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Abstract 

The berries of Piper cubeba L. or commonly recognized as tailed pepper are traditionally 

used as flavoring ingredients in various types of food. It has been reported with abundant 

of phytochemical compounds that contribute to its nutritional and medicinal properties. 

The antimicrobial effect of the spice including antifungal activity was believed to reduce 

the potential of fungal spoilage thus minimizing food losses and wastage. This study was 

aimed to determine the antifungal activity of P. cubeba L. extract against isolated spoilage 

fungi namely Geotricum candidum (TMa 001), Penicillium citrinum (GRd 001) and 

Trametes hirsuta (LMd 001) by in vitro and in vivo techniques. Disc diffusion assay, 

minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) 

test of the methanolic extract were performed on the selected fungi. The largest inhibition 

zone, fungistatic and fungicidal effects were detected in T. hirsuta with 18.30±3.00 mm, 

0.039 mg/mL and 0.078 mg/mL, respectively. The inhibition of conidial germination 

assay was performed at 0 × MIC, 0.5 × MIC, 1 × MIC, 2 × MIC, and 4 × MIC, and the 

result showed G. candidum were completely inhibited at 4 × MIC. The ideal concentration 

of P. cubeba L. extract on different selected food commodities were 0.50% against G. 

candidium in tomato, 0.50% to 5.00% against P. citrinum in grapes, and 5.00% against T. 

hirsuta in lemon. The findings implied that P. cubeba L. extract can be listed as one of the 

natural antifungal agents in food. The availability of various types of natural antifungal 

agents will help in reducing the usage of chemical fungicide, which may lead to adverse 

and deteriorating health effects in the events of prolong consumption. 

1. Introduction 

Piper cubeba L. berries commonly known as tailed 

pepper belongs to the Piperaceae family and comes from 

the Piper genus. The pepper of the perennial shrub was 

originated from Indonesia and mostly cultivated in Java 

and Sumatra, and some part of India (Nahak and Sahu, 

2011). Besides used as flavoring ingredients in food, the 

pepper have been widely reported in traditional 

medicines practices mainly to cure abdominal pain, 

asthma, intestinal disease, dysentery, bronchitis, cough, 

tuberculosis and rheumatism (Bos et al., 2007; Shakeel 

et al., 2019). The pepper is rich with the valuable 

phytochemical compounds such as alkaloids (piperine 

and cubebin), amides, flavanones, flavones, lignans, 

neolignans, terpenes, sesquiterpenes and 

propenylphenols (Parmar et al., 1997). Scientifically, the 

antimicrobial effect of P. cubeba berries such as 

antifungal (Rukayadi et al., 2013), antibacterial (Aneja et 

al., 2010; Rezende et al., 2016), antiparasitic 

(Esperandim et al., 2013) and antiviral (Hussein et al., 

2000) has been reported in several studies. 

Food spoilage is a metabolic process which involved 

changes in the food chemical or physical properties 

which caused food to be undesirable for human 

consumption (Gram et al., 2002). It gives economic 

impact by reduces the shelf life, quality and safety of 

food product. Approximately 5 to 10% of food losses are 

caused by fungal food spoilage (Pitt and Hocking, 2009). 

The pathogen easily penetrate and infect the plant tissue 

of the food, usually throughout the lesion and injury 

caused by improper handling of fresh produce practices 

(Gustavsson et al., 2011). High moisture contents and 

low temperature environment also provide an ambient 

condition for the fungal development. In perishable 
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produces such as tomato, grapes and lemon, several 

fungal pathogens have been reported including; 

Aspergillus spp., Penicillium spp., Geotrichum spp., 

Fusarium spp., Trametes spp. and Rhizopus spp. 

(Birhanu et al., 2014; Cilerdzic et al., 2011; Kalyoncu et 

al., 2005; Tournas and Katsoudas, 2005). In tomato and 

grapes the fungal species such as G. candidum and R. 

stolonifer spoil the fruits by soft rots (Latorre et al., 

2002; Samuel and Orji, 2015). Any types of spoilage 

defect in fruits may become the reason for postharvest 

losses.  

