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ABSTRACT  
Several reports have shown that about 25% of harvested fruits 
globally are lost to spoilage by microorganisms. The study 
determined the quantitative metabolites and bioactivities of Aspilia 
africana extracts on fungi from spoiled Cucumis sativus and Carica 
papaya fruits. The fungi from spoiled C. sativus and C. papaya 
fruits were obtained using mycological techniques. The quantitative 
metabolites and bioactivities of the aqueous (ALEAA) and ethanol 
(ELEAA) extracts of A. africana were determined using the 
standard protocol and disc diffusion technique, respectively. The 
fungal genera obtained were Aspergillus, Penicillium, Mucor, 
Fusarium, and Rhizopus. There were variations in percentage 
yields, physical appearances, and pH of the extracts. The results 
of quantitative estimation of metabolites showed that ALEAA had 
mean protein, carbohydrate, and lipid contents of 15.36 ± 0.32%, 
60.97 ± 1.14%, and 6.66 ± 0.04%, respectively. Alkaloids showed 
a positive correlation with protein (r = 0.2028) and carbohydrate (r 

= 0.421), and a negative correlation with lipid (r = -0.6556) at p < 
0.05. The ELEAA exhibited more inhibitory effects on test fungal 
isolates, with mean zones of inhibition (IZs) ranging from 9.3 ± 0.1 

to 18.8 ± 0.3 mm, than the ALEAA, with mean IZs ranging between 
9.4 ± 0.4 and 16.0 ± 1.0 mm. The R coefficients of the extracts and 
IZs as exhibited by the fungi ranged from 0.5985 to 0.9936. The 
results have revealed quantitative metabolites and antifungal 
activities of the extract and also provided rationale for its utilization 
as a preservative for fruits against spoilage by fungi. 
 
Keywords: Metabolites, Aspilia africana, Bioactivities, Cucumis 
sativus, Carica papaya. 
 
INTRODUCTION 
Aspilia africana (Pers.) C. D. Adams, a semi woody and 
haemorrhage plant, belongs to the family Asteraceae (Komakech 
et al., 2019). The A. africana is widely distributed across West 
Africa, and is found on waste land of the savannah and forest zones 
(Abi and Onuoha, 2011; Ijato et al., 2021). The heights of this 
perennial herb range between 60 and 300 cm, depending on the 
amount of rainfall and soil fertility. In Nigeria, A. africana is known 
as ‘Yunyun’ in Yoruba, ‘Orangila’ in Igbo, ‘Tozalin’ in Hausa,  
‘Edemedong’ in Efik and ‘Ebe-ugbo’ by the Esans (Abi and 
Onuoha, 2011; Ajeigbe et al., 2013). Similarly, in some African 
countries, A. africana is known as ‘Nyana’ in Kissi (Sierra Leone), 
‘Fofo’ in Akan-akyem (Ghana), ‘Mbnaso’ in Kpe (Cameroon) and 
‘Winnih’ in Mano (Liberia) (Okello and Kang, 2019). 
Ethnomedicinally, A. africana has been widely reported to have 

biological activities (Ijato et al., 2021) and is widely used for 
treatment of diarrhoea, malaria, tuberculosis, gastric ulcers, febrile 
headaches (Sherah et al., 2014), gonorrhea (Okello and Kang, 
2019).  
Cucumis sativus L. (Cucumber) of gourd family Cucurbitaceae and 
order Cucurbitales is a monoecious and creeping vine that bears 
cylindrical fruits plants (Bello et al., 2014). The distinctive cultivars 
of C. sativus fruit is roughly cylindrical, but elongated with tapered 
ends and may be 62 cm long and 10 cm in diameter (Zhang et al., 
2019). Cucumber plants originated from the Asia continents 
(Abulude and Adeleke, 2010) and are now cultivated in both 
temperate and tropical environment (Mortimore, 2015). In Nigeria, 
C. sativus is cultivated in Northern central during both rainy and dry 
seasons using irrigation (Ishaya et al., 2019). The C. sativus 
contains vitamins (Vit A, B1, B2 and B3), proteins, fats, 
carbohydrates, calcium, magnesium, iron, potassium, sodium, 
phosphorus and zinc (Bello et al., 2014).  
 
Carica papaya L. (Pawpaw) is a succulent, 2-10 m tall, soft-wooded 
perennial, and herbaceous plant belonging to Carcicaceae Family. 
The C. papaya originated from area between Mexico and Central 
America (Menzel, 1994), and is currently grown in all tropical 
countries and many sub-tropical regions of the world. Carica 
papaya is nutritionally rich in antioxidants, Na, K, Ca, Mg, P, Fe, 
Cu, Zn and Mn (Krishnan et al., 2012). In addition, ripe C. papaya 
fruit is a source of carotenoids, pantothenic acid, water, sugar, 
protein, ash and vitamins (Adetuyi et al., 2008).  The C. papaya 
fruit can be freshly eaten or cooked, and used in the preparation of 
jellies, juice and jams. The mild laxative action of C. papaya and its 
medicinal uses against worms and ulcer have been reported 
(Baiyewu, 1994). Fungi as agents of deterioration can invade and 
cause spoilage of fruits after tissues of the fruit have been damaged 
by some physical and physiological causes (Divine-Anthony et al., 
2018). Spoilage microorganisms such as genera Penicillium, 
Aspergillus, Mucor, Fusarium and Talaromyces may invade fruits 
during growth and as well during post-harvest handling (Ijato et al., 
2021). This study determined the quantitative metabolites and 
antifungal potency of A. africana on fungal pathogens associated 
with post-harvest spoilage of C. sativus and C. papaya fruits. 
 
