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ABSTRACT 
Antifungal activity of Cymbopogon citratus DC. (Lemon grass) and Chromolaena odorata L. 

(Siam weed) was evaluated against Aspergillus niger. The extracting solvent used were ethanol 

and methanol. The methanol and ethanol extracts of the plants were prepared by adding 

separately 10g, 20g, 30g, 40g and 50g of the leaf powder of Cymbopogon citratus and 

Chromolaena odorata into 100ml of ethanol and methanol respectively. The setup of the 

experiment was layout on a 3x2x5 factorial design with extracts (lemon grass, siam weed and 

control), solvent (ethanol and methanol) and concentrations (10g/ml, 20g/ml, 30g/ml, 40g/ml and 

50g/ml) as treatments. Chloramphenicol being a standard antibiotic was used as control. 

Inhibition zones of the test organism, Aspergillus niger varied at various concentrations. Analysis 

of Variance (ANOVA) was employed and the Duncan’s new multiple range test (DNMRT) was 

also used to test the difference among treatment with more than two levels. The results of this 

study revealed that the plant extracts showed antifungal activity against the test organism at 

various concentrations. Cymbopogon citratus gave the highest inhibition zones at 30g/ml while 

that of Chromolaena odorata was highest at 50g/ml. The activities of the ethanol and methanol 

extracts were at their maximum at 40g/ml concentration of the plant extracts. Ethanol plant 

extracts showed higher antifungal activity against the test pathogen than the methanol plant 

extract. This research finding is important in the control of diseases associated with Aspergillus 

niger, which affect plants and animals. The antifungal potentials of Cymbopogon citratus and 

Chromolaena odorata as observed in this study therefore raises hope in the use of biopesticides to 

control fungal pathogens. 
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INTRODUCTION 

Yam rot is the biological degradation of yam tubers in storage facilities or in yam barn. It 

reduces both the quality and quantity of yam tubers whether in storage or before 

consumption. Yam is the common name for some plant species in the genus Dioscorea 

(family: Dioscoreaceae) that form edible tubers. These are perennial herbaceous vines 

cultivated for the consumption of their starchy tubers in Africa, Asia, Latin America and 

Oceania (Okigbo and Nmeka, 2005). The edible varieties of yam are important food crop 

and serve as an important carbohydrate staple food for millions of people in both tropical 

and subtropical countries in West Africa, Caribbean, the Northern and central part of 

south East Asia including parts of China and Malaysia (Okigbo and Ikedigwu, 2000).In 

Africa, the six economically important species of yams grown as staple are D.rotundata, 

D. alata, D.cayensis, D.dumentorium, D. esculenta and D.bulbifera. These six species 

constitute more than 90% of the food yams produced in the tropics (Hahn et al., 1987). 

Available statistics show that out of 37.5million tones of yam produced in the world in 

2000, 96% were produced in Africa (FAO, 2001). FAO (2003), also reported that Nigeria 

is the leading producers of yam with 27million followed by Ghana with more than 

3million and Cote d’Ivoire with 2.9million tones 

Yam production in Africa is constrained by several factors especially the 

shrinking area of fertile land and the biotic stress imposed by viruses, fungi, nematodes 

and insects adversely affect crop production and reduce profit (Okigbo et al., 2014). 

Many fungi have been identified by various workers as the causal organism of 

postharvest rot in yams. The principal microorganisms associated with the rot in Nigeria 

include Botryodiplodia theobromaePat., Fusarium moniliforme Var Subglutinans 

Wollenw and Reinking, Penicillium oxalicumCurrie and Thom, Penicillium 

scereotigenum Yamamoto, Aspergillus niger Van Tiegh., Aspergillus tarmarii Kita, 

Rhizoctonia sp. and Serratia sp. (Adeniji,1970 cited in Okigbo and Ikediugwu,2000). 

Ikotun (1989), isolated several fungi associated with the rot of yam tubers.  

The use of chemicals of various kinds such as sodium orthophenylphenate, borax, 

captain, bleach (sodium hypochlorite), benomyl, thiobendazole, local gin, lime, wood ash 

and camwood extracts have been found to significantly reduce storage rot in yams 

(Ejechi and Ilondu, 1999; Okigbo and Ikediugwu, 2000). Ogundana and Denis (1981), 

enumerated some fungicides sensitive against rot causing pathogens of plants. Nwankiti 

et al.,(1990) cited in Okigbo et al.,(2014), highlighted some protective fungicides that 

have been found effective in controlling some plant diseases. These chemicals were 

expensive and not usually affordable. Furthermore, chemical pesticides have the 

additional potential disadvantage of accumulation in the ecosystem and the induction of 

pesticide resistance in pathogens (Okigbo and Ikediugwu,2000). Biopesticides, which are 

pesticides of plant origin, have been used successfully to control pests and diseases of 

plants and tuber crops (Eze   et al., 2006; Eze and Echezona, 2012). Thus, they have been 

suggested as alternatives to synthetic chemicals. 
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The aims of this research work are to isolate fungi associated with yam rot in 

storage and to control these isolates with extracts of Chromolaena odorata and 

Cymbopogon citratus. 

