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Abstract: The genus Piper, a prominent member of the Piperaceae family, comprises over 2,000 species and is widely 
distributed, especially in Southeast Asia. It is well-known for several species of medicinal and economic importance, 
which have been utilized in their native regions for various purposes. Piper species show remarkable diversity in tropical 
areas worldwide, predominantly as aromatic shrubs and trees that produce substantial amounts of essential oils. These 
oils are highly valued for their therapeutic properties and have been used for centuries in food, pharmaceuticals, and 
cosmetics. Recent studies on the essential oils of Malaysian Piper species have unveiled remarkable pharmacological 
properties. This review seeks to comprehensively explore the medicinal applications, chemical profiles, and bioactivities 
of essential oils derived from prominent Piper species. The information presented was gathered through extensive 
searches of electronic databases, including PubMed, Scopus, and Google Scholar, as well as through library-based 
investigations of peer-reviewed journal articles. The focus is on the chemical components of Piper species, particularly 
their essential oils, offering insights into selecting species with optimal chemical profiles for various applications.
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1. Introduction
The Piperaceae family comprises approximately 2,000 species across four primary genera: Piper, Peperomia, 

Sarchorhachis, and Ottonia. Some studies recognize up to 13 genera, reflecting ongoing taxonomic revisions and 
differing classification criteria. Members of this family are predominantly found in tropical regions, particularly in Latin 
America and Malaysia, inhabiting diverse environments such as moist forests, secondary vegetation, and dry highlands.1 

The Piperaceae family exhibits significant morphological and anatomical diversity. The Piperaceae family holds 
significant ethnobotanical value, particularly in the genera Piper and Peperomia.1-3 

The genus Piper (Figure 1), a vital component of the Piperaceae family, encompasses over 1,000 species that are 
broadly distributed across tropical and subtropical regions worldwide. The name Piper originates from the Sanskrit 
word “pippali”, which referred to long pepper (Piper longum), a spice of historical importance in ancient trade 
networks.4-5 Over time, species within the genus have become integral to traditional medicine, culinary practices, and 
cultural customs. The Piper genus is geographically widespread, with an estimated 2,000 species distributed across 
Asia, Africa, and the Americas.6 Significant concentrations are notably found in Southeast Asia, particularly in Malaysia 
and Indonesia as well as in Latin America, underscoring their adaptability to diverse tropical ecosystems.7 Among the 
numerous species, Piper betle, Piper nigrum, and Piper longum are particularly notable for their traditional applications. 
Piper betle, commonly referred to as betel leaf, is culturally significant in South and Southeast Asia, where it is chewed 
with areca nut and slaked lime as part of various rituals. Additionally, it is prized for its antimicrobial and stimulant 
properties.8 Piper nigrum, commonly known as black pepper and celebrated as the “King of Spices”, is highly valued 
for its dried fruit, which is extensively utilized in culinary applications and traditional medicine. It is particularly 
effective in addressing colds and digestive disorders.9 Similarly, Piper longum (long pepper) holds a prominent place in 
Ayurvedic and traditional Chinese medicine, renowned for its anti-inflammatory and analgesic properties, especially in 
the treatment of respiratory ailments.10

Recently, there has been a growing interest in essential oils and other aromatic compounds derived from plants 
and used in alternative medicine. Therefore, a review on Piper essential oils is necessary to consolidate and simplify the 
available information. Data for this review was gathered through electronic searches in databases including PubMed, 
Scopus, and Google Scholar. The purpose of this review is to provide a comprehensive summary of all published studies 
on the chemical composition, biological activities, and medicinal applications of Piper essential oils.Ret
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Piper nigrum                    Piper betle                 Piper longum                       Piper methysticum                     Piper sarmentosum

 
 
Piper cubeba         Piper caninum             Piper porphyrophyllum                        Piper aduncum                   Piper divaricatum 

Figure 1. Common Piper species

2. Search strategy
The protocol for performing this study was developed following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses statement (PRISMA): (a) the first step was to exclude duplicate articles, (b) titles and 
abstracts were then read and the inclusion and exclusion criteria were applied and (c) all articles resulting from this 
stage were read in full, and the inclusion and exclusion criteria were applied again. Following this step, we reached 
the articles chosen for this study. This systematic review was conducted through searches using PubMed, Scopus, and 
Google Scholar. The keywords used were ‘Piper’, ‘essential oil’, and ‘biological activity’ for articles over the period 
from the beginning of the database until January 2025. The inclusion of articles considered the following criteria: 
(1) type of publication-original research articles, (2) only articles in English, (3) articles must present the chemical 
composition of Piper essential oils, (4) articles must discuss the bioactivity of the essential oils. As the exclusion 
criteria, the following were used: (1) articles that did not present the search terms in the title and abstract; (2) review 
articles, (3) full-text articles not found, (4) articles without one of the keywords and (5) articles that did not present the 
composition of the essential oils.

3. Medicinal uses
For centuries, Piper species have been celebrated for their diverse medicinal properties. Various plant parts, 

including fruits, roots, leaves, and bark, serve as sources for essential oils with a wide range of therapeutic applications. 
These components are used in many forms, such as pharmaceutical preparations administered individually or combined 
with traditional Chinese medicines, brewed as tea, or consumed directly. Traditionally, essential oils have been 
employed as daily remedies to alleviate discomfort and enhance both physical and mental well-being. The genus Piper 
embodies a fascinating blend of cultural heritage and modern commercial significance. Iconic species such as P. betle, P. 
nigrum, and P. longum continue to play pivotal roles in cultural practices, culinary traditions, and medicinal uses. Table 
1 provides a summary of the medicinal applications of various Piper species.11-72

The commercial value of P. betle is evident in the production of betel leaf essential oils and extracts, which are 
marketed for their antiseptic and medicinal benefits. In India, the betel leaf industry significantly contributes to the 
economy, with products exported globally for use in oral care and medicinal applications. Similarly, P. nigrum has a 
robust global market, with black and white pepper being major exports from Vietnam, India, and Brazil, which dominate 
global production. Black pepper extracts, particularly piperine, are utilized in nutraceuticals and pharmaceuticals to 
enhance the bioavailability of drugs and supplements.73 Products derived from P. longum have gained recognition for 
their therapeutic applications. Long pepper extracts are commonly used in herbal supplements and traditional medicine 
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formulations, especially in India and China, to treat respiratory and gastrointestinal disorders. Additionally, P. longum 
has gained popularity in modern wellness products, such as herbal teas, capsules, and powders, marketed for their health 
benefits.74 The increasing demand for natural and plant-based remedies has driven the commercialization of P. longum-
based products in international markets, including Europe and North America.

From the findings, it can be concluded that the genus Piper is widely recognized for its diverse medicinal 
applications. Various Piper species demonstrate therapeutic properties, including antimicrobial, anti-inflammatory, and 
antioxidant activities. They are commonly utilized in traditional medicine to treat ailments such as respiratory problems, 
digestive disorders, and infections. The evidence highlights the significant role of Piper species in ethnomedicine and 
their potential as valuable sources of bioactive compounds for modern drug development.

Table 1. Medicinal uses of several Piper species

Species Part Medicinal uses

P. longum
Fruit It is used as a liver tonic, abortifacient, and for treating insomnia, jaundice, and snakebites. 11

Root It is used for managing heart diseases. 11

P. aduncum
Leaf It is used for the treatment of wounds, diarrhea, and infections.12

Root It is used for the treatment of stomach and respiratory ailments, as well as skin wounds and dysentery.13

P. aborescens Leaf It is used for rheumatism and antiplatelet aggregation.14

P. abbreviatum
Leaf It is used to treat splenomegaly. 15

Fruit It is used to treat coughs and colds and to relieve flatulence.16

P. hispidum Leaf It is used as a poultice for healing wounds and for treating symptoms of cutaneous leishmaniasis.17

P. caninum Leaf It is used for treating hoarseness and as an antiseptic for throat aches.18

P. ribesioides Leaf It is used for treating asthma, diarrhea, abdominal pain, and for relieving chest congestion.19

P. capense Fruit It is used for treating diarrhea and cough.20

P. sarmentosum
Leaf It is used to treat skin diseases, rheumatism, headaches, and diarrhea.21

Root It is used to treat toothache, foot dermatitis, cough, and asthma.22

P. betle
Leaf It is used for treating wounds, burns, impetigo, furunculosis, and lymphangitis.23

Root It provides relief from allergic symptoms.24

P. methysticum
Fruit It is used to treat asthma, bronchitis, and fever effectively.25

Leaf It is used for treating gonorrhea, tuberculosis, menstrual pain, and chronic pain related to arthritis.21

P. cubeba
Leaf It is used to treat renal disorders, gonorrhea, syphilis, abdominal pain, enteritis, and asthma.26

Fruit It is used to manage coughs, bronchitis, sinusitis, throat and genito-urinary infections, poor digestion, 
and amebic dysentery.26

P. acutifolium Leaf It is used for antiseptic purposes and to treat wound healing, vaginal infections, gastritis, skin ulcerations, 
and other conditions.27

P. auritum Leaf It is used to treat chronic laryngitis, asthma, and serves as a diaphoretic, diuretic, and stimulant. It is also utilized for 
tonsillitis, erysipelas, fevers, gout, antiblenorrhagic therapy, rheumatism, and sores.28

P. umbellatum

Leaf It is used for treating wounds, reducing swelling, and alleviating skin irritations.29

Fruit It is used for the treatment of poisoning, pitting edema, fetal malpresentation, filariasis, 
rheumatism, hemorrhoids, and dysmenorrhea.30

Root It is used for digestive issues, including dyspepsia, constipation, and dysentery.31
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Table 1. (cont.)

Species Part Medicinal uses

P. porphyrophyllum Leaf It is used for the treatment of leprosy, abdominal discomfort, skin disorders, 
postpartum complications, and bone pain.32

P. nigrum
Leaf It is used to relieve pain, treat atrophic arthritis, influenza, fever, act as a stimulant, and provide digestive support.33

Fruit It is used for asthma, colon toxins, obesity, chronic indigestion, sinus congestion, 
cholera, colic pain, diarrhea, gastric issues, worms, and hemorrhoids.34

P. carpunya Leaf It is used for skin irritations.24

P. officinarum Fruit It is used as a digestive aid and carminative in asthma and for gastrointestinal ulcers.35

P. guineense
Root It is used for aphrodisiac purposes, as well as to treat colds, respiratory diseases, and dental caries.36

Seed It is used to treat bronchitis, gastrointestinal disorders, venereal diseases, and rheumatism.37

P. ovatum Leaf It is used for inflammation and as an analgesic.38

P. truncatum Leaf It is used in the treatment of hypertension.39

P. regnellii Leaf It is used to heal wounds, alleviate swelling, and soothe skin irritation.38

P. obliquum
Leaf It is used to relieve pain, ease muscular aches, and manage arthritis.40

Root It is used to address diarrhea, dysentery, nausea, ulcers, and genitourinary infections.24

P. marginatum Leaf It is used to treat inflammation, snake bites, and disorders of the liver and bile duct.24

P. sylvaticum Root It is used as a remedy for snake venom poisoning.24

P. angustifolium Leaf It is used for disinfection wounds and sores.41

P. alatabaccum Leaf It is used to relieve stomach aches and treat diarrhea.42

P. cumanense Leaf It is used to combat malaria and reduce fever.43

P. barbatum Leaf It is used for treating headaches, stomach pain, dermatitis, as a disinfectant, and for wound healing.44

P. boehmeriifolium
Root It is used as a laxative, anthelmintic, and carminative agent.45

Leaf It is used in antiplatelet therapies and to treat thrombotic diseases.46

P. chaba Root It is used for asthma, bronchitis, fever, abdominal pain, as a stimulant, 
and in the treatment of hemorrhoidal conditions.47

P. claussenianum Leaf It is used to treat yeast infections and vaginal disorders.48

P. dennisii Leaf It is used to alleviate rheumatic pain and arthritis.49

P. glabratum Leaf It is used to treat skin conditions, skin ulcerations, wounds, and functions as an antiseptic.50

P. grande Leaf It is used for treating leishmaniasis-associated lesions.51

P. lanceaefolium Leaf It is used to treat skin infection.52

P. hayneanum Leaf It is used to treat wounds and skin disorders.53

P. holtanii Leaf It is used to treat leishmaniasis symptoms.51

P. jacquemontianum Leaf It is used to treat skin conditions, infections, anemia, and body aches.54

P. multiplinervium Leaf It is used to treat gastrointestinal issues, snakebites, body aches, menorrhagia, 
promote wound healing, act as a hemostatic, and for teeth whitening.55

P. pulchrum Leaf It is used as antidote for snakebite.56
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Table 1. (cont.)

