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Abstract 

 

The aims of this study were determinate the antioxidant and antifungal activities of twelve plants belonging to 

the Colombian Coffee Region (CCR). A phytochemical characterization was performed to the hexane, 

dichloromethane and hexane-isopropanol (3:1) extracts. Also the antioxidant activities through 

Diphenylpicrylhydrazyl (DPPH•) and 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

(ABTS•+) methods were assayed; In addiction, the total phenolic content and the activities against the fungus 

Fusarium oxysporum, Fusarium solani and Mycosphaerella fijiensis Morelet were also evaluated. In this study 

10 hexane-isopropanol (3:1) and 6 dichloromethane extracts as well as 1 hexane extract displayed antioxidant 

capacity superior to 25% through the DPPH• assay, standing out the hexane extract of Piper umbellatum 

(Piperaceae) with an activity of 44.8%. The extracts that showed the most important antifungal activities were 

the hexane-isopropanol (3:1) extract of Mikania lloensis (Asteracea) that inhibited 44.8% the growth of the 

fungus Fusarium oxysporum and the hexane extract of Piper pessaresanum (Piperaceae) that showed 59% of 

growth inhibition against Fusarium solani. Further more the Piper pessaresanum dichloromethane and hexane-

isopropanol (3:1) extracts and the dichloromethane extract of Alchornea coelophylla (Euphorbiaceae) gave 

100% of inhibition against the fungi Mycosphaerella fijiensis Morelet. This study is a contribution to the 

bioprospecting to the Colombian flora. 
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1. INTRODUCTION          

Plants are recognized by biosynthesize secondary metabolites (SM) with different purposes, among them can 

be mentioned the ones those related to growth regulation, intra and inter-specific interactions, the defense 

against different types of abiotic stress, predators, pests and pathogens. Between the most studied SM are: 

terpenes, steroids, coumarins, tannins, flavonoids and alkaloids, due to their known biological activities such 

anti-herbivory, antioxidant, antimicrobial, antifungal and protection against the radiation UV-B; that is why several 

plant species have been widely used in traditional medicine for the control of different diseases and as a source 

of new drugs (Mazid et al., 2011; Yadav & Agarwala, 2011). 

 

Due to the presence of bioactive phytocompounds, the pharmacological industry uses medicinal plants as one 

of the bases for the development a great number of synthetic medicines that were produced in the 19th century 

(Djeridane et al., 2006; D'Souza, 2014). In addition, the finding of new antioxidant and antimicrobial compounds 

were valuable for the food processing and cosmetics industries (Škrovánková et al., 2012). Chromatographic 

fractions and isolated compounds from leaves, stems or roots have been studied in order to discover novel SM 

(Kanegusuku et al., 2002). 

 

Colombia is a country that possess a great number of jungles and natural protected zones located along the 

national territory with endemic plants, animals and microorganisms, which might provide biological active 

compounds that could be used as new drugs or biocide agents. Especially the protected zones located at 

Colombian Coffee Region (CCR) would allow to take advantage in a rational and sustainable way of the 

resources based on the conservation, as well as the expansion and the sustainability of the above mentioned 

zones and the generation of economic and social benefits to the involved communities, with the added value 

that could be obtained from these resources (Duarte & Velho, 2009).  

 

For the potential utilization of biodiversity it is necessary to study the natural resources that will allow detecting 

those species with biological important activities. Thus, in the development of this study, two different types of 

bioassays were performed: antioxidant and antifungal with extracts of twelve plants belonging to the botanical 

families Asteraceae, Euphorbiaceae, Piperaceae and Rubiaceae collected in the CCR, to determine the species 

that possess the highest biological activities above mentioned. 

 

 

2. METODOLOGÍA 

 

2.1 Materials and Methods 

 

Biological materials and reagents 

 

The strains used for this work were: Fusarium oxysporum, Fusarium solani and Mycosphaerella fijiensis Morelet 

(obteined from infected bananas leaves). The solvents: hexane, dichloromethane, isopropanol, methanol, 

ethanol, n-butanol, ethyl acetate Mallinckrodt® (Phillipsburg, NJ, USA) were used; agar bacteriological (Agar 

No.1) and potato dextrose agar  were Oxoid® (Hampshire, England); Trolox [(±)-6-Hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid], DPPH• (Diphenylpicrylhydrazyl), ABTS•+ [2,2′-Azino-bis(3-

http://www.sciencedirect.com.ezproxy.utp.edu.co/science/article/pii/B9780123945983000034
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ethylbenzothiazoline-6-sulfonic acid) diammonium salt], gallic acid (3,4,5-Trimethoxybenzoic acid) were Sigma-

Aldrich® (Saint Louis, MO, USA) and TLC Silica gel F254 0.2 mm Merck® (Darmstadt, Germany). 