Postharvest damages and unfavorable appearance 

due to fungal spoilage may contribute to the food 

wastage globally. Nowadays, spraying synthetic 

pesticides, adding chemical preservatives and additives 

are typical ways to control the fungal infection on food 

(Ismail and Zhang, 2004; Palou et al., 2007). However, 

environment and health issue has been arising, thereby 

becoming a public concern that needs to be considered. 

An alternative way to suppress the growth of food 

spoilage fungi needs to be discovered (Sheikh et al., 

2012). Currently, the natural antifungal from plants 

extracts become an alternative (Cabral et al., 2013). 

Therefore, as the P. cubeba L. is recognized with 

antimicrobial potential, the use of the extract as natural 

antifungal agent is believed will minimize the occurrence 

of fungal spoilage in perishable produces. Thus, this 

study was conducted to determine the antifungal activity 

of P. cubeba L. extract against the selected spoilage 

fungi; G. candidum, P. citrinum and T. hirsuta by in 

vitro techniques and in its common fresh produce 

commodities.  

 

2. Materials and methods 

2.1 Fungi preparation  

G. candidum (TMa 001), P. citrinum (GRd 001) and 

T. hirsuta (LMd 001) isolated from infected tomato, 

grapes and lemon respectively were obtained from the 

stock cultures in Laboratory of Natural Products, 

Institute of Bioscience, Universiti Putra Malaysia. The 

isolates were subcultured onto potato dextrose agar 

(PDA) media to permit growth.  

2.2 P. cubeba L. extraction 

The dried P. cubeba L. berries were purchased from 

Herbal Traditional Market, Bandung, Indonesia. The 

berries were grind using dry mill blender (Panasonic MX

-GM1011, Singapore) and sieved into a fine powder with 

the size ranged from 0.40 to 0.55 mm. The powder was 

then immersed separately in absolute methanol and 

ethanol with the ratio of 1:10 at room temperature.  Post 

7 days of immersion, each of the mixture was filtered 

using Whatman filter paper No. 1 and concentrated using 

rotary vacuum evaporator (Heidoph VV2011, 

Schwabach, Germany) at 50°C and 120 rpm. To obtain a 

concentration of 10%, the extract (100 mg/mL) was 

prepared by dissolving the extract in 100% 

dimethylsulfoxide (DMSO) (RandM Marketing, Essex, 

UK). The extract was then further diluted with sterile 

distilled water at 1:10 (v/v) ratio to obtain 10 mg/mL of 

stock solution. The diluted extract was stored at 4°C 

prior to use.  

2.3 Inoculum (conidia) preparation 

A 7-day old fungi culture was harvested and rinsed 

into a flask containing 20 mL of sterile saline solution 

(0.85% NaCl). The flask was then agitated at 200 rpm at 

30°C for 2 hrs to break down the mycelial structure of 

the fungi. The suspension was then filtered through 

cotton wool to remove the debris. The concentration of 

the inoculums was adjusted to achieved the yield 

approximately 104 CFU/mL using hemocytometer 

(Barrera-Necha et al., 2008). 

2.4 Disc diffusion assay 

Disc diffusion method adopted from Birhanu et al. 

(2014) was applied to the methanolic P. cubeba L. 

extract. A 100 µL of prepared inoculum (104 CFU/mL) 

was spread uniformly onto PDA using a sterile cotton 

swab. The sterile paper disc impregnated with 10 µL of 

10 mg/mL P. cubeba L. extract was then placed on top 

of the agar media. The positive and negative controls 

used in this study were 10 mg/mL of miconazole 

solution and 10% DMSO, respectively. The plate was 

then incubated upright for 48 hrs at 30°C. The clear 

inhibition zones surrounding the disc were then 

measured in mm.  

2.5 Determination of minimum inhibitory concentration 

(MIC) and minimum fungicidal concentration (MFC) 

MIC was determined according to the technique 

described by Clinical and Laboratory Standards Institute 

(2012). The test was performed in 96-well microtiter 

plate using two-fold standard broth microdilution method 

with the inoculums were adjusted at approximately 104 

CFU/mL. Column 1 of the wells was filled with 200 μL 

of potato dextrose broth (PDB) (Difco, Sparks, 

Maryland, United States) which served as negative 

control. Column 2 acts as positive control, which filled 

with 100 μL medium and 100 μL of inoculums. The 

microdilution was performed at concentration of the 

methanolic extract ranged from 5.000 mg/mL in column 

12 to 0.009 mg/mL in column 3. The microtiter plate was 

then incubated at 30°C for 48 hrs. MFC was performed 

by subculturing 10 µL of the suspension from each of the 

wells of the microtiter plates onto PDA and incubated at 
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30°C for 48 hrs. 