MATERIALS AND METHODS 
 
Sample collection  
Spoilt fruits of C. papaya (pawpaw) and C. sativus (cucumber) were 
randomly purchased from the fruit sellers at two different markets 
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in Uyo, Akwa Ibom State. The spoilt fruit samples purchased were 
separately packaged into different sterile polyethylene bags, 
labelled appropriately, and were transported to the Microbiology 
Laboratory for mycological analysis. 
 
Isolation of fungal isolates from spoilt fruits  
A total of 20 randomly selected spoilt fruits (C. papaya, n=10) and 
(C. sativus, n=10) were examined. The technique employed by 
Balali et al. (1995) was used for isolation of fungi from the spoilt 
fruits. The spoilt pawpaw and cucumber fruit samples were rinsed 
thrice with distilled water (dH2O) and surface sterilized with cotton 
wool soaked with 70% (v/v) ethanol for 2 min. Surface sterilized 
scalpel and forceps were used to cut a small section of the tissue 
showing both the spoilt / rotten portion and adjoining healthy tissue 
and was aseptically plated on Potato Dextrose Agar (PDA) 
containing Streptomycin (10 µg/mL). The inoculated PDA plates 
were incubated at room temp of 28 ± 2oC for 5 days. The individual 
hypha tips of different fungal colonies that emerged in the PDA 
plates were picked, sub-cultured onto a plate of sterile PDA and 
were incubated at 28 ± 2oC for 5 days. Discrete pure fungal 
colonies were stocked on PDA slant, incubated at 28 ± 2oC for 5 
days and stored in the refrigerator. 
 
Characterization and identification of fungal isolates 
The fungal isolates from the spoilt pawpaw and cucumber fruit 
samples were characterized and identified using their colonial 
growth pattern, conidial morphology and pigmentation. Few drops 
of lacto-phenol cotton blue were placed at the centre of clean, 
scratch- free microscope slides. A small portion of mycelium of 
each fungal isolate was picked using a sterile mounting needle and 
placed in cotton blue-in-lactophenol on a slide; emulsified and 
cover slip was gently placed at the centre of the slide. Then, the 
slides were viewed under  a light microscope with × 10 and × 40 
objective lenses and structure of the mycelium, spore  structure 
and fruiting bodies were appropriately identified (Barnnet and 
Hunter 1977). 
 
Sources of medicinal plants 
Fresh leaves of Aspilia africana (Pers.) C. D. Adams were obtained 
from their natural habitats in Uyo, Akwa Ibom State. The leaves of 
A. africana were transported in zip lock bags and were 
authenticated by a taxonomist (Prof. Margaret E. Bassey) at the 
Department of Botany and Ecological Studies, University of Uyo. 
Thereafter, the plant leaves were taken to Pharmacognosy and 
Natural Medicine Laboratory, University of Uyo for processing. The 
A. africana leaves were thoroughly washed thrice under running 
water and rinsed with dH2O to remove extraneous matters 
(Onoruvwe and Olorunfemi, 1998; Akinjogunla et al., 2011, 2012). 
The plant leaves were chopped into small pieces, air- dried for 2 
weeks under shade at 28 ± 2oC, pulverized using mortar and 
pestle, and were stored in air-tight polyethylene bag before 
extraction. 
 
Preparation of the extracts  
 
Aqueous extract  
The pulverized leaves of A. africana were weighed using a Digital 
Electronic Laboratory  Weighing Balance Scale. The aqueous leaf 
extract of A. africana (ALEAA) was prepared by soaking 1 kg of the 
pulverized leaves into 2 L of sterile dH2O for 24 h with occasional 
shaking at room temperature (26-28oC). Subsequently, Whatman 

No. 1 filter paper was used to filter the aqueous extract, and the 
filtrate was dried on a BIOBASE steam water bath (India) at 50oC 
for 48 h. The dried extract was weighed, preserved in stoppered 
sample vials and stored in a refrigerator at 4oC (Okoro et al., 2012; 
Akinjogunla and Oluyege, 2016). 
 
Ethanol extract  
The pulverized leaves of A. africana were weighed using a Digital 
Electronic Weighing Balance Scale. The ethanol leaf extract of A. 
africana (ELEAA) was prepared by soaking 1 kg of the pulverized 
leaves into 2 L of ethanol (100%) for 72 h with intermittent shaking. 
Then, the ethanol extract was filtered using Whatman No. 1 filter 
paper, and the filtrate was concentrated using a Buchi rotary 
evaporator (Flawil, Switzerland) at 50°C for 24 h. The dried extract 
was weighed, preserved in stoppered sample vials and stored in a 
refrigerator at 4oC. The graded concentrations of 10, 20, 40 and 80 
(mg/mL) of the extracts were prepared using 10% DMSO, shaken 
vigorously to obtain a homogenous mixture (Akinjogunla et al., 
2021; Alozie et al., 2023) 
 
Quantitative estimation of secondary metabolites of A. 
africana 
The quantitative phytochemical constituents of the leaf extracts of 
A. africana (ALEAA / ELEAA) was determined using the standard 
procedures. The estimation was done in  triplicates and the results 
expressed as mean and standard deviation. 
 
