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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2014 37
2015 44
2016 121
2017 229

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2014 0.000
Cites / Doc. (4 years) 2015 0.270
Cites / Doc. (4 years) 2016 0.543
Cites / Doc. (4 years) 2017 0.683
Cites / Doc. (4 years) 2018 0.958
Cites / Doc. (4 years) 2019 1.169
Cites / Doc. (4 years) 2020 1.146
Cites / Doc. (4 years) 2021 1.409
Cites / Doc. (4 years) 2022 1.466
Cites / Doc. (3 years) 2014 0.000

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2014 8.11
2015 13 64

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2014 0
Uncited documents 2015 29
Uncited documents 2016 47
Uncited documents 2017 123
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GUIDANCE FOR AUTHORS 
 

Aims and Scope Biodiversitas, Journal of Biological Diversity or 
Biodiversitas encourages submission of manuscripts dealing with all aspects of 
biodiversity, including plants, animals, and microbes at the level of the gene, 
species, and ecosystem. Ethnobiology papers are also considered.  

Article types The journal seeks original full-length: (i) Research papers, 
(ii) Reviews, and (iii) Short communications. Original research manuscripts 
are limited to 8,000 words (including tables and figures) or proportional to 
articles in this publication number. Review articles are also limited to 8,000 
words, while Short communications should be less than 2,500 words, except 
for pre-study.  

Submission: The journal only accepts online submissions through the 
open journal system (https://smujo.id/biodiv/about/submissions) or email the 
editors at unsjournals@gmail.com. Submitted manuscripts should be the 
original works of the author(s). Please ensure that the manuscript is submitted 
using the Biodiversitas template, which can be found at 
(https://biodiversitas.mipa.uns.ac.id/D/guidance.htm). The manuscript must 
be accompanied by a cover letter containing the article title, the first name and 
last name of all the authors, and a paragraph describing the claimed novelty of 
the findings versus current knowledge. Please also provide a list of five 
potential reviewers in your cover letter. Submission of a manuscript implies 
the submitted work has not been published (except as part of a thesis or report, 
or abstract) and is not being considered for publication elsewhere. When a 
group writes a manuscript, all authors should read and approve the final 
version of the submitted manuscript and its revision; and agree on the 
submission of manuscripts for this journal. All authors should have made 
substantial contributions to the concept and design of the research, acquisition 
of the data and its analysis, drafting the manuscript, and correcting the 
revision. All authors must be responsible for the work's quality, accuracy, and 
ethics.  

Ethics Author(s) must be obedient to the law and/or ethics in treating the 
object of research and pay attention to the legality of material sources and 
intellectual property rights.  

Copyright If the manuscript is accepted for publication, the author(s) still 
hold the copyright and retain publishing rights without restrictions. Authors 
can reproduce articles as long as they are not used for commercial purposes. 
For the new invention, authors must manage its patent before publication.  

Open Access The journal is committed to free-open access that does not 
charge readers or their institutions for access. Readers are entitled to read, 
download, copy, distribute, print, search, or link to the full texts of articles, as 
long as not for commercial purposes. The license type is CC-BY-NC-SA.  

Acceptance Only articles written in US English are accepted for 
publication. Manuscripts will be reviewed by editors and invited reviewers 
(double-blind review) according to their disciplines. Authors will generally be 
notified of acceptance, rejection, or need for revision within 1 to 2 months of 
receipt. Manuscripts will be rejected if the content does not align with the 
journal scope, does not meet the standard quality, is in an inappropriate format, 
or contains complicated grammar, dishonesty (i.e., plagiarism, duplicate 
publications, fabrication of data, citations manipulation, etc.), or ignoring 
correspondence in three months. The primary criteria for publication are 
scientific quality and biological significance. Uncorrected proofs will be sent 
to the corresponding author by email as .doc or .docx files for checking and 
correcting typographical errors. The corrected proofs should be returned in 7 
days to avoid publication delays. The accepted papers will be published online 
in chronological order at any time but printed at the end of each month.  

A charge Authors are charged USD 320 (IDR 4,500,000). Additional 
charges may be billed for language improvement, USD 75-150 (IDR 
1,000,000-2,000,000). 