2.6 Inhibition conidial germination assay 

The method was performed according to the 

techniques described by Rukayadi and Hwang (2007) 

and Jin et al. (2004) with slight modifications. P. cubeba 

L. extract at 0 × MIC (0.000 mg/mL), 0.5 × MIC (0.625 

mg/mL), 1 × MIC (1.250 mg/mL), 2 × MIC (2.500 mg/

mL), and 4 × MIC (5.000 mg/mL) were prepared and 

added to PDB containing approximately 104 CFU/mL of 

fungi inoculums suspension until achieve the final 

volume of 1 mL. The suspension was then incubated at 

30°C for 24 hrs. Post incubation, the culture was 

thoroughly mixed using vortex before spreading 100 µL 

of the fungi onto PDA plates. The plates were then 

incubated for 48 hrs at 30°C prior colony counting and 

calculation of conidial germination inhibition percentage.  

2.7 In vivo assay of P. cubeba L. extract in tomato, 

grapes and lemon 

The assay was performed on wounded tomato, 

grapes and lemon by artificially inoculated G. candidum, 

P. citrinum and T. hirsuta isolates, respectively, as 

described by Liu et al. (2009). Seven fruits each were 

selected at similar stage of ripening, similar size, and 

visibly free from disease prior to dipping in 1% of 

Sodium Hypochlorite (NaOCL) (R and M Marketing, 

Essex, UK) for 2 min. The fruits were then rinsed with 

sterile distilled water and air dried inside the laminar 

flow. After that, the wounds were inflicted on the surface 

of the fruits with 2 mm deep x 5 mm width by using cork 

borer for uniform size before 20 µL of the fungi 

inoculums were introduced. Post 10 min, 30 µl of tap 

water, sterile distilled water, 0.05%, 0.50%, and 5.00% 

of P. cubeba L. extract were pipetted into each of the 

wound. Sodium benzoate (Na2C5O7) was used as positive 

control and 10% DMSO was used as negative control. 

All treated fruits were sealed in a sterile plastic container 

and incubated at 30°C with high humidity (98%). The 

lesions of wounded samples were observed and the size 

of the lesion was measured post seven days of 

incubation. 

2.8 Statistical analysis 

All results were replicated two or three times with 

triplicates (n = 2 × 3 / n = 3 × 3) for each treatment and 

the data were expressed as a mean ± standard deviation. 

One-way analysis of variance (ANOVA) was performed 

using Minitab® Version 16 for Windows (Minitab Inc., 

USA) followed posthoc Tukey’s test for means 

separation (p<0.05). 

 

3. Results and discussion 

The methanolic and ethanolic extraction of P. 

cubeba L. berries by normal soaking method resulted 

with 21.0±0.1% and 18±0.1% recovery yields, 

respectively. Higher recovery yield was obtained from 

methanolic extract than ethanolic extract. According to 

Do et al. (2014), high extraction yield result usually 

obtained by high polarity solvent used in the extraction. 

As in this study, the polarity values for both solvents 

were 0.762 and 0.654, for methanol and ethanol 

respectively. In comparison between methanolic extract, 

study by Choi and Hwang (2003) have shown 15.5% of 

recovery yield using 80.0% methanol as a solvent for 24 

h of soaking period. The difference was most probably 

due to the soaking plant duration. As in this study, the 

berries were soaked in higher concentration of methanol 

and longer soaking duration. According to 

Efthymiopoulos et al. (2019), the extraction within short 

period of time period does not permit sufficient time for 

the solvent to recirculate the extract of total available oil 

in plant extract compounds. The statement also 

supported by previous study which asserted that the 

longer the solvent-sample soaked duration, the more 

efficient the extraction (Lawson et al., 2010). 

The disc diffusion assay was performed to screen the 

capability of antifungal activity of P. cubeba L. extract 

against G. candidum, P. citrinum and T. hirsuta isolates. 

