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ABSTRACT 

Healthy and infected stored cocoa beans were obtained from fifteen randomly selected cocoa stores 

across the south-western cocoa producing states of Oyo, Ondo, Osun, Ekiti and Ogun in Nigeria. 

The samples were subjected to microbiological and proximate analyses. The storage moulds 

isolated from both the apparently healthy and infected samples were  Aspergillus flavus, A. 

ochraceous, A. versicolor, Rhizopus sp., Pythium sp., Fusarium solani, A. terreus, A. niger, A. 

fumigatus, Lasiodiplodia theobromae and Penicillium digitatum with varying percentage of 

occurrence.The proximate analysis conducted on the beans revealed that there was no significant 

difference (P d” 0.05) in the amount of fat, which ranged between 44.41 - 47.31% (in healthy 

beans) and 45.04 - 47.20% (in infected beans) across the five south-western states. However, there 

were significant differences (P d” 0.05) in the crude fibre contents of both the healthy and infected 

beans obtained from most of the states across the region. The study revealed that except for the fat, 

iron and carbohydrate, the implicated storage moulds were able to reduce the organic and mineral 

contents of the stored cocoa beans, and thus lower their nutritional quality. 
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INTRODUCTION 

Cocoa is a major economic source for many countries of the world. Its beans are rich in 

certain nutrients; they contain polyphenols (similar to those found in wine) with 

antioxidant properties which are of health benefit. They are also rich in a number of 

essential minerals (including magnesium, calcium, iron, zinc, copper, phosphorus, 

potassium and manganese) as well as vitamins A, B1, B2, B3, C, E and pantothenic acid 

(Henderson et al., 2007;Cacaoweb, 2012). Phosphorous and calcium are needed for the healthy 

growth and maintenance of bone, while copper is essential for many biochemical reactions. 
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 Potassium is also essential for muscle health and is an important part of cellular function. 

Sulphur compounds are also found in cacao beans. This mineral is needed for healthy skin, 

hair and nail growth (Henderson et al., 2007). 

The seasonal production of cocoa makes its storage essential over a long period. Cocoa 

beans are normally stored in jute bags for relatively short period. They can be stored for 

five to six months safely. During storage and transportation, cocoa beans are often 

subjected to losses of variable nature. A large part of the losses is attributed to problems of 

mould contamination, insect infestation and moisture exchange between the atmosphere 

and the beans (Tah et al., 2011; CDRC, 2012).       

Being common contaminants of foods and feeds, storage moulds are able to infect cocoa 

beans. This eventually leads to different detrimental effects such as alteration of the  

physiological properties and decrease in the nutritive value of the beans as well as 

synthesis of mycotoxins. Storage organisms therefore, cause an overall reduction in the 

physical and biochemical qualities of stored cocoa beans. The beans are as a result 

rendered unmarketable and unsuitable for consumption. Hence, the evaluation of moulds 

development is of interest to estimate global (nutritional) quality of stored cocoa beans and 

may be useful to take decision on their possible use (Fagbohun et al., 2011;Aroyeun et al., 

2013).   

 

MATERIALS AND METHODS 

Apparently healthy and infected cocoa beans were obtained from three randomly selected 

cocoa stores from each of the five cocoa producing south-western states (Ondo, Osun, 

Oyo, Ekiti and Ogun) of Nigeria. Representative samples of the beans were cut into small 

pieces and surface sterilized in 2% sodium hypochlorite for 2 minutes. The samples were 

then rinsed twice with sterile distilled water. The surface sterilized beans were blotted with 

the aid of sterile Whatman No.1 filter papers and inoculated into already prepared potato 

dextrose agar (PDA) Petri-plates. The plates were incubated at ambient temperature for 

4days and sub-cultured. Fungi isolates obtained from both the healthy and infected cocoa 

beans were also sub-cultured on water agar plates prepared using Trevor (2000) method. 

The cultures were incubated for 7 days at ambient temperature and tested for pathogenicity 

on healthy cocoa beans. 

Proximate analysis   The moisture, fat, crude protein, ash, carbohydrate, crude fibre, 

micro and macro nutrients contents of  both apparently healthy and infected cocoa beans 

samples were determined using the AOAC (2005) procedures. Results obtained were 

subjected to Analysis of Variance (ANOVA) using Fisher’s Least Significant Difference 

(LSD) test at 5% level of probability and with the aid of Statistical Analysis System (SAS) 

9.1 statistical package. 

