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Abstract: Leaf extracts of Allamanda blanchetti, Allamanda cathartica, Allamanda cathartica ‘Alba’, 
Allamanda cathartica ‘Jamaican Sunset’ and Allamanda oenotheraefolia were screened for antifungal 
activities in vitro and in vivo. The results from all experiments proved that petroleum ether, chloroform 
and methanol extracts of all plants possessed fungistatic or fungicidal properties on growth of 
Colletotrichum gloeosporioides which increased at higher extract concentrations. Scanning electron 
microscope observations showed that active extracts resulted in hyphal degradation where hyphae were 
retarded. A significantly lower disease incidence, severity, and index were observed in Allamanda 
treated papaya fruits. Fruits coated with chloroform extracts of A. blanchetti  A. cathartica ‘Alba’, and 
A. cathartica ‘Jamaican Sunset’ showed maximum reduction in anthracnose incidence and severity 
scores were always 1 (1-25%) and 0 (0%).  Antifungal effects of the most effective extracts were 
supported by the presence of chemical constituents indentified by GC-MS. Campesterol, �-sitosterol, 
stigmasterol, plumericin, squalene, and α-Tocopherol were detected as major compounds in Allamanda 
species that were possibly responsible for the antifungal activity. 
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INTRODUCTION 

 
 Anthracnose disease caused by C. gloeosporioides is known to be a limiting factor in fruit production 
around the world, including Malaysia. A large number of control approaches have been developed to overcome 
plant diseases caused by fungi. The use of fungicide is a primary strategy in the control of many plant diseases 
(Maloy, 1993). Chemical fungicides are best recognized by the public to be cost effective and the immediate 
way of controlling fungal diseases in various fruits despite their drawbacks such as development of resistance, 
environmental pollution and residue contamination in market produce. Government legislature for reducing the 
consumption of chemical fungicides brings the increasing public awareness about searching for chemical 
fungicide alternatives.   
 Allamanda sp. from the family of Apocynaceae has enormous potential and possible applications in 
agrochemical studies which the aqueous leaf extract of Allamanda sp. was found in earlier studies to possess 
astringent and antimicrobial properties.  The presence of bioactive iridoid compounds such as Allamandin 
(Kupchan et al., 1974), plumieride (Tiwari et al., 2002) plumieride coumarate glucoside (Coppen and Cobb, 
1983), plumiericin, isoplumiericin (Abdel-Kader et al., 1997) have demonstrated antifungal, antileukemic, anti-
HIV properties (Kardono et al., 1990) and more recently, anticancer activities (Tan et al., 1991). It also has been 
used as a source of herbal medicine for the treatment of malaria and jaundice (Nayak et al. 2006). 
 There is no report available in the scientific literature on the detailed analyses of leaf extract of plants from 
genus Allamanda and their antifungal activities against C. gloeosporioides. In the present study, we investigated 
the chemical composition of the leaf extracts of A. blanchetti, A. cathartica, A. cathartica ‘Alba’, A. cathartica 
‘Jamaican Sunset’, and A. oenotheraefolia and tested the antifungal activity of petroleum ether, chloroform and 
methanol extracts against C. gloeosporioides that cause severe losses in papaya growing industries. 
 

MATERIALS AND METHODS 
 
Plant Materials: 
 A. blanchetti, A. cathartica, A. cathartica ‘Alba’, A. cathartica ‘Jamaican Sunset’ and A. oenotheraefolia 
were obtained from nurseries in Sungai Buloh and Taman Pertanian Universiti, UPM Serdang. The leaves were 
washed and air-dried. The air-dried leaves were ground into powder and stored until required for extraction. 
Papaya (Carica papaya cv. ‘Sekaki’) fruits at color stage two (green with yellow traces) were obtained from 
Exotic Star (M) Sdn Bhd, Selangor, Malaysia. 
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Preparation of Leaf Extracts:  
 The dried fine powdered leaf sample (1 kg) of each sample was separately and sequentially extracted with 
petroleum ether, chloroform and methanol at room temperature. The extracts were filtered through Whatman no. 
1 filter paper and concentrated by rotary evaporator to give fifteen dark sticky semisolid extracts. The stock 
solutions (100 mg/ml) were serially diluted with acetone to obtain the desired concentration for test solutions of 
1, 3, 5 and 7 mg/ml. The solutions were then filtered and sterilized using nitrocellulose membranes (0.4μm 
Millipore, Sartorius®). 
 