Estimation of alkaloids 
Alkaloids content of the extracts (ALEAA / ELEAA) was determined 
using the method described by Krishnaiah et al. (2009). Five grams 
(5 g) of the extracts was put into a beaker and 200 mL of 10% 
CH3CO2H in C2H5OH was added. This mixture was covered, 
allowed to stand for 4 h and was filtered. The extract was 
concentrated in a water bath till it reached twenty-five percent of 
the original volume. Concentrated NH4OH was added in drops to 
the extract till the precipitation was complete. Then, the entire 
solution was allowed to settle, and the precipitate was collected 
and washed with dilute NH4OH and was filtered. The residue 
obtained was the alkaloids and was dried and appropriately 
weighed. The percentage alkaloids in the extracts was calculated 
using Equation 1. 

Percentage alkaloids = 
FWS

WS
 x 100                                                      (1) 

 
Where; FWS: Final weight of sample (g); WS: Weight of sample 
taken (g). 
   
Estimation of flavonoids 
The method described by Boham and Kocipai (1994) was used to 
determine the flavonoids content of the extracts (ALEAA / ELEAA). 
Ten grams (10 g) of the extracts samples was extracted repeatedly 
with 100 mL of 80% aqueous CH3OH at room temp. The mixture 
was filtered using Whatman No. 42 filter paper A) and the filtrate 
was transferred into a beaker and evaporated to dryness over a 
water bath and thereafter was weighed. The percentage  flavonoids 
in the extracts was calculated using Equation 2. 

Percentage alkaloids =  
WR

WS
 x 100             (2) 

Where; WR: Weight of residue (g); WS: W𝑒ight of sample taken                                     
 
Estimation of saponins 
Saponins content of the extracts (ALEAA / ELEAA) was determined 
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using the method described by Ejikeme et al. (2014). Twenty gram 
(20 g) of the extracts was put into a conical flask and 100 mL of 
20 % C2H5OH was added. This mixture was heated in a water bath 
with continuous stirring at about 55°C for 2 h. The mixture was 
filtered, the extracted residue was added to 100 mL of 20 % 
C2H5OH and the combined extracts were reduced to 40 mL over 
water bath at about 90 °C. The concentrate was then transferred 
into a separating funnel and 20 mL C4H10O was added to the 
extract and shaken vigorously. The aqueous layer was recovered, 
the (C2H5)2O layer was discarded and the purification process was 
repeated. Then, 60 mL of n-C4H9OH was added and the combined 
n-C4H9OH was washed twice with 10 mL of 5% NaCl. The residual 
mixture was heated in a water bath. Then, after evaporation, the 
samples were dried to a constant weight in the oven. The 
percentage saponins in the extracts was calculated using Equation 
2 above. 
 
Estimation of tannins 
The method described by Krishnaiah et al. (2009) was used to 
determine the tannins content of the extracts (ALEAA / ELEAA). 
Four grams (4g) of the extracts was weighed into 40 mL plastic 
bottle. Four millilitre dH2O was shaken for 60 min and was filtered 
into a 50 mL volumetric flask. Then, 4 mL of the filtrate was mixed 
with 3 mL of 0.1M FeCl3 in 0.1N HCl and 0.008 M 
K4[Fe(CN)6]·3H2O in a test tube. The absorbance was measured 
at a wavelengths of 120 nm within 10 min in a spectrophotometer. 
Also, a blank sample was prepared, the colour was developed, and 
was measured at a wavelengths of 120 nm within 10 min. A 
standard was prepared with tannin acid to obtain 100 ppm and 
measured. 
 
Estimation of terpenoids 
Terpenoids content of the extracts (ALEAA / ELEAA) was 
determined using the method described by Krishnaiah et al. (2009). 
Ten gram (10 g) of the extracts was put into a conical flask and 90 
mL of 95 % C2H5OH was added. The mixture was filtered using 
Whatman No. 42 filter paper and the filtrate was mixed with 10 mL 
petroleum ether at 60 oC and was subsequently filtrated using 
separating funnel. The filtrate was transferred into a beaker and 
evaporated to dryness over a water bath (65°C) and thereafter was 
weighed. The percentage terpenoids in the extracts was calculated 
by using Equation 3. 

Percentage (%) terpenoids:      
Wi−Wf

Wi
 x 100                                       (3) 

Where; Wi: Weight of dried plant extracts (g); Wf: W𝑒ight of 
extracts after drying 
 
Estimation of cardiac glycoside  
Cardiac Glycoside content of the extracts (ALEAA / ELEAA) was 
determined using the method described by Ejikeme et al. (2014). 
One gram (1g) fine powder of A. africana leaves was put into a test 
tube and 10 mL of 70 % C2H5OH was added. The mixture was 
filtered using Whatman No. 42 filter paper, the filtrate was treated 
with 5 mL of dH2O, followed by addition of 1 mL of 12.5% Pb 
(C2H3O2)2 and 2 mL of 4.77% Na2HPO4 solution to remove excess 
phosphorus ions. The residual solution was filtered with filter paper 
and the filtrate was evaporated to dryness in a water bath. Then, 
after evaporation, the samples were dried to a constant weight in 
the oven. The percentage cardiac glycoside in the extracts was 
calculated using Equation 2 above. 
 