 

Plant materials and obtention of extracts 

 

The aerial parts of twelve plants were collected in the Reserve Zones located on the CCR: Regional Natural 

Park Ucumarí (4° 43’ 22’’ N; 75° 33’ 90’’ W) and La Nona Park (4° 56’ 25’’ N; 75° 44’ 28’’ W). The plant collected 

materials were classified by the taxonomist Fransisco Javier Roldán and a voucher (FJR) of each specie was 

deposited in the Herbarium of the Universidad de Antioquia (HUA, Medellín, Colombia). To obtain the different 

extracts, each dry ground plant material was submitted three times to passive maceration extraction for 48h 

using hexane (HEX), dichloromethane (DCM) and hexane-isopropanol (HEX-iPrOH) (3:1) successively (Niño et 

al., 2006); each type of extract was concentrated in a rotary evaporator Heidolph Laborota 4000 (Bayern, 

Germany) at 50 °C and were stored at -10 °C up to its utilization for the accomplishment of the different tests. 

  

Table 1. Plants used in this study  

FAMILY SPECIES 
Voucher 

Number (FJR) 

Percentage of extract obtained 

HEXa DCMb HEX-iPrOH 
(3:1)c 

Asteraceae 
Clibadium asperum 4045 0.50 0.76 0.52 

Mikania lloensis 3977 1.25 1.28 0.80 

Euphorbiaceae 
 

Acalypha diversifolia 3967 1.33 1.24 0.94 

Alchornea coelophylla 3969 0.88 1.15 1.23 

Hyeronima antioquensis 3905 0.88 1.00 0.84 

Mabea montana 3912 1.98 2.03 2.543 

Piperaceae 
 

Piper crassinervium 4021 1.79 6.30 2.71 

Piper eriopodon 4007 1.20 2.06 1.32 

Piper pesaresanum 3996 1.91 5.15 1.41 

Piper umbellatum 4012 4.80 5.53 2.13 

Rubiaceae 
Palicourea petiolaris 3995 0.88 0.75 1.29 

Rubiacea 3973 1.32 2.92 4.93 
aHEX: hexane; bDCM: dichloromethane and cHEX-iPrOH (3:1): hexane-isopropanol. 

 

Phytochemical characterization 

 

The extracts were phytochemically characterized through thin layer chromatography (TLC) based in the 

methodology described by Wagner and Bladt (1996). The aim of this characterization was made a screaning of 

the main metabolites in the different types of extracts. For the elution of the HEX, DCM and HEX-iPrOH (3:1) 

extracts the following solvents systems: n-HEX-EtOAc-MeOH (67:30:3), n-HEX-EtOAc-MeOH (68:30:2 and n-

HEX-EtOAc-n-BuOH (66:30:4), were used as a mobile phases, respectively. 
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Scavenging capacity of diphenyl-picrylhydrazyl (DPPH•) radical 

 

This activity was evaluated by following the methodology proposed by Brand-Williams et al., (1995); in brief for 

each extracts solution 0.25 mL at a concentration of 1000 mg/L were taken and allowed to react with 1.0 mL of 

the DPPH● solution at 20 mg/L during 30 minutes in the darkness; then, the absorbance (Asample) of each reactive 

mixture was measured at 517 nm in aspectrophotometer V-VIS light Xs Schott (ALÈX Cedex France). As a 

positive control, hydroquinone at 1000 mg/L was used, for the negative control the solvents mixture to dissolve 

the respective extracts was used (AControl (-)) and as blank for every extract was combined the solution of extract 

with methanol. All measurements were performed by triplicate with two repetitions tested at different days. The 

antioxidant capacity was calculated as follows: 

 

100%
)(

)(









Control

SampleControl

A

AA
AA

 
The results also were reported in Trolox equivalents (µM/g extract), calculated from a calibration curve of Trolox 

[(±)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid] at 1, 2, 4, 6, 12 and 32 µM (Wetwitayaklung et 

al., 2006). 