Preparation of Fungal Culture and Suspension: 
 C. gloeosporioides from diseased papaya fruits were inoculated. Pure culture was maintained by continuous 
subculturing in potato dextrose agar (PDA) medium. Suspension was prepared by harvesting two week old 
cultures by adding 10 ml of sterile distilled water. Spores were gently dislodged from the surface with a sterile 
bent glass rod. The spore suspension was filtered through a cheese cloth to remove mycelia fragments. The 
concentrations of spores were adjusted to 1×106 ml-1 using Neubauer haemocytometer (Abd-AllA and Haggag, 
2010). 
 
In Vitro Test: 
 Percentage inhibition of mycelial growth (PIRG) of C. gloeosporioides was measured according to the 
method described in Bautista-Baños et al. (2003) using poison agar technique after 8 days of incubation using a 
standard formula by Sivakumar et al. (2000), PIRG = [(R1-R2)/R1] ×100 where R1 is the radial growth of 
fungus in the control plate (mm), while R2 is the radial growth of the fungus containing extracts (mm). PDA 
was amended with 4 concentrations of each extract (1, 3, 5 or 7 mg/ml). Fifteen ml of the amended PDA was 
poured into petri dishes (9 cm) and a fungal plug (4 mm) from pure culture of C. gloeosporioides was placed in 
the centre of the dishes. Petri dishes were then incubated at room temperature and radial measurements of 
growth were recorded daily until the fungus reached the edge of the plate which was 8 days at the most. Petri 
dishes containing PDA and acetone served as control.  
 
Microscopic Analysis:  
 Mycelial plug from the edge of fungal colony from control and the most active treated plates were 
transferred onto the cylinder stubs. Specimens were coated and mounted using gold sputter coater and viewed 
under JEOL JSM-5610LV Scanning Electron Microscope (SEM). 
 
In Vivo Test: 
 Papaya fruits were surface sterilized with 70% ethanol and the disinfected fruits were immersed in spore 
suspension containing 1% v/v Tween-80 for 1 min. The fruits were allowed to dry at room temperature for 2 
hours. The inoculated fruits were individually coated with extract solutions (5 or 7 mg/ml). The control fruits 
were coated with sterile distilled water and acetone as solvent. Treated fruits were placed in cardboard boxes 
and incubated (22 °C, 53% RH) for 10 days. At the end of storage period, disease was evaluated in terms of 
incidence, Disease Incidence = [(Number of infected fruits/total number of fruits per treatment) ×100], severity 
(ranked 0-4 where 0 = 0% of fruit surface rotten, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100%) and 
index, Disease Index = [(Disease severity scale/highest scale) × percentage of corresponding fruit within 
replication].  
 
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis:  
 GC-MS analysis of extracts was performed using a SHIMADZU GC-MS QP2010 Plus with EI electron 
impact ion source of 70eV using a BPX5 fused silica capillary column (30 m × 0.25 m i.d, film thickness 0.25 
μm). The temperature condition was programmed from 50 °C (15 min) to 320 °C at 7 °C/min. Peak areas and 
retention times were measured by electronic integration. The relative amount of individual components was 
expressed as percentage by peak area normalization. Identification of extract components was based on 
computer matching of mass spectra with NIST 08 mass spectral library of the GC-MS QP2010 Plus system.  
 
Statistical Analysis: 
 The treatments were arranged in a completely randomized design in four replicates with Allamanda spp., 
types of extracts and concentration levels as factors. All data were subjected to analysis of variance (ANOVA) 
where significant (P<0.05) differences between means were determined by Tukey’s standardized range test 
(HSD). Relationships between colony diameter and extract concentration were determined by regression 
analysis of data obtained for the different Allamanda spp.and types of extracts. The SAS (version 9.2) software 
was used to perform all analyses. 
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Results: 
In Vitro Evaluation of Antifungal Activity:  
 In this study, measurement of mycelial growth was used to determine antifungal activity of three types of 
extracts from the five Allamanda species at four concentrations. The results indicated that there were highly 
significant interaction effects (P<0.0001) of Allamanda species × types of extract, Allamanda species × 
concentration, types of extract × concentration, and Allamanda species × concentration × types of extract on 
mycelial growth of C. gloeosporioides (Table 1). Generally, chloroform extracts gave the strongest antifungal 
activity (P<0.05) followed by methanol and petroleum extracts, and the mycelial growth of C. gloeosporioides 
was significantly decreased (P<0.05) as concentrations increased. Antifungal activity of Allamanda extracts 
against C. gloeosporioides increased as the concentration increased from 0 to 7 mg/ml. The smallest mycelial 
growth diameter was observed on every poisoned medium with the 7 mg/ml extracts. 
 