Reprints The sample journal reprint is only available by special request. 
Additional copies may be purchased when ordering by email and sending back 
the uncorrected proofs. Manuscript preparation Manuscript is typed on A4 
(210x297 mm2 ) paper size, in a single column, single space, 10-point (10 pt) 
Times New Roman font. The margin text is 3 cm from the top, 2 cm from the 
bottom, and 1.8 cm from the left and right. Smaller lettering sizes can be 
applied in presenting tables and figures (9 pt). Word processing program or 
additional software can be used; however, it must be PC compatible, use the 
Biodiversitas template, and be Microsoft Word based (.doc or .rtf; not .docx). 
Scientific names of species (incl. subspecies, variety, etc.) should be written 
in italics, except in italicized sentences. Scientific names (genus, species, 
author) and cultivar or strain should be mentioned completely for the first time 
mentioning it in the body text, especially for taxonomic manuscripts. The 
Genus name can be shortened after the first mention, except where this may 
generate confusion. name of the author can be eliminated after the first 
mention. For example, Rhizopus oryzae L. UICC 524 can be written 
hereinafter as R. oryzae UICC 524. Using trivial names should be avoided. 
Biochemical and chemical nomenclature should follow the order of the 
IUPAC - IUB. For DNA sequences, it is better to use Courier New font. 
Standard chemical abbreviations can be applied for common and clear used, 
for example, completely written butilic hydroxyl toluene (BHT) to be BHT 
hereinafter. Metric measurements should use IS denominations, and other 
systems should use equivalent values with the denomination of IS mentioned 
first. A dot should not follow abbreviations like g, mg, mL, etc. Minus index 
(m-2, L-1, h-1) suggested being used, except in things like "per-plant" or "per-
plot." Mathematical equations can be written down in one column with text; 

in that case, they can be written separately. Numbers one to ten are written in 
words, except if it relates to measurement, while values above them are written 
in number, except in early sentences. The fraction should be expressed in 
decimal. In the text, it should be used "%" rather than "percent." Avoid 
expressing ideas with complicated sentences and verbiage/phrasing, and use 
efficient and effective sentences.  

The article's title should be written in a compact, clear, and informative 
sentence, preferably not more than 20 words. Author name(s) should be 
completely written. Name and institution address should also be completely 
written with street name and number (location), postal code, telephone 
number, facsimile number, and email address. Manuscripts written by a group, 
author for correspondence, and address are required. The first page of the 
manuscript is used for writing the above information.  

The Abstract should not be more than 200 words. Include between five 
and eight Keywords, using scientific and local names (if any), research 
themes, and special methods used, and sorted from A to Z. All important 
abbreviations must be defined at their first mention. The running title is about 
five words. The Introduction is about 400-600 words, covering the 
background and aims of the research. Materials and Methods should 
emphasize the procedures and data analysis. Results and Discussion should 
be written as a series of connecting sentences; however, manuscripts with long 
discussions should be divided into subtitles. Thorough discussion represents 
the causal effect that mainly explains why and how the research results 
occurred and did not only re-express the mentioned results in sentences. A 
Conclusion should be given at the end of the Discussion. Finally, 
acknowledgments are expressed in brief; all sources of institutional, private, 
and corporate financial support for the work must be fully acknowledged, and 
any potential conflicts of interest must be noted.  

Figures and Tables of three pages maximum should be clearly presented. 
Include a label below each figure and above each table (see example). Colored 
figures can only be accepted if the manuscript's information can be lost 
without those images; the chart is preferred to use black and white images. The 
author could consign any picture or photo for the front cover, although it does 
not print in the manuscript. All images property of others should be mentioned 
as sources. Although there is no Appendix, all data or data analysis is 
incorporated into Results and Discussions. For comprehensive/broad data, 
supplementary information can be provided on the website.  

References In the text, give the author names followed by the year of 
publication and arrange from oldest to newest and from A to Z; in citing an 
article written by two authors, both of them should be mentioned; however, for 
three and more authors only the first author is mentioned followed by et al. For 
example, Saharjo and Nurhayati (2006) or (Boonkerd 2003a, b, c; Sugiyarto 
2004; El-Bana and Nijs 2005; Balagadde et al. 2008; Webb et al. 2008). Extent 
citation should be avoided, as shown with the word "cit." Reference to 
unpublished data and personal communication should not appear in the list but 
should be cited in the text only (e.g., Rifai MA 2007, pers. com. (personal 
communication); Setyawan AD 2007, unpublished data). In the reference list, 
the references should be listed in alphabetical order. Names of journals should 
be abbreviated. Always use the standard abbreviation of a journal's name 
according to the ISSN List of Title Word Abbreviations (www.issn.org/2- 
22661-LTWA-online.php). Please include DOI links for journal papers. The 
following examples are for guidance.  

Journal:  
Saharjo BH, Nurhayati AD. 2006. Domination and composition structure 

change at hemic peat natural regeneration following burning; a case study in 
Pelalawan, Riau Province. Biodiversitas 7: 154-158. DOI: 
10.13057/biodiv/d070213 

Book:  
Rai MK, Carpinella C. 2006. Naturally Occurring Bioactive Compounds. 