Species Part Medicinal uses

P. pyrifolium

Leaf It is used to treat diarrhea and as a diuretic.57

Root It is used to treat blennorrhagia.57

Stem It is used to treat asthma and neuralgia.57

P. retrofractum
Root It is used for relieving colic, dyspepsia, and stomach pain.58

Fruit It is used as an antidiarrheal, aromatic, carminative, oxytocic, stimulant, and stomachic, 
and is commonly applied in the treatment of coughs, colds, and hemorrhoids.58

P. sintenense Leaf It is used as a sedative and a remedy for snake bites.59

P. strigosum Leaf It is used to treat symptoms related to parasitic infections, leishmaniasis, and wounds.60

P. stylosum
Leaf It is used to treat fever and relieve pain.19

Root It is used as a poultice or drink after childbirth.19

P. tuberculatum Leaf It is used as a calming agent and to treat snake bites.61

P. xanthostachyum Leaf It is used to treat symptoms of leishmaniasis.51

P. alyreanum Leaf It is used to boost the immune system, relieve pain, and treat depression in traditional medicine.62

P. amalago

Fruit It is used to reduce chest pain and swelling.63

Leaf It is used to ease stomach cramps, stomachaches, and muscle pain.64

Root It is used to promote urination and treat kidney stone.65

P. anduncum Leaf It is used for venereal diseases and urinary tract infections.66

P. dilatatum Leaf It is used to relieve headaches, muscle pain, and abdominal discomfort.66

P. elongatum Leaf It is used as a treatment for gonorrhea, constipation, and wounds.67

P. jaborandi Leaf It is used as a local anaesthetic.68

P. kadsura Leaf It is used to treat asthma and arthritis.46

P. lanceaefolim Fruit It is used for treating skin infections.69

P. piscatorum Root It is used as s a fish poison and toothache remedy.70

P. taiwanense Leaf It is used to treat respiratory ailments such as coughs, colds, and bronchitis.71

P. tricuspe Fruit It is used for antimalarial and snake bites.72

4. Chemical composition of essential oils
In recent years, essential oils derived from the Piper genus have garnered substantial scientific interest due to 

their complex chemical compositions and wide-ranging potential applications. This increased attention is evident in the 
growing number of studies indexed in reputable databases like Scopus, many of which originate from countries rich 
in Piper biodiversity, such as Brazil, India, and Ecuador. These regions offer favorable climates and unique ecological 
conditions that significantly influence the yield and composition of essential oils, resulting in diverse chemical profiles 
across species.

A review of essential oils from 86 Piper species (as shown in Table 2)75-131 highlights this chemical diversity, 
with Brazil contributing the majority of the studies. This trend underscores the Amazon region’s role as a biodiversity 
hotspot and its potential as a valuable reservoir for natural product discovery. The essential oils are primarily extracted 
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from different parts of the plants, including leaves, stems, and fruits, which further contributes to their varied chemical 
compositions. Notably, Piper pedicellatum stands out for having the highest number of identified constituents (84), 
while species such as P. caldense and P. klotzschianum display remarkable oil yields of 14.7% and 13.0%, respectively.

The chemical profile of Piper essential oils is predominantly characterized by sesquiterpene hydrocarbons, 
monoterpene hydrocarbons, oxygenated monoterpenes, and phenylpropanoids. For instance, P. arboreum is 
notable for its high caryophyllene oxide content (30.5%),107 highlighting the prominence of sesquiterpenes in the 
genus. Monoterpenes such as α-pinene and β-pinene are also well represented, particularly in P. hispidum77 and 
P. tuberculatum,96 where they contribute significantly to the aromatic and therapeutic qualities of the oils. These 
compounds play important roles in the biological activity of the oils, including antimicrobial and anti-inflammatory 
effects.

Oxygenated monoterpenes further contribute to the complexity and bioactivity of Piper essential oils. 
Compounds like camphor and linalool are present in high concentrations in species such as P. malacophyllum, 
P. variabile, P. jacquemontianum, and P. claussenianum, adding to their potential value in pharmaceutical and 
cosmetic applications.54,86,102,120 Additionally, phenylpropanoids such as myristicin, safrole, and apiole are dominant 
in species like P. sarmentosum, P. betle, and P. sanctifelicis, respectively.81,95,127 These constituents contribute to 
the distinctive biological properties of the oils, including antifungal, sedative, and insecticidal activities.

Despite the growing body of literature on Piper essential oils, further investigation is needed to understand 
the broader implications of their chemical diversity. Environmental factors such as temperature, altitude, soil pH, 
and humidity are known to influence essential oil composition, yet their specific effects on Piper species remain 
insufficiently explored. Likewise, genetic variation between species plays a critical role in determining both yield and 
chemical profile. The notable differences in oil yield between P. caldense and P. klotzschianum, for example, likely 
reflect underlying genetic factors. However, cultivation practices, plant maturity, and seasonal changes may also 
contribute to these variations.83

Moreover, the consistency of essential oil composition under varying environmental and cultivation conditions 
is an area that warrants deeper study. Such information is crucial, particularly when evaluating the bioactivity of these 
oils for pharmaceutical or industrial use, as even minor shifts in chemical makeup can influence efficacy. Standardizing 
extraction methods and integrating chemometric and genetic analyses can offer more precise insights into the 
relationships between species, their environments, and the essential oils they produce.

Table 2. Major components identified from the essential oils of several Piper species

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. aduncum

Brazil
(Inflorescence)

52
(99.4) 0.4 Piperitone (23.4%), terpinen-4-ol (12.3%), β-caryophyllene (7.2%), 

α-humulene (6.9%), myristicin (6.5%)75

Brazil
(Leaf)

52
(99.1) 0.3 Myristicin (12.4%), piperitone (11.8%), germacrene D (6.9%), 

terpinen-4-ol (6.3%), dillapiole (6.3%)75

Cuba
(Leaf)

92
(97.4) NM Piperitone (23.7%), camphor (17.1%), viridiflorol (14.5%)76

P. cubeba

India 
(Fruit)

37
(96.5) NM β-Cubebene (18.9%), cubebol (13.3%), sabinene (9.6%), α-copaene (7.4%), 

β-caryophyllene (5.3%)21

Brazil
(Fruit)

13
(83.7) NM Sabinene (20.0%), 1,8-cineole (11.9%), terpinen-4-ol (6.4%), 

β-pinene (5.8%), camphor (5.6%)21

P. hispidum Venezuela
(Leaf)

34
(95.2) 0.2 α-Pinene (15.3%), β-pinene (14.8%), β-elemene (8.1%), 

caryophyllene oxide (7.8%), δ-3-carene (6.9%)77

P. lenticellosum Ecuador
(Leaf)

28
(98.8) 2.0 Piperitone (33.9%), 1,8-cineole (11.9%), limonene (11.0%), 

safrole (8.1%), α-pinene (4.4%)78
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. amalago

Ecuador
(Leaf)

38
(90.2) 0.2 β-Phellandrene (20.4%), spathulenol (10.3%), 

bicyclogermacrene (8.5%), α-pinene (7.2%)79

Brazil
(Flower)

28
(95.5) 0.5 Germacrene D (18.5%), silphiperfol-6-ene (13.5%), 

limonene (10.5%), p-cymene (9.3%)80

P. amalago

Brazil
(Leaf)

52
(96.5) 0.7 α-Amorphene (25.7%), p-cymene (9.4%),

 (E)-methyl geranate (7.8%), cubenol (6.17%)80

Brazil
(Root)

48
(99.0) 0.02  α-Amorphene (14.4%), α-muurolol (6.3%), α-gurjunene (4.4%)80

Brazil
(Stem)

51
(94.1) 0.05 α-Amorphene (23.3%), α-muurolol (9.3%), longifolene (6.6%)80

P. betle India
(Leaf)

65
(100) 0.3 Safrole (25.6%), eugenol (18.2%), eugenol acetate (8.0%)81

P. glabratum Brazil 
(Leaf)

46
(100) 0.3 β-Pinene (13.0%), longiborneol (12.0%), α-pinene (9.7%), β-caryophyllene (8.0%), 

viridiflorene (7.4%), β-copaene (6.6%), β-damascone (5.9%)82

P. cernuum Brazil 
(Leaf)

27 
(98.4) 2.0 trans-Dihydroagarofuran (36.7%), γ-eudesmol (13.3%), 

4-epi-cis-dihydroagaro-furan (11.4%)83

P. corcovadensis Brazil 
(Leaf)

31 
(96.6) 0.2 1-Butyl-3, 4-methylenedioxy-benzene (30.7%), α-terpinolene (17.5%), 

β-caryophyllene (6.3%), α-pinene (6.0%)84

P. longum

India
(Stem)

36
(97.2) 0.03 β-Pinene (34.8%), α-pinene (14.0%), limonene (10.3%), 

β-caryophyllene (9.3%), camphene (6.6%)85

India
(Root)

38
(96.9) 0.05 β-Pinene (26.4%), camphene (13.9%), α-pinene (11.8%), 

bornyl acetate (10.0%), limonene (6.3%)85

P. longum

India
(Fruit)

29
(97.1) 0.01 β-Pinene (43.1%), α-pinene (15.3%), limonene (9.6%), 

(E)-nerolidol (8.8%), β-caryophyllene (5.7%)85

India
(Leaf)

37
(76.7) 0.08 (E)-Nerolidol (22.5%), β-caryophyllene (16.8%), α-humulene (5.8%)85

P. capitarianum

Brazil 
(Leaf)

48
(96.3) 1.2 β-Caryophyllene (20.0%), α-caryophyllene (10.2%), myrcene (10.5%)86

Brazil
(Stem)

48
(94.7) 0.9 β-Caryophyllene (19.7%), α-caryophyllene (9.1%), α-selinene (7.0%)86

Brazil
(Inflorescence)

48
(94.1) 0.6 β-Caryophyllene (15.3%), α-caryophyllene (12.7%)86

P. majusculum Indonesia
(Leaf/bark)

12
(93.8) 0.02 β-Caryophyllene (17.3%), caryophyllene oxide (14.3%),

 α-selinene (14.3%), spathulenol (8.8%)87

P. umbellatum Ivory Coast
(Leaf)

40
(97.7) 0.02 Linalool (25.5%), limonene (16.2%), β-caryophyllene (15.4%), 

β-pinene (7.3%), α-pinene (6.8%)88

P. guineense Ivory Coast
 (Aerial)

45
(96.8) 0.09 α-Phellandrene (18.9%), linalool (12.8%), (2E,6E)-farnesol (10.7%), (Z)-β-ocimene 

(6.4%)88

P. regnellii Brazil 
(Leaf)

61
(97.9) 0.3 Myrcene (22.0%), (E)-anethole (16.0%), dillapiole (14.5%), 

bicyclogermacrene (9.5%), junicedranol (9.0%)89
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. regnellii

Brazil
(Flower)

61
(99.2) 0.4 (E)-Anethole (28.3%), myrcene (23.1%), bicyclogermacrene (9.6%), 

γ-muurolene (7.3%)89

Brazil
(Stem)

64
(100) 0.2 Dillapiole (30.2%), (E)-anethole (13.5%), myrcene (15.0%), junicedranol (7.9%)89

P. lolot Vietnam
(Leaf)

47
(93.9) 0.06 β-Caryophyllene (20.6%), β-bisabolene (11.6%), β-selinene (8.4%), 

β-elemene (7.7%), trans-muurola-4(14),5-diene (7.4%)90

P. capense

Ethiopia
(Fruit)

42
(82.0) 0.3 cis-Muurola-3,5-diene (15.6%), dihydroxy-isocalamendiol (11.6%), 

germacrene D (9.3%), γ-muurolene (7.2%)91

Africa 
(Seed)

31
(95.6) 3.0 Bicyclogermacrene (14.0%), α-phellandrene (12.9%), 

δ-2-carene (11.2%), p-cymene (11.1%)92

P. gaudi-chaudianum Brazil
(Leaf)

47
(92.3) 0.5 (E)-Nerolidol (22.4%), α-caryophyllene (16.5%), 

β-caryophyllene (8.9%), bicyclogermacrene (7.4%)93

P. demeraranum Brazil
(Aerial)

74
(87.3) 0.6 Limonene (20.2%), sabinene (12.9%), 

β-pinene (7.7%), α-pinene (7.3%)94

P. multipli-nervium Panama
(Leaf)

43
(90.0) 0.2 β-Selinene (19.0%), β-elemene (16.1%), α-selinene (15.5%)55

P. coruscans Ecuador
(Aerial)

26
(90.2) 0.4 β-Bisabolene (33.4%), (E)-nerolidol (10.2%), β-caryophyllene (8.0%)95

