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Piper sarmentosum Roxb or known as mana Karuk is an aromatic plant that has
extraordinary potential, namely as a mucus expectorant, its roots are efficacious
as a ureter and overcome gallstones. This plant is also used as an asthma drug,
a cure for skin diseases such as tinea versicolor, stomach pain, malaria medicine,
relieve bone pain and dental pain. The components of aromatic chemical
compounds in the legygs and fruits from Meru Betiri National Park (MBNP) have
not been identified™*his study aimed to identify and analyze the aromatic
components of P. sarmentosum leaves and fruits from MBNP using SPME-
GCMS. The research method is laboratory research. The research samples and
research materials were the leaves and fruit of the P. sarmentosum plant taken in
MBNP. The SPME-GCMS tool is used in research to identify and analyze aromatic
compounds. The research instrument used was an identification and analysis
sheet of aromatic compounds from thes®. sarmentosum plant. The data analysis
technique uses the SPME-GCMS test™rhe results of the study showed that there
were 46 volatile compounds found in the leaves, while in lﬁ’ruit there were 29
volatile compounds. The main aromatic compound groups if®he leaves and fruits
of P. sarmentosum are terpenes, namely monoterpene. The other components
consist of organic benzene compounds. P. sarmentosum Roxb. has 46 aromatic
compounds in the leaves and 29 other aromatic compounds found in the fruit.
Furthermore, research results must be tested in more depth regarding biological
activity and mechanism of action through the best methods so that they can be
recommended as new drug innovations in society.
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INTRODUCTION

Plant diversity in Indonesia is found in magy forests in Indonesia, especially in National Parks. One
of the national parks that hold plant diversity iﬁeru Betiri National Park (MBNP). Meru Betiri National
Park is one of the large forest areas on the island of Java (Arief, 2019). The MBNP area™s a nature

onservation area that has native ecosystems with zoning system management so that it can be used for
Qseareh, science, education, supporting cultivation, tourism, and recreation. In the MBNP area, 602
species of plants have been identified and of these species, 239 species of medicinal plants have been
identified, which can be grouped into three habitus, lianas, herbs, climbing plants, shrubs, and bushes
(Taman Nasional Meru Betiri, 2022). Aromatic plants are plants that produce essential oils, so they have
an important value in human life, for example in the pharmaceutical field, a source of aroma (cosmetics
and food), and can be used as a botanical insecticide (Heriyanto, 2006). The aromatic plant group consists
of the families Apocynaceae, Asteraceae, Lauraceae, Myrtaceae, Rosaceae, Rutaceae, Zingiberaceae,
Piperaceae, and others.

One of the aromatic plants originating in MBNP from the Piperaceae family is Piper sarmentosum
or Karuk. P. sarmentosum has the characteristics of shrubs, creeping or slightly upright, with a height of
30-50 cm. The P. sarmentosum plant has round, grooved, green stems, and adventitious roots in the
nodes. Single type leaves, alternate, hanging, the upper surface of the leaves are light green and shiny,
while the lower surface of the leaves is dull green, with a leaf size of 7-15 cm x 5-10 cm, and a long petiole
of 3-8 cm and it is green. Flowers are amentum, erect, 1-2 cm long (Sun, et al., 2020). This plant can also
be found in China, Thailand, Malaysia, and other countries (Hussain, 2012). P. sarmentosum has a spicy
aroma typical of the Piperaceae family. All parts of this plant have medicinal properties such as roots,
stems, leaves, and fruit. P. retrofractum simplicia is included irﬁ?ditional Chinese Medicines (TCM) and
is recorded in the Chinese Pharmacopoeia (Sun, et al., 2020).*The leaves of the P. retrofractum plant in
Indonesia are used to treat diseases such as chest pain, rheumatism, asthma, fever, and gastritis. (Azlina
etal., 2019).