The inhibition zones of methanolic and ethanolic extracts 

of P. cubeba L. against the fungal isolates were 

presented in Table 1. Based on the findings, the 

methanolic extract showed higher inhibition zone 

compared to the ethanolic extract for all the tested 

isolates. Statistically, the significant different of the 

inhibition zone was seen in G. candidum and T. hirsuta 

between both solvents (p<0.05). Between fungal species, 

the inhibition zone for G. candidum and P. citrinum 

shows no significant difference (p>0.05) for both 

solvents. This is most probably due to the different of 

growing pattern for both fungi between T. hirsuta. Fungi 

of G. candidum and P. citrinum are fast growing colony 

on PDA media (Tiwari et al., 2011; Ma et al., 2018). In 

other study, the antifungal activity of essential oil P. 

cubeba L. extract also have shown 7.0 mm and 7.5 mm 

inhibition zone against Fusarium oxysporum and 

Alternaria porri respectively (Pawar and Thaker, 2007). 

Higher inhibition zone of methanolic extract also have 

been reported by Rukayadi et al. (2013) with 22.0 mm 

against Candida albicans.  

In this study, disc diffusion assay function as initial 

antifungal screening of P. cubeba L. extract. According 

to Othman et al. (2011), the test is not optimal to fully 

access of antifungal activity due to the lack of efficiency 
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of hydrophobicity compound in extract to diffuse into 

agar media since the extract was hindered with the pore 

of disc paper. Therefore, MIC and MFC were conducted 

to further access of antifungal activity. The methanolic 

extract was selected to proceed with the next test study 

as it provide wider range of inhibition zone compared to 

the methanolic extract. 

MIC was interpreted as the lowest concentration of 

antifungal agent to inhibit the growth of tested fungi 

compared to control (Rukayadi and Hwang, 2007). 

Whereas, MFC interpreted as minimum concentration of 

antifungal agent required to kill tested fungi. The results 

for MIC and MFC values for all the tested fungal isolates 

were presented in Table 2. Based on the findings, the 

methanolic P. cubeba L. extract required higher 

concentration at 1.250 mg/mL and 2.500 mg/mL to 

express their fungistatic and fungicidal effects 

respectively against G. candidum compared to the other 

two isolates. The antifungal activity of the extract was 

more effective against T. hirsuta followed by P. 

citrinum. According to Mohamed et al. (2014), high 

polarity of methanol solvent is effective to extract 

different types of sesquiterpenoids that determined the 

bioactivity of the extract. Monoterpenes and 

sesquiterpenes were responsible to the antibacterial 

activity of P. cubeba L. extract, however, for antifungal 

effects, the phytochemical contents of the methanolic 

extract such as alkaloid, lignin and terpenes were 

responsible for the activities. 

The inhibition conidial germination assay was 

conducted to further determine the antifungal activity of 

P. cubeba L. extract by increasing the concentration of 

the MIC value. The graph for inhibition conidial 

germination for all the tested isolates were plotted and 

presented in Figure 1. Based on the graph, the conidial 

inhibition of G. candidum gradually increased with the 

increase of P. cubeba L. extract concentration. At 0.5 × 

MIC, 36.0% of the conidia were inhibited. Between 1 × 

MIC to 2 × MIC, the conidial germination slightly 

decreased. However, 80.3% of the conidia were inhibited 

at 2 × MIC. At 4 × MIC, almost all of the conidia were 

killed. For P. citrinum, nearly similar with G. candidum, 

35.3% of the conidial growth was inhibited at 0.5 × MIC. 

Slight decrease in conidial germination was seen 

between 1 × MIC and 2 × MIC. However, in comparison 

with G. candidum, the extract at 4 × MIC was not 

enough to completely inactivate P. citrinum. For T. 

hirsuta, 27.6% of the conidia were inhibited after 

incubation with 0.5 × MIC. Slight conidial inhibition 

was seen between the application of 0.5 × MIC and 1 × 

MIC. However, 33.0% of conidia were inhibited at 2 × 

MIC. At 4 × MIC, 78.4% of the conidial germinations 

were inhibited. Even though, the extract at 4 × MIC did 

not completely kill all the conidia of T. hirsuta, however, 

more than 70.0% of the conidial germination was 

inhibited at 0.156 mg/mL, which is the lowest 

concentration at 4 × MIC compared to other tested 

fungal isolates. Based on the findings, P. cubeba L. 

extract exhibited higher ability to inhibit the fungal 

conidia germination at high concentration. For all the 

three isolates, more than 70.0% of the germinations were 

inhibited at the maximum tested concentration. 