Elsevier, Amsterdam.  
Chapter in the book:  
Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization, 

biogeography, and the phylogenetic structure of rainforest tree communities. 
In: Carson W, Schnitzer S (eds.). Tropical Forest Community Ecology. Wiley-
Blackwell, New York.  

Abstract:  
Assaeed AM. 2007. Seed production and dispersal of Rhazya stricta. 50th 

annual symposium of the International Association for Vegetation Science, 
Swansea, UK, 23-27 July 2007.  

Proceeding:  
Alikodra HS. 2000. Biodiversity for development of local autonomous 

government. In: Setyawan AD, Sutarno (eds.). Toward Mount Lawu National 
Park; Proceeding of National Seminary and Workshop on Biodiversity 
Conservation to Protect and Save Germplasm in Java Island. Universitas 
Sebelas Maret, Surakarta, 17-20 July 2000. [Indonesian]  

Thesis, Dissertation:  
Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-Cropping 

Plants Productivity in Agroforestry System based on Sengon. [Dissertation]. 
Universitas Brawijaya, Malang. [Indonesian]  

Information from the internet: Balagadde FK, Song H, Ozaki J, Collins 
CH, Barnet M, Arnold FH, Quake SR, You L. 2008. A synthetic Escherichia 
coli predator-prey ecosystem. Mol Syst Biol 4:187. 
www.molecularsystembiology.com 
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Abstract. Hartini YS, Setyaningsih D. 2023. α-amylase and α-glucosidase inhibitory effects of four Piper species and GC-MS analysis of 
Piper crocatum. Biodiversitas 24: 1313-1319. Antidiabetic activity can be determined by measuring the level of inhibition of α-amylase 

and/or α-glucosidase enzymes. Our previous study reported the activity of Piper crocatum as an inhibitor of α-amylase and α-
glucosidase enzymes; hence, this study reported the same activity of three different Piper species: Piper betle, Piper aduncum, and 
Piper retrofractum. It was also reported that the GC-MS chromatogram profile of P. crocatum. The Piper species was tested against α-
amylase and α-glucosidase enzymes; activity measurements were carried out using UV-Vis spectrophotometry. Analysis of compound 
content in P. crocatum was carried out through GC-MS spectra and its library. The Piper species showed inhibitory activity against both 
α-amylase and α-glucosidase. Compared to P. betle, P. aduncum, and P. retrofractum, P. crocatum had the highest activity against both 
enzymes, with IC50 of 8,463 ± 0.318 mg/mL and 10,013 ± 0.070 mg/mL, respectively. The GC-MS profile of P. crocatum leaf methanol 
extract showed that there were 69 peaks, with the highest peak at RT 49,007 (20.49%), followed by RT 48,495 (11.00%), RT 6,984 

(8.6%), RT 30.356 (4.51 %), RT 8,654 (3.44%), while the other peaks were below 3%. Based on the GC-MS dictionary, P. crocatum 
contains the main compounds: trans-isoelemicin/alpha-asarone, patchulane, myrcene, 1-octadecyne, and trans-ocimene. Therefore, Piper 
crocatum extract is considered to be developed as an antidiabetic agent. 

Keywords: α-amylase, α-glucosidase, GC-MS, Piper, P. crocatum, species  

INTRODUCTION 

A particular plant species, which has the same 

pharmacological activity as other species in the same genus 

among these species, can have different levels and types of 

mechanisms of action. The Piper plants genus has several 

pharmacological activities, one of which is antidiabetic. 
The genus Piper includes about 4,226 species spread over 

various regions, particularly in tropical and sub-tropical 

(The Plant List 2018). In addition to Indonesia, species of 

the genus Piper are also used in traditional medicine 

systems in several countries, namely the medical system in 

China, ayurvedic medicine in India, as well as in Latin 

America and the West Indies. The active compounds in the 

Piper plant are responsible for the type of activity caused, 

especially the secondary metabolite compounds produced 

by the plant. Several studies have reported the content of 

secondary plant metabolites of the genus Piper (Parmar et 
al. 1997; Mgbeahuruike et al. 2017; Nugroho et al. 2020). 