P. tuberculatum Ecuador
(Aerial)

16
(89.3) 0.8 β-Bisabolene (40.2%), δ-cadinene (9.8%), 

β-caryophyllene (9.7%), β-caryophyllene (9.7%)95

P. tuberculatum

Brazil 
(Fruit)

21
(99.6) NM β-Pinene (31.6%), α-pinene (28.4%), (Z)-β-ocimene (20.3%), 

β-terpinyl acetate (6.52%)96

Brazil
(Fruit) NM (98.9)  0.3 β-Pinene (27.8%), α-pinene (26.6%), β-caryophyllene (14.4%)97

P. obliquum Ecuador
(Aerial)

31
(88.2) 0.1 Bicyclogermacrene (7.9%), β-caryophyllene (6.3%) α-pinene (6.0%)95

P. heterophyllum Italy 
(Aerial)

21
(93.9) 0.9 1,8-Cineole (39.0%), α-pinene (9.3%), asaricin (8.8%), (E)-β-ocimene (6.5%), 

β-pinene (6.2%)98

P. lhotzkyanum Brazil
(Inflorescence)

39
(93.9) 2.4 α-Phellandrene (56.4%), β-phellandrene (14.5%), β-pinene (6.9%), α-pinene (6.8%)99

P. divaricatum Brazil
(Fruit)

16
(94.6) 0.1 β-Pinene (12.0%), 1,8-cineole (12.0%), α-phellandrene (10%), β-caryophyllene (9.0%)100

P. divaricatum Brazil 
(Leaf/stem)

16 
(98.5) 3.0 Methyl eugenol (77.1%), eugenol (7.9%)101

P. malacophyllum Brazil 
(Leaf)

28
(96.0) 0.4 Camphor (32.8%), camphene (17.8%), (E)-nerolidol (9.1%), α-pinene (5.0%)102

P. chaba Bangladesh 
(Leaf)

53
(95.1) 0.3 α-Caryophyllene (16.4%), caryophyllene oxide (12.2%), viridiflorol (8.1%), 

globulol (7.4%), β-selinene (7.1%)103
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. diospyrifolium Brazil 
(Leaf) 21 (100) 0.1 (E)-Eudesma-6,11-diene (21.2%), β-caryophyllene (16.8%), 

γ-muurolene (10.6%), limonene (8.5%)104

P. artanthe Colombia 
(Aerial) 41 (87.0) 0.8 Apiole (14.6%), δ-elemene (11.7%), β-caryophyllene (10.3%), epi-cubebol (8.9%), 

myristicin (6.4%), cubebol (6.3%)105

P. truncatum

Brazil
(Leaf) 10 (94.3) NM (Z)-3-Hexenol (35.3%), β-caryophyllene (24.2%), germacrene D (11.1%), 

(E)-nerolidol (10.5%)106

Brazil
(Stem) 16 (74.9) NM N-Isobutyl-(6Z, 8E)-decadien-amide (16.2%), α-cadinol (9.0%), 1,10-Di-epcubenol 

(7.3%), β-springene (6.5%)106

P. truncatum

Brazil
(Root)

5
(89.6) NM N-Isobutyl-(6Z, 8E)-decadien-amide (67.6%), epi-longipinanol (7.6%), 

(E)-nerolidol (6.3%)106

Brazil
(Inflorescence)

13 
(99.2) NM Germacrene D (56.0%), (E, Z)-α-farnesene (10.4%), camphene (10.3%)106

P. dumosum Ecuador
(Aerial)

29
(88.6) 0.1 Bicyclogermacrene (16.5%), germacrene D, (10.4%), apiole (8.9%), 

β-caryophyllene (9.7%)95

P. anonifolium Ecuador
(Aerial)

22
(80.0) 0.1 β-Caryophyllene (11.3%), germacrene D (9.6%), α-humulene (6.6%)95

P. reticulatum Ecuador
(Aerial)

24
(80.0) 0.07 Apiole (15.0%), germacrene D (12.6%), bicyclogermacrene (8.1%), δ-cadinene (6.0%)95

P. soledadense Ecuador
(Aerial) 18 (75.5) 1.2 Limonene (38.5%), caryophyllene oxide (8.4%), 

β-copaene (5.8%), eudesma-3,7-(11)-diene (5.8%)95

P. sancti-felicis Ecuador
(Aerial)

14
(82.0) 0.5 Apiole (76.1%), β-caryophyllene (4.1%)95

P. mituense Ecuador
(Aerial)

23
(78.8) 0.1 Apiole (51.6%), bicyclogermacrene (9.0%), germacrene D (6.7%)95

P. arboreum Brazil
(Leaf)

20
(67.5) NM Caryophyllene oxide (30.5%), myristicin (7.0%), spathulenol (6.2%), 

humulene epoxide II (5.0%)107

P. consan-guineum Brazil 
(Leaf)

40
(96.1) 0.3 γ-Eudesmol (18.6%), γ-cadinene (11.3%), (E)-nerolidol (6.2%), α-muurolol (5.0%)108

P. acutilimbum Brazil 
(Leaf)

47
(98.0) 0.1 γ-Eudesmol (7.5%), germacrene B (6.9%), α-muurolol (6.4%), 

β-longipinene (6.2%), epi-cubenol (5.6%)108

P. durilignum Brazil 
(Leaf)

38
(95.5) 0.1 Germacrene D (11.1%), limonene (10.7%), β-caryophyllene (9.1%)108

P. bellidifolium Brazil 
(Leaf)

41
(96.3) 0.01 (E)-Nerolidol (20.3%), aromadendrene (13.3%), α-copaene (10.9%)108

P. nigrum Cuba
(Fruit)

21
(67.8) NM Caryophyllene oxide (29.3%), α-terpinene (7.3%), β-caryophyllene (6.9%)109

P. ovatum Brazil
(Aerial)

44
(97.6) 2.3 δ-Amorphene (16.5%), cis-muurola-4(14),5-diene (14.2%), γ-muurolene (13.2%)38
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. japurense Brazil
(Leaf)

45
(95.1) 0.05 α-Eudesmol (22.0%), 10-epi-γ-eudesmol (6.0%) γ-cadinene (5.8%)110

P. coariense Brazil
(Leaf)

35
(95.5) 0.1 α-Eudesmol (27.3%), β-dihydro-agarofuran (15.3%) γ-cadinene (5.8%), 

10-epi-γ-eudesmol (13.3%)110

P. cachimboense Brazil 
(Leaf)

49
(82.5) 1.0 δ-Cadinene (9.2%), β-caryophyllene (7.5%),

       γ-amorphene (6.9%), germacrene D (6.4%)111

P. auriculifolium Brazil
(Leaf)

40
(95.5) 0.2 Premnaspirodien (32.2%), α-bulnesene (10.0%)110

P. curtistilum Brazil
(Leaf)

33
(92.0) 0.03 Caryophyllene oxide (28.6%), γ-muurolene (6.3%)110

P. alatipetiolatum Brazil
(Leaf)

18
(96.2) 0.1 Germacrene D (5.7%), viridiflorene (3.4%)110

P. brevesanum Brazil
(Leaf)

27
(91.3) 0.05 Bicyclogermacrene (11.6%), γ-cadinene (8.2%), 

germacrene D (7.0%), valencene (6.2%)110

P. septup-linervium Colombia
(Aerial)

63
(91.8) NM α-Pinene (21.0%), β-pinene (13.8%), 

citronellal (10.3%), α-himachalene  (7.3%)112

P. subtomentosum 

Colombia
(Leaf)

63
(92.0) NM δ-Cadinene (45.2%), β-caryophyllene (14.6%), β-cadinene (6.5%),

 (E, Z)-α-farnesene (7.5%)112 

Colombia 
(Inflorescence)

63
(86.9) NM α-Pinene (27.3%), β-pinene (15.0%), caryophyllene oxide (12.5%), 

β-caryophyllene (7.4%), 10-epi-italacene (5.3%)112 

P. borbonense

Africa 
(Leaf)

39
(99.2) 3.3 Spathulenol (27.3%), bicyclogermacrene (16.3%), α-phellandrene (8.3%), 

p-cymene (6.8%), δ-2-carene (6.6%)92

Africa
(Branch)

18
(100) 0.6 α-Bisabolol (32.4%), (E, E)-α-farnesene (24.7%), 

α-caryophyllene (9.3%), α-selinene  (8.7%)92

P. klotzs-chianum Brazil
(stem)

16
(99.8) 0.1 1-Butyl-3,4-methylenedioxybenzene (84.8%)113

P. marginatum

Brazil
(Leaf)

29
(99.6) 0.4 (Z)-Asarone (30.4%), patchouli alcohol (16.0%), elemol (9.7%)114

Brazil
(Stem)

16
(99.7) 0.03 (E)-Asarone (32.6%), patchouli alcohol (25.7%), (Z)-asarone (8.5%), elemicin (6.9%), 

β-caryophyllene (6.8%), seychellene (5.8%)114

Brazil
(Inflorescence)

18
(99.1) 0.02 Patchouli alcohol (23.4%), (E)-asarone (22.1%), 

β-caryophyllene (13.1%), α-acoradiene (9.7%)114

P.  flaviflorum China 
(Leaf)

30 
(95.3) 0.3 (E)-Nerolidol (40.5%), β-caryophyllene (14.6%), elixene (12.3%)115 

P.  flaviflorum China
(Stem)

42 
(90.1) 0.1 β-Caryophyllene (26.6%), (E)-nerolidol (16.7%), α-copaene (7.5%), elixene (5.3%)115

P. aleyreanum 

Brazil
(Leaf)

15 
(93.8) 0.9 β-Caryophyllene (18.6%), isocaryophyllene (17.5%), β-pinene (14.4%)116

Brazil 
(Aerial)

35 
(81.7) 1.0 Caryophyllene oxide (11.5%), β-pinene (9.0%), spathulenol (6.7%)62
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. renitens Brazil
(Stem)

16 
(99.8) NM Guaiol (13.9%), germacrene D (13.8%), α-pinene (12.5%), β-pinene (12.4%)117

P. bavinum
Vietnam 

(Leaf/
flower)

50 
(85.0) 0.2 Bicyclogermacrene (10.6%), globulol (5.7%), viridiflorene (5.1%)118

P. claussenianum

Brazil 
(Leaf)

16 
(92.4) 1.0 (E)-Nerolidol (81.5%), linalool (5.2%)119

Brazil
(Inflorescence)

24 
(88.7) 1.0 Linalool (50.2%), (E)-nerolidol (22.7%)120

P. variabile Guatemala
(Leaf) 

36 
(96.5) 0.7 Camphor (28.4%), camphene (16.6%), limonene (13.9%), o-cymene (6.3%)54

P. jacque-montianum Guatemala 
(Leaf) 

34 
(99.5) 0.8 Linalool (69.4%), (E)-nerolidol (8.0%)54

P. krukoffii

Brazil 
(Leaf)

44 
(97.6) 2.0  Myristicin (40.3%), apiole (25.4%)121

Brazil
(Twig)

44 
(96.8) 0.8 Myristicin (26.7%), apiole (34.1%), epi-α-muurolol (5.7%)121

P. xylosteoides

France 
(Leaf)

11 
(98.9) 2.3 Safrole (84.1%), α-pinene (7.7%)122

Brazil 
(Leaf)

8
(99.8) 3.2 Safrole (75.8%), α-pinene (15.3%)122

P. klotzschianum Brazil
(Seed)

18 
(99.3) 13.0 1-Butyl-3,4-methylenedioxy-benzene (37.0%), 

limonene (17.8%), α-phellandrene (17.0%)113

P. pedicellatum India 
(Leaf)

84 
(96.7) 0.1 Germacrene D (41.0%), β-caryophyllene (7.5%)123

P. angustifolium Brazil
(Leaf)

25 
(93.0) 0.4 Spathulenol (23.8%), caryophyllene oxide (13.1%), α-pinene (5.9%)124

P. vicosanum Brazil
(Leaf)

60 
(95.9) 0.8 γ-Elemene (14.2%), α-alaskene (13.5%), limonene (9.1%)125

P. ilheusense Brazil 
(Leaf)

22 
(80.6) 0.9 β-Caryophyllene (11.8%), patchouli alcohol (11.1%), 

gleenol (7.5%), germacrene B (7.2%)126

P. sarmentosum

India 
(Leaf)

8
(98.4) 0.7 Myristicin (83.4%), β-caryophyllene (4.2%)127

India 
(Fruit)

10 
(98.2) 0.5 Myristicin (84.2%), β-caryophyllene (5.7%)127

India
(Root)

6
(97.5) 0.02 Myristicin (81.2%), apiole (5.6%)127

P. acre Vietnam 
(Leaf)

45 
(99.4) 0.2 (E)-Nerolidol (22.7%), sabinene (19.5%), δ-cadinene (12.4%), β-eudesmol (7.5%)128

P. acre Vietnam 
(Stem)

52 
(89.4) 0.1 Sabinene (19.9%), (E)-nerolidol (15.6%), δ-cadinene (13.5%), benzyl benzoate (7.0%)128
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Table 2. (cont.)