Piper sarmentosum has tremendous potential. The methanol extract of this plant contains naringin,
which is a natural antioxidant (Subramaniam et al., 2003) and a natural herbicide for weed control. P.
sarmentosum has pathogenic antimicrobial activity that can prevent disease in rice (Azlina et al., 2019).
The n-butanol extract has antioxidant activity capable of influencing cell cytokine secretion and inhibiting
tissue inflammation (Chen et al., 2019). Aqueous extracts ol"Cosmos caudatus and P. sarmentosum can
improve the quality and fertility of male mice sperm (Daud et al., 2015). Past research has revealed 16
chemical compounds in fresh roots dhat have been extracted using ethanol, seven of which have been
isolated from the leaves and fruitséuntiwachwuttikul et al., 2006). The content of aromatic chemical
compounds from P. sarmentosum has not been identified and analyzed in depth to reveal the potential of
aromatic compounds as innovations in traditional medicine. The content of aromatic compounds from the
fruit and leaves of P. sarmentosum from MBNP is important to be revealed so that further benefits can be
known in the field of medicine or in vatiqus other fields of life. This study aims to identify and analyze the
aromatic compound components of theeaves and fruits of P. sarmentosum from MBNP using the SPME-
GCMS (Solid Phase Microextraction) method. The method has proven to be a successful technique for
studying the chemical composition of volatile compounds in plants.

RESEARCH METHODS
The research method used is laboratory research. The research samples and research materials
were the'eaves and fruits of the P. sarmentosum plant taken from MBNP. The research procedure can
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be explained as follows. Plant materials or samples were obtained from Meru Betiri National Park (MBNP),
Jember Regency. Plant parts, namely leaves and fruit, were taken in the morning at a temperature of
about 250-280C. Leaves and fruits were separated, cleaned, and put into a clean plastic bag and then
weighed into 10 grams each. The extraction and analysis process were carried out in the Bioscience
laboratory of Jember Stag,Polytechnic. Volatile compounds from P. sarmentosum leaves and fruits were
extracted using SPME @olid Phase Microextraction) technique and analyzed using GCMS (Gas
ChromatographyaMass Spectrometry). To analyze the volatile compounds, 3 g of the sample was ground
and placed in 820 mL vial and sealed. The sample was heated for 10 minutes at 80°C in a water bath
nd stirred continuously to speed up extraction. Extraction of volatile compounds was started by inserting
QS pm Divinylbenzene/Polydimethylsiloxane SPME fibers (Supelco, Bellefonte, PA, USA) into vials and
exposing them to headspace for 20 minutes at 80°C. The GC (Agilent 7890N) was coupled with a mass
selective detector (Agilent, 9575 C) to analyze the headspace component of the sample. Volatile
compounds are adsorbed by inserting the fiber into the injection port, which remains in the injector for 2
minutes at'270°C, whilghelium gas was used as the carrier gas with a flow rate of 1.0 mL/min. After the
fibers were introduced;the oven temperature was maintained at 40°C for 6 minutes and then increased
at 4°C/min to 70°C, held for 4 minutes. Then the temperature was increased by 10°C/minute to 250°C
and held for 10 minutes. Volatile compounds were separated using a capillary column (30 m x 0.25 mm
x 0.25 pm film thickness, Agilent). The SPME-GCMS tool is used in research to identify and analyze
aromatic compounds. The research instrument used was an identification and analysis sheet of aromatic
compounds from the P. sarmentosum plant. The data analysis technique uses the SPME-GCMS test.

FINDING AND DISCUSSION
entificgn of aromatic compounds in the leaves and fruits of P. sarmentosum using the SPME-

GCMS analysis®Can be seen in Figure 1.
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Figure 1. Chromatogram of Aromatic Compound@om P. sarmentosum Leaves

The results of the chromatogram in Figure 1, it was obtained data on the components of chemical
compounds at each peak with a different percentage area. The datas presented in Table 1.

Tiile 1. Composition Data of Aromatic Compounds of P. sarmentosum Leaves from SPME-GCMS Results

aki# R.Time Area Area% Height Height% Name

1 5.403 4633773 0.38 347742 0.34 1H-pyrrole

2 6.739 7517626 0.61 439214 043 alpha.-pinene, (-)-
3 7.185 2303838 0.19 255730 0.25 2-hexenal, (E)-
4 8.54 8698864 0.71 935396 0.92 2-.beta.-pinene
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Qak#

R.Time Area Area% Height Height% Name

5 11.13 3089036 0.25 396423 0.39 2-heptanol, acetate

6 13.664 566127 0.05 93029 0.09 2-nonanone

7 17.072 4307313 0.35 516352 0.51 acetic acid, decyl ester

8 19.569 99451578 8.13 7735732 7.63 élta.-elemene

9 19.81 18860122 1.54 2086940 2.06 alpha.-cubebene

10 20.55 1508981 0.12 141567 0.14 (+)-cycloisosativene

1 20.912 142616131 11.65 9198727 9.07 alpha.-copaene

12 21.561 45356927 3.71 3255823 3.21 beta.-cubebene

13 21.74 10274434 0.84 1234952 1.22 (-)-.beta.-elemene

14 2219 83835868 6.85 8094628 7.98 e,s-benzodioxole, 5-(2-propenyl)-
15 22.385 56726130 463 7999738 7.89 1,5-hexadiyne