In Indonesia, some communities still use several species of 

Piper, such as betel leaf (Piper betle L.) to treat 

nosebleeds, Javanese chili (Piper retrofractum Vahl) for 

various traditional medicinal ingredients, and red 

betel (Piper crocatum Ruiz & Pav.) for the treatment of 

diabetes mellitus/hyperglycemia (Nugroho and Hartini 

2020). Antimicrobial, antiulcer, anti-inflammatory, 

anticancer, antimutagenic, antioxidant, and antidiabetic 

properties are the crucial pharmacological properties of P. 

betle (Gupta et al. 2022). Our previous study reported the 

activity of P. crocatum as an inhibitor of α-amylase and α-

glucosidase enzymes (Hartini and Setyaningsih 2021). The 

antidiabetic activity of ethanolic extract of P. betle leaves 

in catfish, Clarias gariepinus have been reported. The 

enzyme inhibition activity of P. betle was excellent 

compared to the acarbose (Perumal and Saravanabhavan 
2018). In vivo study showed that forest betel leaf (Piper 

aduncum L.) extract had an antidiabetic activity (Sitinjak et 

al. 2016), but there have been no reports on the antidiabetic 

activity of P. retrofractum. Several pharmacological 

activities of P. retrofractum have been reported, including 

antimicrobial, antioxidant, antihyperurychemia, 

antihyperlipidemia, antileishmanial, antiproliferative, 

antiaging, dan antiobesity (Taufik and Soleha 2020).  

In pharmaceutical industries, high-quality final products 

should be supported by clinical studies. Before performing 

clinical studies, there is a need to conduct a series of pre-
clinical studies about using betle leaves medically (Nayaka 

et al. 2021). Furthermore, testing the antidiabetic activity of 

a plant was carried out to find the most effective blood 

glucose-lowering drugs. These tests can be carried out in 

vivo, in vitro, and in silico. α-amylase and α-glucosidase 

enzymes are significant targets in type 2 diabetes mellitus. 

In vitro drug activity testing against the two enzymes was 

carried out to determine the potential of the tested material 

as an antidiabetic. Both enzymes catalyze the hydrolysis of 

the glycosidic bonds of amylase starch so that glucose is 

released. Hyperglycemia increases because of reduced 

insulin which causes blood glucose to be unable to enter 
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muscle cells, adipose tissue, or the liver, thus disrupting the 

metabolism. The increase in blood glucose is due to the 

activity of the α-amylase and/or α-glucosidase enzymes 

that convert starch that enters the body into glucose. Plants 

of the Piper genus are expected to be able to inhibit the 

work of α-amylase and/or α-glucosidase enzymes, thereby 

inhibiting the conversion of starch into glucose. It will 

control blood glucose. The stronger the activity of Piper sp. 

in inhibiting the two enzymes, the stronger the potential of 

the plant as an antidiabetic. This study compared the 
antidiabetic activity of four species of the genus Piper, 

namely P. betle, P. aduncum, P. retrofractum, and P. 

crocatum. Gas Chromatography-Mass Spectrometry (GC-

MS) analysis effectively identifies and quantifies chemicals 

in a complex mixture (Al-Rubaye et al. 2017). Gas 

Chromatography and Mass Spectrometry provide distinct 

but complementary results; while GC separates mixture 

components, MS can analyze and identify these 

components (Simon-Manso et al. 2013). This study 

confirmed the inhibitory activity of three different Piper 

species, namely P. betle, P. aduncum, and P. 
retrofractum, against the α-amylase and α-glucosidase 

activity. Due to the highest antidiabetic potential provided 

by P. crocatum, as found in this study, GC-MS 

chromatography was further conducted to figure out the 

phytocomponents of the extract. Among the four 

species, P. crocatum, the Piper species with the highest 

antidiabetic potential, was analyzed for its compound 

content using GC-MS chromatography.  

MATERIALS AND METHODS  

Materials  

For this study, the fresh leaves of four species of the 
genus Piper, consisting of P. betle, P. aduncum, P. 

retrofractum, and P. crocatum, were received from PT 

Merapi Farma Herbal, Yogyakarta, Indonesia. The plant 

was identified by a Taxonomist (Mr. Yohanes Dwiatmaka, 

M.Si.). Meanwhile, the chemicals materials used in this 

research were amylase enzyme (SIGMA Aldrich), α-

glucosidase (SIGMA Aldrich), ethanol pro analysis (E. 

Merck), double distilled water, dimethyl sulfoxide pro 

analysis (E. Merck), iodine iodide reagent, potato starch, 

1N HCl, and acarbose.  

Methods 

Extraction 
The Piper leaves were extracted with methanol using 

the maceration method. First, Piper leaves were washed 

under running water, then dried in an oven at 50°C until 

dry (moisture content<10%). Next, the dried leaves were 

made into powder, weighed, put into the macerator, added 

methanol until all the powder was submerged, then left 

overnight with stirring. Finally, the extracts from 3 times 

maceration were collected, then evaporated using a rotary 

evaporator to obtain a thick methanol Piper sp. extract. 

In vitro α-amylase and α-glucosidase activity test on Piper sp. 