 

 

 

Nigerian Journal of Mycology Vol.6 (2014)       86 



 

 

Effect of storage moulds on nutritional quality of cocoa bea in  south west Nigeria     Ogundeji & Olufolaji 

 

RESULTS  

Table 1 shows the occurrence of fungi obtained from apparently healthy and infected 

cocoa beans across south-western cocoa producing states of Nigeria. Out of the eleven 

fungi isolated, Aspergillus flavus had  significantly highest frequency of occurrence, 

26.56% (p< 0.05), followed by A. ochraceous (21.59%), A. versicolor (15.13%), Rhizopus 

sp. (12.26%), Pythium sp.(4.73%), A. terreus (4.15%), Fusarium solani (4.00%), , 

Lasiodiplodia theobromae (3.37%), A. niger (3.15%), and Penicillium digitatum (2.86%), 

while A. fumigatus (2.19%) had the lowest occurrence. There was however no significant 

difference (p<0.05) in the populations of A. terreus, A. niger, P. digitatum,  Pythium sp., L. 

theobromae and F. solani.  It was also observed that similar number of fungi were isolated 

from healthy cocoa beans samples but with lower populations. Aspergillus flavus (21.11%) 

was found to be significantly dominating (p<0.05) in healthy cocoa beans as well, followed 

by A. ochraceous (17.68%), F. solani (16.73%), P. digitatum (12.85%), while A. fumigatus 

(0.57%) had the least occurrence (Tables 1). 

Results of the pathogenicity test revealed that all the  apparently healthy beans inoculated 

with pure cultures of the test fungi showed infections caused by A. flavus, A. fumigatus, A. 

ochraceous, A. versicolor, A.terreus, A. niger, P. digitatum, Rhizopus sp. and F. solani 

within seven days of inoculation. Beans inoculated with L. theobromae however showed 

signs of infection after about ten days, while Pythium sp. did not show any visible growth 

(Table 2).  

While there was no significant difference (p< 0.05) in the moisture content of both the 

apparently healthy and infected cocoa beans obtained from Ondo, Osun and Ekiti States, 

the moisture content of the infected beans obtained from Oyo State (6.65%) was 

significantly higher (p<0.05) than that of the healthy beans from the same state. There was 

also no significant difference (p<0.05) in the moisture content of apparentlyhealthy and 

infected beans obtained from Ogun State. In the same vein, no significant difference 

(p<0.05) was noticed in the ash, fat, and crude protein contents of both apparentlyhealthy 

and infected cocoa beans obtained from Oyo State. Conversely, the healthy cocoa beans 

from the state had significantly higher carbohydrate content (p<0.05) than their infected 

counterparts. 

In a similar trend to the moisture content, there was no significant difference (p<0.05) in 

the ash, fat and crude protein contents of healthy and infected stored cocoa beans obtained 

from Ondo State (Table 3). But the crude fibre content of the healthy beans from the same 

state (17.46%) was significantly higher (p<0.05) than that of the infected ones (11.57%), 

while the carbohydrate contents of the infected beans were significantly higher (p<0.05) than those 

of the apparently healthy ones. There was no significant difference (p<0.05) in the ash, fat, crude 
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protein as well as the moisture contents of both healthy and infected cocoa beans samples 

obtained from Ekiti State. While the crude fibre content of the healthy beans (18.60%) 

obtained from the same location was significantly higher (p<  0.05) than that of the 

infected beans (13.18%), the carbohydrate content was significantly lower (Table 3). 

Apparently healthy and infected cocoa beans samples obtained from Ogun State showed  

significant differences (p<  0.05) in all of the six proximate parameters tested, except for 

the fat, crude protein and carbohydrate contents in which no significant difference (p< 

0.05) was observed. There were no significant differences (p<  0.05) in the moisture, ash 

and fat contents of both healthy and infected cocoa seed samples obtained from Osun 

State. The crude fibre and protein contents of the healthy beans obtained from the same 

state were however higher than those of the infected samples while the carbohydrate 

content was significantly lower (p<  0.05). Except for samples from Oyo State, the 

carbohydrate contents of the infected beans were generally higher than those of their 

respective apparently  healthy beans (Table 3).  

The quantities of calcium, magnesium, phosphorus, iron, copper and zinc as detected in 

healthy and infected cocoa beans samples obtained from the five south-western states are 

as shown in Table 4. The study revealed that the amount of calcium in the healthy beans 

obtained from each of the states were higher than those found in their respective infected 

samples. While the quantity of magnesium ranged between 165.12 – 295.78mg/g (healthy 

beans) and 83.83 – 267.78mg/g (infected beans), the amounts of the metal found in healthy 

beans obtained from Ondo, Osun, Ekiti and Ogun States were also higher, although not 

significantly (p< 0.05), than those found in the respective infected beans. The trend was 

similar to that of the amounts of phosphorus detected in the beans (Table 4). The quantities 

of this element however ranged between 271.90 – 713.50mg/g (healthy beans) and 194.40 

– 559.10mg/g (infected beans) across the states.  