Table 1: Effects of Allamanda spp. extracts on mycelial growth of C. gloeosporioides during 8 days of incubation.  

Factors Diameter (cm) 
Species (SPP)  
Allamanda blanchetti 2.53 cdz 
Allamanda cathartica 3.32 b 
Allamanda cathartica ‘Alba’ 2.47 d 
Allamanda cathartica ‘Jamaican Sunset’ 2.60 c 
Allamanda oenotheraefolia 3.63 a 
Extraction (E)  
Solvent control (Acetone) 4.26 a 
Petroleum ether 2.75 b 
Chloroform 2.27 d 
Methanol 2.35 c 
Concentration (C)  
(mg/ml)  
0 -Negative control (water) 4.50 a 
1 3.59 b 
3 2.54 c 
5 2.10 d 
7 1.82 e 
SPP × E ** 
SPP× C ** 
E × C ** 
SPP × E × C ** 

z Within each respective treatment, means followed by the same letters are not significantly different (Tukey test at P<0.05;   
**, Significant at P<0.0001) 

 
 Regression analysis showed that there were significant (P<0.05) quadratic relationships between mycelial 
growth (cm) and extract concentration (mg/mL) of Allamanda species and the types of extracts used (Figure 1 
and Figure 2). Allamanda cathartica ‘Alba’, Allamanda cathartica ‘Jamaican Sunset’ and Allamanda blanchetti 
showed potent inhibitory effects and they gradually suppressed   mycelial growth of C. gloeosporioides by up to 
72, 72, and 70% respectively as the concentration increased to 7 mg/ml. Moderate antifungal activity was 
observed with Allamanda cathartica and Allamanda oenotheraefolia which inhibited 50 and 37% mycelial 
growth of C. gloeosporioides respectively. 
 There were significant (P<0.05) reductions in C. gloeosporioides mycelial growth after treatment with 
petroleum ether, chloroform and methanol extracts at increasing concentrations. The results indicate that 
chloroform and methanol extracts had the strongest antifungal activity where more than 80% colony diameter 
inhibition was observed, while petroleum ether showed 66% inhibition as the concentration increased. SEM 
observations (Figure 3) revealed hyphal degradation and spore lysis with the hyphae retarded and agglutinated 
while the spores were ruptured. 
 
In Vivo Evaluation of Antifungal Activity:  
 Inoculated papaya fruits coated treated with selected Allamanda spp. extracts (PEB, CEB, MEB, PEA, 
CEA, MEA, PEJS, CEJS, and MEJS) that showed strongest activity in the in vitro studies significantly (P<0.05) 
reduced disease incidence of anthracnose caused by C. gloeosporioides. Inoculated fruits were coated with the 
extracts at 5 and 7 mg/ml concentrations. There was a significant (P<0.05) difference between the two levels of 
concentration, where significantly greater reductions in disease incidence and index were observed in inoculated 
fruits coated with the extracts at 7 mg/ml concentration. Not more than 13% disease incidence was recorded at 7 
mg/ml concentrations and disease severity score was always 0 and 1 as compared to the highest score of 42% 
disease incidence in PEB at 5 mg/ml concentration with a value of 2 for the severity score. The survival of C. 
gloeosporioides in fruits coated with the Allamanda extracts was significantly (P<0.05) lower than in control 
fruits (water or acetone), which showed 100% disease incidence after 8 days of incubation at room temperature 
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(Table 2). The initially round, sunken, brown, and dry lesions turned black on the fruit surface with visible 
concentric rings of acervuli showing coalesced lesions. There were significant differences (P<0.05) in disease 
index between all Allamanda coated fruits and the control. The lowest disease severity with a score of 0 was 
observed in inoculated fruits coated with PEB, CEB, MEB, PEJS, and CEJS. In general, the lowest disease 
incidence, severity and index were achieved with the 7 mg/ml Allamanda coated fruits in vivo. 
 

