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Piper L. genus potential as natural biocide 
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Summary 

Plants synthesize distinct phytochemical compounds able to substitute synthetic 

biocides of difficult degradation; from this point of view, the extracts, essential oils and 

botanical origin compounds of some species, among them Piper genus, have been put 

forwarded as natural biocides, thanks to secondary metabolites presence which show 

different biological activity. It is true that there are about 1500 taxa described for Piper 

genus. However, less than one hundred have been studied concerning to their 

bioactivity. In this sense, the present research has as an objective to carry out a 

bibliographical review about the Piper’s genus biocide potential. In this review, 50 taxa 

were found where biocide activity has been evaluated about some noxious organisms 

as plants, animals as humans; some of them considered plagues like Spodoptera 

frugiperda and S. exigua, others catalogued as disease vectors as Aedes Aegypti, human 
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and animal parasites such as; Entamoeba hystolitica, Schistosoma mansoni and 

Trypanosoma evans, of economic importance like Melodoigyne incognita and 

Fusarium oxysporum and even pathogenic microorganisms of medical importance such 

as; Streptococcus pyogenes, Staphylococcus aureus and Mycobacterium tuberculosis. 

 

Key words: botanical compounds, biological activity, noxious organisms. 

Introduction 

Nowadays, mankind is looking for new alternatives that can help to heal the damage 

human being has made happen to the environment, these alternatives should be directed 

towards an ecological development. Among the handed options is the use of natural 

biocides capable to terminate, neutralize or wield some kind of control over every 

harmful organisms by chemical, physical or biological means (López Aguayo et al., 

2010) Currently, the most used biocides are from botanical origin, which are extracted 

from plants by physicochemical methods that do not modify their chemical 

composition, besides they are not persistent in the environment and they are of easy 

degradation by UV light, assimilation and/or transformation caused by other 

organisms, these compounds can be one or several, belonging to plants’ secondary 

metabolism, which do not have direct function in the development, however, it is well 

known these compounds play an important role in the defense of the plant and they are 

mediators in ecological interactions with other organisms, particularly, the defense and 

the attack of phytophagous, herbivorous animals, etc. This unusual peculiarity has 

made them strong candidates in biological control as natural biocides (Fernández and 

Juncoza, 2002; Sengonca et al., 2006; Celis et al., 2008; Wiratno et al., 2009; Dirzo, 

1985; Heldt and Piechulla, 2004; Ernst-Detlef et al., 2005; (Sepúlveda-Jiménez et al., 

2003). 

Basically, biocides properties of all plants are attributed to secondary 

metabolites and they can be equal or more effective depending on their chemical 

structure versatility, which varies from species to species or they can share with a group 

of species genetically related (Taiz and Zaiger., 2010). It is important to mention there 
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are two groups of secondary compounds in plants, one group presents nitrogen in its 

structures, and the other is nitrogen free (Spring y Kutchan, 2009; Wink, 2010).  

Alkaloids are examples of secondary metabolites that contain nitrogen in its 

structure, whose biological activity lies in the ability to block intermediary 

neuroreceptors of neuronal signal transduction and ionic channels of vertebrates and 

insects; meanwhile, their inhibitory effects in growth pathogenic microorganisms is 

given by their capacity of insert in DNA, as well as to inhibit the synthesis of proteins 

and carbohydrates, besides of inducing apoptosis (Sepúlveda et al., 2003). 

Among free nitrogen compounds are flavonoids, they show bactericide activity 

in pathogen organisms interfering with their growing, similarly, flavonoids have a 

fungicide effect when inhibit digestive enzymes of some fungus, on the other hand, 

they are antiviral agents when inhibit and/or interfere with the viruses replication. 

(Martínez-Flores et al. 2002; Taiz and Zeiger, 2010; Bylka et al., 2004; Ogbemudia 

and Thompson; 2014, Spring y Kutchan, 2009). Another sort of metabolites of this 

group are terpenes, it is believed that these compounds are associated with the defense 

of the plant acting as toxins or phytolexins that repel insects and mammals. One more 

function of terpenes is the inhibition of bacteria and fungus growing, it is also believed 

they act as phytoecdisones for some insects as well. (Bennett and Wallsgrove, 1996; 

Taiz and Zeiger, 2010; Spring y Kutchan, 2009, Granados-Sanchez et al., 2008, 

Ogbemudia and Thompson; 2014). 