 

Scavenging capacity of ABTS●+ (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) radical cation 

 

To measure the antioxidant activity of the extracts with the radical cation ABTS●+ the methodology described by 

Re et al., (1999) was followed. The radical was produced through a reaction between ABTS (7 mM) and 

potassium persulfate (2.45 mM) diluted with distilled water and kept in darkness for 16 hours. When the radical 

ABTS●+ was formed, it was diluted with absolute ethanol to obtain a solution with an absorbance ranging from 

0.700 ±0.02 at 734 nm; then to perform the assay, 1470 μL of this solution was thoroughly mixed with 30 μL of 

each sample. As positive control hydroquinone (1000 mg/L) was used, for the negative control the solvent 

system in which was dissolved the extracts (Acontrol (-)) was used and as blank for every extract sample a mixture 

of ethanol-water proportional to the solution used  to  dilute the radical in ethanol was added.  The absorbance 

was measure lapsed 30 minutes at 734 nm (Asample) and the inhibitory activity was calculated in the same way 

as for the of DPPH● method. The results were reported in Trolox's equivalents (µM/g extract); the concentrations 

of the trolox calibration curve were 1, 5, 10, 20, 40 and 80 µM. 

 

Determination of the total phenolic compounds content. 

 

For this determination the spectrophotometric method of Folin-Ciocalteu (Singleton & Rossi, 1965; Cardeño et 

al., 2007) was followed. In brief, 3 mL of distilled water were added 50 µL of the extract sample at 1000 mg/L; 

then 250 µL of the reagent of Folin-Ciocalteu diluted (1:1 with water) were added and after 1 minute 750 µL of 

a solution of a 20% Na2CO3 were added; finally, the working solution was made up to 5 mL  with distilled water 

and homogenized. This solution was incubated during 30 minutes in the darkness and after this period, the 

absorbance was measured in a spectrophotometer UV-VIS light Xs Schott® (ALÈX Cedex France) at 760 nm. 

To determine the phenolics content a calibration curve was developed with Gallic acid (0, 25, 50, 100, 200, 400 

and 800 µg/mL) and the results expressed as mg of gallic acid/ 100 mg of extract (GAE). 
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In vitro determination of the antifungal activity of the plant extracts against Fusarium oxysporum and 

Fusarium solani. 

 

The evaluation of the antifungal activity of  HEX, DCM and HEX-iPrOH (3:1) extracts of twelve plants against 

Fusarium oxysporum and Fusarium solani fungi, was performed through the agar dilution procedure and the 

radial growth test in plates (Marquez et al., 2007), using Potato Dextrose Agar (PDA) culture medium. The 

evaluated concentrations of every extract were 429, 857, 1714 and 3429 mg/L, using as negative control DMSO 

in the same proportion to which it was used in the solution evaluated at higher concentration (The maximum 

quantity of DMSO tolerated by the fungi was 30 mL/L in PDA); additionally, an absolute control composed by 

PDA was used, to check if the DMSO concentration used in the extract solutions not affect the growth of the 

fungi used in this work. As positive control ketoconazole at 1000 mg/L was used; then 48 hours the radial growth 

(Diameter) of each fungus was measured with a vernier caliper and the percentage of inhibition was calculated 

using the following ecuation: 

 

100%
)(
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Three replies were performed for every solution evaluated in the bioassay, with two repetitions at different days 

to verify the reproducibility of the method.  

 

In vitro determination of the fungicidal activity of plant extracts against Mycosphaerella fijiensis Morelet. 

 

The in vitro determination of the activity against Black Sigatoka of the HEX, DCM and HEX-i-PrOH (3:1) extracts 

of twelve plants was evaluated on the sexual phase of Mycosphaerella fijiensis by the method of germinative 

tube elongation of the ascospores (Du Pont, 1983), using infected bananas leaves with the fungus in the stage 

5 or 6 of the disease (Belalcázar, 2011). Initially, on Kraft paper discs of 11 cm of diameter were staple nine 

chunks of approximately 2 cm2 of infected leaves of banana and they were wrapped in moistened paper towels, 

later they were incubated for 48 hours at room temperature in plastic bags with hermetic seal. Once finished the 

incubation period, the discs were submerged in water by 5 minutes. Then, the discharge of ascospores was 

performed during 4 - 6 hours on bacteriological agar supplemented at 20% with each solution of the extracts 

evaluated at 1000 mg/L in Petris dishes. Once finished the unload, the material was incubated at 26 °C for 48 

hours and the reading of 150 ascosporas in two Petri dishes was performed, distributed in three visual fields of 

50 ascospores each and the percentage of ascosporas with: normal germination (NG), short germination (SG), 

deformed germination (DG) and not germinated (NG) was calculated.  