16 22.496 81791964 6.68 8623402 8.5 1,3-benzodioxole, 5-(2-propenyl)-
17 22.796 146594564 11.98 9689756 9.56 trans-caryophyllene

18 23.541 886249 0.07 120716 0.12 germacrane-D

19 23.828 650739 0.05 114331 0.11 alpha.-cubebene

20 24.027 15165268 1.24 1311515 1.29 alpha.-humulene

21 24.452 23977824 1.96 1612080 1.59 Qenol, 2-methoxy-3-(2-propenyl)-
22 24.943 161968786 13.23 9852239 9.72 germacrane-D

23 25.38 33336713 2.72 3207889 3.16 benzenepropanoic acid

24 25.504 47736504 39 4031860 3.98 bicyclogermacrane

25 25.796 20372418 1.66 2280773 2.25 anene, 1,2-dimethoxy-4-(2-propenyl)-
26 26.089 91824450 75 7223714 712 delta.-cadinene

27 26.812 775358 0.06 119601 0.12 1S,cis-calamenene

28 27.218 11637648 0.95 1099350 1.08 d-nerolidol

29 27.451 3134752 0.26 350082 0.35 cyclodecene

30 27.67 797602 0.07 100860 0.1 cyclohexanone, 3-(3,3-dimethylbutyl)-
31 28.01 650453 0.05 80995 0.08 dodecanamide, N,N-bis(2-hydroxyethyl)-
32 28.163 2416595 0.2 221867 0.22 5-cyclodecen, 1,2-epoxy-

33 28.92 6118615 0.5 429867 0.42 spathulenol

34 29.772 2232797 0.18 261746 0.26 5-gicosyne

35 30.029 24813576 2.03 2896625 2.86 trans-isoelemicin

36 30.458 7557329 0.62 668171 0.66 spathulenol

37 30.77 726241 0.06 84566 0.08 spathulenol

38 31.048 7079936 0.58 647847 0.64 neophytadiene

39 31.765 2071600 0.17 290696 0.29 neophytadiene
40 31.931 9513335 0.78 1012421 1 %enol, 2,6-dimethoxy-4-(2-propenyl)-
41 32.202 6389371 0.52 601960 0.59 9,12-octadecadien-1-ol
42 32.548 14938656 1.22 925475 0.91 N2-(2-nitro-5-thienylmethylidene
43 34.06 450927 0.04 68029 0.07 farnesyl Acetate 3
44 34.36 1789641 0.15 188835 0.19 isophytol
45 34.577 5204783 0.43 444598 0.44 hexadecanoic acid, methyl ester
46 35.298 1620120 0.13 108642 0.11 spathulenol
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The components of aromatic compoundgom the leaves of P. sarmentosum are different from
those from the fruit. The data is presented in Figure 2.
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Figure 2. Chromatogram of Aromatic Compounds from P. sarmentosum Fruit

The results of the chromatogram in Figure 2, data on the Qemical compound components in each
peak with different percentage areas were obtained. The data isPresented in Table 2.

Ia: 2. Composition Data of Aromatic Compounds of P. sarmentosum Fruit from SPME-GCMS Results

akd# R.Time Area Area% Height Height% g Name

1 5,077 1796812 0.08 50153 0.07 E ”cﬁfnletggzgtﬁfl)f’is(1'1'
2 5.994 2908156 0.13 125101 0.18 octane

3 7.929 7454841 033 285476 04 hexanal

4 9.12 11316681 05 443178 063 QH-pyrroIe

5 11533 3716704 0.16 163744 0.23 butano oct;gi;';[ iy
6 12.329 2102449 0.09 99048 0.14 2-heptanol

7 13.641 16766982 0.74 592996 0.84 2-.beta.-pinene

8 14.458 698543 0.03 47596 0.07 3-heptanone, 6-methyl-

9 15.442 8385372 037 267233 0.38 isooctanol

10 15.96 3677326 0.16 182086 0.26 bomylene

11 16.455 5591002 0.25 263806 037 73 6-octatriene, 3,7-dimethyl-, (E)-
12 18.61 23797092 1.05 1090761 1.55 2-nonanone