It is possible to say that present compounds in plants are the searched 

alternatives to substitute synthetic biocides. So, a preamble is opened up to new 

alternatives present in plants; concerning to lines before, the present research had as 

main objective to carry out a bibliographical review about biological properties of 

genus Piper plant species, particularly, those that show some biocide effect. 

 

Genus Piper classification, taxonomy and ecology 

Piperaceae (Giseke) family, is considered as one of the most archaic lines of plants 

with blossom within pantropical flora, taking into account it is one of the most diverse 
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lineages on earth containing between eight to ten genuses; approximately 3000 

described species, although it is estimated they can be more (Scott et al., 2008; 

Quijano-Abril et al., 2006; Yung-Chien et al., 1999). This family belongs to 

Magnoliophyta division, in dycotiledonean class (Magliopsida) considered as the main 

representative of Piperal order. Its distributions is cosmopolitan in tropical and 

subtropical zones of the world, the American continent possess the major described 

species number (Yung-Chien et al., 1999; Greig, 2004; Jaramillo et al., 2004; Bottia et 

al., 2007; Jaramillo et al., 2008; Scott et al., 2008; Antonio de Souza, et al., 2009, 

Wanke et al., 2006).  

Within this family, Piperomia and Piper genuses point out as the most 

representatives, the last one owns the biggest described species number with 1500 taxa 

approximately, distributed in nine sub-genuses: Enckea, Radula, MacroPiper, Piper, 

Ottonia, Macrostachys, Schilleria, Pothomorpha, Peltobryon and a complex called 

Piper sanctum / P. cinereum (Jaramillo et al., 2008, Jaramillo et al., 2004, Jaramillo 

and Manos, 2001). 

Piper genus presents the following features; they are robust trees or sub-bushes, 

sometimes they are ivies or lianas, rarely hemiepiphyte, knotty, thicken stem; alternate 

leaves, complete, lanceolar, but often tied basally, they have palmribs or paralelribs 

ribs, sometimes foliar morphology varies in the same plant or species. Monopodic 

stems’ leaves tend to be asymmetric and equilateral basally, while simpodic stems’ 

leaves tend to be asymmetric and inequilateral basally. Petioles are from short to long 

and sometimes they are convolvulus, having sometimes very developed margins, 

visible stipules; inflorescences in terminal and solitary spadix opposite to leaves: 

sessile or pedicelled flowers frequently forming straps around the spadix, floral bracts, 

anthers and present pistil in the same blossom; fruit lightly distorted by the compression 

of adjacent, basally nailed or partially immersed in rachis. The vegetative part 

possesses the peculiarity to present scents when it is broken and it is easily melted in 

the hand fingers, most of them present lenticels (Yung-Chien et al., 1999; Jaramillo y 

Manos, 2001; Greig, 2004; Flemimg, 2004; Bornstein and Coe, 2007; Jaramillo et al., 
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2008; Jian and Jin-Ping Lui, 2011; Abreu-Guirado et al., 2012; Torres-Pelayo et al., 

2014). 

Another important characteristic of this genus plants is the sort of pollination, 

since it is known bats play an important role in it and both have suffered a coevolution 

along with Piper species, likewise, bats are in charge of disperse them. These plants 

can be found distributed along the tropical zone, and its altitudinal distribution range is 

not over a mile above the sea. Piper genus has most of its diversity in wet forest, lower 

mountains and lower lands. From those 1,500 reported species, approximately 1,000 

taxa are distributed in Tropical America, which is considered the main diversification 

area of this genus, followed by Asia with 300 described species as it is showed in 

picture 1. (Jaramillo and Manos, 2001; Greig, 2004; Bornstein and Coe, 2007; 

Jaramillo et al., 2008; Jian and Jin-Ping Lui, 2011; Abreu-Guirado et al., 2012; Torres-

Pelayo et al., 2014).  