 
 
Fig. 1: Relationships between Allamanda spp. and extract concentrations on mycelial diameter of C. 

gloeosporioides [A. blanchetti (♦), y = 0.16x2-1.92 x +7.71, R2= 0.44; A. cathartica (■), y = 0.04x2-
0.86x +7.93, R2= 0.40; A. cathartica ‘Alba’(▲), y = 0.17x2-1.98x +7.92, R2= 0.48; A. carthartica 
‘Jamaican Sunset’ (●), y = 0.13x2-1.70x +7.78, R2= 0.47; A. oenotheraefolia (×), y = 0.005x2-0.45x 
+7.89, R2 = 0.42]. 

 

 
 
Fig. 2: Relationships between types of extractions and extracts concentrations on mycelial diameter of C. 

gloeosporioides [Acetone (solvent control) (♦), y = 0.019x2-0.22x +7.99, R2= 0.20; Petroleum ether (■), 
y = 0.12x2-1.55x +7.95, R2= 0.54; Chloroform (▲), y = 0.16x2-2.04x +7.77, R2= 0.74; Methanol (●), y 
= 0.12x2-1.71x +7.66, R2= 0.70]. 
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Table 2: Anthracnose disease incidence, severity and index on papaya treated with A. blanchetti (B), A. cathartica ‘Alba’ (A) and A. 
cathartica ‘Jamaican Sunset’ (JS) petroleum ether (PE), chloroform (CE) and methanol (ME) extracts after 10 days of incubation.  

Treatments/ Disease Incidence 
(%) 

Disease Severity 
(Rank 0-4) 

Disease Index 
(%) 

Concentrations 
(mg/ml) 

5 7 5 7 5 7 

Control 100 az 100 az 4 4 75 az 75 az 
Solvent control 100 a 100 a 3 3 67 a 67 a 

PEB 42 b 5 d 2 0 50 ab 7 d 
CEB 13 cd 5 d 1 0 33 bc 7 d 
MEB 20 c 5 d 1 0 33 bc 7 d 
PEA 17 cd 10 cd 1 1 25 bcd 13 cd 
CEA 13 cd 13 cd 1 1 25 bcd 13 cd 
MEA 10 cd 5 d 1 1 25 bcd 7 d 
PEJS 13 cd 5 d 1 0 25 bcd 7 d 
CEJS 7  cd 5 d 1 0 17 cd 7 d 
MEJS 12 cd 12 cd 1 1 17 cd 20 cd 

z Means within columns followed by the same letters are not significantly different (Tukey’s test; P<0.05). 

 
Chemical Composition of Leaf Extracts:  
 Results gave the highest best matches of 30 compounds (70.26% of total extracts) in A. cathartica 
‘Jamaican Sunset’ followed by 25 compounds (68.88% of total extracts) in A. cathartica, 32 compounds 
(68.11% of total extracts) in A. cathartica ‘Alba’, 32 compounds (67.69% of total extracts) in A. blanchetti, and 
26 compounds (57.01% of total extracts) in A. oenotheraefolia. The identified compounds are listed in Table 3. 
The major component detected in A. blanchetti, A. cathartica ‘Alba’ and A. cathartica ‘Jamaican Sunset’ was 
plumericin (12.19%, 21.36% and 9.75%), while A. cathartica and A. oenotheraefolia mainly contained 
tetrapentacontane (12.10% and 21.27%), tetracontane (15.26% and 8.59%) and β-sitosterol (10.10% and 
6.45%). All Allamanda species contained �-Sitosterol, actinidiolide, tetramethyl hexadecenol, campesterol, 
stigmasterol, α-Tocopherol, and pyrrolidinebutanoic acid (Figure 4.7). Jasminol, lupeol, 19-octacosenoic 
pyrrolidine, methyl octadecadienoate, methyl isostearate, and octyltetrahydropyranone were only present in A. 
oenotheraefolia, while 2,3-Bis-(1-methylallyl)-pyrrolidine, ethyl hexadecenoate, methyl linolenoate and 
stigmast-5-en-3-ol, oleate were only present in A. cathartica ‘Jamaican Sunset’. Limonene was found as a minor 
component in A. cathartica,  A. cathartica ‘Jamaican Sunset’, and A. oenotheraefolia at 0.38, 0.51, and 0.28% 
respectively, while 3-acetyl-8-allyl-coumarin was found in A. blanchetti, A. cathartica ‘Alba’ and A. cathartica 
‘Jamaican Sunset’ at 1.18, 0.36 and 0.32%, respectively. 
 