13 19.045 32641096 144 1297999 1.84 Nonanal

14 19.737 30601431 136 1203677 171 linalool

15 218 5412463 0.24 133276 0.19 heptanoic acid

16 2248 4484642 0.2 186047 0.26 undecanal

17 23.855 6515301 0.29 219420 0.31 nonane, 2-methyl-5-propyl-

18 25,073 27740030 123 881871 1.25 9-octadecenoic acid (2)-

19 26.185 26191975 146 864688 123 delta.-elemene

20 27.96 1261349141 5577 28458007  40.36 1,3-Benzodioxole, 5-(2-propenyl)-
21 29.737 227409160 10.05 8377104 11.88 trans(beta.)-caryophyllene

22 30.666 105936556 4.68 5314826 7.54 anene, 1,2-dimethoxy-4-(2-propenyl)
23 32731 31987916 141 1191219 169 delta-cadinene

24 33.401 2344048 0.1 134378 019  CHISMGRSNIE '?]?gr’ggj'he"ahydro""
25 34.074 309761604 1458 15886130 2253 ' Benzodi;’f;’;ee’n‘;)"“_etho"y's'(z'
2 34.745 31015454 137 1426659 202 bezefs} 1556?;:1;];9_‘“0”'5'(2'
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-°eak# R.Time Area Area% Height Height% Name
27 35.551 41228425 1.82 977047 1.39 9-(3,3-dimethyl-Oxiran-2-YI)
8 3651 6292552 0.28 245563 0.35 1,2-benzenedicarboxylic acid, diethyl

ester
29 37.073 2523672 0.11 104266 0.15 juniper camphor

P. sarmentosum aromatic compo% components from the SPME-GCMS analysis found as many
as 75 aromatic compounds, 46 aromaticC*€ompounds wete found in the leaves, and 29 other aromatic
compounds were found in the fruit (Table 1 and Table 2).ame majority of the aromatic compounds in the
leaves and fruit of P. sarmentosum are terpenes, namely monoterpenes (linalool; 2-"0eta.-pinene; 1,3,6-
octatriene, 3,7-dimethyl-) and sesquiterpenes (germacrane-D; trans-caryophyllene; alpha.-copaene;
delta.-elemene; delta.- cadinene; bicyclogermacrane; beta.-cubebene). While other components consist
of benzene orgagic compounds, namely*T,3-benzodioxole, 5-(2-propenyl); benzenepropanoic acid; 1,3-
benzodioxole, 5-{Z-propenyl); 1,3-benzodioxole, 4-methoxy-6-(2-propenyl); benzene, 1,2-dimethoxy-4-(2-
propenyl); benzene, 1,2,3-trimethoxy-5-(2-propenyl). As well as alcohols, aldehydes, fatty acids, phenals,
alkenes, and alkynes. There are differences in the composition of chemica€ompounds in the leaves and
fruits of P. retrofractum. Chemical compounds of the terpene group exist in both but more in the leaves
than in the fruit, in the fruit more compounds of the bmyristicinenzene group, alcohol, and fatty acids. P.
sarmentosum leaves have a more pungent aroma typical of Piperaceae member plants than the fruit.
Differences in the composition of chemical compounds present in leaves and fruits will cause differences
in their functions.

Terpenes are one part of the essential oil which is a product of plant secondary metabolism%ox-
Georgian et al., 2019). Extraction of terpenes can be done from essential oils distilled from leaves, fruit,
roots, bark, and other plant parts. The characteristic of the chemical structure of terpenes is that they have
a simple hydrocarbon structure, while terpenoids have a chemical structure of oxygen-containing
hydrocarbons (Perveen & Al-Taweel, 2018). Terpenes are able to inhibitrotein and DNA synthesis and
break down microbial cells because they have antimicrobial activity {Alvarez-Martinez et al., 2021,
Chanprapai et al., 2017). Terpenoids are types of terpenes that contain oxygen molecules. for example,
linalool and 2-beta-pinene (monoterpenoids) which have roles as essential oil components, antimicrobial
agents, and fragrances and are reported for anti-inflammatory, antioxidant, and anticancer drugs, as well
as playing an importgat role as a key aroma in plant pollination (Kamatou, 2008; Lu et al., 2012).