Piper’s phytochemical compounds and its biocide effect 

Within the world ambit of photochemistry, genus Piper is well thought-out as one of 

the most studied plants regarding others. Within this group, around 667 different bio-

actives have been characterized and they continue increasing along the years, among 

the most common compounds for genus Piper species, around 49 lignines, 79 

neolignines, 97 terpenes, 39 propenylphenols, 15 steroids, 18 kawapirones, 17 

chalcones/dihydrochalcones, 16 flavones, 6 flavonones and 4 piperolides have been 

isolated (Dyer Lee et al., 2004; Parmar et al., 1997). In the year 2012, the presence of 

277 alkaloids/amides synthesized by Piper species were reported, Piperina has been 

the most frequent, whose chemical structure is based on a double ring with a simple 

chain of Piperonyl CoA, linked to a Piperidina ring (picture 2). In the figure, the 

chemical structure of the most common secondary metabolites of Piper genus is shown. 

(Nascimento et al., 2012; Okwute and Egharevba, 2013).  

Sterols are also present in Piper genus compounds; such as, sisterol and 

stigmasterol, majority flavonoid like 7,4-dimetoxy-5-hydroxyflavone, quercetin, 

kaempherol, tectocrisine and pinostrobine; terpenes like α- terpinine, γ-terpenine, 
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terpinolene, α-thujene, transphytol, limonine and linalool. Propenylphenol as 

myristicine, pseudodillapiol, saphrol, eugenol, eugenol methyl ether and elemicine; 

among alkaloids/amides present we can find cepharadione A and B, guineecine, (2E, 

4E)-N-isobutyldecadienamide, pipericide, piperine, piperine S, piplartine, 

piperlonguminine, among others (Parmar et al., 1997, Bottia, 2007). 

Biocide activity of Piper genus (insecticide, fungicide, nematicide and 

bactericide) has been associated to the toxicity of its phytochemical compounds mainly 

piperamides, which are quinolizinical alkaloids with an amide group (Dyer Lee et al., 

2004) this ensemble compounds can be found in all species of Piper genus, in Asia is 

known that Piperine is the main compound responsible for the biocide activity of Piper 

nigrum and P. betel. Other biological properties possessed by these compounds are; 

stimulant for the central nerve system, analgesic, antipyretic and anti-inflammatory, to 

the rest of the piper species, other amides have been reported containing the same 

properties (Parmar et al., 1997; Dyer Lee et al., 2004; Chansang, et al., 2005; Chahal 

et al., 2011, Nascimento et al., 2012). 

The toxic action of these alkamides lies on the way of act, since they act like 

neurotoxins, avoiding the shift of voltage between the ionic channels as in Na+ as in 

Ca++ in insects, invertebrates and mammals (Scott et al., 2008; Okwute and 

Egharevba, 2013; Ntalli and Caboni, 2012). In the case of unicellular organisms its 

effect happens in a genetic level (Bezerra, 2009). 

It should be added that some phenolic compounds present in some plants of this 

genus, also present biocide activity. For instance, the characterized compound like 

dillapiol has shown effects highly clasthogenic in genetic material of Aedes aegipty 

(Rafael et al., 2008). Equally, has been reported that some essential oils rich in fatty 

acids, terpenes, and phenolic compounds have repellent effect in some diptera (Misni 

et al., 2008) 

 

Piper’s species biological activity 
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The biological activity present in many species of genus Piper has been widely studied 

along the last years and recently new contributions about the bio potential of this genus 

have been incorporated, pointing out the bactericide, fungicide, insecticide, anti-

parasitic, nematicide activity, among others: Below the species and their effects in 

organisms are broken down and described in which this activity has been proved. Some 

of the organisms are showed in table 1, where it is possible to see the organisms used 

to prove the biological effects of the extracts, as well as the essential oils and 

phytochemical compounds isolated from distinct Piper genus species. 

 

Bactericide activity 

Bacteria is defined as microscopic and unicellular microorganisms capable to cause 

damage; as human health as plants and animals. In this context, the bactericide effect 

of Piper genus plants has been evaluated in the long run, some of them have showed 

to have a biocide effect on relevant bacteria, such as: Staphylococcus aureus, 

Escherichia coli, Bacillus subtilis, Staphylococcus epidermis and Enterobacter 

cloaceae (Rodrigues-Silva et al., 2009) Similarly the same effect happens on bacteria 

Streptococcus pyogenes, Proteus vulgaris, Salmonella tiphy (Chakraborty and Shah, 

2011) in Klebsiella pneumoniae, Pseudomona aeruginosa, (Zakaria et al., 2007; 

Benítez et al., 2009). 