Species Locality
(Parts)

Total
(No. %)

Yield 
(%) Major components

P. laosanum Vietnam 
(Leaf)

57
(85.7) 0.2 α-Curcumene (12.0%), germacrene D (6.3%), sabinene (6.1%), spathulenol (5.1%)128

P. laosanum Vietnam 
(Stem)

44 
(89.0) 0.1 Sabinene (14.9%), benzyl salicylate (14.3%), (E)-nerolidol (9.3%)128

P. mollicomum Brazil 
(Leaf)

15 
(98.0) 0.9 Camphor (39.9%), camphene (25.3%), (E)-nerolidol (7.5%)129

P. carpunya USA
(Leaf)

42 
(96.2) 0.7 Piperitone (26.2%), limonene (9.5%), elemicin (7.2%)130

P. subscutatum Ecuador 
(Leaf)

66 
(96.9) 0.2 β-Caryophyllene (25.3%), β-chamigrene (10.3%)131

5. Chemical composition of Piper essential oils from Malaysia
Table 3 presents the essential oil compositions of 18 Piper species native to Malaysia, with oils extracted primarily 

from leaves, stems, and rhizomes.132-143 These plant parts offer distinct chemical profiles, reflecting the influence of 
organ-specific biosynthesis and environmental interactions. The data reveal a consistent richness in sesquiterpenes 
across the studied species, positioning them as central to the chemical identity of Malaysian Piper essential oils. Among 
these, β-caryophyllene emerges as a dominant compound, widely distributed across multiple species and plant parts.

Notably, Piper nigrum fruit oil stands out with an exceptionally high β-caryophyllene content of 39.7%, in 
addition to δ-3-carene (10.9%) and myrcene (9.1%).109 This suggests a potential link to the plant’s well-documented 
pharmacological properties. Similarly, the stem oil of P. caninum contains 20.6% β-caryophyllene, alongside significant 
levels of α-bergamotene (13.7%) and (E)-isoeugenol (13.4%),136 while the leaf oil of P. magnibaccum features 19.7% 
β-caryophyllene and germacrene D (10.7%).138 These findings underscore the prominent role of β-caryophyllene as a 
chemotaxonomic marker and a key contributor to the biological efficacy of Piper essential oils.

In addition to sesquiterpenes, monoterpene hydrocarbons are important constituents in several Malaysian 
Piper species. For example, P. baccatum leaf oil is characterized by high levels of camphene (22.1%), together with 
β-caryophyllene (30.7%) and eucalyptol (14.9%).142 Similarly, P. ribesioides leaf oil contains 16.3% camphene and 
20.0% β-caryophyllene,19 indicating the co-occurrence of monoterpenes and sesquiterpenes in meaningful proportions. 
The stem oil of P. porphyrophyllum is also notable for its sabinene content (15.5%), a monoterpene valued for its 
fragrance and antimicrobial properties.32 These monoterpenes contribute to the essential oils’ aromatic complexity and 
may also enhance synergistic biological activities.

Oxygenated sesquiterpenes represent another significant class of bioactive compounds in Malaysian Piper oils. 
Piper miniatum leaf oil, for example, is rich in caryophyllene oxide (20.3%), followed by α-cubebene (10.4%) and 
β-caryophyllene (8.5%).132 Likewise, P. ornatum leaf oil contains 31.5% caryophyllene oxide and spathulenol (5.9%),140 
further highlighting this oxygenated sesquiterpene’s relevance. Piper penangense leaf oil features humulene epoxide II 
as its major component (31.9%), which may be associated with specific antimicrobial or anti-inflammatory properties.141 
The occurrence of these oxygenated compounds enriches the pharmacological potential of the oils and suggests 
specialized roles in plant defense mechanisms.

Hence, the essential oils of Malaysian Piper species exhibit a rich and varied chemical makeup, dominated by 
sesquiterpenes such as β-caryophyllene, monoterpenes like camphene and sabinene, and oxygenated sesquiterpenes 
including caryophyllene oxide and humulene epoxide II. The diversity and abundance of these compounds not 
only define the aromatic and sensory attributes of the oils but also contribute to their functional properties, such as 
antimicrobial, anti-inflammatory, and antioxidant activities. This distinct chemical profile highlights the therapeutic 
potential of Malaysian Piper species and supports further exploration for pharmaceutical, nutraceutical, and cosmetic 
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applications. Figure 2 provides a visual summary of the most frequently identified major components across the studied 
species.

Table 3. Major components identified from Malaysian Piper essential oils

Species Parts Total 
(No. %)

Yield 
(%) Major components

P. miniatum Leaf 64
(89.2) 0.4 Caryophyllene oxide (20.3%), α-cubebene (10.4%), 

β-caryophyllene (8.5%), α-muurolene (5.8%), guaiazulene (3.8%)132

P. aduncum Leaf 35
(67.9) NM Apiole (38.0%), methyl isobutyl ketone (8.2%), piperitone (3.3%)133

P. aborescens 
 Leaf 36

(97.5) 0.2 β-Phellandrene (24.3%), sabinene (16.3%), α-pinene (10.4%), terpinen-4-ol (7.2%)134

Stem 46
(90.5) 0.1 β-Phellandrene (20.4%), methyl eugenol (11.0%), β-caryophyllene (9.0%)134

P. abbreviatum Aerial 33
(70.5) 0.2 Spathulenol (11.2%), (E)-nerolidol (8.5%), β-caryophyllene (7.8%), 

ar-curcumene (5.8%), caryophyllene oxide (5.5%)16

P. erecticaule Aerial 35
(63.4) 0.1 β-Caryophyllene (5.7%), spathulenol (5.1%), β-cadinene (3.8%)16

P. lanatum  Aerial 39
(78.2) 0.2 Borneol (7.5%), β-caryophyllene (6.6%), α-amorphene (5.6%), α-cubebene (5.0%)16

P. muricatum Whole 
plant

40
(90.8) 0.4 Aromadendrene (16.2%), β-caryophyllene (8.8%), germacrene D (7.9%), 

γ-cadinene (7.9%), elemol (5.4%), γ-elemene (4.9%)135 

P. caninum
Stem 57

(98.4) 0.4 β-Caryophyllene (20.6%), α-bergamotene (13.7%), (E)-isoeugenol (13.4%), 
(E, Z)-3,6-nonadien-1-ol (9.3%)136

Leaf 36
(77.9) 0.4 Safrole (17.1%), β-pinene (8.9%), linalool (7.0%), β-caryophyllene (6.7%)137

P. magnibaccum
Leaf 25

(93.5) 0.2 Germacrene D (40.8%), α-caryophyllene (8.5%), α-cadinol (6.1%)138

Stem 33
(87.6) 0.09 β-Caryophyllene (19.7%), germacrene D (10.7%), α-cadinol (8.2%)138

P. stylosum

Leaf 50 
(89.2) 0.08 Aromadendrene (26.6%), β-caryophyllene (11.5%), sabinene (13.8%)19

Stem 45
(88.8) 0.07 Aromadendrene (18.8%), β-caryophyllene (17.9%), sabinene (6.7%)19

P. officinarum
Leaf 40

(85.6) 0.2 β-Caryophyllene (11.2%), α-pinene (9.3%), sabinene (7.6%), 
β-selinene (5.3%) limonene (4.6%)139

Stem 41
(93.0) 0.2 β-Caryophyllene (10.9%), α-phellandrene (5.4%)139

P. ornatum Leaf 27
(79.6) 0.3 Caryophyllene oxide (31.5%), spathulenol (5.9%) aromadendrene (4.9%)140

P. penangense Leaf 12
(84.5) 0.5 Humulene epoxide II (31.9%), caryophyllene oxide (9.9%), 

muurola-4,10(14)-dien-1-ol (9.1%), β-ionone (8.3%)141
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Table 3. (cont.)

Species Parts Total 
(No. %)

Yield 
(%) Major components

P. baccatum Leaf 14
(98.1) NM β-Caryophyllene (30.7%), camphene (22.1%), eucalyptol (14.9%), 

γ-muurolene (6.9%), α-pinene (5.3%)142

P. porphyro-phyllum
Leaf 34

(97.3) 0.2 Bicyclogermacrene (14.7%), α-copaene (13.2%), β-phellandrene (9.5%), 
α-cubebene (7.4%), β-caryophyllene (6.4%)32

Stem 38
(95.5) 0.1 Sabinene (15.5%), bicyclogermacrene (12.3%), α-copaene (8.1%), α-pinene (7.8%)32

P. nigrum Fruit 14
(92.0) NM β-Caryophyllene (39.7%), δ-3-carene (10.9%), myrcene (9.1%), limonene (8.7%)109

P. maingayi
Stem 34

(83.6) 0.09 β-Caryophyllene (26.2%), α-cedrene (8.4%), caryophyllene oxide (6.7%)143

 Fruit 18
(78.7) 0.1 δ-Cadinene (22.6%), β-caryophyllene (18.8%), α-copaene (11.2%)143

P. ribesioides
 Leaf 60

(87.0) 0.03 β-Caryophyllene (20.0%), camphene (16.3%)19

Stem 39
(82.9) 0.04 β-Caryophyllene (14.4%), camphene (12.3%),  δ-cadinene (7.8%)19

β-Caryophyllene        a-Pinene           β-Pinene        Limonene          Germacrene D 

Bicyclogermacrene        Spathulenol            Safrole              Myristicin     Camphor 

1,8-Cineole         Terpinen-4-ol         a-Humulene             Eugenol          Piperitone
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H
H

H

H
HH

HO

O

O H

H O

O
OH

OH
O

O

Figure 2. Common major components of Piper essential oils

6. Biological activities of Piper essential oils

Piper essential oils are renowned for their remarkable biological properties, which make them highly valuable 
for a broad range of scientific and medicinal applications. The biological activities of these essential oils, along with 
the phytochemicals derived from Piper species, underscore their significant potential in therapeutic, agricultural, 
and industrial sectors. Table 4 presents an overview of the biological activities associated with Piper essential 
oils.144-173 Several Piper species demonstrated robust antioxidant capacities. For instance, P. capense essential oil 

 
 

 H 
 

 HO H 

Ret
ra

cte
d



Fine Chemical EngineeringVolume 6 Issue 2|2025| 201

exhibited a notable IC50 value of 12.5 µg/mL against DPPH radicals. This aligns with broader research on essential 
oils, which highlights their rich composition of phenolic and terpenoid compounds known for scavenging free 
radicals. Antioxidants are critical for mitigating oxidative stress, a contributor to chronic diseases such as cancer, 
cardiovascular disorders, and neurodegeneration. The strong activity observed in these oils suggests their potential as 
natural alternatives to synthetic antioxidants, which often pose toxicity concerns.

The antimicrobial activity of Piper essential oils is evident, with species like P. albispicum showing exceptional 
potency against P. aeruginosa at MIC value of 5.8 µg/mL. Essential oils generally owe their antimicrobial properties 
to compounds such as eugenol, safrole, and beta-caryophyllene, which disrupt microbial cell membranes. This is 
particularly significant in combating antibiotic-resistant bacteria and pathogenic fungi, such as C. tropicalis and A. 
niger. The efficacy of these oils against a wide spectrum of microorganisms positions them as promising candidates for 
developing plant-based antimicrobials in healthcare and food preservation.