Another group of compounds found in the fruits and leaves of P. sarmentosum is the sesquiterpene
group, for example, germacrane which has biological activity as an antibacterial (Diastuti et al., 2014),
trans-caryophyllene which can inhibit the growth of Brontispa longissimi larvae (Qin et al., 2010), relieve
acute and chronic pain. Alpha-copaene is a constituent of essential oils. This compound appears clear
and has a woody and slightly spicy aroma. Alpha-copaene is known for its potential biological activities,
namely as an antigenotoxic, antioxidant, and anticancer. Alpha-copaene is often used in perfumery,
cosmetics, and as a natural fragrance ingredient (Turkez et al., 2014). The next compound that has a
large percentage is delta-elements. This compound can act as an antioxidant and can inhibit cancer cell
proliferation (Lu, et al., 2012) so that it can have potential in the treatment of cancer. Therefore, its
inhibitory mechanism needs to be studied further.

The compound delta-cadinene is also a sesquiterpeng,constituent of P. sarmentosum fruits and
leaves that is therapeutic, and has antimicrobial, antioxidanrt,énd anti-inflammatory activities (Qin et al.,
2010). Bicyclogermacrane is a specific chemical compound in the germacrene sesquiterpene family that
consists of two rings fused together, creating a bicyclic structure. This type of arrangement gives the
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compound unique chemical and biological properties. The compound has antimicrobial and anticancer
effects (Chieng et al., 2008).

Beta-cubebene belongs to the class of cubebenes, which have potential as potential therapeutic
agents. The compound beta-cubebene has antioxidant, anti-inflammatory, and antimicrobial activities. It
has also shown cytotoxic effects against certain cancer cells,“indicatiga its potential as an anticancer
agent (Rameshkumar et al., 2017). One of the benzene group organigompounds found in the leaves
and fruits of P. sarmentosum is 1,3-benzodioxole (safrole). The compound is also found in pepper,
cinnamon, and nutmeg. This compound has properties as an insecticide (Choochote et al., 2006), topical
antiseptic, and a special aroma giver. It is a major component of several pharmaceuticals, fragrances,
and flavors. These compounds are commonly used as building blocks in organic synthesis to make
chemicals and other pharmaceutical compounds (Qin et al., 2010).

Other compounds present in the fruits and leaves of P. sarmentosum are a group of terpenes,
phenols, fatty acids, and others with a small percentage. Although the amount is small, these compounds
also have a role as an aroma giver in P. sarmentosum. These compounds are bioactive compounds in
plants resulting from secondary metabolism. The aromatic chemical compounds present in the leaves
and fruit of P. sarmentosum have extraordinary potential so further research should be carried out to
understand the mechanisms and biological activities that are a potential part of medicine and other fields.

CONCLUSION

The aromatic components in the leaves of P. sarmentosum analyzed by SPME GCMS wgre 46
compounds, while in the fruit there were 29 compounds. The main aromatic compgund groups™m the
leaves and fruits of P. sarmentosum are terpenes, namely monoterpene (linalool; 2="0eta.-pinene; 1,3,6-
octatriene, 3,7-dimethyl-) and sesquiterpene (germacrane-D; trans-caryophyllene; alpha.-copaene;
delta.-elemene; delta.- cadinene; bicyclagermacrane; beta.-cubebene). The other components consist of
organic benzengacompounds, namely™T,3-benzodioxole, 5-(2-propenyl); benzenepropanoic acid; 1,3-
benzodioxole, 5-{Z-propenyl); 1,3-benzodioxole, 4-methoxy-6-(2-propenyl); benzene, 1,2-dimethoxy-4-(2-
propenyl); benzene, 1,2,3-trimethoxy-5-(2-propenyl). The findings of this study have the potential to be
tested in more depth about its biological activity and mechanism of action.

ACKNOWLEDGMENT
Our thanks go to the University of Jember PNBP Fund in the 2022 Internal Ke-Ris Grant and to all
those who helped in data collection in the field.

REFERENCES

Alvarez-Martinez, F. J., Barrajon-Catalan. E., Herranz-Lopez, M., & Micol, V. (2021). Antibacterial plant
compounds, extracts and essential oils: An updated review on their effects and putative
mechanisms of action. Phytomedicine, 90, 153626, 1-16.
https://doi.org/10.1016/j.phymed.2021.153626

Avrief, R. (2019). Taman Nasional Meru Betiri. https://merubetiri.id/website/detailkonten/13

Azlina, M., Qodriyah, H., Akmal, M., lbrahim, I., & Kamisah, Y. (2019). In vivo effect of Piper
sarmentosum methanolic extract on stress-induced gastric ulcers in rats. Arch.Med.Sci, 15(1),
223-231. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348366/