 

 

MATERIALS AND METHODS 

Source of Material 

Yam samples, (Dioscorea  rotundata) with symptoms of postharvest rot were 

purchased from Eke-Awka market Awka, Anambra state Nigeria. The two plant samples, 

Chromolaena odorata L. and Cymbopogon citratus DC. were obtained from the botanical 

garden of Nnamdi Azikiwe University, Awka. These were identified and authenticated by 

the curator, Mr.P.N.Ugwuozor of Botany Depar-tment,Nnamdi Azikiwe 

University,Awka. 

 

Processing of leaf Samples and Extraction 

The leaves of the plants, C.odorata and C.citratus were sorted from extraneous 

materials such as dirt, insect and other larvae and eggs. The leaves were then spread on a 

laboratory tray and oven dried under 600C until they were dried. The dried leaves were 

ground and sieved through a 1mm test sieve to obtain a processed sample used in the 

extraction. The processed samples were weighed as follows; 10g, 20g, 30g, 40g, and 50g 

into conical flasks and labeled accordingly. Exactly 100ml of methanol and ethanol was 

measured using a measuring cylinder and poured into the conical flasks and left to stand. 

After 24hours, it was filtered through Whatman No 42 grade filter paper. The filtrate, 

which is the extract, was evaporated to dryness over a steam bath. It was further dried in 

the oven at 600C for 30 minutes and cooled in a desiccator. The extract is then ready for 

antifungal test. 

 

Sterilization of Materials 

All the materials were sterilized according to the methods described by 

Cheesbrough (2000) and Jawetz et al. (2004). The glasses were washed with detergents 

and rinsed thoroughly with clean water. They were placed in racks to dry and were  

sterilized in an oven at 200oC for 3hours. 

 

Media Preparation 

The medium, Potato Dextrose Agar (PDA) was prepared in accordance with 

methods described by Cheesbrough,(2000) and Jawetz et al., (2004). Irish potato (200g) 

was washed, peeled , diced into cubes and boiled in 800ml of distilled water for 

45minutes. The potato was sieved into a conical flask to get the extracts. Exactly 10g of 

agar powder and 20g of dextrose sugar (D-glucose) were added to the extract and heated 

over a water bath to dissolve the agar. The solution was made up to 1liter in a Diuram 
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screw cap bottle and sterilized in the autoclave. The sterile medium was cooled to about 

45oC before it was aseptically dispensed into sterile Ptri dishes in the inoculation 

chamber. After inoculation, the plates were wrapped with tape, labeled and incubated at 

room temperature for 2-5 days. 

Innocular Preparation 

The innocular used for the isolation of pathogenic fungi from diseased yam tubers was 

prepared using methods described by Cheesbrough (2000). The tubers were washed and 

rinsed in sterile water and surface sterilized by swapping repeatedly with cotton wool 

soaked with 70% ethanol solution. The tuber was cut open with sterile knife to reveal the 

boundary zone between the good and rotted part of the yam tuber. Small bits from the 

boundary zone were cut and placed into Petri dishes and used immediately to culture the 

pathogens. 

 

Identification of Fungal Isolates 

Identification of fungal species was based mainly on colony morphology and microscopic 

examination of the fungi grown on PDA. The criteria used for identification were based 

on the description and keys to the identification of the fungi. The manual provision of 

Barnett and Hunters (1985) were used for identification. 

 

Determination of percentage occurrence of the fungal isolates 

This was done to determine the incidence of occurrence of the different fungal isolates. 

The total number of each isolate in all samples was obtained against the total number of 

all the isolate in all the samples screened. Frequencies of occurrence of different fungal 

isolates were therefore, determined using methods described by Giridher and Ready 

(1997). 

 

Pathogenicity test 

A stock culture of each fungal isolates was prepared and stored in culture slant of PDA. 

From stock cultures, inoculums were collected aseptically and incubated on to fresh 

healthy yam tubers. The tubers were first surface sterilized with ethanol soaked with 

cotton wool. Then using sterile cork borers, core of yam flesh was removed and then 

inoculums from culture of each test fungi isolates was introduced into the yam and the 

core replaced carefully. The edges of the bore site were rubbed with sterile petroleum 

jelly. The yams were incubated at room temperature and examined at intervals for rot 

fungi.  

 

Disc Diffusion Test 

Discs were cut from filter paper with the aid of perforating machine. The discs were 

boiled in water for 1 hour to remove any possible preservative used in treating the paper. 
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They were then dried in the oven wrapped in aluminum foil and sterilized by autoclaving. 