Primary metabolites of A. africana 
 
Estimation of proteins 
The quantitative estimation of protein in the extracts (ALEAA / 
ELEAA) was determined using the procedures described by 
Narasimhan and Sathiyavani (2014). Two grams (2g) of extracts 
was put into a test tube and 5 mL of freshly prepared alkaline 
solution (50 mL of 2% Na2CO3 in 0.1 N NaOH and 1 mL of 0.5% 
CuSO4. 5H2O in 1% KNaC4H4O6·4H2O) was added and incubated 
at room temp for 10 min. Then, 0.5 mL Folin-Ciocalteau reagent 
was added, properly mixed and kept in dark for 30 mins at room 
temp until the blue colour developed and absorbance was 
measured at 660 nm in UV spectrophotometer. The amount of 
protein present in the extracts was calculated using the standard 
graph. 
 
Estimation of carbohydrate 
The quantitative estimation of carbohydrate in the extracts (ALEAA 
/ ELEAA) was determined using the anthrone method (Nayaka and 
Londonkar, 2019). One gram (1g) of extracts was well mixed with 
4 mL of anthrone reagent (200 mg of anthrone in 100 mL of ice cold 
95% H2SO4) in a test tube. Then, the mixture was incubated in 
boiling water bath for 8 min and the absorbance was read at 630 
nm against a reagent blank. The estimation was done in triplicates 
and the results expressed as mg/g of sample. 
 
Estimation of lipids 
The quantitative estimation of lipids in the extracts (ALEAA / 
ELEAA) was determined using the method described by Nayaka 
and Londonkar (2019). Ten (10 g) of extracts was loaded into the 
thimble and placed inside the Soxhlet extractor using 150 mL 
petroleum ether and was left for 16 h. The obtained extract was 
concentrated and evaporated to dryness. The weight of extract 
obtained was the lipid and it was expressed as mg/g dry weight 
sample. 
 
 In vitro antifungal susceptibility testing of the extracts                                                                              
The ALEAA / ELEAA were assayed for antifungal activities in vitro 
by disc diffusion method (Akinjogunla and Eghafona, 2012, 
Akinjogunla et al., 2021). Sterilized PDA was dispensed into sterile 
Petri dishes. Sterile filter paper discs (6 mm diameter) were 
incorporated with each ethanol, aqueous extracts solution of 
graded concentrations of 10, 20, 40 and 80 (mg/mL) and these 
discs were placed on PDA plates which had been previously 
inoculated with the mycelium of fungal isolates. DMSO was used 
as negative control. The plates were incubated at room temp for 5 
days. The experiments were performed in triplicates. The culture 
plates were observed for the zone of inhibition around the discs 
which displayed the antifungal activity of the extracts after the 
incubation and results were expressed as mean and standard 
deviation (x ± S.D). 
 
Statistical analysis  
The Statistical Package for the Social Science (version 22.0) was 
used for analysis. Pearson's correlation between primary and 
secondary metabolites were determined. Regression analysis was 
used to assess the relationship between concentrations of extracts 
and antifungal activity vis-a vis the diameters of inhibitory zones 
and isolate at 95% levels of significance. 
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RESULTS 
Based on the colonial and morphological characteristics (shape, 
type of soma, nature of hyphae, pseudo-mycelium and asexual 
reproductive spore), the fungal isolates obtained from the spoilt C. 
sativus and C. papaya fruits were A. niger, P. notatum, A. flavus, 
Mucor spp, R. stolonifer, and Fusarium spp. The percentage 
occurrences of A. niger, P. notatum, A. flavus, Mucor spp, R. 
stolonifer and Fusarium spp associated with spoilt C. sativus fruits 
are shown in Fig 1. In spoilt C. sativus fruits, A. niger had the 
highest percentage occurrence (40%), followed by Fusarium spp 
with 30%, while Mucor spp had the lowest percentage occurrence 
(10%). In spoilt C. papaya fruits, the percentage occurrence of A. 
niger and P. notatum was 30% each; A. flavus and Mucor spp was 
20% each, while Fusarium spp was 10% (Fig 2). 
 
The quantitative estimations of primary and secondary metabolites 
in leaf extracts of A. africana were determined and are presented 
in Tables 1.  The ALEAA had mean protein, carbohydrate and lipid 
contents of 15.36 ± 0.32%, 60.97 ± 1.14% and 6.66 ± 0.04%, 
respectively. In the ELEAA, the mean carbohydrate content was 
the highest (61.23 ± 0.42%), followed by protein content (16.19 ± 
0.06%) and lipid content (6.57 ± 0.04%). The analysis revealed that 
the mean values of secondary metabolites (flavonoids and 
saponins of 2.28 ± 0.04% and 4.32 ± 0.01% w/w, respectively) in 
the ALEAA were slightly higher than the values of secondary 
metabolites (flavonoids and saponins of 2.09 ± 0.01% and 4.15 ± 
0.03% w/w, respectively) in the ELEAA. The mean alkaloids and 
terpenoids contents of the ALEAA and ELEAA ranged from 8.12 ± 
0.12 % to 8.27 ± 0.02 % and 0.30 ± 0.01% to 0.37 ± 0.01%, 
respectively. The mean cardiac glycosides and tannins contents in 
ALEAA was 1.21 ± 0.01% and 2.43 ± 0.02% respectively, 
compared to 2.19 ± 0.02% and 3.23 ± 0.12% obtained for cardiac 
glycosides and tannins contents in the ELEAA (Table 1). 
 