Chanprapai, P., & Chavasiri, W. (2017). Antimicrobial activity from Piper sarmentosum Roxb. against
rice pathogenic bacteria and fungi. Journal of Integrative Agriculture. 16 (11), 2513-2524.
https://doi.org/10.1016/S2095-3119(17)61693-9

Hariani et al. — Identification and analysis of aromatic components in Piper ...


https://doi.org/10.1016/j.phymed.2021.153626
https://merubetiri.id/website/detailkonten/13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348366/
https://doi.org/10.1016/S2095-3119(17)61693-9

Edubiotik: Jurnal Pendidikan, Biologi dan Terapan
Vol. 8, No. 01 (2023), pp. 29 - 37

Chen, C., Zhou, L., Wang, D., & Zhou, H. (2019). Study on antioxidant and anti-inflammatory effects of
extracts from Piper sarmentosum Roxb. in vitro. China Animal Husbandry and Veterinary
Medicine, 46(3), 677-683. https://www.chvm.net/EN/10.16431/j.cnki.1671-7236.2019.03.005

Chieng, T. C., Assim, Z. B., & Fasihuddin, B. A. (2008). Toxicity and antitermite activities of the essential
oils from Piper sarmentosum. The Malaysian Journal of Analytical Sciences, 12(1), 234-239.
http:/lwww.ukm.my/mjas/v12_n1/32.pdf

Choochote, W., Chaithong, U., Kamsuk, K., Rattanachanpichai, E., Jitpakdi, A., Tippawangkosol, P.,
Chaiyasit, D., Champakaew, D., Tuetun, B., & Pitasawat, B. (2006). Adulticidal activity against
Stegomyia aegypti (Diptera: Culicidae) of three Piper spp. Revista do Instituto de Medicina
Tropical de Séo Paulo, 48(1), 33-37. https://doi.org/10.1590/S0036-46652006000100007

Cox-Georgian, D., Ramadoss, N., Dona, C., & Basu, a. C. (2019). Therapeutic and medicinal uses of
terpenes. Medicinals Plants, 333-359. https://doi.org/10.1007/978-3-030-31269-5_15

Daud, U., Azahar, A., Abidin, S., & Tawang, A. (2015). The effects of Cosmos caudatus and Piper
sarmentosum aqueous extracts on male mice fertility. International Journal of Pharmacy and
Pharmaceutical Sciences, 7(12), 296-298.
https://journals.innovareacademics.in/index.phplijpps/article/view/8533

Diastuti, H., Syah, Y. M., Juliawaty, L. D., & Singgih, M. (2014). Antibacterial activity of germacrane type
sesquiterpenes from Curcuma heyneana rhizomes. Indonesian Journal of Chemistry, 14(1) 32-
36. https://jurnal.ugm.ac.id/ijc/article/view/21264/0

Heriyanto, M. N. (2006). Keanekaragaman jenis pohon yang berpotensi obat di Taman Nasiona Meru
Betiri. Jurnal Penelitian Hutan dan Konservasi Alam (JPHKA), 3(1), 55-64.
https://doi.org/10.20886/jphka.2006.3.1.55-64

Hussain, K. H. (2012). A review of the literature and latest advances in research of Piper sarmentosum.
Pharmaceutical Biology, 50(8), 1045-1052. https://doi.org/10.3109/13880209.2011.654229

Kamatou, G. P. (2008). Linalool — A review of a biologically active compound of commercial importance.
Natural Product Communications, 3(7), 1183 - 1192.
https://doi.org/10.1177/1934578X0800300727

Lu, Jin-Jian, Dang, Yuan-Ye, Huang, Min, Xu, Wen-Shan, Chen, Xiu-Ping, & Wang, Yi-Tao. (2012).
Anti-cancer properties of terpenoids isolated from rhizoma curcumae. Journal of
Ethnopharmacology, 143(2), 406-411. https://doi.org/10.1016/}.jep.2012.07.009

Perveen, S., & Al-Taweel, A. (2018). Terpenes and terpenoids. IntechOpen.
https://www.intechopen.com/books/6530

Qin, W. Y., Huang, S. C., Li, C. X,, Chen, S. T., & Peng, Z. Q. (2010). Biological activity of the leaves of
Piper sarmentosum Roxb (Piperaceae) and its chemical constituens on Brontispa longissima
(Gestro) (Coleoptera:Hispidae). Pesticide Biochemistry and Physiology, 96(3), 132-139.
https://doi.org/10.1016/j.pestbp.2009.10.006