 

For the in vitro activity of the above mentioned extracts on the asexual phase of M. fijiensis were applied the 

method radial growth of mycelium (Peláez et al., 2006); for which were needed the isolation of M. fijiensis by 

means of monosporic culture, incubated in PDA in wedge during 14 - 20 days under constant light. With every 

isolated strain, a solution of microorganism was prepared in sterilized distilled water and 100 µL were sowed on 

the surface of a PDA Petri dishes supplemented with each extract being evaluated at 1000 mg/L. The Petri 

dishes were incubated at 26 ºC for 20 days and the radical growth of 5 colonies of F. fijiensis per each Petri dish 
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were measured at 7, 9, 12, 15 and 20 days of incubation. Both types of test against M. fijiensis were performed 

by triplicate whit two repetitions; in addiction, as positive control Benlate® at 1 mg/L and as negative control the 

dilution solvent of the extracts were used. The HEX and HEX-iPrOH (3:1) extracts were dissolved in EtOH:DMSO 

(9:1) and those of dichloromethane in EtOH absolute. 

 

The results of the elongation test of the germinative tube of the ascospores (sexual phase) and of the mycelium 

radial growth (asexual phase) of M. fijiensis were analyzed by the statistical method of conglomerates and the 

of Kruskal-Wallis (p = 0,5) not parametric analysis, respectively; using the software Infostat (2007d.3).  

 

3. RESULTS AND DISCUSSION  

 

Phytochemical characterization 

 

The results of the phytochemical characterization demonstrated low presence of alkaloids in all extract types of 

the studied species, with the exception of Piper pesaresanum (FJR-3996) showed presence of this type of 

metabolite, these results are similar to the obteined by authors like Perazzo et al., 2013 and Liu et al., 2015; the 

main phytocompounds found in all the evaluated extracts were sterols, steroids, terpenes, saponins and 

flavonoids; among the types of flavonoids the most abundant were aurones, catequins, flavones and chalcones 

while the less abundant were flavonols, flavonones and isoflavones; none of the HEX extracts evaluated showed 

presence of coumarins and anthraquinones, as it can be shown in the table 2. These results contrast with 

different reports of the phytochemical composition for each family on this research (Mughal et al, 2010; Parmar 

et al, 1997; Ravipati et al, 2014; Seebaluck et al, 2015).  
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Table 2. Phytochemical characterization of twelve plants collected in the Colombian Coffee Region 

(CCR) 

*(-): Absence of phytocompound       Ɨ(+): Presence of phytocompound   
aHEX: Hexanes, bDCM: Dichloromethane and cHEX-iPrOH Hexanes-isopropanol 
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Alkaloid 

HEX -* +Ɨ - - + - + - - - - - 

DCM - - - - - - + - - - - - 

HEX-iPrOH 
(3:1) 

- - + - - - + - - - - - 

Phenols and 
tannins 

HEX + + + + + + + + + + + + 

DCM + + + + + + + + + + + + 

HEX-iPrOH 
(3:1) 

+ + + + + + + + + - + + 

Sterols, 
steroids, 
terpenes 

HEX + + + + + + + + + + + + 

DCM + + + + + + + + + + + + 

HEX-iPrOH 
(3:1) 

+ + + + + + + + + + + + 

Steroidal 
saponins 

HEX + + + + + + + + + + + + 

DCM + + + + + + + + + + + + 

HEX-iPrOH 
(3:1) 

+ + + + + + + + + - + + 

Flavonoids 

HEX + + + + + + + + + + + + 

DCM + + + + + + + + + + + + 

HEX-iPrOH 
(3:1) 

+ + + + + + + + + + + + 

Lactones and 
Sesquiterpene 

lactones 

HEX - - - - - - - - - - - - 

DCM - - - - - - - - - - - - 

HEX-iPrOH 
(3:1) 

- - - - - - - - - - - - 

Coumarins 

HEX - - - - - - - - - - - - 

DCM - - + + - - - - + - + + 

HEX-iPrOH 
(3:1) 