Table 2 shows the Pearson’s correlations between primary and 
secondary metabolites of the ALEAA. Carbohydrate (CHO) 
showed a very strong positive correlation with saponins and a 
strong negative correlation with terpenoids, with a correlation 
coefficient (r) of 0.9262 and - 0.7896, respectively (p ≤ 0.05). 
Alkaloids was observed to have a weak positive correlation with 
protein (r = 0.2028) and CHO (r = 0.421), and a negative 
correlation with lipid (r = -0.6556) at p < 0.05. Similarly, a high 
positive relationship was exhibited between cardiac glycosides and 
lipid (r = 0.9286) at p < 0.05. The Pearson’s correlations between 
primary and secondary metabolites of ELEAA are shown in Table 
3. The saponins exhibited a very strong positive relationship with 
protein (r = 0.9286) and CHO (r = 0.9959) at the 0.05 level. 
Flavonoids, tannins and terpenoids showed a strong positive 
relationship with CHO (r = 0.9707); CGS exhibited a moderate 
positive relationship with protein (r2 = 0.5), while a high negative 
relationship (r = -0.9999) at the 0.05 level was shown by CGS and 
Lipid (Table 3). 
The varied concentrations (10, 20, 40 and 80 mg/mL) of ALEAA 
and ELEAA demonstrated antifungal activity A. niger, P. notatum, 
A. flavus, Mucor spp, R. stolonifer and Fusarium spp isolated from 
spoilt C. sativus and C. papaya fruits (Tables 4 and 5).  The ELEAA 
displayed antifungal activity against A. niger with mean zone of 
inhibitions (ZIs) ranging from 10.1 ± 0.1 mm to 18.8 ± 0.3 mm. The 
means ZIs obtained when ELEAA was tested against P. notatum 
ranged between 11.6 ± 0.1 and 17.1 ± 1.1 mm. The highest mean 
ZI (x ± S.D) of 13.5 ± 0.5 mm and lowest mean ZI (x ± S.D) of 9.3 

± 0.1 mm were obtained when ELEAA was tested against 
Fusarium spp. At a concentration of 10 and 20 (mg/mL), the ALEAA 
did not exhibit antifungal activity against Mucor spp MSCP-08 and 
MSCS-14 (Table 4). The ALEAA displayed antifungal activity 
against A. niger with mean ZI ranging from 9.4 ± 0.4 mm as 
obtained from the plate containing A. niger ANMI-09 to 16.0 ± 1.0 

mm as obtained from the plate containing A. niger ANCP-12. The 
highest mean ZI (x ± S.D) of 15.9 ± 1.0 mm and the lowest mean 
ZI (x ± S.D) of 9.9 ± 0.1 mm were obtained when ALEAA was 
tested against P. notatum. At a concentration of 10 mg/mL, the 
ALEAA did not exhibit antifungal activity against Fusarium spp 
FSCS-15, R. stolonifer RSCA-05, Mucor spp MSCP-08 and MSCS-
14 (Table 6). At a concentration of 10 mg/mL, the ALEAA did not 
exhibit antifungal activity against Fusarium spp FSCS-15 (Table 4).  
 
The regression coefficients (R) between 10, 20, 40 and 80 (mg/mL) 
concentration of extracts (ALEAA / ELEAA) and diameters of IZs 
as exhibited by A. niger, P. notatum and Fusarium spp from spoilt 
cucumber and pawpaw are presented in Table 6. The R values of 
ELEAA and diameters of IZs as exhibited by the fungal isolates 
ranged from 0.6324 to 0.9936, while the R values of ALEAA and 
diameters of IZs as exhibited by the fungal isolates ranged from 
0.6495 to 0.9876 (Table 6).  

 
 
Fig 1: Percentage of Occurrences of Fungal Isolates in Spoilt C. 
sativus Fruits 
 

 
Fig 2: Percentage of Occurrences of Fungal Isolates in Spoilt C. 
papaya Fruits 
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Table 1: Quantitative estimation of metabolites of leaf extracts of A. africana 

 
Keys: x: mean; S.D: Standard Deviation; ALEAA: Aqueous Leaf Extracts of A africana; ELEAA: Ethanol Aqueous Leaf Extracts of A. africana 
 
Table 2: Correlation matrix between primary and secondary metabolites of ALEAA 

 
Keys: CHO: Carbohydrate; CGS: Cardiac Glycosides; ELEAA: Ethanol Leaf Extracts of A. africana. 
 
Table 3: Correlation matrix between primary and secondary metabolites of ELEAA 

 
Keys: CHO: Carbohydrate; CGS: Cardiac Glycosides; ELEAA: Ethanol Leaf Extracts of A. Africana 
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Table 4: Antifungal activities of ethanol leaf extracts of A. africana (ELELA) 

 
Keys: x: mean; SD: Standard Deviation; NZ: No zone of inhibition; each inhibitory zone included 6 mm diameter of the disc; mean within the 
column  followed by the different superscript letters are significant as determined by Duncan’s multiple range test (P < 0.05). 
 
Table 5: Antifungal activities of aqueous leaf extracts of A. africana (ALELA) 

 
Keys: x: mean; SD: Standard Deviation; NZ: No zone of inhibition; each inhibitory zone included 6 mm diameter of the disc; mean within the 
column  followed by the different superscript letters are significant as determined by Duncan’s multiple range test (P < 0.05). 
 