The presence of hyphal elements in tissue of 

filamentous fungi is a morphological form of infected 

fungi in vivo (Guarro et al., 1997). Even though study 

proved most pathogenic fungi are in hyphal form, most 

research in antifungal activity is analyzed by spore 

germination assay (Espeniel-Ingroff, 2001). However, 

The National Committee for Clinical Laboratory 

Standards (NCCLS) has proposed standardized 
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Fungal 
isolates 

Inhibition zone (mm) 

Solvents 

Methanol Ethanol 

TMa 001 8.10 ± 0.80Ab 7.26 ± 0.20Bb 

GRd 001 7.67 ± 0.90Ab 7.13 ± 0.20Ab 

LMd 001 18.30 ± 3.00Aa 13.80 ± 1.40Ba 

Table 1. Average inhibition zone of P. cubeba L. extract 

against G. candidum (TMa 001), P. citrinum (GRd 001) and 

T. hirsuta (LMd 001). 

Values are expressed as mean ± standard deviation. Values 

with different capital alphabet superscripts in the same column 

are significantly different (p<0.05) while values with different 

letter superscripts in the same row are significantly different 

(p<0.05). 

Fungal isolates MIC (mg/mL) MFC (mg/mL) 

TMa 001 1.25 2.5 

GRd 001 0.625 1.25 

LMd 001 0.039 0.078 

Table 2. MIC and MFC of methanolic P. cubeba L. extract 

against G. candidum (TMa 001), P. citrinum (GRd 001) and 

T. hirsuta (LMd 001). 

Figure 1. Effect of P. cubeba L. extract on conidial 

germination of G. candidum (TMa 001), P. citrinum (GRd 

001) and T. hirsuta (LMd 001) at different MIC 

concentrations. 
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procedure for conidial suspension preparation for 

antifungal activity study. According to Wendland (2001), 

conidial germination undergo four stage of process; (1) 

breakage of dormant spore initiate the spore formation, 

(2) germ spherical forming in isotropic growth phase, (3) 

polarization of marked site with emergence of germ tube 

and lastly (4), maintenance of polar hyphal growth and 

stimulate subsequent event started with cytokinesis to 

for, multicellular hyphae. Study by Ruiz et al. (2016) 

mentioned that, plant extract concentration above MIC 

showed inhibition of conidial germination by hindering 

isotropic growth, polarization stage and hyphal growth 

while complete inhibition of conidial germination 

achieved when concentration of the extract above the 

MFC values.  

In vivo assay was performed onto the tomato, grape 

and lemon to further determine the antifungal 

effectiveness of the tested plant extract. The in vivo 

evaluation was applicable in various techniques (Liu et 

al., 2009; Svecova, 2010; Prakash et al., 2012). In this 

study, the experiment adopted the technique by Xing et 

al. (2012) and Fieira et al. (2013) by artificially wounded 

the fruits and intentionally inoculated it with the tested 

fungi to determine the antifungal capability of P. cubeba 

L. Figure 2 shows the post seven day lesions diameter of 

artificially wounded tomato, grapes and lemon that has 

been inoculated with G. candidum, P. citrinum and T. 

hirsuta, treated with different treatments, respectively. 

Based on the results, smaller lesion diameter was 

measured on the samples treated with P. cubeba extract 

compared to the negative control (10.00% DMSO). The 

bigger lesion diameter size suggested lesser antifungal 

effect of the extract against the tested spoilage fungi. For 

G. candidum, the smaller lesion diameter was recorded 

in the samples treated with 0.50% extract concentration 

followed by 5.00% and 0.05% with 26.33 mm, 34.17 

mm and 41.17 mm, respectively. In comparison to P. 

citrinum, the samples treated with 5.00% and 0.50% 

extract concentration show similar lesion diameter at 

5.17 mm and followed by 0.05% at 5.50 mm. For T. 

hirsuta, the smallest lesion diameter, at 5.50 mm was 

measured in the samples treated with the highest 

concentration of the P. cubeba L. extract. For the 

samples treated with tap water and sterilized distilled 

water, the lesion diameter was recorded bigger than the 

positive control (1.00% sodium benzoate) post 7 days 

storage at 98.00% humidity environment. Basically, the 

findings suggested that washing fruits with tap water as 

well as sterilized distilled water will hasten the growth of 

spoilage fungi especially on the fruits that physically 

injured during handing process at any line of supply 

chain. 