Its effect is also known in negative gram bacteria, such as: Streptococcus 

salivarius, Streptococcus mutans, Streptococcus sanguinis, Streptococcus mitis, 

Bacillus cerus, Salmonella typhimurium, Staphylococcus lentus, Enterobacter 

cloaceae, Alicyclobacillus acidoterrestris, Enterococcus faecalis, Helicobacter pilory, 

Mycobacterium tuberculosis (Silva et al., 2007, Karsha and Lakshme, 2010, Zaidi et 

al., 2009, Scodro et al., 2013, Akthar et al., 2014).  

Other important effects of some Piper species have been proved in 

phytobacteria responsible for crop diseases like: Xanthomonas albilineas, X. 

campestris, P. solanacerum, P. celebensis, P. syzygii, P. fluorescens and Acidovorax 
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avenae (Sánchez et al., 2014, Sánchez et al., 2013, Sánchez et al., 2011, Sánchez et al., 

2009, Pérez et al., 2015).  
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Fungicide activity 

This activity has proved its effect on some fungus, many of them contemplated as 

plagues like the case of Fosarium oxysporum a phytopathogen that affects tomato 

commercial plantations, as well as other plants of great importance (Singha et al., 

2011). Botryodiplodia theobromae causes gummosis in citrus, Colletotrichum 

acutatum and Colletotrichum gloeosporioides, they affect mango, papaya, and citrus 

plantations producing anthracnose and premature falling of the fruit in citrus (Pineda 

et al., 2012; Barquero et al., 2013). The fungicide effect has also been proved in 

phytopathogen fungus Curvularia lunata, Sarocladium oryzae and Bipolaris oryzae 

which are associated to damages and tissue diseases in some cereals (Duarte et al., 

2014), in Hemileia vastatrix known as the blight coffee plants, as well as in Cercospora 

coffeicola, C. gloeosporioides and Rhizoctonia solani, fungus that attack coffee 

plantations (Silva et al., 2014). 

In the same tenor, anti-candida activity has been found (Candida krusei, C. 

parapsilosis, C. albicans, C. tropicalis and C. glabrata) on the side of species of this 

genus and over other fungus of medical importance like Microsporum gypseum, M. 

canis, Trichophyton rubrum, Apergilus flavus, A. fumigatus, and Cryptococus 

neoformans (Regasini et al., 2009; Palacios et al., 2009; Rodrigues-Silva et al., 2009; 

Intzar et al., 2010; Morandim-Giannetti et al., 2010). 

 

Insecticide activity  

The insecticide effects is the most studied pesticide area in recent years, concerning to 

this activity in the Piper genus species. It has been proved, in at least eleven organisms, 

the biocide action of these compounds. Some of the organisms where this bioactivity 

has been proved are Drosophila melanogaster and Musca domestica (Carmona-

Hernández et al., 2014; Torres-Pelayo, 2014; Rafael et al., 2008, Misni et al., 2008; 

Choochote et al., 2006 Jensen et al., 2006; Jensen et al., 2005, Granados et al., 2002; 

Kong et al., 2009, Moreno  et al., 2000, Sanabria et al., 2009). 
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In plague organisms, this activity has been evaluated in vegetable extracts like 

essential oils of different Piper genus species, where the result have been toxic effects 

on vectors, such as: Anopheles pseudopunctipennis, Lutzomyia migonei, Rhipicephalus 

microplus, Aedes atropalpus and Aedes aegypti (Scott et al., 2005, Bazán-Calderón et 

al., 2011, Leyva et al., 2009, Nieves et al., 2010, García-Paz, 2011, Ferraz et al., 2010). 

