co;2-u
https://doi.org/10.1002/(sici)1099-1573(199906)13:4%3C329::aid-ptr458%3E3.0.co;2-u
https://doi.org/10.1002/(sici)1099-1573(199906)13:4%3C329::aid-ptr458%3E3.0.co;2-u
https://doi.org/10.3109/13880209.2012.673628
https://doi.org/10.3109/13880209.2012.673628
https://doi.org/10.35629/7781-080217261734
https://doi.org/10.35629/7781-080217261734
https://doi.org/10.24843/JBIOUNUD.2019.v23.i02.p02
https://doi.org/10.24843/JBIOUNUD.2019.v23.i02.p02
http://dx.doi.org/10.17843/rpmesp.2020.373.5157
http://dx.doi.org/10.17843/rpmesp.2020.373.5157