For tomatoes, the ideal concentration to exhibit the 

antifungal activity of the extract against G. candidum 

was recorded in 0.50% concentration compared to the 

higher tested concentration. The study showed 

inconsistency of the antifungal activity of the extract at 

high concentration. This is most probably due to the 

biochemical interaction between constituents of the 

extracts with the chemical composition in the food 

system. At high concentration, some plants may develop 

phytotoxicity. Phytotoxicity is an apparent discoloration 

damage that is induced on the cuticle or skin of fruits 

(Amiri et al., 2008). According to Svecova et al. (2016), 

phytotoxicity effects must be considered when applying 

high concentration of the extract especially as natural 

preservative from the medicinal plant. A study done by 

Svecova (2010) also has recommended to apply lower 

concentration of the plant extract frequently in order to 

reduce the phytotoxicity effect as well as to improve the 

antifungal action. In another study, Amiri et al. (2008) 

also mentioned that combination of plant extract with 

other substances like lecithin can reduce the 

phytotoxicity effect in fruits such as eugenol on the 

apple’s cuticle. 

For grapes, the measured lesion diameter for 0.50% 

and 5.00% extract concentrations against P. citrinum 

were almost similar with the samples treated with 1.00% 

sodium benzoate that possess as positive control. Sodium 

benzoate is one of the synthetic preservatives that 

commonly added in food commodities to extend the 

shelf life of the food product. The application of the 

preservative may prevent potential damage that leads to 

reduce market value and food wastage (Knoche and 

Lang, 2017). For grapes, the easily penetrable thin skin 

with high nutrient value creates a hostile environment for 

the microorganism to grow. Fruit skin failure associated 

with a number of disorders including shriveling, 

cracking, russeting, and skin spots can occur if the fruits 

were not protected. As in this study, the application of P. 

cubeba L. extract between the range of 0.50% to 5.00% 

concentration were as good as the commercial synthetic 

preservative in providing antifungal protection against P. 
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Figure 2. Diameter of lesion of artificially wounded tomato 

inoculated with G. candidum (TMa 001), grapes inoculated 

with P. citrinum (GRd 001) and lemon inoculated with T. 

hirsuta (LMd 001) in different treatment groups. 
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citrinum for at least 7 days at 98% humidity 

environment. Another study by Xing et al. (2012) has 

also shown the effective antifungal effects against P. 

citrinum on orange and jujube fruits by using 3.00% of 

clove oil. 

For lemon, the smallest lesion diameter was recorded 

in the samples treated with 5.00% P. cubeba L. extract 

concentration. By lowering the concentrations of the 

extract, lesser antifungal effect against T. hirsuta were 

observed. The effect of the extracts against T. hirsuta at 

the highest tested concentration nearly acting as the 

selected positive control. Application of the extract at 

5.00% concentration can be recommended to replace the 

synthetic preservative in lemon. However, in comparison 

with the other selected host, the deteriorating effect of 

lemon against fungal infection was minimal due to the 

presence of thick skin of the outer layer of matured fruit. 

The skin created large barrier for the microorganism to 

attack the lemon fruits at the storage line (Arendse et al., 

2018). In addition, the high acidity contents in the lemon 

fruit becomes a weapon for the lemon fruit to protect 

themselves from the foreign microorganism (Shen et al., 

2017). 

 

4. Conclusion 

In conclusion, the antifungal activity of methanolic 

P. cubeba L. extract was effective against G. candidum, 

P. citrinum and T. hirsuta, and its application in 

tomatoes, grapes and lemon suppressed the growth of the 

selected fungi. The extract at the optimum concentration 

can be used as natural antifungal agents of choice for the 

replacement of synthetic preservative. Various types of 

natural antifungal agents will help in reducing the usage 

of chemical fungicide, which may lead to adverse and 

deteriorating health effects of prolong consumption. 
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