  
 
Fig. 3: Effect of Allamanda spp. extracts on hyphal growth [SEM observations; (A) Healthy hyphae and spores; 

(B) Hyphae agglutinated]. 
 
Discussion:  
 In vitro studies confirmed the efficacy of Allamanda species leaf extracts in inhibiting the diametric colony 
growth of C. gloeosporioides as the concentration was increased. This is in agreement with the findings of 
Palhano et al. (2004) who reported that the antifungal effect of citral essential oils on C. gloeosporioides spore 
germination were stronger with an increase in the concentration, while in another study conducted by 
Thangavelu et al. (2004) it was shown that the mycelial growth of C. musae in banana was increasingly 
suppressed with higher concentrations of Emblica officinalis, Jatropha glandulifera and Solanum torvum 
extracts. 
 
 

BA 



Aust. J. Basic & Appl. Sci., 7(1): 88-96, 2013 

93 
 

Table 3: Chemical constituents of Allamanda spp. leaf extracts (GCMS Analysis). 
Compound RI Rt* A 

(%)# 
B 

(%)# 
C 

(%)# 
D 

(%)# 
E 

(%)# 
Limonene 1018 8.52 - 0.38 - 0.51 0.28 

N-Aminopyrrolidine 856 12.39 - 0.22 - 0.17 - 
4-Methyl-trans-3-oxabicyclodecane 1151 12.97 - 0.22 - - - 

Vinylguaiacol 1293 14.58 - - 0.36 - - 
1-Butoxy-2,4- dimethyl-2-pentene 1112 14.96 0.23 - - - - 

Vanillin 1392 16.36 - - 0.20 - - 
Farnesan 1320 16.98 - - 0.15 - - 

Tridecan-1-ol 1556 17.43 0.27 - - - - 
Actinidiolide 1426 18.87 0.32 0.43 0.33 0.42 0.17 

Dimethoxyacetophenone 1407 19.21 0.87 - 1.04 0.59 0.14 
Dodecanyl acetate 1580 19.7 0.46 - 0.33 0.44 - 

Ar-tumerone 1660 20.89 0.55 - - - - 
Syringaldehyde 1581 20.91 - 0.12 0.40 0.20 - 

Tetradecanal 1601 21.54 - - 0.32 - - 
Blumenol C 1619 21.56 - 0.88 - - 0.32 

Methoxyphenol 1653 22.21 0.28 - 0.84 0.38 - 
2,3-Bis(1-methylallyl)pyrrolidine 1328 22.95 0.41 2.99 - 0.81 1.06 

Tetramethyl hexadecenol 2045 23.25 1.36 0.50 2.49 2.09 0.23 
Hexahydrofarnesyl acetone 1754 23.41 0.51 0.28 0.71 0.93 0.14 

Methyl hexadecanoate 1878 24.64 0.99 0.14 0.32 2.08 0.15 
Hexadecanoic acid 1968 25.19 - - 0.23 - - 

Ethyl palmitate 1978 25.58 3.68 - 0.63 9.60 - 
Methoxyphenyl benzoic acid 2026 26.41 1.18 - 2.99 1.56 - 

3-acetyl-8-allyl-coumarin 2001 26.53 - - 0.36 0.32 - 
Methyl octadecadienoate 2093 27.0 0.22 - - - 0.07 

Methyl linolenoate 2101 27.1 0.64 0.18 - 2.08 0.19 
Ethyl linolenoate 2201 27.96 1.29 - - 8.62 - 

Methyl octadecanoate 2077 28.25 1.06 - 0.40 0.44 - 
Tetrahydrodeoxoargentamine 1914 30.23 - - 0.63 - - 