On the other hand, there are phytophagous organisms where the biocide effect was 

proved, among them are: Malacosoma americanum, which causes injuries in leaves of 

cherries and apples, Neodiprion sertifer, the pines defoliator (Celis et al., 2008, Scott 

et al., 2004) Diatrea saccharalis, the reed borer, which affects both sorghum and corn 

(Tavares et al., 2011, Soberón et al., 2006). Hyphothenemus hampei the coffee plants 

driller, it damages mainly fruits (Mosquera et al., 2009), Sitophilus zeamais, corn 

weevil that affects the grains during storage in warehouses (Asawalam, 2006). 

Spodoptera frugiperda corn and other grasses earworm (Tavares et al., 2011) S. exigua, 

lettuce and other vegetable earworm (Delgado-Barreto et al., 2012) Rhizotrogus 

majalis, Beetle of European origin known as chaflan, it damages grass roots (Scott et 

al., 2005). Likewise there has been reported insecticide activity in garden organisms 

(Scott et al., 2007; Scott et al., 2008). 

 

Nematicide and anthelmintic activity 

In the field of biocide action, there are a few records about nematicide and anthelmintic 

potential of Piper species. However, some reports talk about toxicity in P. betel, P. 

nigrum, P. longum and P. aducum; in Pheretima posthuma and Haemonchus contortus, 

parasite worms in human and animal bowels; their contribution to health damage can 

be serious whether they are not treated on time. Also, some nematicide effect has been 

found on behalf of P. betel and P. nigrum in Meloidogyne incognita this is a 

phytonematode of economic importance, since it is mainly a parasite in a wide variety 

of plants of nutritious interest, among them are; tomato, potato, coffee and others. This 

phytonematode causes nodules in plants’ roots, and injuries in a tissue level, which 

provokes wounds and access to other noxious organisms that damage or even kill plants 
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(Devi et al., 2011; Lopes Oliveira et al., 2014; Dammini Premachandra et al., 2014; 

Wiratno et al., 2009; Evans et al., 1984). In the same way, there are other Piper species 

reports having biocide effect over medical importance nematodes, such as: 

Paramphistomum epiclitum responsible for paramphistomiasis in cows and sheep, as 

well as Schistosoma mansoni, author of the human disease schistomatosis or bilharzia 

(Atjanasuppat et al., 2009).  

 

Antiprotozoal activity  

Protozoa are unicellular organisms of free life and forced parasite or semi parasite from 

different living beings, they trigger lethal diseases if they are not healed on time, and 

an example of them is paludism or malaria, caused by several species of Plasmodium 

genus, leishmaniasis induced by Leishmania sp. or giardiasis provoked by Giardia 

lanblia, sarcoidosis by Sarcocystis hominis and amebiasis by diverse species of 

Entamoeba (Pérez-Arellano et al., 2007). In this context, Piper species like P. nigrum, 

P. amalago, P. ovatum and P. longum have been studied to evaluate the activity over 

protozoa which cause diseases, they have been proved in Entamoeba histolytica, 

Leishmania amazonensis, Trypanosoma evansi and Acanthamoeba polyphaga, it is still 

looking for products capable of inhibit these microorganisms (Carrera et al., 2013; 

Sauter et al., 2012; Shaba et al., 2012; Rodríguez-Silva et al., 2009; Sawangjaroen et 

al., 2004; Ghoshal et al., 1996). 
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Conclusions 

Species of Piper genus are wide distribution plants of arboreal, shrubby and quickly 

reproduction habits, they represent a natural resource with a great biotechnological 

potential in the quest of compounds with biocide activity, adequate to the new tendency 

of biodegradable nature products and ecologically acceptable. Phytochemical 

compounds proceeding from secondary metabolism of Piper species can be used as 

biological control over noxious organisms due to their toxicity of widespread spectrum. 