The α-amylase enzyme inhibitory activity test was 

followed by Ononamadu et al. (2020). First, the potato 

powder (1% w/v), 1.0 mL extract/1 mL acarbose, 1.0 mL -

amylase enzyme (1% w/v), and 2.0 mL acetate buffer 

(0.1M, 7.2 pH) were combined. Next, the inhibitory effect 

of the sample blank solution measurement was done by 

pouring 1.0 mL of 0.5% (w/v) potato starch solution into a 

test tube. After incubating the mixture for an hour, a 0.1 ml 

iodine-iodide was added. Next, the α-glucosidase enzyme 
inhibitory activity test was performed based on 

Pandithurai et al. (2015) with a slight modification. In a test 

tube, 100.0 µL of extract and standard solutions from each 

series of test solutions were mixed with 400.0 µL of 

phosphate buffer and 250.0 µL of maltose substrate 

solution and pre-incubated at 37°C for 5 minutes. 

Following pre-incubation, 250.0 µL of phosphate buffer 

solution pH 7.0 was added and homogenized. The solution 

was then incubated for 30 minutes at 37°C before 0.3 mL 

was taken and 0.3 mL of DNS reagent was added to the test 

tube. This solution was then homogenized and heated in 
boiling water for 5 minutes. Finally, the solution was 

mixed, and 3.0 mL of distilled water was added. A UV-vis 

spectrophotometer set to 536 nm was used to measure 

absorbance. Equation (1) was used to calculate the 

percentage of activity reduction. Symbol Ac expresses the 

absorbance provided by the control experiment, while the 

As symbol is the tested sample absorbance: 

 

% inhibition = (As-Ac/As) x100  (1) 

 

The results were statistically evaluated for ANOVA 
(p < 0.05) and continued by Tukey's posthoc test (α-=0.05) 

using an IBM SPSS version. 

GC-MS analysis of P. crocatum 

The chromatography P. crocatum extract analysis used 

an Agilent GC 6890N 59765 B MSD connected with MS. 

The capillary column was Agilent 19091S-433 HP-5ms 5% 

phenyl methyl siloxane. The maximum temperature was 

325°C with a nominal length of 30.0 m, a diameter of 250 

μm, a film thickness of 0.25 μm, an initial flow of 1.0 

mL/min, an initial pressure of 8.65 psi, and an average 

velocity of 37 cm/sec. Finally, the GC chromatogram peak 

data were analyzed descriptively using MS library data 
from each chromatogram peak.  

RESULTS AND DISCUSSION 

The test results for the inhibitory activity of α-amylase 

and α-glucosidase enzymes are shown in Figures 1 and 2. 

The three Piper species tested (P. betle, P. 

aduncum, and P. retrofractum) showed inhibitory activity 

against the α-amylase enzyme. In Figure 1, the activity 

inhibitory profile of the three Piper species showed a 

similar activity pattern between P. retrofractum, P. 

aduncum, and P. betle. The increased levels of Piper 

extract would increase the inhibitory activity of the α-
amylase enzyme. P. retrofractum showed the highest α-



HARTINI & SETYANINGSIH. – α-amylase dan α-glucosidase inhibitory effects of four piper species 

 

1315 

amylase inhibitory activity, followed by P. aduncum and P. 

betle. However, there was a slight difference in P. betle at a 

5 mg/mL level, where an increased activity that exceeded 

the activity of P. aduncum was observed. 

The three Piper species tested (P. betle, P. 

aduncum, and P. retrofractum) inhibited the activity of the 

α-glucosidase enzyme (Figure 2). At the levels of 2.5 

mg/mL, 5 mg/mL, and 10 mg/mL, the activity inhibitory 

profile of the three Piper species showed a linear equation 

of activity levels; yet, the difference only occurred at the 
levels of 1.25mg/mL and 10 mg/mL. At 1.25 mg/mL, P. 

betle showed the highest α-glucosidase inhibitory activity, 

while P. aduncum had the highest activity at 10 mg/mL. In 

our previous research, it was reported that P. crocatum has 

the potential to inhibit the activity of α-amylase and α-

glucosidase enzymes (Hartini and Setyaningsih 2021). 

Figure 1 shows that the inhibitory activity of P. crocatum 

against the α-amylase enzyme was higher than the other 3 

Piper species (P. betle, P. aduncum, P. retrofractum), as 

well as the inhibitory activity of P. crocatum against the α-

glucosidase enzyme as shown in Figure 2. 
Figure 3 shows the inhibitory potential of the four Piper 

species (P. aduncum, P. betle, P. retrofractum, and P. 

crocatum) against both α-amylase and α-glucosidase 

enzymes. The four Piper species have the potential for 

inhibition of α-amylase and α-glucosidase enzymes with 

IC50 values ranging from 8,463-10,317 mg/mL for activity 

against α-amylase enzymes and IC50 values ranging from 

10,013-11,567 mg/mL for inhibitory activity against α-

glucosidase. The inhibitory activities of the α-amylase 

enzyme P. crocatum were not different from that of P. 

retrofractum. However, it was different in the α-
glucosidase enzyme inhibition. Inhibition of P. crocatum to 

the α-glucosidase enzyme was not different from that of P. 

aduncum (P<0.05). Therefore, all Piper species can be 

measured for their activity against the α-amylase enzyme 

and their inhibitory activity against the α-glucosidase 

enzyme. Therefore, testing the antidiabetic potential of 

Piper species can be carried out on one of these enzymes. 