Octyltetrahydropyranone 1702 30.3 - - - - 0.15 
Plumericin 1983 30.65 12.19 - 21.36 9.75 - 
Squalene 2914 35.22 7.07 8.78 13.96 2.37 5.58 

Pyrrolidinebutanoic acid 3553 35.82 0.62 0.26 0.22 0.56 0.30 
Tetracontane 3997 36.02 0.83 15.26 0.38 3.39 8.59 

Tetramethyl hexadecatetraenol 2046 36.31 0.52 0.32 1.46 0.29 - 
Oxirane 2955 36.43 - 0.30 - - 0.16 

Farnesyl acetate 1834 36.55 - - 0.59 - - 
δ-Tocopherol 2923 36.72 - 0.13 - - 0.15 

Methylcholestadienyl acetate 2820 37.25 - - 0.19 - - 
�-Tocopherol 3036 37.73 0.49 0.23 - - 0.35 

Tetrapentacontane 5389 37.91 2.01 12.10 0.50 3.39 21.27 
Stigmasterol acetate 2879 38.07 0.57 0.37 0.62 0.51 - 

α-Tocopherol 3149 38.44 3.06 2.59 1.89 1.11 0.17 
Campesterol 2632 39.58 5.43 5.15 2.90 2.99 2.58 
Stigmasterol 2739 39.79 5.32 5.72 2.90 3.75 2.59 
�-Sitosterol 2731 39.78 11.45 10.10 6.08 7.70 6.45 

19-Octacosenoic, pyrrolidine 3540 39.87 - - - - 0.72 
Cholestan-7-one 2770 40.78 0.52 - - - - 

Stigmast-5-en-3-ol, oleate 4469 40.9 - - - 1.39 - 
Octamethyl octadecahydropicenone 2869 41.03 3.07 1.23 2.33 1.82 2.73 

Lupeol 2848 41.56 - - - - 2.05 
Jasminol 2902 42.66 - - - - 0.42 

Total   67.69 68.88 68.11 70.26 57.01 
Not identified   32.31 31.12 31.89 29.74 42.99 

A: A. blanchetti; B: A. cathartica; C: A. cathartica ‘Alba’; D: A. cathartica ‘Jamaican Sunset’; E: A. Oenotheraefolia. 
Rt*: Retention time (min)   RI: Retention index on BPX5 capillary column  -: Not detected 
# Percentage of compound on the basis of results obtained on 