They have proved to be a good prospect product used as a natural biocide, as a result 

of their extracts and/or essential oils chemical composition, furthermore they have a 

botanical source and they are environment friendly. The present potential in Piper 

species, is an alternative that should be exploited within scientist scope to discover 

some more about the effects that 1500 reported species of this genus have and their 

more than 665 participant compounds in their bactericide, fungicide, insecticide, 

nematicide, antiprotozoal and anthelmintic activity. Finally, it is possible to say genus 

Piper contains the necessary potential to be used as natural biocide without damaging 

the environment. In addition, its phytochemical compounds are versatile from one 

species to another, giving unique biocides characteristics which ply not the same effect 

on each noxious or pathogenic organism. 
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Picture 1. Geographical distribution of Piper genus and its main diversification 

centers. (Based on Jaramillo and Manos, 2001). 
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Table 1. Organisms where Piper L. has had activity 

Piper spices  
Organisms 

evaluates  
Species Bioactivity  References 

P. brachypodom, P. 

auritum, P. cf. 

divaricatum, P. 

bredemeyeri, P. 

eriopodon, P. 

septuplinervium, P. 

marginatum, P. 

laceifolium, P. 

bogotense  

A
rt

h
ro

p
o
d
s 

 

Artemia 

franciscana, 
Toxicity 

Olvero-Verdel, et 

al., 2009: 

 

P. aduncum, P. 

auritum, P. longum, P. 

ribesoides, P. 

sarmentosum 

Aedes egypti, Insecticide  

Choochote et al., 

2006, Leyva et al., 

2009; Misni et al., 

2008; Rafael et al., 

2008 

P. nigrum, P. 

tuberculatum, P. 

guineense 

Malacosoma 

americanum, 
Insecticide  Scott et al., 2004 

P. nigrum, P. 

guineense, P. 

tuberculatum 

Neodiprion 

sertifer 
Insecticide  

Celis et al., 2008; 

Scott et al., 2004 

P. aduncum, P. 

nigrum 
Musca domestica 

Insecticide  y 

Repelente 

Kong et al., 2009; 

Jensen et al., 2006; 

P. nigrum, P. grande, 

P. aduncum, P. 

amalago, P. hispidum, 

P. psilorhachis, P. 

diandrum, P. sanctum, 

P. nudum, P. auritum, 

P. umbellatum 

Drosophila 

melanogaster 
Insecticide  

Jensen et al., 2006, 

Jensen et al., 2005; 

Granados et al., 

2002; Carmona-

Hernández et al., 

2014 
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P. crassinervium, P. 

aequale P. amalago, 

P. xylosteoides, P. 

makanianum 

Rhipicephalus 

(Boophilus) 

microplus 

Insecticide  
Garcia-Paz, 2011, 

Ferraz et al., 2010 

P. nigrum, P. 

tuberculatum, 

Diatrea 

saccharalis 
Insecticide  

Tavares et al., 

2011; Soberón et 

al., 2006  

P. eriopodon, P. 

umbellatum, P. 

pesaresanum 

Hyphothenemus 

hampei 
Insecticide  

Mosquera  et al., 

2009 

P. guineense 
Sitophilus 

zeamais 
Insecticide  Asawalam, 2006 

P. nigrum 
Spodoptera 

frugiperda 
Insecticide  Tavares et al., 2011 

P. auritum 
Spodoptera 

exigua 
Entomotóxica 

Delgado Barreto et 

al., 2012 

P. aduncum 
Varroa 

destructor 
Acaricida Pino et al., 2011 

P. betel, P. nigrum, P. 

marginatum 

N
em

at
ic

id
e 

an
d
 a

n
th

el
m

in
ti

c 

Meloidogyne 

incognita 

Nematicida y 

Anthelmintic 

Dammanini 

Premanchandra et 

al., 2014 

Wiratno et al., 

2009; Vinueza et 

al., 2006 

P. betel, P. nigrum 
Caenorhabditis 

elegans 

Nematicide y 

anthelmintic 

Evans et al., 1984; 

Atjanasuppat et al., 

2009 

P. betel Eisenia fetida Anthelmintic 
Sudrik et al., 2012 

 

P. aduncum 
Haemoncus 

contustus 

Anthelmintic Lopes-Oliveira et 

al., 2014 

P. nigrum, P. longum 
Pheretima 

posthuma 

Anthelmintic 
Devi et al., 2011 

P. nigrum 
Tridax 

procumbens 

Anthelmintic Ashish Patiland 

Annasaheb 

Niyave., 2014 
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P. nigrum, P. cubeba 