Table 4. Bioacticities of Piper essential oils

Bioactivities Essential oils Description

Antioxidant 

P. cubeba The essential oil showed good radical scavenging activity with capacities of 28.6% and 24.1% 
against DPPH and ABTS free radicals, respectively.144

P. capense The essential oil demonstrated strong activity against DPPH with an IC50 value of 12.5 µg/mL.91

P. magnibaccum The leaf and stem oil exhibited high activity in DPPH and ABTS free radical assays, 
with IC50 values of 17.5 and 12.9 μg/mL, respectively.138

P. methysticum The root oil demonstrated strong radical scavenging activity against DPPH and ABTS free radicals, 
with IC50 values of 74.8 and 76.5 µg/mL, respectively.145

P. umbellactam The essential oil exhibited potent activity against DPPH, with an IC50 value of 17.4 µg mL.146

P. betle The leaf oil had strong activity against DPPH with an IC50 value of 114.3 g/mL.146

P. caninum The stem oil demonstrated the highest inhibitory activity against lipid peroxidation, reaching 114.9%.18

P. aleyreanum The essential oil had strong activity against DPPH with 412.2 mg TE/mL.147

P. maingayi The stem and leaf oils exhibited strong activity against DPPH, 
with IC50 values of 14.9 and 20.8 μg/mL, respectively.143

Herbicidal P. cubeba The fruit oil exhibited an inhibition effect on the shoot growth of Bidens pilosa 
with an IC50 value of 1.9 mg/mL.144

Anti-trichomonal P. nigrum
The fruit oil caused 100% mortality of Trichomonas vaginalis by inducing cell lysis 

at a minimum lethal concentration (MLC) of 12.5 µg/mL 
and reduced trophozoite viability at a sub-MLC level of 6.2 µg/mL.148

Anti-hyperuricemia
P. cubeba. The essential oil exhibited strong inhibitory effects on xanthine oxidase 

with an IC50 value of 54.8 µg/mL.144

P. methysticum The essential oil exhibited strong inhibitory effects on xanthine oxidase 
with an IC50 value of 50.0 µg/mL.145Ret
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Table 4. (cont.)

Bioactivities Essential oils Description

Antimicrobial

P. longum The essential oil demonstrated activity against clinical urine isolates of C. tropicalis, 
with an MIC value of 31.2 µg/mL.38

P. albispicum The leaf oil exhibited activity against P. aeruginosa, with an MIC value of 5.8 µg/mL.149

P. ovatum The essential oil demonstrated significant activity, with MIC values of 15.6 and 31.2 µg/mL against B. 
subtilis and 3.9 µg/mL against C. tropicalis.38

P. ecuadorense The essential oil displayed strong activity against S. aureus, T. rubrum, and T. mentagrophytes, 
with MIC values of 250, 62.5, and 62.5 μg/mL, respectively.150

P. arborescens
The leaf oil demonstrated significant activity against S. aureus, with an MIC value of 250 µg/mL, while 

the stem oil exhibited activity against P. aeruginosa and A. niger, 
each with an MIC value of 500 µg/mL.134

P. ribesioides The essential oils exhibited strong activity against B. cereus and S. aureus, 
with both having an MIC value of 62.5 µg/mL.19

P. porphyrophyllum The leaf and stem oils demonstrated MIC values of 125, 250, and 250 µg/mL against B. subtilis, 
S. aureus, and E. coli, respectively.32

P. pendulispicum The leaf and stem oils exhibited strong growth inhibition against E. faecalis, S. aureus, 
and B. cereus, with MIC values of 16, 64, and 64 μg/mL, respectively.151

P. erecticaule The essential oil demonstrated the highest activity against A. niger, with an MIC value of 31.3 μg/mL.16

P. lanatum The essential oil exhibited strong activity against A. niger, with an MIC value of 62.5 μg/mL.16

P. abbreviatum The essential oil demonstrated activity against B. cereus, S. aureus, and E. faecalis, 
with an MIC value of 250 μg/mL for each.16

P. magnibaccum The essential oil exhibited strong activity against P. aeruginosa, with an MIC value of 250 μg/mL.138

P. officinarum The leaf and stem oils demonstrated activity against E. coli and P. aeruginosa, 
with MIC values of 250 μg/mL for each.139

P. stylosum The leaf and stem oils exhibited strong activity against B. cereus and S. aureus, 
with MIC values of 125 μg/mL for both.152

P. muricatum The leaf oil demonstrated activity against B. cereus, S. mutans, and P. aeruginosa, 
with an MIC value of 250 μg/mL for each135

Insecticidal

P. auritum The essential oil was active with a RC₅₀ value of 0.002 μL/cm2 against T. castaneum.153 

P. marginatum The essential oil caused over 80% mortality in Artemia salina larvae with an LC50 value of 17.4 µg/mL.154

P. retrofractum The fruit oil exhibited toxicity against BPH nymphs, with LC₅₀ 
and LC₉₅ values of 0.02% and 0.19%, respectively.155

Anti-helicobacter P. longum The fruit oil exhibited inhibitory effects on Helicobacter pylori, with an MIC value of 1.95 μg/mL.156

Antifungal

P. divaricatum The leaf oil demonstrated significant activity against Fusarium solani, with an MIC value greater 
than 2.50 mg/mL and an inhibition rate exceeding 90%.101

P. auritum The essential oil inhibited the radial growth of Fusarium oxysporum, with an MIC value of 9 mg/mL.157

P. borbonense The leaf and branch oils demonstrated strong efficacy against Coniophora puteana with MIC value 
1/5,000 and against Poria placenta, with MIC value 1/3,000 (v/v).92

P. macedoi The leaf oil effectively inhibited the mycelial growth of Colletotrichum musae 
with an IC50 value of 0.804 mL/L.158

Anti-proliferative
P. trioicum The leaf oil exhibited significant cell growth inhibition in HCT-116, HT-29, PC-3, and HepG2 cell lines 

with IC50 values of 95.2, 33.1, 74.9, and 63.0 µg/mL, respectively.159

P. chaudocanum The leaf oil inhibited HepG2 cell with an IC₅₀ value of 22.9 μg/mL.160 

Xanthine oxidase P. lolot The essential oil displayed an IC50 value of 28.4 μg/mL.90
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Table 4. (cont.)

Bioactivities Essential oils Description

α-Amylase P. lolot The essential oil displayed an IC50 value of 130.6 μg/mL.90

α-Glucosidase P. lolot The essential oil displayed an IC50 value of 59.1 μg/mL.90

Anti-cholinesterase

P. abbreviatum The essential oil showed high selective inhibition for AChE with percentage values ranged 
from 24.2 to 58.2%.161 

P. ornatum The essential oil showed activity against AChE and BChE with inhibition of 70.2% 
and 75.8% respectively.140

P. erecticaule The essential oil demonstrated the highest inhibitory activity against AChE and BChE, 
with inhibition rates of 22.9% and 70.9%, respectively.16

Insecticidal

P. septuplinervium The essential oil induced high mortality rates in Spodoptera frugiperda instar larvae 
with an LC50 value of 9.4 μL/L in air.112

P. subtomentosum The inflorescence oil led to high mortality rates in Spodoptera frugiperda instar larvae 
with an LC50 value of 13.2 μL/L in air.112

P. macedoi The leaf oil exhibited a high mortality rate (> 91%) against the aphid Cerosipha forbesi.162

P. aduncum The essential oil exhibited high efficacy against C. felis, resulting in 100% egg mortality.163

Acaricidal

P. marginatum The leaf oil caused 100% mortality of Suidasia pontifica after 72 hours of exposure 
with LC50 values between 1.1 and 2.1 µL/L in air.164

P. callosum The essential oils induced 100% mortality in Suidasia pontifica with LC50 values 
between 1.2 and 3.4 µL/L air.164

P. tuberculatum The leaf oil demonstrated high toxicity against Tetranychus urticae 
with an LC50 value of 0.50 µL/L in air.165

Larvicidal
P. capense The essential oil resulted in over 80% mortality of Anopheles gambiae after 24 h of exposure 

with an LC50 value of 34.9 ppm.166 

P. marginatum The inflorescence oil exhibited strong activity against Aedes aegypti with LC10 and LC50 
values of 14.8 and 20.0 ppm, respectively.114 

Antifeedant

P. hispidinervum The essential oil demonstrated high effectiveness against Leptinotarsa decemlineata 
with an EC50 value of 0.4 µg/cm2.167

P. capitarianum The leaf oil exhibited strong deterrent activity, reducing the feeding of Plutella xylostella 
with an AC50 value of 0.07 mg/mL.168

P. sarmentosum The stem and leaf oils produced significant effects on Brontispa longissima resulting 
in antifeedant rates of 50.32%, 61.29%, 74.08%, 86.15%, and 92.26%, respectively.169

Adulticidal P. capitarianum The essential oil was active against A. aegypti and A. albopictus with LC50 
values of 126.2 and 124.5 μg/mL, respectively.86

Anti-leishmanial

P. auritum The essential oil effectively inhibited the growth of intracellular amastigotes of Leishmania donovani, 
achieving an IC50 value of 22.3 µg/mL.170 

P. angustifolium The leaf oil showed high activity against intracellular amastigotes of Leishmania infantum, 
with an IC50 value of 1.43 µg/mL.124

P. claussenianum The leaf oil effectively inhibited the growth of Leishmania amazonensis achieving a 31.2% reduction.119

Cytotoxic

P. artanthe The essential oil exhibited strong toxicity against Artemia salina, with an LC50 value of 107.1 μg/mL.105 

P. boehmeriifolium The essential oil showed activity against HepG2 and MCF-7 cell lines 
with IC50 values of 51.5 and 14.3 μg/mL, respectively.171 

P. klotzschianum The leaf oil demonstrated inhibitory effects on HepG2 and HL-60 cell lines, 
with IC50 values of 27.3 and 33.8 µg/mL, respectively.107 
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Table 4. (cont.)

Bioactivities Essential oils Description

Anti-parasitic 

P. claussenianum The leaf oil effectively inhibited the growth of Leishmania amazonensis, 
with MIC and IC50 values of 57.6 and 30.4 μg/mL, respectively.119

P. diospyrifolium  The branch oil significantly reduced the growth of Leishmania braziliensis, 
achieving a 35.3% inhibition rate.172 

P. cubeba The leaf oil displayed activity against Trypanosoma cruzi with IC50 values of 45.5 µg/mL 
for trypomastigotes and 87.9 µg/mL for amastigotes.173

Insecticidal activity is another noteworthy aspect, with P. retrofractum fruit oil exhibiting LC50 values as low as 
0.02% against brown planthopper nymphs. The larvicidal properties of P. capense against Anopheles gambiae (LC50 
value of 34.9 ppm) reinforce their utility in controlling disease vectors like malaria mosquitoes​. Such properties are 
linked to monoterpenes and sesquiterpenes in essential oils, which act as neurotoxins to pests. These findings play a 
critical role in advancing sustainable pest management approaches, minimizing the reliance on synthetic pesticides 
that negatively impact non-target species and the broader environment. The cytotoxicity of Piper oils, including P. 
boehmeriifolium, against HepG2 and MCF-7 cell lines (with an IC50 value of 14.3 μg/mL), highlights their promising 
anticancer potential. Essential oils are increasingly studied for their ability to induce apoptosis, inhibit cell proliferation, 
and target multiple cancer pathways. For example, terpenoids like limonene and linalool, often found in Piper oils, 
have demonstrated these effects. These natural agents have the potential to complement conventional cancer treatments, 
offering the possibility of reducing side effects and enhancing patient outcomes The herbicidal activity of P. cubeba 
fruit oil against Bidens pilosa (IC50 value of 1.9 mg/mL) highlights its application in sustainable agriculture​. Similarly, 
the anti-parasitic properties, like those of P. cubeba oil against Trypanosoma cruzi (IC50 value of 45.5 μg/mL), suggest 
utility in neglected tropical diseases​. These findings align with global efforts to reduce chemical residues in agriculture 
and develop affordable treatments for parasitic infections.

The biological implications of this chemical diversity are particularly noteworthy, with sesquiterpene hydrocarbons 
such as β-caryophyllene, nerolidol, and bicyclogermacrene demonstrating promising anti-inflammatory, antimicrobial, 
and antioxidant properties. However, comparative bioassays are necessary to determine their pharmacological 
potency relative to synthetic or natural alternatives. Oxygenated monoterpenes like linalool and camphor contribute to 
antimicrobial and sedative effects, but their efficacy compared to commercially available compounds remains unclear. 
Furthermore, the presence of phenylpropanoids such as myristicin, safrole, and apiole adds another layer of complexity, 
as these compounds are associated with potent biological activity but also raise concerns regarding toxicity, potentially 
limiting their medicinal or industrial applications.

From an industrial and pharmacological perspective, the study highlights the commercial potential of Piper 
essential oils, yet further research is needed to identify which species offer the highest value for pharmaceutical, 
cosmetic, or fragrance industries. Synergistic interactions between major and minor constituents may enhance 
therapeutic benefits, but these effects require further validation. Regulatory concerns surrounding compounds like 
safrole and myristicin, which are subject to restrictions due to potential toxicity, could pose challenges in large-scale 
applications. Additionally, methodological variations in extraction techniques and analytical procedures, such as 
differences in gas chromatography-mass spectrometry (GC-MS) parameters, may influence the reported compositions, 
raising questions about standardization and reproducibility.