In addition, compared to the three Piper species tested, P. 

crocatum showed the lowest IC50 values for both α-amylase 

and α-glucosidase enzyme inhibition, with IC50 values of 

8,463 mg/mL and 10,013 mg/mL, respectively. Acarbose, 

as a positive control, produced a better α-amylase (IC (IC50 
0.837 ± 0.076 mg/mL) and α-glucosidase ((IC50 0.690 ± 

0.124 mg/mL) enzyme inhibition than P. crocatum extract. 

Ibrahim et al. (2017) reported that the IC50 value of 

acarbose against α-amylase and α-glucosidase was 200,19 

± 7,29 mg/mL and 182,26 ± 1,05 mg/mL, respectively. 

Vadivelan et al. (2019) reported that the IC50 value of 

acarbose against α-amylase and α-glucosidase was 11,84 ± 

0,19 mg/mL and 13,39 ± 0,11 mg/mL, respectively. 

Several researchers reported different IC50 values but 

concluded that acarbose is more powerful in inhibiting α-

amylase and α-glucosidase. That shows natural enzyme 
inhibitors can be used as an alternative for treating people 

with diabetes with minimal side effects. 

 

 

 
 
Figure 1. The α-amylase enzymes inhibitory activity of four 
Piper species 
 
 

 
 
Figure 2. The α-glucosidase enzymes inhibitory activity of four 
Piper species 

 
 

 
 
Figure 3. The potency of α-amylase and α-glucosidase enzymes 
inhibitory activity of four Piper species 
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Compared to the other three species, P. crocatum showed 

the highest potential to inhibit the activity of both enzymes. 

The GM-MS chromatogram profile showed that P. 

crocatum contained compounds with 69 different peaks. 

Based on the MS library data, these compound types are 

presented in Table 1. Of the 69 peaks that appeared, the 

highest peak was at peak number 56, at Retention Time/RT 

49,007, with a peak area of 20.49%, followed by peak 

number 55 at RT 48,495, with a peak area of 11.00%; peak 

number 1 at RT 6,984, with a peak area of 8.6 %; peak 
number 33 at RT 30,356, with a peak area of 4.51%; peak 

number 6 at RT 8,654, with a peak area of 3.44%. 

Meanwhile, the other peaks had a peak area of below 3%. 

GC-MS library data showed that P. crocatum contains 58 

suspected types of compounds along with their molecular 

formulas and weights. Based on the GC-MS dictionary, P. 

crocatum contains the main compounds: trans-

isoelemicin/alpha-asarone, patchulane, myrcene, 1-

octadecyne, and trans-ocimene. Some of the same 

compounds that appeared at different peaks were beta-

caryophyllene, caryophyllene oxide, 1 octadecyne, 2-
carene 2-acetyl, and neophytadiene. 

Terpenoids represent a promising source of biologically 

active natural compounds, which have the potential for 

research and development of new substances with 

pharmacologic activity. Several studies have confirmed 

terpene-group compounds responsible for the hydrolysis 

activity of the alpha glycosidic chain on the amylase 

enzyme. Some plants are reported to contain terpenes that 

have α-amylase and α-glucosidase inhibitory activities, 

including Potentilla fulgens (Kumar et al. 2013), Hertia 

cheirifolia (Majouli et al. 2016), Smallantus macroscyphus 
(Serra-Barcellona et al. 2014), Hedychium coronarium 

(Panigrahy et al. 2018). The content of terpenoid and 

flavonoid compounds in Asparagus racemosus Willd 

extract showed inhibitory activity of alpha-amylase and 

alpha-glucosidase enzymes (Vadivelan et al. 2019). 