Table 6: Regression coefficients between different concentrations of leaf extract of A. africana and diameters of zone of inhibition exhibited by 
fungal isolates 

 
Keys: ALEAA: Aqueous Leaf Extracts of A. africana; ELEAA: Ethanol Aqueous Leaf Extracts of A. Africana.
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DISCUSSION 
Fruits are frequently displayed in the baskets and / or on benches 
for customers to purchase. The display of these fruits could cause 
microbial infection (Chukwuka et al., 2010), and colonization of 
fruits by the invading microorganisms is a critical stage in the 
microbial spoilage of fruits (Ijato et al., 2021). The fungal isolates 
from both spoilt C. sativus and C. papaya fruits in this study were 
A. niger, P. notatum, Fusarium spp, A. flavus and Mucor spp. 
Isolation of fungi in genera Aspergillus in our study substantiated 
the findings of Baiyewu et al. (2007) and Chukwuka et al. (2010) 
who isolated Aspergillus spp from C. papaya fruits in South-
western Nigeria. The occurrence of Fusarium spp in C. sativus 
agrees with Majdah (2015) that Fusarium spp was often associated 
with spoilage of C. sativus fruits. Microbial spoilage may be due to 
pathogens acting on fruits, stems, leaves, flowers, root or other 
parts of the plants. 
 
Analysis of primary and secondary metabolites contents in ALEAA 
and ELEAA revealed that mean percentages of the primary 
metabolites were higher than that of secondary metabolites in the 
present study and this however, contradicts the findings of Amani 
et al. (2017) who observed that the primary metabolites mean 
percents were lower than secondary metabolites in plant extracts. 
The mean alkaloids contents of 8.12 ± 0.12 % in the ALEAA in our 
study was similar to 8.22 ± 0.40 % reported by Adegbesan (2019) 
on the quantitative phytochemical screening of aqueous extract of 
A. africana in Abeokuta, Ogun State, Nigeria. This moderate 
quantity of alkaloid in ALEAA substantiated the previous work of 
Agbor et al. (2012). We obtained a moderately high protein 
contents in the ALEAA and ELEAA and this was consistent with the 
values reported by Ojebiyi et al. (2013) and Adedeji et al. (2015) in 
Oyo and Osun States, Nigeria. The detection of these secondary 
metabolites in ALEAA and ELEAA in this study validated the results 
of Ekaiko et al. (2015) who reported flavonoids, saponins, tannins 
and cardiac glycoside as the phytochemical constituents present in 
A. africana. Generally, the mean percentages of four secondary 
metabolites (alkaloids, tannins, terpenoids and cardiac glycosides) 
in ELEAA were higher than that of the ALEAA, but the ALEAA was 
richer in flavonoids and saponins than ELEAA. Thus, polarity level 
of the solvents must have played a major role in the extraction of 
secondary metabolites (Ghasemzade et al., 2011). 
 
In our study, flavonoids, tannins and terpenoids showed a strong 
positive relationship with CHO; CGS exhibited a moderate positive 
relationship with protein at the 0.05 level was shown by CGS and 
Lipid. The positive correlations observed between the metabolites 
in this study indicate that changes in primary metabolite contents 
are associated with changes in the secondary metabolite contents 
of the extracts.   
 
Our findings on antifungal activities of the ALEAA and ELEAA 
against fungal isolates from spoilt fruits corroborated the previous 
reports on the antimicrobial activity of the leaves of A. africana by 
Johnson et al. (2016). In this present study, the ELEAA showed 
more growth inhibitory effects on test fungal isolates as exhibited 
by wider zones of inhibition than the ALEAA. This may be attributed 
to variations in the dissolution capacity of the different solvents 
which in turn affected the degree of phytochemicals extracted (Ijato 
et al., 2021). The diameter zone of inhibition (mm) increased with 
increased extract concentrations and similarly this has been 
reported by Woldeyes et al. (2012). 

The R values of ELEAA and diameters of IZs as exhibited by the 
fungal isolates ranged from 0.6324 to 0.9936, while the R values of 
ALEAA and diameters of IZs as exhibited by the fungal isolates 
ranged from 0.6495 to 0.9876. Our finding on the regression 
coefficient (R) in the present study is consistent with the results of 
Ijato et al. (2021) on the regression analysis between concentration 
of extracts and diameters of zones of inhibition as exhibited by 
fungal isolates. 
 
Conclusion 
The present study has unveiled additional detailed findings and 
information regarding the quantitative phytochemical constituents 
of aqueous and ethanol leaf extracts of A. africana and as well 
revealed its considerable antifungal activities against pathogenic 
fungi associated with post-harvest spoilage of C. papaya and C. 
sativus fruits. Consequently, the utilization of aqueous and ethanol 
leaf extracts of A. africana as a potential alternative preservative of 
C. papaya and C. sativus fruits against spoilage by fungi could be 
highly considered. 
 
REFERENCES 
Abi, T. A., E. N. Onuoha (2011). The chemical constituents of the 

leaf of Aspilia africana as a scientific backing to its 
tradomedical potentials. Agri. Jour. 6(1): 28-30. 

Abulude, O.A., K.O. Adeleke (2010). Comparative studies on 
nutritional composition of four melon seeds varieties. Pak J. 
Nutr. 9: 905-908.  

Adedeji, O.A., M.O. Ajibade, J.A. Folayan (2015). Effect of Aspillia 
africana leaves on reproduction of rabbit. J. Dev. Agric. Econ. 
7(6): 231-236.    

Adegbesan, S.I. (2019). Proximate composition, qualitative and 
quantitative phytochemical Screening of aqueous extract of 
Aspilia africana (Asteraceae) C.D Adams Leaves. Biomed. J. 
Sci. Tech Res. 22(2): 16457- 16461. 

Adetuyi, F.O., L.T. Akinadewo, S.V. Omosuli, A. Lola (2008). 
Antinutrient and antioxidant quality of waxed and unwaxed 
pawpaw Carica papaya fruit stored at different 
temperatures Afr. J. Biotech. 7: 2920-2924. 

