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ABSTRACT. 
Studies on the fungal spoilage of Sour Sop (Annona muricata L) and heavy metals assessment of the 

fruits exposed to car exhaust for twenty four (24hrs) were conducted in vitro. Partially rotted Sour Sop 

fruits were aseptically placed on Sabouraud Dextrose Agar(SDA) in Petri dishes and incubated for 7 days 

to enable full growth  and isolation of the fungi.  Some freshly harvested fruits of A. muricata were also 

tested for heavy metals prior to exposure to car exhaust. These investigations were carried out in the Plant 

Pathology Unit in the Department of Applied and Environmental Biology and the Food Science and 

Technology Laboratories respectively. It was observed that five fungi with varying degrees of incidence 

namely Aspergillus niger (80%), Aspergillus tamari (80%), Fusarium oxysporium (60%), Neurospora 

crassa (20%), and Penicillium italicum (30%) were found to be associated with the spoilage of ripe fruits 

of Sour Sop. These fungi were found pathogenic to healthy fruits causing general soft rot of the fruits. On 

the heavy metal assessment, it was observed that the fruits of Sour Sop exposed to car exhaust 

accumulated traces of manganese, antimony, cadmium, chromium, lead, nickel, and cobalt with very high 

values for copper and zinc. All these elements are known to be toxic to man when consumed in large 

amount. However, the amount of these heavy metals found in the exposed samples was within the World 

Health Organization acceptable limit with the exception of copper and zinc which recorded relatively high 

values.  
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INTRODUCTION  

Annona muricata (Sour Sop) is a member of 

the family of custard apple trees called 

Annonaceae and a specie of the genus Annona 

known mostly for its edible fruits (Purseglove, 

1977). It is wide spread in the tropics and frost 

free subtropics of the world (Samson, 1980). 

This plant is believed to have originated in the 

Caribbean and Central America where the 

trees grow naturally. It produces fruits that are 

called Sour Sop due to its slightly acidic taste 

when ripe. The Sour Sop is known by a 

multiplicity of names in different regions of 

the world where it is cultivated. Such names 

like 
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Brazilian pawpaw, guanabana, laguana, 

anona, sarifa, durian, zuurzak, graviola, 

sanalapa, tapotapoetc. (http://en. 

Wikipedia.ord/wuki/Annona-muricata). 

There are several species of  Annona, from the 

family Annonaceae with the Sour Sop (A. 

muricata) being the most tropical and the 

largest fruited, and the only one lending itself 

well for prese-rvation and processing. Fruit 

yield is variable but a yield of 10 tons/ ha can 

be obtained with fruit size ranging from 0.5 to 

2 kg (National Academy of Science 1978). 

The edible part of the ripe fruit is the soft 

mesocarp which can be blended and chilled 

after the removal of the seeds. The Sour Sop 

fruits are usually harvested when fully 

matured as indicated by the lemon green color 

which get ripen within five days after harvest 

and must be consumed immediately or 

processed into some forms. Sour Sop fruit is a 

potent fruit whose great importance is now 

known all over the world especially its role in 

the cure of cancer. The ripe soft fruits if not 

consumed immediately are prone to microbial 

infection which brings about the deterioration 

of the fruits. Fungi have been implicated as 

one of the most serious disease causal 

organisms of most tropical fruits (Onuegbu, 

2002, Chuku, 2005 and Chuku, 2010). These 

fungi have a wide range of ecology and as 

such are found both in the air, water, and soil. 

Fungi which usually produce numerous spores 

as their major means of reproduction spread at 

a very fast rate causing serious infections 

within a short period. Heavy metals pollution 

and contamination of most fruits and 

vegetable have been reported by different 

researchers (Emem, 2009, Ogbalu, 2003, 

2005). Heavy metals are stable pollutants 

which can not be degraded or destroyed with 

relatively high molecular weight which are 

toxic or poisonous at low concentrations. Such 

elements include mercury, cadmium arsenic, 

chromium, lead and zinc.  