Rameshkumar, K. B., Nandu, T. G., Anu Aravind, A. P., Mattew, S. P., & Shiburaj. (2017). Chemical
composition and ftsz gtpase inhibiting activity of the essential oil of Piper sarmentosum from
Andaman Islands India. Journal of Essential Oil Research, 29(5), 430-435.
https://doi.org/10.1080/10412905.2017.1303405

Subramaniam, V., Adenan, M., Ahmad, A., & Sahdan, R. (2003). Natural antioxidants: Piper
sarmentosum (Kadok) and Morinda elliptica (Mengkudu). Malaysian Journal of Nutrition, 9(1), 41-
51. https://pubmed.ncbi.nim.nih.gov/22692531/

Sun, X., Chen, W., Dai, W., Xin, H., Rahmand, K., Wang, Y., Zhang, J., Zhang, S., Xu, L., & Han, T.
(2020). Piper sarmentosum Roxb.: A review on its botany, traditional uses, phytochemistry, and
pharmacological activities. Journal of Ethnopharmacology, 263, 112897.
https://doi.org/10.1016/}.jep.2020.112897

Taman Nasional Meru Betiri. (2022). Statistik balai Taman Nasional Meru Betiri tahun 2021. Jember:
Kementerian Lingkungan Hidup dan Kehutanan, Direktorat Jenderal Konservasi Sumber Daya
Alam Dan Ekosistem, Taman Nasional Meru Betiri. https://merubetiri.id/

Hariani et al. — Identification and analysis of aromatic components in Piper ...


https://www.chvm.net/EN/10.16431/j.cnki.1671-7236.2019.03.005
http://www.ukm.my/mjas/v12_n1/32.pdf
https://doi.org/10.1590/S0036-46652006000100007
https://doi.org/10.1007/978-3-030-31269-5_15
https://journals.innovareacademics.in/index.php/ijpps/article/view/8533
https://jurnal.ugm.ac.id/ijc/article/view/21264/0
https://doi.org/10.20886/jphka.2006.3.1.55-64
https://doi.org/10.3109/13880209.2011.654229
https://doi.org/10.1177/1934578X0800300727
https://doi.org/10.1016/j.jep.2012.07.009
https://www.intechopen.com/books/6530
https://doi.org/10.1016/j.pestbp.2009.10.006
https://doi.org/10.1080/10412905.2017.1303405
https://pubmed.ncbi.nlm.nih.gov/22692531/
https://doi.org/10.1016/j.jep.2020.112897
https://merubetiri.id/

Edubiotik: Jurnal Pendidikan, Biologi dan Terapan
Vol. 8, No. 01 (2023), pp. 29 - 37

Tuntiwachwuttikul, P., Phansa, P., Pootaeng-on, Y., & Taylor, W. C. (2006). Chemical constituents of
the roots of Piper sarmentosum. Chemical and Pharmaceutical Bulletin, 54(2), 149-151.
https://doi.org/10.1248/cpb.54.149

Turkez, H., Togas, B., Tatar, A., Geyikoglu, F., & Hacimuftuoglu, A. (2014). Cytotoxic and cytogenetic
effects of a-copaene on rat neuron and N2a neuroblastoma cell lines. Biologia, 69, 936-942.
https://doi.org/10.2478/s11756-014-0393-5

Hariani et al. — Identification and analysis of aromatic components in Piper ...


https://doi.org/10.1248/cpb.54.149
https://doi.org/10.2478/s11756-014-0393-5

Similarity Report

® 20% Overall Similarity
Top sources found in the following databases:

* 18% Internet database » 13% Publications database

» Crossref database » Crossref Posted Content database
* 12% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

tandfonline.com

3%
Internet
Universitas Negeri Jakarta on 2021-10-11 39
o
Submitted works
ejurnal.budiutomomalang.ac.id 29,
o
Internet
bce.bas.bg <1%
Internet
researchgate.net <1%
Internet
blogs.iec.cat <1%
Internet
repository.javeriana.edu.co o
<1%
Internet
phenomenex.com.cn <1%