Agbor, R.B., I.A. Ekpo, B.E. Ekanem (2012). Antimicrobial 
properties and nutritional composition of Aspilia africana C.D. 
Adams. Int. J. Appl. Sci. 2: 7-12. 

Ajeigbe, K.O., S.E. Seyi, R.O. Dayo, O.O. Olayemi (2013). Acute 
effects of aqueous leaf extract of Aspilia africana C.D. Adams 
on some haematological parameters in rats. Afr. J. Tradit. 
Complement. Altern. Med. 10(5): 236‐243. 

Akinjogunla, O. J., I. T. Adenugba, O. M. Jumbo (2012). In-vitro 
antibacterial evaluation of ethanol stem crude extracts of 
A. occidentale Linn. (Anacardiaceae) on S. mutans 
associated with dental caries. Sci. J. Microbiol. 1(3): 71-81.   

Akinjogunla, O J., A.O. Oluyege (2016). Thermostability and in-
vitro antibacterial activity of aqueous extracts of T. tetraptera 
pods on multidrug resistant clinical isolates.British Journal of 
Pharmaceutical Research, 14(2):1-13.         

Akinjogunla, O.J., N.O. Eghafona (2012). Mycological investigation 
in patients with AOM. Sci. J. Microbiol. 1(1): 19-26. 

Akinjogunla, O. J., C.A. Etok, C.E. Oshoma (2011). Preliminary 
phytochemistry and in-vitro antibacterial efficacy of hydro-
ethanolic leaf extracts of Psidium guajava: The potential 
of  urinary tract infection treatment. Bio. Bulletin. 5: 329-336.  

Akinjogunla, O. J., A. N. Umo, M. F. Alozie, G.O. Oshosanya, G. I 
Saturday (2021). Antibacterial potentiality and time kill 

https://dx.doi.org/10.4314/swj.v18i4.11
http://www.scienceworldjournal.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7652250/#b11-tlsr-31-3-29


Science World Journal Vol. 18(No 4) 2023   DOI: https://dx.doi.org/10.4314/swj.v18i4.11 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Quantitative Estimation of Metabolites and Antifungal Efficacy of Leaf 
Extracts Aspilia Africana on Cucumber and Pawpaw Fruit Spoilage Fungi 

614 

kinetics of amlodipine, thioridazine and  promethazine 
against pathogenic bacterial isolates from clinical samples. 
African  Journal of  Clinical and Experimental Microbiology, 
22 (3): 397 - 406. 

Alozie, M.F., N.A. Etuk, O.J. Akinjogunla, P.S. Thomas, E.J. Udofa, 
U.U. Uwemedimo (2023). Comparative evaluation of the 
antimicrobial efficacy of Dracaena arborea l. (Asparagaceae) 
root, stem, and leaf extracts on clinical isolates. Tropical 
Journal of Phytochemistry and Pharmaceutical Research, 2 
(3): 1-6.  

Amani, A. S., M. E. Reham, A. A. Nabila, S. A. Hanoof, E. 
Mohamed, S.I. Zaina (2013). Anti ulcerative colitis activity of 
the total alcohol extracts and isolated compounds 
from  Euphorbia  granuleta Forssk. Phytother. Res. 27: 1729–
1734.   

Baiyewu, R.A., N.A. Amusa, O.A. Ayoola, O.O. Babalola (2007). 
Survey of the postharvest diseases and aflatoxin 
contamination of marketed Pawpaw fruit (Carica papaya L.) 
in South Western Nigeria. Afr. J. Agric. Res. 2(4): 178-181. 

Balali, G.R., S.M. Neate, E.S. Scott, D.L. Whisson, T.J. Wicks 
(1995). Anastomosis group and pathogenicity of isolates of 
Rhizoctonia solani from potato crops in South Australia. Plant 
Pathol. 44: 1050-1057. 

Barnett, H.L., B.B. Hunter (1977). Illustrated Genera of Imperfect 
Fungi. 4th edn, McMillian, New York. 218 p. 

Bello, M.O., G. Owoeye, M. Abdulhammed, T.A. Yekeen (2014). 
Characterization of Gourd fruit (Cucurbitaceae) for dietary 
values and anti-nutrition constituent. J. Pharm. Biol. 
Chem. Sci. 6: 7575-7585.  

Boham, B.A., A.R. Kocipai (1994). Flavonoids and condensed 
tannins from leaves of Hawaiian Vaccinium 
vaticulatum and V. calycinium. Pac. Sci. 48: 458–463. 

Chukwuka K.S., I.O. Okonko, A.A. Adekunle (2010). Microbial 
ecology of organisms causing pawpaw (Carica papaya L.) 
fruit decay in Oyo State, Nigeria. Am. Eurasian J. 
Toxicol.          Sci. 2 (1): 43–50. 

Divine-Anthony, O., C.I. Okwulehie, O.J. Akinjogunla (2018). 
Aflatoxin and ochratoxin producing potentials of moulds 
associated with spoilage of fruits marketed in Akwa Ibom 
State. WOJAST, 10(1): 43-49. 

Ejikeme, C.M., C.S. Ezeonu, A.N. Eboatu (2014). Determination of 
physical and phytochemical constituents of some tropical 
timbers indigenous to Niger Delta Area of Nigeria, Eur. Sci. J. 
10(18): 247–270. 