(www.wmulsifiers.org/view   Document, asp). 

Most of these elements are naturally occurring 

and bioacculators indicating that they build up 

to toxic levels which may be injurious when 

taken in large quantity. Sour Sop and most of 

the fruits sold by fruit vendors are sold in 

markets, car parks and in open places without 

proper care. These fruits because of their 

nature are prone to contamination from car 

exhausts discharges, spilled automobile oils 

and fuel which can be absorbed. This research 

therefore investigated the fungal organisms 

associated with the spoilage of the Sour Sop 

fruits and the associated heavy metals on Sour 

Sop fruits exposed to car exhaust for 24 hours. 

The knowledge of these would proffer 

solution on the control of these fungi and also 

will expose the danger associated with selling 

most agricultural produce in car parks. 

 

 

MATERIALS AND METHODS.  

Collection of Sour Sop fruits 

One medium size basket full of freshly 

harvested fruits of Sour Sop of half ripe stage 

was purchased from the fruit garden market in 

Port Harcourt and transported to the 
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Department of Applied and Environmental 

Biology Rivers State University of Science 

and Technology Port Harcourt. Five fruits 

were selected from the baskets and sent to the 

Department of Food Science and Technology 

for proximate composition analysis. The 

parameters determined were the protein, 

carbohydrate, lipid, ash, fiber and moisture. 

The method of analysis used was those of 

Association of Official Analytical Chemists 

(AOAC, 2005). 

Mycological studies. 
 Sterilization of conical flasks, slides, Petri 

dishes and all the equipment needed for the 

experiment was carried in the laboratory, 

while the  glass wares were sterilized in the 

oven at 120° C for 3 hours after washing them 

with soap. The sterile Petri dishes and other 

equipment were surface sterilized with 70% 

ethyl alcohol to reduce microbial contam-

ination. (Agrios, 2005). Inoculating loops and 

scalpels were sterilized by dipping for 20 

seconds in 70% ethanol and heated over a 

Bunsen flame to red hot. The mycological 

medium used for the isolation was the 

Sabouraud Dextrose Agar which was prepared 

using the standard method in a conical flask. 

The mouth of the flask was plugged with non 

absorbent cotton wool and wrapped with 

aluminum foil. The conical flask with its 

contents was autoclaved at 121° C and a 

pressure of 1.1kgcm-3   for 15 minutes. The 

molten agar was allowed to cool to about 40ºC 

and then dispensed into Petri dishes while at 

15mls per plate and allowed to further cool 

down and solidify. 

 

Isolation of fungi from the rotted fruits of 

Annona muricata. 
Fruits showing symptoms of rot were washed 

with tap water and rinsed with distilled water. 

These fruits were surface sterilized with 5% 

sodium hypochlorite. Thin slices of the rotted 

portion were cut with a sterile scalpel and 

inoculated onto the Sabouraud agar in Petri 

dishes and incubated for 5 days at ambient 

temperature of 25°C ± 3° C. ( Baudoni, 1988, 

Chuku, 2009, Samson, et al, 1988). The set up 

was observed for seven days until the 

organisms were fully grown. Pure cultures of 

the isolates were obtained after series of 

isolations. 

 

Identification of fungi. 

Fungal spores from the pure cultures were 

picked with a sterile needle and placed on the 

slides. The spores were carefully teased to 

ensure complete spread of the spores. The 

spores were stained with cotton blue in lacto 

phenol and examine microscopically. The 

fungi were identified based on their colonial 

morphology, mycelia structure, spores and 

associated structures according to the keys of 

(Samson et al. 1988, Olds, 1983). 

Pathogenicity studies. 
Pathogenicity test was carried out to 

determine if the fungi responsible for the 

spoilage rot of Sour Sop fruits were host 
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specific. The procedure described by Agrios 

(2005) and Trigiano et al (2004) was basically 

followed. Freshly harvested and healthy Sour 

Sop fruits were bought from the fruit garden 

market in D- line Port Harcourt The fruits 

were surface sterilized with 70% ethyl 

alcohol. A “V” shaped wound was created on 

the fruits and each of the fungal isolate was 

aseptically transferred into the fruit, in 

triplicate and the wound sealed with Vaseline 

to avoid microbial contamination. The set up 

was incubated for seven days at a temperature 

of 25° C ± 3° C. 