+ - + + - + - + + + + + 

Anthraquinones 

HEX - - - - - - - - - - - - 

DCM + + - + + + + + + + + + 

HEX-iPrOH 
(3:1) 

+ + + + + + + + + + + + 
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Antioxidant Activity 

 

In the determination of antioxidant activity (%AA), through the free radical sequestration method were considered 

as actives those extracts that showed antioxidant activity ≥ 25 % , which corresponds to half the activity value 

presented by the positive control (hidroquinone at 1000 mg/L) (Gaviria et al., 2014). In figure 1 the extracts that 

displayed significant activity were: in the HEX extracts only one, on the other hand, for the twelve evaluated 

dichloromethane plant extracts only six of them and finally, ten of twelve HEX-iPrOH (3:1) extracts showed 

activity higher to 25%. In general, the antioxidant capacity of the extracts according to its polarity was in the 

following order: HEX-iPrOH (3:1) › DCM › HEX. These results could be explained by the presence of secondary 

metabolites as coumarins and anthraquinones in the extracts of DCM and HEX-iPrOH (3:1) (Borges et al, 2013; 

Zhang et al, 2005).  
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Figure 1. Percentage of antioxidant activity through the DPPH● radical method in (A) hexane (B) 

dichloromethane and (C) hexane-isopropanol (3:1) extracts 
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Of the twelve evaluated species the highest antioxidant activity in the three types of extracts was displayed by 

Piper umbellatum (FJR-4012), standing out its HEX extract with 44.8 % of activity. However, significant 

differences were not demonstrated in the antioxidant capacity in the four families studied. These results agree 

with the obtained for Swapna et al., (2012) and Zarai et al., (2013), whom reported important antioxidant activities 

for the species belonging to the Piper genus like Piper betel L. and Piper nigrum.  

 

On the other hand, through the phytochemical characterization was detected the presence of common 

phytocompounds in the species that presented good antioxidant activity, such as: phenols, tannins, sterols, 

steroids, terpens, saponins and flavonoids, which have been reported as phytocompounds with high radicals 

capture capacity in researches developed by Alabri et al., (2014), Akharaiyi, (2011) and Koşar et al., (2011). 

 

For the evaluation of the antioxidant activity by the ABTS●+ assay, in table 3 it is possible to observe that the 

obtained results by this method were higher than those displayed through DPPH● assay, indicating the good 

sensibility of the first assay compared to the last one, it was possibly by the type of metabolites detected in the 

extracts. This determination was reaffirmed by studies developed by Floegel et al., (2011).  

 

Table 3. Antioxidant activity expressed in trolox equivalents of the most active plants for the DPPH● 

and ABTS·+ methods 

 

SPECIES 
 

DPPH •  (μmol trolox/g extract)* ABTS•+ (μmol trolox/g extract)* 

HEX DCM 
HEX-iPrOH 

(3:1) 
HEX DCM 

HEX-iPrOH 
(3:1) 

Clibadium asperum ND 19.93 23.38 ND 109.00 169.30 

Mikania lloensis ND ND 19.70 ND ND 349.08 

Acalypha diversifolia ND 20.94 17.64 ND 140.03 902.93 

Alchornea coelophylla ND ND 20.04 ND ND 914.76 

Hyeronima antioquensis ND ND 24.46 ND ND 341.19 

Mabea montana ND 15.89 22.14 ND 168.88 469.07 

Piper crassinervium ND 20.54 22.81 ND 525.89 690.82 

Piper eriopodon ND 25.06 17.89 ND 193.00 295.04 

Piper pesaresanum ND ND ND ND ND ND 

Piper umbellatum 28.53 20.48 20.07 519.44 347.83 370.92 

Palicourea petiolaris ND ND 22.53 ND ND 152.74 

Rubiacea ND ND ND ND ND ND 

Control (+) 
 Hydroquinone 1000 mg/L 

30.84 917.76 

           *ND: No detected 
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Determination of total phenolic content 

The content of total phenols expressed mg gallic acid /100 mg extract (GAE) of the species that presented 

activity with DPPH● is shown in the table 4. From this information was calculated the correlation between the 

quantity of this metabolite in the extract with its antioxidant capacity (Magalhães et al., 2008). 