Internet

Sources overview


https://www.tandfonline.com/doi/full/10.1080/10942912.2018.1466323
http://ejurnal.budiutomomalang.ac.id/index.php/edubiotik/article/view/2651
http://www.bcc.bas.bg/bcc_volumes/Volume_51_Special_D_2019/BCC-51-D-2019_Full.pdf
https://www.researchgate.net/publication/312042343_Identification_of_phenolic_compounds_and_evaluation_of_antibacterial_properties_of_Piper_sarmentosum_Roxb_against_rice_pathogenic_bacteria
http://blogs.iec.cat/scq/wp-content/uploads/sites/23/2012/06/Estud_historia_i_determinacio_per_GC-MS_dels_compostos_terpenics_de_les_Aromes_de_Montserrat_SQC.pdf
https://repository.javeriana.edu.co/bitstream/handle/10554/50385/Cromatograma%20Laurus%20nobilis.pdf?isAllowed=y&sequence=4
https://www.phenomenex.com.cn/Home/SiteMap/Compounds1

©®© 6 6 © 6 6 6 6 © 6 6 ©

Similarity Report

Atefeh Seyyedan, Farhana Yahya, Mohammad Fauzi Fahmi Kamarolza...

<1%
Crossref
chinaagrisci.com
g <1%
Internet
Junairiah ., Tri Nurhariyat, Merlin Marisan, Listijani Suhargo, Nabilah Z... <1%
(o]
Crossref
wjpmr.com
P <1%
Internet
Mustofa Marli Batubara, Asvic Helida. "Agroforestry Natural and Benefi... <1%
(o]
Crossref
journals.plos.or
J P 9 <1%
Internet
Wageningen University on 2017-06-26 <1%
(o]
Submitted works
freepatentsonline.com
P <1%
Internet
David A. Moyler. "The Aromatic Resins: Their Chemistry and Uses", Fla... <1%
(o)
Crossref
innovareacademics.in
<1%
Internet
journalijar.com
J J <1%
Internet
mdpi.com o
<1%
Internet

Sources overview


https://doi.org/10.5667/tang.2013.0002
https://www.chinaagrisci.com/EN/10.3864/j.issn.0578-1752.2012.06.021
https://doi.org/10.3923/ajps.2023.290.294
https://www.wjpmr.com/download/article/17112016/1477980705.pdf
https://doi.org/10.5296/jas.v4i3.9317
https://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0237952
http://www.freepatentsonline.com/4455316.html
https://doi.org/10.1533/9781845698249.2.96
https://innovareacademics.in/journals/index.php/ijpps/article/view/8533
https://www.journalijar.com/uploads/342_IJAR-25744.pdf
https://www.mdpi.com/1420-3049/17/8/9900

®© 06 6 6 6 © 6 6 6 6 0 6

Similarity Report

phcogj.com <1%
Internet
Bahcesehir University on 2023-01-04 <1%
Submitted works °
University of Nebraska, Lincoln on 2020-11-20 <1%
Submitted works °
apps.dtic.mil <1%
Internet
mdpi-res.com <1%
Internet
vital.seals.ac.za:8080 <1%
Internet
hindawi.com <1%
Internet
Changbin Wei, Jiaxu Li, Zhiling Ma, Jian Qiao, Weifeng Zhao, Yuge Liu. ... <1%
Crossref °
Uche-Okereafor, Nkemdinma Chinezurum. "Studies on Solanum Mauirit... <1%
Publication °
Z.A. Zakaria, H. Patahuddin, A.S. Mohamad, D.A. Israf, M.R. Sulaiman. ... <1%
Crossref °
assets.researchsquare.com o
<1%
Internet
jbsoweb.com <1%

Internet

Sources overview


https://www.phcogj.com/sites/default/files/PharmacognJ-12-6s-1494.pdf
https://apps.dtic.mil/sti/pdfs/ADA303978.pdf
https://mdpi-res.com/d_attachment/molecules/molecules-24-01364/article_deploy/molecules-24-01364.pdf
http://vital.seals.ac.za:8080/vital/access/services/Download/vital:52753/SOURCE1
https://www.hindawi.com/journals/jb/2018/9097363/
https://doi.org/10.1088/1755-1315/330/4/042061
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30361941&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.1016/j.jep.2009.12.021
https://assets.researchsquare.com/files/rs-1110084/v1/3e0ed1a9-81f7-47be-b5f5-e53d7dc845f9.pdf?c=1638581549
http://www.jbsoweb.com/admin/php/uploads/325_pdf.pdf

Similarity Report

@ F.J. Alvarez-Martinez, E. Barrajon-Catalan, M. Herranz-Lépez, V. Micol.... <1%
(o]

Crossref

Sources overview


https://doi.org/10.1016/j.phymed.2021.153626