 

Heavy metals assessment in Sour sop fruits 

exposed to car exhaust. 

Ten mature Sour Sop fruits were exposed to 

car exhaust at the taxi terminal in the Rivers 

State University of Science and Technology 

for 24 hours. The Sour Sop fruits were placed 

on news papers  and labeled as if they were 

poisoned and exposed in the open park haven 

notified the park attendance to avoid theft. 

The exposed fruits were taken to the Food 

Science and Technology Laboratory for the 

determination of the associated heavy metals. 

The heavy metals determined in the Sour Sop 

fruits were Antimony, Zinc, Cadmium, 

Mercury, Nickel, Lead, Copper, Cobalt and 

Chromium. The atomic absorption 

Spectrophotometer method. AOAC (1990) 

was used. 

 

Statistical Analysis                                       

The data generated from this study were 

statistically analyzed and  interpreted using 

the mean values of observation, and 

percentages suitable for completely 

randomized designs. 

Results 

Proximate composition of Sour Sop 

(Annona muricata) 

The results of the proximate composition of 

Sour Sop fruits are presented in Table 1. The 

parameters assessed from both the ripe and 

unripe fruits of Sour Sop were the moisture 

content, ash, lipid, protein, carbohydrate and 

fiber. Moisture value was higher in the ripe 

fruits than the value recorded for the unripe 

fruits. However, the unripe Sour Sop fruits 

recorded higher values for ash (2.3±0.001), 

lipid (0.5± 0.002), protein (1.5±0.005) , 

carbohydrate (9.5± 0.001) and fiber (1.5± 

0.001). 

 

Fungal isolates from A. muricata. 

Results of the fungal isolates from Sour Sop 

are shown in Table 2. Four fungi with varying 

degrees of incidence were isolated and they 

are Aspergillus niger, Aspergillns lamari, 

Fusarium oxysporium, Neurospora crassa and 

Penicillium ilalicum. 

Aspergillus niger caused soft rot of the ripe 

fruits with black spores scattered all over them 

and penetrated into the soft fleshy mesocarp 

which is the edible portion of the fruit. A 

similar observation was made for A.  tamarii, 

the only difference was the dominant brown 

spores found all over the fruits and in the  
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Table 1. Proximate composition of ripe and unripe Sour sop fruits. 

Parameters Ripe Sour Sop Unripe Sour Sop 

Moisture (%) 85.5 ±0.001 80.4 ± 0.003 

Ash (%) 2.0 ± 0.004 2.3 ±0.001 

Lipid (%) 0 ± 0.00 0.5 ± 0.002 

Protein (%) 1.45 ±0.005 1.50 ±0.005 

Carbohydrate (%) 7.5 ± 0.001 9.5 ±0.001 

Fiber (%) 1.05 ±0.002 1.50 ±0.001 

 

Values are means from three replicates. 

 ± = Standard error of the mean 

 

mesocarp. Rots caused by F. oxysporium 

resulted in water soaked to soft rot of the 

fruits characterized by whitish powdery 

patches scattered all over the fruits. Rot 

infected fruits. However, soft rot caused by 

P. italicum was characterized by greenish 

spores spread all over the riped fruits. 

caused by Neurospora crassa showed 

pinkish soft powdery appearance on the  

 

 

 

 

 

 

 

Table 2 Fungal isolates from  Annona muricata. 

Fungal isolates   % Incidence  

Aspergillus niger     80± 0.003 

          Asergillus tamari 60± 0.001 

          Fusaium oxysporium  60± 0.002 

         Neurospora crassa 20± 0.004 

         Penicillium italicum 30±0.005 

 

 

 

Pathogenicity studies. 