  

Table 4. Total phenols content expressed as equivalents of Gallic acid of the active extracts 

SPECIES 

Total phenols*                                     
(mg gallic acid/100 mg extract) 

HEX DCM 
HEX 

iPrOH 

Clibadium asperum ND 1.77 2.82 

Mikania lloensis ND ND 5.57 

Acalypha diversifolia ND 9.47 14.57 

Alchornea coelophylla ND ND 28.42 

Hyeronima antioquensis ND ND 8.57 

Mabea montana ND 0.92 9.45 

Piper crassinervium ND 8.77 9.92 

Piper eriopodon ND 1.77 0.23 

Piper pesaresanum ND ND ND 

Piper umbellatum 1.97 2.55 4.25 

Palicourea petiolaris ND ND 3.77 

Rubiacea ---- ---- ---- 

                                                       *ND: No detected 

 

These results point out that some of the species with high percentages of antioxidant activity presented low 

values of GAE, while others with moderate activity showed higher levels; this is the case of the HEX extract of 

Piper umbellatum that showed the major percentage of antioxidant activity (44.8%) and displayed a content of 

1.97 GAE, whereas in the HEX- iPrOH (3:1) extract of Acalypha diversifolia there was 14.57 GAE, in spite of the 

fact that its antioxidant activity was 28%. Due to these results it is possible to infer that the content of total 

phenols of the evaluated species does not correlate directly with the antioxidant activity that they present; the 

correlation coefficient of Pearson between the total phenols content in the extracts of DCM and HEX-iPrOH (3:1) 

with the antioxidant activity for DPPH● method were 0.1419 and -0.1362 respectively. This result was similar to 

the presented one for Hassimotto et al., (2005) indicating that the antioxidant activity can be owed to the 

presence of another type of compounds such as flavonoids, saponins or alkaloids (Kim et al., 2012; Arun & 

Brindha, 2012). 

 

In vitro fungicidal activity against Fusarium oxysporum and Fusarium solani. 

 

In the determination of the antifungal activity of the three types of crude extracts one of the twelve species 

studied at concentrations of 429, 857, 1714 y 3429 mg/L against Fusarium oxysporum and Fusarium solani fungi 

displayed moderate activity; but the highest percentages of inhibition were observed at 3429 mg/L. The most 
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affected fungus by the plants extracts tested was F. oxysporum, because the majority of the plant extracts 

evaluated inhibited its radial growth; the HEX-iPrOH (3:1) extracts showed the highest activity, standing out the 

specie Mikania Iloensis (FJR-3977) with a percentage of inhibition of 44.8%. The species from the Piperaceae 

family were the most actives since all the plant extracts assayed inhibited the growth of F. oxysporum, where P. 

pesaresanum (FJR-3996) exhibited an activity range between 34.6 – 42.3% as is showed in the figure 2A.  

 

In case of F. solani, the most active extracts were those of the Piperaceae family, been the HEX and DCM 

extracts from the Piper pesaresanum (FJR-3996) that exhibited 59% and 38% of antifungal activity respectively. 

The extracts of HEX-iPrOH (3:1) of Hyeronima antioquensis (FJR-3905) and Mabea montana (FJR-3912) both 

of the Euphorbiaceae family were the least active against this fungus; while all the extracts of the species 

assayed from the families Asteraceae and Rubiaceae presented moderate to weak activities, with values lower 

than 23% (figure 2B). 

 

 

Figure 2. Percentage of inhibition of the extracts evaluated to 3429 mg/L of: A) Fusarium oxysporum; 

B) Fusarium solani 
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In vitro fungicidal activity against Mycosphaerella fijiensis Morelet. 

 

The extracts with the highest antifungal activity against the sexual phase of M. fijensis were the DCM and HEX-

iPrOH (3:1) extracts from Piper pesaresanum (FJR-3996) as well as the DCM extract of Alchornea coelophylla 

(FJR-3969), these extracts inhibited ascospores germination in 100 % followed by the DCM extract of Hyeronima 

antioquensis (FJR-3905) and the HEX extract of P. pesaresanum, with an activity of 80.5 and 39.5%, 

respectively. On the other hand, the DCM extracts from Piper crassinervium (FJR-4021), Mabea montana (FJR-

3912) and Acalypha diversifolia (FJR-3967) affected the M. fijiensis ascospores growth in 82.5, 69.5 and 54.5%, 

respectively as it is shown in Figure 3. 