According to Chelladurai and Chinnachamy (2018), 

flavonoids, terpenoids, and tannins were responsible for 

antidiabetic activity. Most studies have focused on phenolic 

compounds, in which the highest inhibitory activities with 

the potential of inhibition are related to the number of 

hydroxyl groups in the compound molecule. The inhibitory 

potential of flavonoids was stated to be correlated with the 
number of hydroxyl groups in ring B of the flavonoid 

framework that forms hydrogen bonds between the 

hydroxyl groups of polyphenol ligands and catalytic 

residues from the enzyme binding site (Michelle de Sales et 

al. 2012; Shah et al. 2018). In this finding, activity against 

α-amylase and α-glucosidase was related to the terpenoid 

content in P. crocatum. Although triterpenoids are 

distributed widely in plants, the inhibitory activity of α-

amylase was only related to oleanane, ursane, and lupane 

types. Still, the mechanism by which this activity occurs is 

unknown. Several terpenoids that are similar to P. 
crocatum, including the monoterpene group (Myrcene, 

Limonene, and Ocimene) and the sesquiterpene group 

(Caryophyllene, Nerolidol/Peruviol/Penetrol), are also 

reported to be responsible to the antidiabetic activity 

(Mahnashi et al. 2022). Some terpenes present an inhibitory 

activity on α-amylase at 30% to 98% (Michelle de Sales et 

al. 2012). The therapeutic agents available for diabetes 

have not been satisfactory for all patients. Terpenes from 

various sources have been reported to reduce plasma 

glucose levels and oxidative stress, thereby preventing 

diabetes complications. Terpenes also reduce the side 
effects that arise from conventional antidiabetic drugs.  

 

 

 

 
 
Figure 4. Gas chromatography-mass spectrum of P. crocatum leaf extract 
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Table 1. Identified phytocomponents in P. crocatum leaf extract by GC-MS analysis 
 

No RT Peak area% Name of compound Molecular formula Mol. weight 

1 6.984 8.60 Myrcene C10H16 136 
2 7.256 0.26 Sabinene C10H16 126 
3 7.622 0.31 alpha-Terpinene C10H16 136 
4 8.006 1.06 Limonene C10H16 136 
5 8.255 1.56 trans-beta-Ocimene C10H16 136 
6 8.654 3.44 Trans-Ocimene  C10H16 136 
7 8.892 0.10 Gamma-Terpinene C10H16 136 
8 9.817 0.22 Terpinolene C10H16 136 
9 10.147 0.62 Linalool C10H18O 154 
10 11.187 0.77 Beta-Ocimene C10H16 136 
11 11.375 0.12 Nerol C10H18O 154 
12 14.164 0.17 Trans-Geraniol C10H18O 154 
13 14.353 1.14 Coumarin C8H8O 120 
14 14.732 0.53 1,6-Octadiene, 3,5-dimethyl-trans C10H18 138 
15 19.188 0.16 Beta-Elemene C15H24 204 
16 19.642 0.26 Trans-alpha-Bergamotene  C15H24 204 
17 19.952 0.91 Trans-Caryophyllene C15H24 204 
18 20.810 0.49 Beta-Selinene C15H24 204 
19 21.534 0.99 Beta- Caryophyllene C15H24 204 
20 21.913 0.34 Beta- Caryophyllene C15H24 204 
21 22.343 0.84 Alpha-Longipinene C15H24 204 
22 22.597 0.37 Gamma-Cadinene C15H24 204 
23 22.825 0.11 Alpha-Copaene  C15H24 204 
24 22.975 0.10 Gamma-Gurjunene C15H24 204 
25 23.342 0.30 Alpha-Bisabolol C15H26O 222 
26 23.937 0.43 Caryophyllene oxide C15H24O 220 
27 24.042 0.18 Alpha-Farnesene C15H24 204 
28 24.230 0.48 Alpha-Bisabolol C15H26O 222 
29 24.738 0.0 Alpha-Farnesene C15H24 204 
30 25.670 0.28 Caryophyllene oxide C15H24O 220 
31 26.094 0.42 Myrcenol C10H18O 154 
32 26.402 0.40 Caryophyllene oxide C15H24O 220 
33 30.356 4.51 1-Octadecyne C18H34 250 
34 30.743 1.04 1-Octadecyne C18H34 250 
35 31.153 1.90 1-Octadecyne C18H34 250 
36 31.575 0.15 Methyl cis-6-octadecenoate C19H36O2 296 
37 31.741 0.46 Methyl hexadecanoate C17H34O2 270 
38 32.303 0.29 Nerolidol C15H26O 222 
39 32.974 2.14 Octadecanoic acid C18H36O2 284 
40 35.036 2.63 Ethol C16H34O 242 
41 35.648 2.62 Phytol C20H40O 296 
42 36.211 1.66 Linolelaidic acid, methyl ester C19H34O2 294 
43 36.788 0.96 Vanicol C18H36O2 284 
44 38.674 0.83 1-Eicosanol C20H42O 298 
45 42.581 3.43 Di-n-octyl-phtalate C24H38O4 390 
46 43.908 050 Patchulane C15H26 206 
47 44.158 1.22 Phenylchroman C15H14O 210 
48 44.449 0.61 Alpha-Asarone C12H16O3 208 
49 44.694 0.51 2-Carene, 2-acetyl C12H18O 178 
50 44.867 0.56 2-Carene, 2-acetyl C12H18O 178 
51 45.581 1.07 Calarene C15H24 204 
52 46.692 1.37 2-Phenylpropane-1,1-Dioldiethanoate C13H16O4 236 
53 47.075 1.58 2-Carene, 2-acetyl C12H18O 178 
54 47.855 1.32 Edulan III C13H20O 192 
55 48.495 11.00 Patchulane,  C15H26 206 
56 49.007 20.49 Trans-Isoelemicin, alpha-asarone C12H16O3 208 
57 49.649 1.63 2-Carene, 2-Acetyl C12H18O 178 
58 49.942 0.13 Valerenal C15H22O 218 
59 50.123 0.18 Venucarol C15H22O4 266 
60 50.454 0.43 4,7-Octadecadiynoic acid, methyl ester (CAS) 