Pathogenicity studies revealed that all the 

fungal isolates were highly pathogenic to 

healthy Sour Sop fruits causing general soft rot 

of the ripe fruits. The fungi completely 

penetrated into the mesocarp leading to serious 

deterioration of the ripe fruits within seven days 

of incubation in the laboratory. 

 

Heavy metal assessment in Sour Sop 

The result of heavy metals from Sour Sop is 

shown in 3. The associated heavy metals from 

the fruits exposed to car exhaust were 

Manganese,   Antimony,   Cadmium,  
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Chromium, Lead, Mercury, Nickel, Cobalt, 

Copper and Zinc. The values recorded for the 

ripe and unripe fruits in mg/l00g are Manganese 

(0.005 and 0.004), Antimony (0.006 and 0.007), 

Cadmium (0.003 and 0.004), Chromium (0.62 

and 0.60), Lead (0.11 and 0.02), Mercury(O), 

Nickel (1.0 and 1.2), Cobalt (0.02 and 0.03), 

Copper (29.4 and 30) and Zinc (8.5). 

 

 

 

 

 

 

DISCUSSION 
The economic and nutritional importance of 

Sour Sop fruits cannot be overemphasized 

(Aluko, 1989). It is a major source of income 

for many farmers who cultivate them for fresh 

produce in the markets. Sour Sop fruits provide 

a source of nutrients and play an important role 

in the diet of many people living in the tropics. 

This point is buttressed by the high nutritional 

values recorded from the proximate analysis. 

 

Table 3 .Heavy metal of Sour Sop fruits 

Parameters Ripe Sour Sop Unripe Sour Sop 

Manganese (mg/l00g) 0.005± 0.001 0.004± 0.006 

Antimony (ug/100g) 0.006± 0.002 0.007± 0.002 

Cadmium” 0.03± 0.001 0.04± 0.001 

Chromium’ 0.62±0.001 0.60± 0.002 

Lead “ 0.01± 0.005 0.02± 0.005 

Mercury (ug/l00g) - - 

Nickel  “ 1.0± 0.004 1.2± 0.004 

Cobalt “ 0.02±0.003 0.03± 0.002 

Copper “ 29.4± 0.001 30.0± 0.002 

Zinc “ 8.5± 0.003 8.5± 0.005 

 

 

The nutritional values of this fruits can be 

enhanced through the provision of other 

essential minerals and vitamins and through 

the addition of flavors, colors and variety to 

the ripe fruits (Aluko, 1989, Okigbo, 2000). 

The protein and fiber contents of Sour Sop 

are relatively low and needs to be fortified 

or supplemented in the process of wine 

production using the fruit (Okigbo and 

Obire, 2009) 

 

Sour Sop is heavily infected by fungal micro 

organisms both in the field and in the store. 

Several fungi were isolated from the rotted 

fruits which caused severe deterioration of 

the fruits. Aspergillus niger, A. tamarii, F. 

oxysporium, P. itallicum and N. crassa were 

isolated from the rotted fruits. The isolation 

of P. itallicum is in line with the report of 

Okigbo and Obire, 2009. Other fungi 

reported were Botryodiploda theobromae, 

Trichoderma viride and Rhizopus stolonifer 

(Okigbo and Obire, 2009). Similarly, these 

fungi have been reported to be responsible 

for the spoilage of most tropical fruits 

(Chuku, et al, 2004, Chuku, 2009 and 2010). 
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Most of the fungi isolated were capable of 

inducing rot on the fruits of Sour Sop in 

storage. The fungal isolates were also found 

to be pathogenic to healthy fruits with 

Aspergillus tamarii having the highest 

frequency of occurrence on the inoculated 

fruits. When these fungi were inoculated 

onto healthy fruits, there was profuse 

mycelia growth from the inoculated site 

which spread all over the fruit surface, 

indicating that they were associated with the 

fruit rots of Sour Sop resulting in general 

soft rot. The high pathogenicity of these 

organisms which are often associated with 

soil, air and contaminated environment have 

been reported (Onion, et al., 1981). It is 

therefore possible that the Sour Sop fruits 

may have come in contact with Fusarium 

spp from the soil during harvest and in 

storage. This has been reported by early 

researchers Alexopoulos and Mins (1979). 