P. chaba 

Schistosoma 

mansoni 
Anthelmintic 

Atjanasuppat et al., 

2009; Magalhães et 

al., 2011 

P. betle 

F
u
n
g
u
se

s 
 

Fusarium 

oxysporum  
Fungicide  Sigha et al.,2011 

P. betel, P. 

tuberculatum 

Microsporum 

gypseum 

Fungicide Intzar et al., 2010; 

Palacios et al., 

2009 

P. betel,  P. 

tuberculatum 

Microsporum 

canis 

Fungicide Intzar et al., 2010; 

Palacios et al., 

2009 

P. betel, P. 

tuberculatum 

Trichophyton 

rubrum 

Fungicide Intzar et al., 2010; 

Palacios et al., 

2009 

P. betel, P.sanctifelis, 

P. auritum, P. 

aduncum 

Apergillus flavus 

Fungicide 
Intzar et al., 2010; 

Mesa et al., 2007 

P. betel, P.sanctifelis, 

P. auritum, P. 

aduncum 

Aspergillus 

fumigatus 

Fungicide 
Intzar et al., 2010; 

Mesa et al., 2007 

P. nigrum Aspergillus sp Fungicide Akthar et al., 2014 

P. betel,  P. ovatum, 

P.sanctifelis, P. 

auritum, P. aduncu, P. 

amalago, P. cernun, 

P. diospyrifolium, P. 

Crassinervium, P. 

gaudichaudianum, P. 

Solmsianum, P. 

Regnallii, P. 

tuberculatum.P. 

tuberculatum 

Candida krusei, 

Fungicide 

Intzar et al., 2010; 

Rodrigues-Silva et 

al., 2009; 

Morandim-

Giannetti et al., 

2010; Regasini et 

al., 2009. 

P. betel,  P. ovatum 

P.sanctifelis, P. 

auritum, P. aduncum, 

P. amalago, P. 

cernun, P. 

Candida 

parapsilosis 

Fungicide Intzar et al., 2010; 

Rodrigues-Silva et 

al., 2009; 

Morandim-

Giannetti et al., 
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diospyrifolium, P. 

Crassinervium, P. 

gaudichaudianum, P. 

Solmsianum, P. 

Regnallii, P. 

tuberculatum.P. 

arboreum 

2010: Regasini et 

al., 2009. 

P. betel, P. ovatum, P. 

tuberculatum.P. 

arboretum, P. nigrum 

Candida albicans 

Fungicide Intzar et al., 2010; 

Rodrigues-Silva et 

al., 2009: Regasini 

et al., 2009; Akthar 

et al., 2014 

P. ovatum 
Candida 

tropicalis 

Fungicide Rodrigues-Silva et 

al., 2009 

P. ovatum Candida glabrata 
Fungicide Rodrigues-Silva et 

al., 2009 

P. auritum, P. holtonii 
Botryodiplodia 

theobromae 

Fungicide 
Pineda at al., 2012 

P. auritum, P. holtonii 
Colletotrichum 

acutatum 

Fungicide 
Pineda at al., 2012 

P. auritum, P. holtonii 
Colletotrichum 

gloeosporioides, 

Fungicide 
Pineda at al., 2012 

P. aduncum, P. 

auritum 

Curvularia 

lunata 

Fungicide 
Duarte et al. 2014 

P. aduncum, P. 

auritum 

Sarocladium 

oryzae 

Fungicide 
Duarte et al. 2014 

P. aduncum, P. 

auritum 
Bipolaris oryzae 

Fungicide 
Duarte et al. 2014 

P. longum, P. 

sarmentosum 

P
ro

to
zo

an
s 

 Entamoeba 

histolytica 
Antiamoebic  

Ghoshal et al., 

1996; 