7. Conclusion
This review provides a comprehensive analysis of the medicinal applications, chemical profiles, and bioactivity of 

Piper essential oils. The studies examined highlight that these oils are predominantly composed of monoterpenes and 
sesquiterpenes, which exhibit significant antioxidant, antimicrobial, and other pharmacological effects. The variability in 
their chemical composition is largely influenced by genetic and environmental factors, emphasizing the need for further 
investigation into their biosynthetic pathways. While existing research underscores the therapeutic potential of Piper 

Ret
ra

cte
d

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/piper


Fine Chemical EngineeringVolume 6 Issue 2|2025| 205

essential oils, additional pharmacological studies are required to explore their broader medicinal applications.
Future research should focus on identifying the most relevant bioactive compounds, assessing their mechanisms of 

action, and conducting preclinical and clinical studies to validate their efficacy and safety. Expanding investigations to 
Piper species from underexplored regions and diverse environmental conditions could uncover novel chemotypes with 
unique bioactivities. Advanced technologies, such as metabolomics and genomics, can provide deeper insights into the 
genetic and environmental factors influencing oil composition. Furthermore, interdisciplinary collaboration with the 
pharmaceutical and cosmetic industries could facilitate the commercialization of Piper essential oils, enhancing their 
economic value and broadening their application as bioactive agents in drug development and product formulation. 
By addressing these research gaps, Piper essential oils could emerge as valuable resources for natural therapeutics and 
industrial applications.

Acknowledgement
This research was supported by the Geran Penyelidikan Universiti (Kecemerlangan@UPSI) under grant number 

2025-0012-103-01, funded by Universiti Pendidikan Sultan Idris.

Conflict of interest 
Authors declare that there is no conflict of interest.

References
[1]	 Vanin, S. A.; Ramos, C. S.; Guimarães, E. F.; Kato, M. J. Rev. Bras. Entomol. 2008, 52, 72-77.
[2]	 Salleh, W. M. N. H. W.; Tawang, A.; Jauri, M. H. Bioint. Res. Appl. Chem. 2022, 12, 1791-1802. 
[3]	 Salleh, W. M. N. H. W. Z. Naturforsch. C. 2021, 76, 93-102. 
[4]	 Ravindran, P. N.; Nirmal, B. K.; Krishnamurthy, K. S. The Genus Piper: A Monograph. CRC Press, 2016.
[5]	 Suwanphakdee, C.; Simpson, D. A.; Hodkinson, T. R.; Chantaranothai, P. Nordic J. Bot. 2016, 34, 605-618.
[6]	 Jaramillo, M. A.; Callejas, R.; Davidson, C.; Smith, J. F.; Stevens, A. C.; Tepe, E. J. Ann. Miss. Bot. Gard. 2008, 

95, 113-129.
[7]	 Parmar, V. S.; Jain, S. C.; Bisht, K. S.; Jain, R.; Taneja, P.; Jha, A.; Tyagi, O. D.; Prasad, A. K.; Wengel, J.; Olse, C. 

E.; Boll. P. M. Phytochemistry 1997, 46, 597-673.
[8]	 Guha, P. J. Human Ecol. 2006, 19, 87-93.
[9]	 Salleh, W. M. N. H. W.; Hashim, N. A.; Ahmad, F.; Khong, H. Y. Adv. Pharm. Bull. 2014, 4, 527-531. 
[10]	Dhanya, K.; Sasikumar, B. Curr. Trends Biotech. Pharm. 2013, 7, 404-420.
[11]	Gani, H. M.; Hoq, M. O.; Tamanna, T. Asian J. Med. Biol. Res. 2019, 5, 1-7.
[12]	Taher, M.; Amri, M. S.; Susanti, D.; Abdul Kudos, M. B.; Md Nor, N. F. A.; Syukri, Y. Sains Malays. 2020, 49, 

1829-1851.
[13]	Durant-Archibold, A. A.; Santana, A. I.; Gupta, M. P. J. Ethnopharmacol. 2018, 217, 63-82.
[14]	Tsai, I. L.; Lee, F. P.; Wu, C. C.; Duh, C. Y.; Ishikawa, T.; Chen, J. J.; Chen, Y. C.; Seki, H.; Chen, I. S. Planta 

Med. 2005, 71, 535-542.
[15]	Uy, M. M.; Garcia, K. I. AAB Bioflux. 2015, 7, 71-79.
[16]	Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y. Nat. Prod. Commun. 2014, 9, 1795-1798. 
[17]	Terreaux, C.; Gupta, M. P.; Hostettmann, K. Phytochemistry 1998, 49, 461-464.
[18]	Salleh, W. M. N. H. W.; Ahmad, F.; Yen, K. H.; Sirat, H. M. Int. J. Mol. Sci. 2011, 12, 7720-7731.
[19]	Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y. Bol. Latinoam. Caribe Plant. Med. Aromat.  2014, 13, 488-497.
[20]	Rojas, J. J.; Ochoa, V. J.; Ocampo, S. A.; Muñoz, J. F. BMC Complement. Altern. Med. 2006, 6, 2.
[21]	Salehi, B.; Zakaria, Z. A.; Gyawali, R.; Ibrahim, S. A.; Rajkovic, J.; Shinwari, Z. K.; Khan, T.; Sharifi-Rad, J.; 

Ozleyen, A.; Turkdonmez, E.; Valussi, M.; Tumer, T. B.; Monzote Fidalgo, L.; Martorell, M.; Setzer, W. N. 
Molecules 2019, 24, 1364.

[22]	Tuntiwachwuttikul, P.; Phansa, P.; Pootaeng-on, Y.; Taylor, W. C. Chem. Pharm. Bull. 2006, 54, 149-151.
[23]	Dwivedi, B. K.; Mehta, B. K. J. Nat. Prod. Plant Resour. 2011, 1, 18-24.

Ret
ra

cte
d



Fine Chemical Engineering 206 | Wan Mohd Nuzul Hakimi Wan Salleh, et al.

[24]	Chahal, J.; Ohlyan, R.; Kandale, A.; Walia, A.; Puri, S. Int. J. Curr. Pharm. Rev. Res. 2011, 2, 130-144.
[25]	Dragull, K.; Yoshida, W. Y.; Tang, C. S. Phytochemistry 2003, 63, 193-198.
[26]	Ahmad, G.; Ahmad, Q.; Jahan, N.; Tajuddin. Saudi J. Kidney Dis. Transplant. 2012, 23, 773-781.
[27]	Svetaz, L.; Zuljan, F.; Derita, M.; Petenatti, E.; Tamayo, G.; Cáceres, A.; Cechinel Filho, V.; Giménez, A.; Pinzón, 

R.; Zacchino, S. A.; Gupta, M. J. Ethnopharmacol. 2010, 127, 137-158.
[28]	Domínguez, X. A.; Alcorn, J. B. J. Ethnopharmacol. 1985, 13, 139-156.
[29]	Salleh, W. M. N. H. W.; Ahmah F.; Khong H. Y.; Suan, C. L. Essential Oils, Phytochemicals and Bioactivities of 

Piper Caninum Blume and Piper Officinarum C.DC. Nova Science Publisher, 2012.
[30]	Ampofo, S. A.; Roussis, V.; Wiemer, D. F. Phytochemistry 1987, 26, 2367-2370.
[31]	Roersch, C. M. F. B. J. Ethnopharmacol. 2010, 131, 522-537.
[32]	Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y.; Sirat, H. M. Exp. Clin. Sci. J. 2012, 11, 399-406.
[33]	Bagheri, H.; Yazid, M.; Manap, A.; Solati, Z. Talanta 2014, 121, 220-228
[34]	Sasidharan, I.; Menon, A. N. Int. J. Biol. Med. Res. 2010, 1, 215-218.
[35]	Mgbeahuruike, E. E.; Yrjonen, T.; Vuorela, H.; Holm, Y. South Afr. J. Bot. 2017, 112, 54-69.
[36]	Juliani, H. R.; Simon, J. E.; Ho, C. T. ACS Symp. Series: Afr. Nat. Plant Prod. 2013, 1127, 33-48.
[37]	Colvard, M. D.; Cordell, G. A.; Villalobos, R.; Sancho, G.; Soejarto, D. D.; Pestle, W.; Echeverri, T. L.; Perkowitz, 

K. M.; Michel, J. J. Ethnopharmacol. 2006, 107, 134-142.
[38]	Silva, D. R.; Endo, E. H.; Filho, B. P. D.; Nakamura, C. V.; Svidzinski, T. I. E.; De Souza, A.; Young, M. C. M.; 

Ueda-Nakamura, T.; Cortez, D. A. G. Molecules 2009, 14, 1171-1182.
[39]	Raimundo, J. M.; Trindade, A.; Velozo, M.; Auxiliadora, M.; Sudo, R. T.; Zapata-Sudo, G. Euro. J. Pharmacol. 

2009, 606, 150-154.
[40]	Guerrini, A.; Sacchetti, G.; Rossi, D.; Paganetto, G.; Muzzoli, M.; Andreotti, E.; Tognolini, M.; Maldonado, M, E.; 

Bruni, R. Environ. Toxicol. Pharmacol. 2009, 27, 39-48.
[41]	Tirillini, B.; Velasquez, E. R.; Pellegrino, R. M. Planta Med. 1996, 62, 372-373.
[42]	Facundo, V. A.; Silveira, A. S. P.; Morais, S. M. Biochem. Syst. Ecol. 2005, 33, 753-756.
[43]	Garavito, G.; Rincón, J.; Arteaga, L.; Hata, Y.; Bourdy, G.; Giménez, A.; Pinzón, R.; Deharo, E. J. 

Ethnopharmacol. 2006, 107, 460-462.
[44]	Calderón, Á. I.; Romero, L. I.; Ortega-Barría, E.; Solís, P. N.; Zacchino, S.; Gimenez, A.; Pinzón, R.; Cáceres, A.; 

Tamayo, G.; Guerra, C.; Espinosa, A.; Correa, M.; Gupta, M. P. Pharm. Biol. 2010, 48, 545-553.
[45]	Mahanta, P. K.; Ghanim, A.; Gopinath, K. W. J. Pharm. Sci. 1974, 63, 1160-1161.
[46]	Ding, D. D.; Wang, Y. H.; Chen, Y. H.; Mei, R. Q.; Yang, J.; Luo, J. F.; Li, Y.; Long, C. L.; Kong, Y. 

Phytochemistry 2016, 129, 36-44.
[47]	Prasad, A. K.; Kumar, V.; Arya, P.; Kumar, S.; Dabur, R.; Singh, N.; Chhillar, A. K.; Sharma, G. L.; Ghosh, B.; 

Wengel, J.; Olsen, C. E.; Parmar, V. S. Pure Appl. Chem. 2005, 77, 25-40.
[48]	Curvelo, J. A. R.; Marques, A. M.; Barreto, A. L. S.; Romanos, M. T. V.; Portela, M. B.; Kaplan, M. A. C.; Soares, 

R. M. A. J. Med. Microbiol. 2014, 63, 697-702.
[49]	Céline, V.; Adriana, P.; Eric, D.; Joaquina, A.; Yannick, E.; Augusto, L. F.; Rosario, R.; Dionicia, G.; Michel, S.; 

Denis, C.; Geneviève, B. J. Ethnopharmacol. 2009, 123, 413-422.
[50]	Svetaz, L.; Zuljan, F.; Derita, M.; Petenatti, E.; Tamayo, G.; Cáceres, A.; Cechinel, F. V.; Giménez, A.; Pinzón, R.; 

Zacchino, S. A.; Gupta, M. J. Ethnopharmacol. 2010, 127, 137-158.
[51]	Calderón, Á. I.; Romero, L. I.; Ortega-Barría, E.; Brun, R.; Correa, M.; Gupta, M. P. Pharm. Biol 2006, 44, 487-

498.
[52]	López, A.; Ming, D. S.; Towers, G. H. J. Nat. Prod. 2002, 65, 62-64.
[53]	Lysete, M.; Houly, R. L. S.; Conserva, L. M.; Andrade, V. S.; Lemos, R. P. L. J. Chem. Pharm. Res. 2011, 3, 213-

222.
[54]	Cruz, S. M.; Cáceres, A.; Alvarez, L.; Morales, J.; Apel, M. A.; Henriques, A. T.; Salamanca, E.; Giménez, A.; 

Vasquez, Y.; Gupta, M. P. Rev. Bras. Farmacogn. 2011, 21, 587-593.
[55]	Santana, A.; Vila, R.; Cañigueral, S.; Gupta, M. Planta Med. 2016, 82, 986-991.
[56]	Otero, R.; Núñez, V.; Barona, J.; Fonnegra, R.; Jiménez, S. L.; Osorio, R. G.; Saldarriaga, M.; Díaz, A. J. 