Heavy metals are bio accumulating and bio 

magnifying and injurious when consumed in 

large amount (Emem, 2009). The ripe and 

unripe fruits of Sour Sop exposed to car 

exhaust for 24 hours retained some 

considerable amounts of heavy metals which 

were within the acceptable limit of 

consumption as stipulated by the World 

Health Organization (WHO, 1998). 

However, the values recorded for copper 

and zinc were high and could pose a serious 

health problem if not checked. Heavy metals 

in plants and animals can be hazardous 

when consumed in large amount. The 

dumping of hazardous wastes into 

dumpsites, rivers, and lakes have led to 

pollution of the environment and marine 

environment resulting into serious terminal 

diseases like cancer, and several other 

diseases. Marine lives have been destroyed 

and water bodies polluted.(William P and 

Mary Ann Cunningham, 2005). Most 

processed and unprocessed animal and plant 

materials are easily contaminated by heavy 

metals when exposed to such automobile 

exhaust, and other hydrocarbons. These 

hazardous materials are absorbed into the 

tissues of these products and magnify over a 

long period if not checked (Emem, 2009). 

The accumulation of these heavy metals in 

Sour Sop from the car exhaust is a pointer to 

the fact that they can easily accumulate in 

most agricultural products. Heavy metals are 

known to constitute serious health problems 

when taken in large amount. The result from 

this work has shown that the amount of 

heavy metal accumulated in Sour Sop 

samples used for this work was within the 

acceptable limit, except for zinc and copper 

which had high values, however, heavy 

metals are known to be bio accumulators 

and as such the exposure of Sour Sop fruits 

to car exhaust will lead to much 

accumulation of this toxic substances and 

could be transferred to man when consumed 

in large amount.. Heavy metal toxicity in 

man has been reported to cause kidney 

failure, cardiac irregularities, breathing 

difficulties, skin irritation and general 

malfunctioning of vital organs in the body 

(Annon, 2001, James, 2001). Also the toxic 

effects of heavy metals like lead, 

alumimium, chromium, copper and zinc has 

been reported by early researchers. (Ferner, 

2001, Joseph, and Smith, 2001 Anon, 2001). 

However, some ways through which heavy 

metals toxicity can be reduced in man have 

been reported. Some of the ways include 

chelation (Ferner, 2001, James, 2001), 
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gastric lavage (Ferner, 2001), whole bowel 

irrigation (Ferner, 2001, James, 2001)., 

emesis (Anon,2001), cathartics, IV fluid, 

dialysis and drugs treatment (Anon,2001, 

James,2001) 

 

 CONCLUSION   AND  RECOMMENDATION       
This research has shown that several fungi 

are responsible for the spoilage of ripe fruits 

of Sour Sop. These fungi are also pathogenic 

and reduce the nutritional quality of the ripe 

fruits of this potent crop. Most fungi secrete 

mycotoxins which when ingested constitutes 

serious health problems. The isolation of 

Aspergillus species further buttresses this 

fact. Measures that ensure proper  sanitation 

of the field and stores where the harvested 

fruits are kept are advocated since these 

fungi are found everywhere in the 

environment. Proper handling of the fruits 

during harvesting to avoid bruises on the 

fruits should be ensured since these wounds 

are good portal entry for micro organisms 

like bacteria and fungi. The accumulation of 

heavy metals on the exposed fruits of Sour 

Sop also indicated that fruits and vegetables 

that are to be consumed by humans should 

be sold in decent places to avoid their 

contamination by poisonous chemicals 

substances. The high accumulation of 

copper and zinc in the fruits sends a danger 

signal and suggests that fruits purchased 

around car parks are not too safe for 

consumption and should be avoided. 
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