Sawangjaroen et 

al., 2004 

P. ovatum, P. 

amalago 

Leishmania 

amazonensis 
Antileishmanial 

Rodriguez-Silva et 

al., 2009, Carrara et 

al., 2013 
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P. nigrum 
Trypanosoma 

evansi 
Antitripanosomal Shaba et al., 2012 

P. hispidinrvum 
Acanthamoeba 

polyphaga 
Antiamoebic Sauter et al., 2012 

P. betel 

B
ac

te
ri

a 

Streptococcus 

pyogenes, 
Bactericide 

Chakraborty and 

Shah, 2011, 

P. cubeba 
Streptococcus 

salivarius 

Bactericide 
Silva et al., 2007 

P. cubeba 
Streptococcus 

mutans 

Bactericide 
Silva et al., 2007 

P. cubeba 
Streptococcus 

sanguinis 

Bactericide 
Silva et al., 2007 

P. cubeba 
Streptococcus 

mitis 

Bactericide 
Silva et al., 2007 

P. betel,  P. ovatum, 

P. porphyrophyllum, 

P. nigrum, P.r 

regnellii, P. aduncum 

Staphylococcus 

aureus, 

Bactericide Chakranorty and 

Shah, 2011, 

Rodrigues-Silva et 

al., 2009; Benítez 

et al ., 2009; 

Ahmmad et al., 

2014; Akthar et al., 

2014; Arani Datta 

et al., 2011; Karsha 

and Lakshme, 

2010; Brazao et al., 

2014, Pessini et al., 

2003 
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P. betel Proteus vulgaris, 

Bactericide Chakraborty and 

Shah, 2011; Arani 

Datta et al., 2011 

P. betel,  P. ovatum; 

P. lanceifolium, P. 

porphyrophyllum, P. 

nigrum, P. regnellii  

Escherichia coli 

Bactericide Chakraborty and 

Shah, 2011; 

Rodrigues-Silva et 

al., 2009; Benítez 

et al., 2009; Akthar 

et al., 2014; Karsha 

and Lakshme, 

2010, Pessini et al., 

2003 

P. ovatum, P. 

lanceifolium, P. 

regnellii 

Bacillus subtilis 

Bactericide Rodrigues-Silva et 

al., 2009; Benítez 

et al., 2009, Pessini 

et al., 2003 

P. nigrum Bacillus cerus 
Bactericide Karsha and 

Lakshme, 2010 

P. lanceifolium, P. 

nigrum 
Salmonella tiphy 

Bactericide Benítez et al., 

2009: Karsha and 

Lakshme, 2010 

P. nigrum 
Salmonella 

typhimurium 

Bactericide 
Akthar et al., 2014 

P. lanceifolium; P. 

betel, P. nigrum 

Klebsiella 

pneumoniae 

Bactericide Benítez et al., 

2009; Arani Datta 

et al., 2011; Karsha 

and Lakshme, 2010 
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P. lanceifolium, P. 

porphyrophyllum, P. 

betel P. regnellii, P. 

nigrum 

Pseudomona 

aeruginosa 
Bactericida 

Benítez et al., 

2009; Akthar et al., 

2014; Datta et al., 

2011; Pessini et al., 

2003: Karsha and 

Lakshme, 2010, 

Pessini et al., 2003 

P. aduncum 
Staphylococcus 

lentus 
Bactericida Brazao et al., 2014 

P. ovatum, P. 

aduncum 

Staphylococcus 

epidermis 
Bactericida 

Rodrigues-Silva et 

al., 2009; Brazao et 

al., 2014 

P. ovatum 
Enterobacter 

cloaceae 
Bactericida 

Rodrigues-Silva et 

al., 2009 

P. aduncum, P. 

amalago, P. 

arboderum, P. 

crassinervium, P. 

hispidum, P. 

xylosteoides 

Alicyclobacillus 

acidoterrestris 
Bactericida Ruiz et al., 2013 

P. cubeba, P. nigrum 
Enterococcus 

faecalis 
Bactericida 

Silva et al., 2007: 

Karsha and 

Lakshme, 2010 

P. cubeba, P. nigrum, 

P. longum 

Helicobacter 

pilory 
Bactericida Zaidi et al., 2009 

P. regnellii 
Mycobacterium 

tuberculosis 
Antituberculosis Scodro et al., 2013 
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P. marginatum, P. 

hispidum 

Xanthomonas 

albilineas 
Antimicrobiana  

Sánchez et al., 

2011, Sánchez et 

al., 2014 

P. marginatum, P. 

hispidum 

Xanthomonas 

campestris  
Antimicrobiana 

Sánchez et al., 

2011, Sánchez et 

al., 2014 

 