Ethnopharmacol. 2000, 73, 233-241.
[57]	Fortin, H.; Vigor, C.; Lohézic-Le, D. F.; Robin, V.; Le Bossé, B.; Boustie, J.; Amoros, M. Fitoterapia 2002, 73, 

346-350.
[58]	Muharini, R.; Liu, Z.; Lin, W.; Proksch, P. Tetrahedron Lett. 2015, 56, 2521-2525.
[59]	Chen, J. J.; Duh, C. Y.; Huang, H. Y.; Chen, I. S. Helvet. Chim. Acta 2003, 86, 2058-2064.

Ret
ra

cte
d



Fine Chemical EngineeringVolume 6 Issue 2|2025| 207

[60]	Estevez, Y.; Castillo, D.; Tangoa, P. M.; Arévalo, J.; Rojas, R.; Albán, J.; Deharo, E.; Geneviève, B.; Sauvain, M. J. 
Ethnopharmacol. 2007, 114, 254-259.

[61]	Holetz, F. B.; Pessini, G. L.; Sanches, N. R.; Cortez, D. A. G.; Nakamura, C. V.; Dias, F. B. P. Mem. Inst. Oswaldo 
Cruz 2002, 97, 1027-1031.

[62]	Lima, D.; Ballico, L. J.; Gonçalves, F. P.; Iacomini, L. M.; Mota, L.; Facundo, V. A.; Santos, A. R. S. J. 
Ethnopharmacol. 2012, 142, 274-282.

[63]	Friedman, M.; Levin, C.; Lee, S.; Lee, J. S.; Ohnisi-Kameyama, M.; Kozukue, N. J. Agric. Food Chem. 2008, 56, 
3028-3036.

[64]	Facundo, V. A.; Pollli, A. R.; Rodrigues, R. V.; Militão, J. S. L. T.; Stabelli, R. G.; Cardoso, C. T. Acta Amazon. 
2008, 38, 743-748.

[65]	Carrara, V. S.; Filho, L. C.; Garcia, V. A. S.; Faiões, V. S.; Cunha-Júnior, E. F.; Torres-Santos, E. C.; Cortez, D. A. 
G. Evid. Based Complement. Altern. Med. 2017, 1-6.

[66]	Ma, J.; Jones, S. H.; Marshall, R.; Johnson, R. K.; Hecht, S. M. J. Nat. Prod. 2004, 67, 1162-1164.
[67]	Rocio del Socorro H. O. C.; Torres, J. M.; José Armando, L. G. Res. Rev. Res. J. Biol. 2016, 4, 45.
[68]	Urbina, J. A.; Docampo, R. Trends in Parasitol. 2003, 19, 495-501.
[69]	Diago, D. L.; Castro, N. J. G. Biota Colomb. 2021, 22, 16-55.
[70]	McFerren, M. A.; Cordova, D.; Rodriguez, E.; Rauh, J. J. J. Ethnopharmacol. 2002, 83, 201-207.
[71]	Parthipan, M.; Aravindhan, V.; Rajendran, A. Ancient Sci. Life. 2011, 30, 104-109.
[72]	Vega, A. S.; Rojano, B.; Blair, S.; Segura, C.; Figadere, B.; Seon, B. Pharmacology 2008, 1, 1-8.
[73]	Srinivasan, K. Crit. Rev. Food Sci. Nutr. 2007, 47, 735-748.
[74]	Sharma, V.; Singh, M. Renal Failure 2014, 36, 502-510.
[75]	Valadares, A. C. F.; Alves, C. C. F.; Alves, J. M.; De Deus, I. P. B.; De Oliveira, F. J. G.; Dos Santos, T. C. L.; 

Dias, H. J.; Crotti, A. E. M.; Miranda, M. L. D. Acad. Bras. Ciênc. 2018, 90, 2691-2699.
[76]	Monzote, L.; Scull, R.; Cos, P.; Setzer, W. Medicines. 2017, 4, 49.
[77]	Morales, A.; Rojas, J.; Moujir, L.; Araujo, L.; Rondón, M. J. Appl. Pharm. Sci. 2013, 3, 16-020.
[78]	Oacute, M.; Velasco, J.; Cornejo, X.; Morocho, V. J. Appl. Pharm. Sci. 2016, 5, 156-159.
[79]	Baptista, A.; Rivas, R.; Tenempaguay, C.; Chávez, G.; Córdova, V.; Zaragocin, M.; Cornejo, S. J. Appl. Pharm. 

Sci. 2019, 1-5.
[80]	Da Silva, M. J.; De Souza, D. S.; Boone, C. V.; Cardoso, C. L.; Caramão, E. B. J. Essent. Oil Bear. Plants 2013, 

16, 11-16.
[81]	Sugumaran, M.; Gandhi, M. S.; Sankarnarayanan, K.; Sreerama, R. Int. J. PharmTech Res. 2011, 3, 2135-2139.
[82]	Branquinho, L. S.; Santos, J. A.; Cardoso, C. A.; Mota, J. D.; Junior, U. L.; Kassuya, C. A.; Arena, A. C. J. 

Ethnopharmacol. 2017, 198, 372-378.
[83]	Gasparetto, A.; Bella Cruz, A.; Wagner, T. M.; Bonomini, T. J.; Correa, R.; Malheiros, A. Ind. Crops Prod. 2017, 

95, 256-263.
[84]	Da Silva, M. F. R.; Bezerra-Silva, P. C.; De Lira, C. S.; De Lima, A. B. N.; Neto, A. C. A.; Pontual, E. V.; Maciel, J. 

R.; Paiva, P. M. G.; Navarro, D. M. D. F. Exp. Parasitol. 2016, 165, 64-70.
[85]	Varughese, T.; Unnikrishnan, P. K.; Deepak, M.; Balachandran, I.; Rema Shree, A. B. J. Essent. Oil Bear. Plants 

2016, 19, 52-58.
[86]	França, L. P.; Amaral, A. C.; Ramos, A.; Ferreira, J. L.; Maria, A. C.; Oliveira, K. M.; Araujo, E. S.; Branches, A. D.; 

Silva, J. N.; Silva, N. G.; Barros, G.; Chaves, F. C.; Tadei, W. P.; Silva, J. R. Env. Sci. Pollut. Res. 2020, 28, 9760-
9776.

[87]	Salleh, W. M. N. H. W.; Rajudin, E.; Ahmad, F.; Sirat, H. M.; Arbain, D. J. Mat. Env. Sci. 2016, 7, 1921-1924. 
[88]	Kambiré, D. A.; Yapi, T. A.; Boti, J. B.; Garcia, G.; Tomi, P.; Bighelli, A.; Tomi, F. Nat. Prod. Commun. 2019, 14, 

1934578X1985912
[89]	Dos Santos, A. L.; Polidoro, A.; Schneider, J. K.; da Cunha, M. E.; Saucier, C.; Jacques, R. A.; Cardoso, C. A. L.; 

Mota, J. S.; Caramão, E. B. Microchem. J. 2015, 118, 242-251.
[90]	Nguyen, T. K.; Tran, L. T. T.; Viet, D. H.; Thai, P. H.; Ha, T. P.; Ty, P. V.; Duc, L. P.; Huu, D. T. T.; Cuong, L. C. 

Heliyon 2023, 9, 1-5.
[91]	Debebe, E.; Dessalegn, T.; Melaku, Y. Bull. Chem. Soc. Ethiopia 2018, 32, 167.
[92]	Soidrou, S. H.; Farah, A.; Satrani, B.; Ghanmi, M.; Jennan, S.; Hassane, S. O. S.; Lachkar, M.; El Abed, S.; 

Ibnsouda, K. S.; Bousta, D. J. Essent. Oil Res. 2013, 25, 216-223.
[93]	Péres, V. F.; Moura, D. J.; Sperotto, A. R. M.; Damasceno, F. C.; Caramão, E. B.; Zini, C. A.; Saffi, J. Food Chem. 

Toxicol. 2009, 47, 2389-2395.

Ret
ra

cte
d



Fine Chemical Engineering 208 | Wan Mohd Nuzul Hakimi Wan Salleh, et al.

[94]	Andrade, E. H.; Guimarães, E. F.; Maia, J. G. J. Essent. Oil Bear. Plants 2006, 9, 47-52.
[95]	Ruiz-Vásquez, L.; Mesia, L. R.; Ceferino, H. D. C.; Mesia, W. R.; Andrés, M. F.; Díaz, C. E.; Gonzalez-Coloma, A. 

Plants 2022, 11, 1793.
[96]	Da Silva, L. Y.; Paulo, C. L.; Moura, T. F.; Alves, D. S.; Pessoa, R. T.; Araújo, I. M.; de Morais, Oliveira-Tintino, C. 

D.; Tintino, S. R.; Nonato, C.; da Costa, J. G.; Ribeiro-Filho, J.; Coutinho, H. D.; Kowalska, G.; Mitura, P.; Bar, M.; 
Kowalski, R.; Menezes, I. R. Plants 2023, 12, 2377.

[97]	Sales, V. D. S.; Cabral, F. R.; Sales, E. P. D. N.; Carvalho, T. B.; Costa, M. H. N.; De Oliveira, V. A. P.; De Souza, R. 
C. K.; De Figueirêdo, F. R. S. D. N.; Bezerra, D. S.; De Araújo, D. G.; Coutinho, H. D. M.; Da Costa, J. G. M.; De 
Menezes, I. R. A.; Felipe, C. F. B, Kerntopf, M. R. Food Biosci. 2022, 48, 101813.

[98]	Arze, J. B.; Collin, G.; Garneau, F. X.; Jean, F. I.; Gagnon, H. J. Essent. Oil Bear. Plants 2008, 11, 53-57.
[99]	Costa-Oliveira, C.; Ramos, Y. J.; Queiroz, G. A.; Guimarães, E. F.; Viçosa, A. L.; Moreira, D. J. Oleo Sci. 2021, 

70, 995-1005.
[100]De Almeida, J. G.; Silveira, E. R.; Pessoa, O. D.; Nunes, E. P. J. Essent. Oil Res. 2009, 21, 228-230.
[101]Da Silva, J.; Silva, J.; Nascimento, S.; Da Luz, S.; Meireles, E.; Alves, C.; Ramos, A.; Maia, J. Molecules 2014, 

19, 17926-17942.
[102]Santos, T. G.; Rebelo, R. A.; Dalmarco, E. M.; Guedes, A.; Gasper, A. L.; Cruz, A. B.; Schmit, A. P.; Cruz, R. C.; 

Steindel, M.; Nunes, R. K. Quím. Nova 2012, 35, 477-481.
[103]Rahman, A.; Al-Reza, S. M.; Kang, S. C. J. Amer. Oil Chem. Soc. 2010, 88, 573-579.
[104]Vieira, S. C.; Paulo, L. F.; Svidzinski, T. I.; Dias Filho, B. P.; Nakamura, C. V.; Souza, A.; Young, M. C.; Cortez, D. 

A. Braz. J. Microbiol. 2011, 42, 1001-1006.
[105]Avella, E.; Rios-Motta, J. Chem. Nat. Compd. 2010, 46, 651-653.
[106]Trindade, A. P.; Velozo, L. S. M.; Guimarães, E. F.; Kaplan, M. A. J. Essent. Oil Res. 2010, 22, 200-202.
[107]Lima, R. N.; Ribeiro, A. S.; Santiago, G. M. P.; Costa, C. O.; Soares, M. B.; Bezerra, D. P.; Shanmugam, S.; 

Freitas, L.; Alves, P. B. Nat. Prod. Commun. 2019, 14, 1-6.
[108]Araujo, C. A.; Camara, C. A.; Moraes, M. M.; Vasconcelos, G. J.; Pereira, M. R.; Zartman, C. E. Acta Amazon. 

2018, 48, 330-337.
[109]Lawrence, B. M. Perfum. Flavor. 2010, 35, 48-57.
[110]De Araujo, C. A.; Da Camara, C. A. G.; De Moraes, M. M.; De Vasconcelos, G. J. N.; Pereira, M. R. S.; Zartman, C. 