The sterile discs were impregnated with the extracts of the sample and used for the test.  

 

Evaluation of antifungal effects of plant extracts 

Ethanol and methanol extracts from the leaf extracts were tested for inhibitory effect on 

the fungi isolates. Disc diffusion sensitivity test method was used (Cheesbro-ugh,2000). 

Inoculums were collected from a pure slant culture of each isolates, streaked into a sterile 

PDA and the impregnated discs were placed on the inoculated plate and incubated at 

room temperature for 2-5 days. The cultures were examined for the presence of clear 

zones of inhibition. The diameter of such inhibition determined the extent of the potency 

of the test sample extract against the particular fungi isolates. Chloramphenicol was 

added into separate Petri dishes containing the pure culture of  the fungal isolates. This 

was incubated and the diameter zone of inhibition was measured. 

Data analysis 

Analysis of Variance (ANOVA) was performed to determine if there were significant 

differences among the extracts, the solvent and their interactions. Treatment means were 

separated using FLSD
0.05.

 All analyses were carried out using SAS software version 9.2. 

Superscript letters separating means were derived from the use of the LSD
0.05

 figures for 

each treatment as generated by the SAS software. 

 

RESULTS 

Aspergillus niger, Van Tiegh, Yeast and Rhizopus stolonifer Vuill were the fungi that 

were successfully isolated from the rotted yam samples. Of all the fungi isolated, 

Aspergillus niger had the highest percentage occurrence (Table 1). 

The results of the sensitivity tests on Aspergillus niger using ethanol and methanol 

extracts of Chromolaena odorata and Cymbopogon citratus showed that the organism 

was sensitive to the plant extracts, both in vitro and in vivo. Under the in vitro condition, 

at 10g/ml concentration, methanol extract of C. odorata gave the highest zone of 

inhibition (1.50±0.283mm) while extracts of C. citratus had the least inhibition zone of 

(1.25±0.354mm). Ethanol extracts of C. citratus gave the highest zone of inhibition of 

(3.00±0.141mm) (Table 2). At 20g/ml concentration, C.citratus had the highest zone of 

inhibition both in the ethanol extract (2.55±0.071mm.) and methanol extract 

(2.20±0.990mm.) on Aspergillus niger. C.odorata gave the least activity against A.niger 

both in methanol and ethanol extracts (Table 3).  

At 30g/ml concentration, the ethanol extract of C.citratus had the highest zone of 

inhibition (3.40±0.283 mm) against A.niger. While methanol extract of C. odorata had 

the highest zone of inhibition (2.10±0.849mm.) against the test pathogen (Table 4). 

Methanol extract of C.odorata gave the highest zone of inhibition (2.55±0.636 mm) and 

the ethanol extract of C.citratus gave the highest zone of inhibition (3.30±0.283mm) at 
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40g/ml concentration (Table 5). Similarly at 50g/ml concentration, methanol extract of 

C.citratus gave the highest zone of inhibition (2.90±1.273 mm) and the ethanol extract of 

C.odorata gave the highest zone of inhibition (3.10±0.000 mm) against A.niger (Table 6). 

In comparing the inhibitory effects of the solvents, the susceptibility of the pathogen was 

significantly higher in ethanol extract than in the methanol extract (Tables 2 to 6). The 

results showed that for all the concentrations of the extract, there was a significant 

difference in the inhibitory effect between the solvents (p<0.05). In comparing the plant 

extracts, there was no significant difference in the antifungal activity between 

Chromolaena odorata and Cymbopogon citratus against Aspergillus niger (p>0.05). 

 

 

Table 1: Percentage (%) occurrence of fungal isolates from rotted yam samples 

 Fungal isolates                            Percentage (%) occurrence 

 Aspergillus niger                    100 

 Yeast                                      63.4 

 Rhizopus stolonifer                  89.6 

 

 

 Table 2:Inhibition of A. niger by extracts obtained from C. citratus and C.                                       

                   odorata at 10g/ml concentration 

                    Solvents* 

  Extract Methanol                                Ethanol 

  Control                       1.50±0.707a                                             2.00±0.000ab 

  Lemon Grass               1.25±0.354a                          3.00±0.141c 

 Siam Weed                   1.50±0.283a   2.65±0.212bc 

  Results are means of triplicate analysis ± standard deviation (mm.) 
   *rows and column with the same (or sharing similar) superscript are not  

   significantly different  
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   Table 3:Inhibition of A. niger by extracts obtained from C. citratus and  

        C. odorata at 20g/ml concentration 

                 Solvents 

  Extract Methanol                        Ethanol 

  Control                         2.00±1.414a                                  2.50±0.707 a 

  Lemon Grass                 2.20±0.990 a                     2.55±0.071 a 

  Siam Weed                   1.75±0.212 a                                 2.30±0.424 a 
 

  Results are means of triplicate analysis ± standard deviation (mm.) 