Ekaiko, M.U., S. Chiwendu, E.O. Ukpabi, C.A. Ezikpe (2016). 
Antimicrobial screening and phytochemical analysis of Carica 
papaya Leaf extracts. Stand. Res. J. Microbiol. Sci. 2(1): 1- 
4. 

Ghasemzadeh, A., H.Z. Jaafar, A. Rahmat (2011). Effects of 
solvent type on phenolics and flavonoids content and 
antioxidant activities in two varieties of young ginger 
(Zingiber officinale Roscoe) extracts. J. Med. Plants Res. 
5(7):1147-1154. 

Ijato J.Y., O.J. Akinjogunla, O. Divine-Anthony, B.O. Ojo 
(2021)   Aspergillus flavus, R. stolonifer and Mucor spp. 
associated with deteriorated mango and orange fruits: 
occurrence and in vitro susceptibility to extracts of Aspilia 
africana (Pers.) C. D. Adams (Asteraceae). TJNPR. 5(9): 
1650-1655. 

Ishaya, M., A.E. Anzaku, W.C. John, N. Janfa, O. Oke, S.A. 
Oladipo (2019). Isolation and identification of fungal pathogen 

associated with post-harvest deterioration of cucumber 
(Cucumis sativus L.) fruits in three selected markets in Jos, 
Nigeria. Int. J. Plant Soil Sci. 30(6): 1-8. 

 Johnson, E.C., I. Mohammad, I. S. Mohammed, A.E. Olorunfemi, 
O.O. Hammed (2016). Antimicrobial activity of compounds 
isolated from the leaves of A. africana (Pers) C.D Adams 
(Asteraceae). AJPT. 5 (3): 1-5. 

 Komakech, R., M.G. Matsabisa, Y. Kang (2019). The wound 
healing potential of Aspilia  africana (Pers.) C.D 
Adams. Evid. Based Complement. Altern. Med.  Article ID 
7957860. 

 Krishnan, K.L., M. Paridhavi, J. A. Patel (2012). Review on 
nutritional and pharmacological properties of papaya (Carica 
papaya Linn.). Nat. Prod. Radian. 7: 364-373. 

 Krishnaiah, D., Devi, T., Bonno, A. and Sarbartly, R. (2009). 
Studies on phytochemical constituents of six Malaysian 
medical plants. J. Med. Plant Res. 3(2): 067 – 072. 

 Majdah, M.Y.A. (2015). Studies on Fusarium wilt disease of 
cucumber. Appl. Pharm. Sci. 5(2): 110–119. 

 Menzel, C. (1994). Tropical and subtropical Fruits. Ency. Agri. Sci. 
4: 375-378. 

 Mortimore, M. (2015). Dry land developers success stories from 
West Africa environment. J. Biol. Sci. 45: 10-21. 

Narasimhan, R., A. Sathiyavani (2014). Phytochemical screening 
and evaluation of protein content in the seed extracts of 
Cucurbita maxima. Int. J. Pharm. Life Sci. 5(7): 
3637-        3642. 

Nayaka, H.B., R. Londonkar (2019). Studies on qualitative and 
quantitative estimation of primary and secondary metabolites 
in various solvents extracts of Aegle marmelos. Adv.  
Biochem. 7(1): 5-9.  

Ojebiyi, O.O., M.D. Shittu, I.O. Oladunjoye, O.B. Omotola, S. A. 
Olaniyi (2013). Haematology, carcass and relative organ 
height of growing rabbits on skip-a-day concentrate 
feeding  regime. Int. J. Appl. Agric. Res. 9: 167-174. 

Okello, D., Y.M. Kang (2019). Exploring antimalarial herbal plants 
across communities in Uganda based on electronic 
data. Evid. Based Complement. Alternat. Med. Article ID 
3057180, 27 pp. 

Okoro, I. O., A.O. Inegbedion, E.O. Okoro (2017). Phytochemical 
screening and antibacterial activity of different solvent 
extracts of Acanthospermum hispidum D.C. aerial         parts. 
Nig Ann. Nat. Sci. 16 (1): 043 – 047. 

Onoruvwe, O., P.O. Olorunfemi (1998). Antibacterial screening 
and pharmacognostical evaluation of Dichrostachys 
cinerea root: W. Afr. J. Biol. Sci. 7: 91-99.                     

Rafińska, K., P. Pomastowski, J. Rudnicka, A. Krakowska, A. 
Maruśka, B. Buszewski. (2019). Effect of solvent and 
extraction technique on composition and biological activity 
of        Lepidium sativum extracts. Food Chem. 289: 16–25. 

Sherah, S.B., E.U. Onche, I.J. Mbonu, P.N. Olotu, L. Lajide (2014). 
Antimicrobial activity and  chemical composition of the 
flowers of Aspilia africana. Adv. Life Sci. 16: 54‐57. 

Woldeyes, S., A. Legesse, T. Inebeb (2012). Evaluation of 
antibacterial activities of compounds isolated from Sida 
rhombifolia Linn. (Malvaceae). Nat. Prod. Chem. Res. 1 (1): 
1–8. 

Zhang, T., X. Li, Y. Yang, F. Xiao, D. Qin, C. Xiangyu (2019). 
"Genetic analysis and QTL mapping of fruit length and 
diameter in a cucumber (Cucumber sativus L.)   recombinant 
inbred line (RIL) population". Sci. Hortic. 250: 214–222. 

https://dx.doi.org/10.4314/swj.v18i4.11
http://www.scienceworldjournal.org/