E. Rec. Nat. Prod. 2019, 13, 324-332.
[111]Krinski, D.; Foerster, L. A.; Deschamps, C. Acta Amazon. 2018, 48, 70-74.
[112]Murillo, M. C. Á.; Suarez, L. E. C.; Salamanca, J. A. C. Nat. Prod. Commun. 2014, 9, 1527-1530
[113]Nascimento, J. C., David, J. M., Barbosa, L. C., de Paula, V. F.; Demuner, A. J.; David, J. P.; Conserva, L. M.; 

Ferreira, J. C.; Guimarães, E. F. Pest Manag. Sci. 2013, 69, 1267-1271.
[114]Autran, E.; Neves, I.; Dasilva, C.; Santos, G.; Camara, C.; Navarro, D. Biores. Tech. 2009, 100, 2284-2288.
[115]Li, R.; Yang, J.; Wang, Y.; Sun, Q.; Hu, H. Nat. Prod. Commun. 2014, 9, 1-5.
[116]Facundo, V. A.; Ferreira, S. A.; de Morais, S. M. J. Essent. Oil Res. 2007, 19, 165-166.
[117]Soleane, H.; de Azevedo, M. S.; Facundo, V. A.; Rover, M.; Santos, O.; Slana, G. B.; Barreto, A. S. J. Essent. Oil 

Res. 2007, 19, 557-558.
[118]Lesueur, D.; Bighelli, A.; Casanova, J.; Hoi, T. M.; Thai, T. H. J. Essent. Oil Res. 2009, 21, 16-18.
[119]Marques, A. M.; Barreto, A. L.; Curvelo, J. A.; Romanos, M. T.; Soares, R. M.; Kaplan, M. A. Rev. Bras. 

Farmacogn. 2011, 21, 908-914.
[120]Marques, A. M.; Barreto, A. L.; Batista, E. M.; Curvelo, J. A.; Velozo, L. S.; Moreira, D.; De Guimarães, E. F.; 

Soares, R. M.; Kaplan, M. A. Nat. Prod. Commun. 2010, 5, 1-5.
[121]Da Silva, J. K.; Andrade, E. H.; Kato, M. J.; Carreira, L. M.; Guimarães, E. F.; Maia, J. G. Nat. Prod. Commun. 

2011, 6, 1-5
[122]Dognini, J.; Meneghetti, E. K.; Teske, M. N.; Begnini, I. M.; Rebelo, R. A.; Dalmarco, E. M.; Verdi, M.; De 

Gasper, A. L. J. Essent. Oil Res. 2012, 24, 241-244.
[123]Saikia, A. K.; Sarma, S. K.; Strano, T.; Ruberto, G. J. Essent. Oil Bear. Plants 2015, 18, 314-319.
[124]Bosquiroli, L. S. S.; Demarque, D. P.; Rizk, Y. S.; Cunha, M. C.; Marques, M. C.; Matos, M.; De Kadri, M. C. T.; 

Carollo, C. A.; Arruda, C. C. P. Rev. Bras. Farmacogn. 2015, 25, 124-128.
[125]Brait, D. R. H.; Vaz, M. S. M.; Da Silva Arrigo, J.; De Carvalho, L. N. B.; De Araújo, F. H.; Vani, J. M.; Da Silva 

Mota, J.; Cardoso, C. A.; Oliveira, R. J.; Negrão, F. J.; Kassuya, C. A.; Arena, A. C. Reg. Toxicol. Pharmacol. 
2015, 73, 699-705.

[126]De Oliveira, R. A.; De Assis, A. M.; Silva, L. A.; Andrioli, J. L.; Oliveira, F. F. Chem. Nat. Compds. 2016, 52, 

Ret
ra

cte
d



Fine Chemical EngineeringVolume 6 Issue 2|2025| 209

331-333.
[127]Rameshkumar, K. B.; Nandu, T. G.; Anu Aravind, A. P.; Mathew, S. P.; Shiburaj, S. J. Essent. Oil Res. 2017, 29, 

430-435.
[128]Thin, D. B.; Chinh, H. V.; Luong, N. X.; Hoi, T. M.; Dai, D. N.; Ogunwande, I. A. J. Essent. Oil Bear. Plants 

2018, 21, 181-188.
[129]Marques, A. M.; Peixoto, A. C.; Provance, D. W.; Kaplan, M. A. Molecules 2018, 23, 3064.
[130]Ballesteros, J. L.; Tacchini, M.; Spagnoletti, A.; Grandini, A.; Paganetto, G.; Neri, L. M.; Marengo, A.; Angiolella, 

L.; Guerrini, A.; Sacchetti, G. Evid. Based Complement. Altern. Med. 2019, 2019, 1-10.
[131]Ramírez, J.; Andrade, M. D.; Vidari, G.; Gilardoni, G. Plants 2021, 10, 1168.
[132]Salleh, W. M. N. H. W.; Kamil, F.; Ahmad, F.; Sirat, H. M. Nat. Prod. Commun. 2015, 10, 2005-2008. 
[133]Mamood, S.; Hidayatulfathi, O.; Budin, S.; Rohi, G. A.; Zulfakar, M. Bull. Entomolog. Res. 2016, 107, 49-57.
[134]Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y. Marmara Pharm. J. 2016, 20, 111.
[135]Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y. J. Essent. Oil Bear. Plants 2014, 17, 1329-1334. 
[136]Daniel, N. A.; Ahmad, F. B.; Assim, Z.; Pin, C. H. Malays. J. Fundament. Appl. Sci. 2019, 15, 825-830.
[137]Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y.; Sirat, H. M. Int. J. Mol. Sci. 2011, 12, 720-7731. 
[138]Hashim, N. A.; Ahmad, F.; Jani, N. A.; Susanti, D. J. Essent. Oil Bear. Plants 2017, 20, 223-232.
[139]Salleh, W. M. N. H. W.; Ahmad, F.; Khong, H. Y.; Sirat, H. M. Nat. Prod. Commun. 2012, 7, 1659-1662.
[140]Azman, N. N. A. N. M. A.; Salleh, W. M. N. H. W.; Ghani, N. A.; Rasol, N. E.; Salihu, A. S. Malays. J. Chem. 

2024, 26, 265-270. 
[141]Azman, N. N. A. N. M. A.; Salleh, W. M. N. H. W.; Salihu, A. S. Malays. J. Appl. Sci. 2024, 9, 1-6. 
[142]Salihu, A. S.; Salleh, W. M. N. H. W.; Adward, K. K.; Kapavarapu, R.; Ghani, N. A. J. Essent. Oil Bear. Plants 

2024, 27, 993-1005.
[143]Hashim, N. A.; Ahmad, F.; Susanti, D. J. Teknologi 2015, 78, 169-174.
[144]Andriana, Y.; Xuan, T. D.; Quy, T. N.; Tran, H.; Le Q. Molecules 2019, 24, 1876.
[145]Minh, T. N.; Van, T. M.; Khanh, T. D.; Xuan, T. D. Foods 2022, 11, 3889.
[146]Carsono, N.; Tumilaar, S. G.; Kurnia, D.; Latipudin, D.; Satari, M. H. Molecules 2022, 27, 6774.
[147]Da Silva, J. K. R.; Pinto, L.; Burbano, R.; Montenegro, R. C.; Guimarães, E. F.; Andrade, E. H. A.; Maia, J. G. S. 

Ind. Crops Prod. 2014, 58, 55-60.
[148]Jamshidi-Zad, A.; Dastan, D.; Fallah, M.; Azizi-Jalilian, F.; Matini, M. J. Kerman Univ. Med. Sci. 2023, 30, 207-

212.
[149]Le, N. V.; Sam, L. N.; Huong, L. T.; Ogunwande, I. A. J. Essent. Oil Bear. Plants 2022, 25, 82-92.
[150]Valarezo, E.; Flores-Maza, P.; Cartuche, L.; Ojeda-Riascos, S.; Ramírez, J. Nat. Prod. Res. 2020, 35, 6014-6019.
[151]Dai, D. N.; Huong, L. T.; Van Le, N.; Dung, V. T.; Son, N. J. Essent. Oil Bear. Plants 2023, 26, 403-410.
[152]Salleh, W. M. N. H. W.; Hashim, N. A.; Khamis, S. Bull. Chem. Soc. Ethiopia 2019, 33, 587-592. 
[153]Gallardo, K. C.; Vebel, J. O.; Benítez, N. P.; Stashenko, E. E. Bol. Latinoam. Caribe Plant. Med. Aromat. 2014, 

13, 10-19.
[154]Feitosa, B.; Ferreira, O. O.; Mali, S. N.; Anand, A.; Cruz, J. N.; Franco, C.; Mahawer, S. K.; Kumar, R.; Cascaes, M. 

M.; Oliveira, M. S.; Andrade, E. H. Molecules 2023, 28, 5814
[155]Nuryanti, N. S.; Jurayrah, Budiarti, L. J. Physics: Conf. Series 2020, 1450, 12055.
[156]Al-Sayed, E.; Gad, H. A.; El-Kersh, D. M. ACS Omega. 2021, 6, 25652-25663.
[157]Chacón, C.; Bojórquez-Quintal, E.; Caamal-Chan, G.; Ruíz-Valdiviezo, V. M.; Montes-Molina, J. A.; Garrido-

Ramírez, E. R.; Rojas-Abarca, L. M.; Ruiz-Lau, N. Agronomy 2021, 11, 1098.
[158]Batista, R. S.; Costa, H.; Parreira, L. A.; De Oliveira, B. C.; De Abreu, K. M.; Menini, L. J. Nat. Pesticide Res. 

2023, 5, 100039.
[159]Dash, U. C.; Swain, S. K.; Jena, A. B.; Dandapat, J.; Sahoo, A. K. J. Ethnopharmacol. 2024, 318, 116911.
[160]Hai, C. T.; Van, T. D.; Xuan, V. T.; Nam, M. H.; Tam, K. T. Biochem. Syst. Ecol. 2023, 108, 104621.
[161]Salleh, W. M. N. H. W.; Nafiah, M. A.; Khong, H. Y.; Kassim, H.; Tawang, A. Bull. Chem. Soc. Ethiop. 2020, 34, 

625-632.
[162]Santos, A. T. B. D.; Dian, V. S.; Parreira, L. A.; Lourenço, M. P.; Zanuncio, J. S.; Junior De Jesus, E. G.; Santos, M. 

F. C.; Menini, L. Nat. Prod. Res. 2023, 38, 1753-1758.
[163]Assunção, J. A. E.; De Brito, M. D.; Felisberto, J. S.; De Almeida, C. D. S.; Campos, D. R., Cid, Y. P.; Sadgrove, N. 

J.; Ramos, Y. J.; De Lima, M. D. Braz. J. Veterinary Parasitol. 2024, 33, 1-5.
[164]Ayres, V. F. D. S.; De Oliveira, M. R.; De Queiroz, C. C. B.; De Vasconcelos, G. J. N.; Takeara, R. J. Essent. Oil 

Res. 2022, 35, 82-90.	

Ret
ra

cte
d



Fine Chemical Engineering 210 | Wan Mohd Nuzul Hakimi Wan Salleh, et al.

[165]Araújo, M. J. C.; Moraes, M. M.; Born, F. S.; Camara, C. A. G. Rev. Virt. Quím. 2020, 12, 629-638.
[166]Matasyoh, J. C.; Wathuta, E. M.; Kariuki, S. T.; Chepkorir, R. J. Asia-Pacific Entomol. 2011, 14, 26-28.
[167]Andrés, M. F.; Rossa, G. E.; Cassel, E.; Vargas, R. M. F.; Santana, O.; Díaz, C. E.; González-Coloma, A. Food 

Chem. Toxicol. 2017, 109, 1086-1092.
[168]Santana, M. L. G.; Melo, J. P. R.; Camara, C. A. G.; Moraes, M. M.; Araujo, C. A.; Vasconcelos, G. J. N.; Pereira, 

M. R. S.; Zartman, C. E. An. Acad. Bras. Ciênc. 2022, 94, 1-10.
[169]Qin, W.; Huang, S.; Li, C.; Chen, S.; Peng, Z. Pesticide Biochem. Physio. 2010, 96, 132-139.
[170]Monzote, L.; García, M.; Montalvo, A. M.; Scull, R.; Miranda, M. Mem. Inst. Oswaldo Cruz 2010, 105, 168-173.
[171]Wang, R.; Gao, Y.; Xing, X. Chem. Biodivers. 2020, 17, e2000245.
[172]Gomez, M. C. V.; Rolón, M.; Coronel, C.; Carneiro, J. N. P.; Santos, A. T. L.; Almeida-Bezerra, J. W.; Menezes, 

S. A.; Silva, L. E.; Coutinho, H. D. M.; Amaral, W.; Ribeiro-Filho, J.; Bezerra Morais-Braga, M. F. Biocat. Agric. 
Biotech. 2021, 32, 101958.

[173]Esperandim, V.; Da Silva Ferreira, D.; Rezende, K. S.; Magalhães, L.; Souza, J. M.; Pauletti, P.; Januário, A.; Da 
Silva de Laurentz, R.; Bastos, J.; Símaro, G.; Cunha, W.; Silva, M. A. Planta Med. 2013, 79, 1653-1655.

Ret
ra

cte
d