Methyl 4,7-Octadecadiynoate 
C19H30O2 290 

61 50.893 0.7 Spathulenol C15H24O 220 
62 51.372 1.75 Vitamin E C29H50O2 430 
63 51.631 0.47 Alpha-Neoclovene C15H24 204 
64 52.761 0.93 Dicholesteryl succinate C58H94O4 854 
65 53.241 1.41 Trans-Stigmasta-5,22-dien-3.beta-ol C29H48O 412 
66 54.231 1.48 Dicholesteryl succinate C58H94O4 854 
67 58.588 0.28 Neophytadiene C20H38 278 
68 58.791 0.22 Octadecyl hexadecanoate C34H68O2 509 
69 64.235 1.32 Neophytadiene C20H38 278 
Total 100%  
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In addition to terpenes as α-glucosidase and α-amylase 

inhibitory compounds, Panigrahy et al. (2020) describe 

various mechanistic actions of terpenes as antidiabetic 

agents. Those mechanistic actions, namely, the insulin-

mimetic action of terpene compounds, reduction of 

oxidative stress by terpene compounds, the anti-

hyperglycemic activity of terpene compounds, 

hypolipidemic activity of terpenes, reduction of blood 

glucose level by terpenes, terpenes as aldose reductase 

inhibitor, terpenes against some novel therapeutic targets, 
effect of terpenes on other complications of diabetes, and 

miscellaneous effects of terpenes. Although there have 

been reports of in vitro and in vivo tests, terpenes as 

antidiabetics have not been investigated in clinical studies 

(Panigrahy et al. 2020). Furthermore, Chen et al. (2019) 

reported recent advances in developing sesquiterpenoids in 

treating type 2 diabetes.  

The four Piper species tested for inhibitory activity 

against starch hydrolyzing enzymes showed activity against 

α-amylase and α-glucosidase. Elya et al. (2015), 

Pandithurai et al. (2015), and Ibrahim et al. (2017) also 
reported the inhibitory activity of plant extracts against 

both enzymes. It indicates that the potential antidiabetic 

test can choose one of them. This finding aligns with 

Kazeem et al. (2013), who analyzed the target of action of 

starch hydrolyzing enzyme inhibitor compounds. They 

suggested that one of the mechanisms by which Morinda 

lucida exhibited its hypoglycemic potential was by 

inhibiting pancreatic amylase and intestinal glucosidase of 

the animals used in that study.  

In conclusion, P. betle, P. aduncum, P. retrofractum 

and P. crocatum have inhibitory activity against α-amylase 
enzymes with IC50 respectively 10,317mg/mL; 9,970 

mg/mL; 8,987mg/mL; and 8,463 mg/mL. P. betle, P. 

aduncum, P. retrofractum and P. crocatum also inhibit the 

α-glucosidase enzyme respectively with IC50 values 

11,427mg/mL; 10,360mg/mL; 11,567mg/mL; and 10,013 

mg/mL. P. crocatum has the highest inhibitory activity 

compared to the other three Piper species, both against α-

amylase and α-glucosidase. The terpene group of 

compounds, particularly monoterpenes, and sesquiterpenes 

in P. crocatum, may be responsible for the anti-α-amylase 

and α-glucosidase activities. The researchers used acarbose 

for positive control, and it showed that it had an IC50 value 
of 0.837 ± 0.076 mg/mL for the α-amylase inhibitory and 

0.690 ± 0.124 mg/mL for the α-glucosidase inhibitory 

activities. Although the IC50 value of P. crocatum, among 

other Piper species, is much higher than acarbose, this 

species is more recommended for diabetes treatment. That 

suggests considering its action mechanism to inhibit the 

conversion of starch/polysaccharides into glucose/ 

monosaccharides. 
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