   *rows and column with the same (or sharing similar) superscript are not significantly different  

 

 

 

Table 4:Inhibition of A. niger by extracts obtained from C. citratus and C. odorata   at 

30g/ml concentration 

                    Solvents 

Extract Methanol                            Ethanol 

Control                           2.50±0.707a                                    2.25±0.354 a 

Lemon Grass                      2.00±0.000 a                       3.40±0.283 a 

Siam Weed 2.10±0.849 a 2.60±0.283 a 
 

Results are means of triplicate analysis ± standard deviation (mm.) 

   *rows and column with the same (or sharing similar) superscript are not  significantly different  

 
 

 

Table 5:Inhibition of A. niger by extracts obtained from C. citratus and C. odorata at 40g/ml 

concentration 

                       Solvents 

Extract Methanol                          Ethanol 

Control                          2.10±0.849a                              2.80±0.283 a 

Lemon Grass                  2.50±0.707 a                  3.30±0.283 a 

Siam Weed                     2.55±0.636 a                            2.55±0.495 a 

 

Results are means of triplicate analysis ± standard deviation (mm.) 
   *rows and column with the same (or sharing similar) superscript are not  significantly different  
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Table 6: Inhibition of A. niger by extracts obtained from C. citratus and C. odorata at 50g/ml 

concentration 

                      Solvents 

Extract Methanol                            Ethanol 

Control                          1.30±0.424a                                          2.75±0.354 a 

Lemon Grass                   2.90±1.273 a                         2.65±0.636 a 

Siam Weed                     2.35±0.495 a    3.10±0.000 a 

 

Results are means of triplicate analysis ± standard deviation (mm.) 

   *rows and column with the same (or sharing similar) superscript are not   significantly different  

 
 

 

DISCUSSION 

The result of this study showed that the plant extracts, Chromolaena odorata(L) and 

Cymbopogon  citratus (DC) showed antifungal activity against the test organism 

(Aspergillus niger) at various concentration of the plant extract. The antifungal activity of 

Chromolaena odorata and Cymbopogon citratus against Aspergillus niger were closer 

and in most cases higher than those of the control (Chloramphenicol). This finding 

support the  study of Adjei (2011), who showed a similarity between Cymbopogon 

citratus extract, Chromolaena odorata extract and the control (mancozeb) in the 

inhibition of  fungal seed borne pathogens of maize (Zea mays L.). The antifungal 

activity of Cymbopogon citratus (lemon grass) against the test organism was higher than 

those of Chromolaena odorata (Siam weed) and the control although this was found not 

to be significant. This finding is in line with the study of Adjei (2011) who showed that 

there were no significant differences between the activity of lemon grass extract and 

Siam extract in the control of fungal seed borne pathogens of maize. According to 

Akinbode and Ikotun (2008), similarity in the antimicrobial activity of plant extracts can 

be traceable to the constituents of phytochemicals and other bioactive ingredients that the 

plants may have in common.  

The findings of the study further revealed that ethanol plant extracts showed higher 

antifungal activity against the test pathogen (Aspergillus niger) than the methanol plant 

extract although this was found to be only significant at 10g/ml of plant extract. This 

finding according to Siropngvutikorn et al. (2005) can be due to the fact that methanol 

and ethanol are both polar solvents although ethanol is slightly less polar. As a result it is 

expected that ethanol solvent being less polar will show slightly more dissolvability of 

active ingredients in plant. As such ethanol extracts showed higher antifungal activity 

than methanol extracts (Afolayan and Allero, 2006). 
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Finally, although the effect of concentration on the activity of plant extract and solvents 

was not significant however, efficacy of the plant extracts varied. The antifungal activity 

of Cymbopogon citratus (lemon grass) against the test organism was highest at 30g/ml of 

the plant extract while that of Chromolaena odorata (Siam weed) was highest at 50g/ml 

of the plant extract. Similarly, the activities of the ethanol and methanol extract were at 

their maximum at 40g/ml concentration of the plant extract. 

 

CONCLUSION 

This study demonstrated that Cymbopogon citratus (lemon  grass) and Chromolaena 

odorata (Siam weed) showed antifungal activity against Aspergillus niger. This finding is 

important from the point of view of controlling diseases associated with Aspergillus niger 

that affects plant and animal without the use of chemicals which cause environmental 

pollution. The antifungal potentials of Cymbopogon citratus and Chromolaena odorata 

as observed in this study therefore raises hope in the use of natural plants to control fungi 

pathogens and to replace the synthetic dangerous and expensive chemicals used at 

present. The cooperation of mycologist, breeders, chemists, ecologists and others in the 

field of agriculture is necessary to achieve maximum progress in this important field of 

research.  
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