 
 Chloroform extracts showed the strongest activity; thus, proving that less polar to intermediate polar 
compounds from all Allamanda sp. exhibited the greatest inhibition (2.27 cm) on mycelial growth of C. 
gloeosporioides. Furthermore,  all extracts (petroleum ether, chloroform, and methanol) from A. cathartica 
‘Alba’ possessed maximum antifungal effects (100% inhibition) at 5 mg/ml concentration that was better than 
the maximum inhibition of 78.87% with Jatropha curcas seed extracts at 10 mg/ml concentration against 
mycelial growth of  C. gloeosporioides (Rahman et al., 2011). These findings suggest bioactive constituents of 
each extract influenced antifungal activity. This could be associated with the presence of phenolic compounds, 
monoterpenes and sesquiterpene hydrocarbons (Shunying et al. 2005). These phenolic compounds were 
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responsible for denaturing enzymes that could interfere with the amino acids involved in spore germination 
(Nychas, 1995).  
 the spores failed to form and germinate. The spores were agglutinated, while some of them were ruptured 
due to lysis. The anomalies were found in the hyphae which cell wall of hyphae became flaccid, cytoplasm 
started leaving the cell wall and cytoplasm became granulated showed agreement with few previous reports. The 
similar type of results showing degeneration of fungal hyphae was reported after treatment with Thymus 
vulgaris essential oil (Zambonelli et al., 1996). Loss of cytoplasm from the Aspergillus niger hyphae after 
treatment of essential oil of Citrus sinensis was also reported (Sharma and Tripathi, 2008). Moreover, this also 
can be attributed mainly to the chemical composition of these plants, which contain compounds such as 
diterpens and flavones that may cause rupture of membrane (Urzua et al., 2006; Cowan, 1999). 
 In vivo studies on the three strongest Allamanda species (A. blanchetti, A. cathartica ‘Alba’ and A. 
cathartica ‘Jamaican Sunset’) revealed that the lowest disease incidence, severity and index were achieved in 
fruits coated with the 7 mg/ml Allamanda extracts that was found by far the best in controlling anthracnose. The 
results suggested that fruits coated with different concentrations of extracts not only delayed the onset of 
anthracnose disease but also maintained the freshness of papayas during the storage period. This has become a 
potent approach for the use of antifungal substances as edible coatings for controlling decay of fruits and 
vegetables and for extending storage life (Baldwin et al., 1995). 
 The results obtained from both in vitro and in vivo trials indicated that the extracts had a variable degree of 
antifungal activity in relation to the different types of extractions. This might be attributed to the behaviour of 
the fungus against various substances present in the various extracts. From the results, it showed that 
intermediate polar to polar extracts by chloroform and methanol gave greater antifungal effects (P<0.05) on 
fungal growth as compared to non polar extract by petroleum ether. A study done by Canales et al. (2012) 
explained that the hexane extract of Acalypha monostachya Cav. has lower antibacterial activity than its 
methanol extract against Vibrio cholera and Sarcina lutea due to the presence of unsaturated fatty acids methyl 
ester. It was demonstrated that the antibacterial action of unsaturated fatty acids was principally mediated by 
inhibition of FabI, which is an essential component of bacterial fatty acids synthesis that were less active than 
the soluble phenolic and polyphenolic compounds presence in more polar extracts (Zheng et al., 2005; Kowalski 
and Kedzia, 2007). 
 GC-MS analysis was performed on chloroform extracts of Allamanda leaves as these exhibited the 
strongest antifungal activity (based on the results obtained from the in vitro experiments). The chemical 
constituents in leaf extracts of Allamanda blanchetti, Allamanda cathartica, Allamanda cathartica ‘Alba’, 
Allamanda cathartica ‘Jamaican Sunset’ and Allamanda oenotheraefolia showed qualitative differences which 
resulted in different antifungal activities against C. gloeosporioides.  
 In vitro antifungal activities showed that chloroform extracts of A. blanchetti, A. cathartica ‘Alba’ and A. 
cathartica ‘Jamaican Sunset’ had greater effects as compared to the other two species, A. cathartica and A. 
oenotheraefolia. Based on the chemical constituents identified in this study, the three Allamanda species (A. 
blanchetti, A. cathartica ‘Alba’ and A. cathartica ‘Jamaican Sunset’) most likely constituted similar 
components. The major component presents was identified as plumericin, which has been suggested to have a 
key role in the antifungal activity. Plumericin (C15H14O6) is a sesquiterpene lactone that was distinctively present 
in A. blanchetti, A. cathartica ‘Alba’ and A. cathartica ‘Jamaican Sunset’. As reported from previous studies, it 
has a wide range of biological activities, including antitumourogenic, insect antifeedant, plant growth regulating, 
antibacterial, and antifungal (Picman, 1986; Baruah et al., 1994; Goren et al., 1994; Mansilla and Palenzuela, 
1999; Neerman, 2003).   
 The results indicate the presence of fatty acids such as tetramethyl hexadecenol and pyrrolidinebutanoic 
acid in all plant extracts studied. Yasuo et al. (2002) reported that fatty acids having 10 to 13 carbon atoms 
display strong antifungal activity. For instance, lauric acid was found to be highly effective in controlling 
infection by Blumeria graminis f. sp. Hordei in barley seedlings, and strongly suppressed the mycelial growth of 
Rhizoctonia solani and Pythium ultimum (Walters et al., 2003). Moreover, it has been known to inhibit germ-
tube elongation and cause disruption and disintergration of the plasma membrane of spores and germ-tubes (Liu 
et al., 2008). These possibly explain that due to the lipophilic nature of fungal tissue, fatty acids could be 
absorbed by the fungus (Inouye et al., 1999). 
 Furthermore, the minor components such as stigmasterol, sitosterol, coumarin and limonene may also 
contribute to antifungal effects due to their synergistic activity with other active compounds as demonstrated in 
antimicrobial studies with essential oils of Lamiaceae and Compositae (Marino et al., 2001). Yenjit et al. (2010) 
also revealed that the triterpenes, stigmasterol and β-sitosterol obtained from Areca catechu inhibited mycelial 
growth, spore germination and germ tube elongation of C. gloeosporioides.  
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