 

By means of the non parametric statistical analysis of Kruskal-Wallis (p = 0,5) through the statistical software 

Infostat (2007d.3) the results obtained in the radial growth test showed that the HEX and HEX-iPrOH (3:1) 

extracts were the most active against the asexual phase of the fungus. It was determined that the HEX-iPrOH 

(3:1) extracts of Mikania lloensis (FJR-3977) and Clibadium asperum (FJR-4045) presented 100% of activity 

against the asexual phase of M. fijiensis, followed by the  HEX extracts of Acalypha diversifolia (3967), 

Hyeronima antioquensis (3905) and Piper crassinervium (4021) and finally the DCM extract of Alchornea 

coelophylla (3969), since the above mentioned extracts presented an inhibitory effect superior to 50% of the 

radial growth of the fungus without any statistical difference between them and the positive control (Benlate 1 

mg/L). 
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Figura 3. Active extracts at 1000 mg/L against of Mycosphaerella fijiensis Morelet sexual phase 

through the elongation of the germinative tube method 

 

In previous investigations was determined that both species belonging to the Asteraceae family Lepidaploa 

lehmannii and Critoniella acuminate as well Alchornea coelophylla, Acalypha diversifolia, A. macrostachya, 

Hyeronima antioquensis and Phyllantus sp associated to the Euphorbiaceae family as Piper pesaresanum and 

Piper crassinervium from to the Piperaceae family and Palicourea guianensis Aubl related to the Rubiaceae 

family, displayed activity against M. fijiensis (Mosquera et al., 2009). Whereas Riveros & Arciniegas, (2003), 

reported that Piper hispidum and P. peltatum (Piperaceae family) disables the growth and development of the 

ascospores and colonies of M. fijiensis; demonstrating in this way, the potential anti-Black Sigatoka activity of 

species of the Asteraceae, Euphorbiaceae, Piperaceae and Rubiaceae families. 

 

In general, all the species that showed activity against F. oxysporum, F. solani and M. fijiensis, contain 

phytochemical compounds as phenols, tannins, triterpenes, sterols, steroids, steroidal saponins and flavonoids; 

some of them differ in the content of coumarins, antraquinones and another type of flavonoids; in the case 

associated to the species of the Piperaceae family that contain autones or aurones, chalcones, flavones, 

flavonols and catechins, besides coumarins and antrones or anthranols that could be responsible for their activity 
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against M. fijiensis. Among the evaluated species the only one that presented alkaloids was Piper pessaresanum 

(FJR-3996) in all of its extracts. These results agree with those reported by Palacios et al., (2009) who detected 

alkaloids, amides, pyrones, dihydrochalcones, flavonoids, phenylpropanoids, lignans, neolignans, tannins, 

saponins, coumarins belonging to the Piperaceae family to the same way flavonolic compounds like chalcones, 

dihydrochalcones, flavones and flavanones of the inflorescences of Piper hispidium Kunth (Plazas et al., 2008). 

 

In different species extracts with anti-Black Sigatoka (anti-BS) activity, were identified secondary metabolites as 

alkaloids, steroids, phenols, tannins, polyphenols, coumarines, quinones, saponins, triterpens and flavonoids; 

in addition, it was found compounds like oligosaccharides, flavonoids, terpenoids and acetylenic acid, that 

promote or induce the phytoalexins production, that help to attack diseases from fungi origin in plants, for 

example increasing the resistance to Black Sigatoka (Mycosphaerella fijiensis Morelet)  in banana  (Echeverri 

et al., 2006). 

 

4. CONCLUSIONS 

 

The relation observed between the phenolic content and the antioxidant activity did not showed to be directly 

related to the evaluated extracts, for that reason it was assumed that this activity is originated for another type 

of compounds like flavonoids, terpens, saponines, among others. 

 

The family that showed the highest number of species with antioxidant and antifungal activities was the 

Piperaceae followed by Asteraceae and Euphorbiaceae families. For the antioxidant activity the most active 

species was Piper umbellatum (Piperaceae), whereas against the fungi Fusarium oxysporum and Fusarium 

solani they were Mikania Iloensis (Asteraceae) and Piper pessaresanum (Piperaceae), respectively. Against the 

sexual phase of the fungus Mycosphaerella fijiensis Morelet the extracts that displayed total inhibition were Piper 

pesaresanum (Piperaceae) and Alchornea coelophylla (Euphorbiaceae); while, against the asexual phase they 

were Mikania lloensis (Asteraceae) and Clibadium asperum (Asteraceae) which inhibited in 100 % the fungus 

growth. 
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