However there were no significant differences (p< 0.05) in the quantities of iron in both 

the healthy and infected beans across the region, the amounts of copper detected in healthy 

cocoa beans obtained from Oyo (1.14mg/g), Osun (1.88mg/g), Ekiti (1.36mg/g) and Ogun 

(1.07mg/g) 
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States were higher than those of their respective infected ones. The amounts of zinc in 

healthy and infected beans across the South-West region ranged between 1.71 – 4.50mg/g 

and 1.24 – 2.92mg/g respectively. The quantities of the metal in healthy beans obtained 

from Oyo, Ondo, Ekiti and Ogun States were likewise higher than those of their infected 

counterparts.  

Table 1: Percentage of moulds occurrence across South-West Nigeria 

   Moulds             Occurrence (%)      

                                             Healthy                                      Infected 

----------------------------------------------------------------------------------------------- 

Aspergillus flavus                 21.11a                     26.56a 

A. fumigates 0.57c  2.19d 

A. ochraceous                       17.68ab                                        21.59ab 

A. versicolor 0.93c                                          15.13abc 

A. terreus 2.38c                                            4.15cd 

A. niger                7.30bc                  3.15cd 

Penicillium digitatum          12.85abc 2.86cd 

Rhizopus sp.                        10.310abc      12.26bcd 

Pythium sp.                          3.22c                      4.73cd 

Lasiodiplodia theobromae    6.914bc 3.37cd 

Fusarium solani                 16.73ab 4.00cd 

------------------------------------------------------------------------------------------------- 

          Means followed by the same letter along the column are not significantly  

          different at P < 0.05 according to Fisher’s LSD Test  

 

DISCUSSION 

The prominence of members of the Aspergillus spp as well as the occurrence of L. 

theobromae, Fusarium spp. and Penicillium spp. among the populations of moulds isolated 

from both healthy and infected stored cocoa beans in this study has been found to be in 

agreement with the isolation work carried out by Fagbohun, et al. (2011) on infected cocoa 

beans in Ado Ekiti, Ise Emure and Ikere towns of Ekiti State, Nigeria and that of 

Dharmaptura et al. (1999) conducted in Indonesia. Findings from this study however 

disagrees with the claims by Dharmaptura et al. (1999) that A. niger is among the most 

predominant 
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Table 2:  Pathogenicity test on apparently healthy cocoa beans  
 

Beans                        Fungi associated with cocoa beans        

samples  

locations AF    AFM   AO     AV     AT      AN      PD      RS    PS     LT    FS 

------------------------------------------------------------------------------------------------------------------- 

Oyo  1           +        +      + +       +       +       +       +       -      +      +      

,,      2          +        +      + +       +       +      +      +   -      +     + 

,,      3          +        +      + +       +       +      +        +   -      +     + 

Ondo 1          +        +      + +       +       +   + +       -      +     + 

,,      2  + +       +     +   +       +      +       +       -   +     + 

,,      3          +        +     + +       +       +   + +      -     +      + 

Osun1          +        +     + +       +       +      +     +  -       +     + 

,,        2          +        +     + +       +       +      +     +      -       +      + 

,,        3          +        +     + +       +       +     +     + -       -       + 

Ekiti 1          +        +     + +       +       +  +        +     -       +       + 

,,       2 +        +       +      +      +       +     +        +      -      +       + 

,,        3         +        +     + +       +      +     +    +      -       +      + 

Ogun 1         +        +     + +       +      +    +    +      -       +      + 

,,        2         +        +     + +       +       + +        +      -       +      + 

,,        3 + +       +      +   +       +     +        +      -       +         + 

---------------------------------------------------------------------------------------------------- 

Note:      AF – Aspergillus flavus               AFM – A. fumigatus     AO – A. ochraceous  

 AV – A. versicolor                           AT –  A. terreus         AN – A. niger 

PD – Penicillium digitatum           RS – Rhizopus sp.     PS – Pythium sp. 

LT – Lasiodiplodia theobromae     FS – Fusarium solani 

+: Susceptible    -: Non-susceptible 

 

cocoa beans storage moulds, as the organism has been observed to be among the least 

isolated from infected beans obtained across the south-western region of the country  as 

observed in this study, more so, since the samples were collected around the same (dry) 

season of the year. The disparity may be due to the influence of different geographical 

locations on the distribution of moulds on plant materials (Collado et al., 1999).  

 

The ability of moulds like Aspergillus flavus, A. ochraceous, A. versicolor, A. niger, A. 

terreus, A. fumigatus, Rhizopus sp., etc. to re-infect the healthy cocoa beans into which they were 

re-inoculated is a confirmation of the ICCO (2004) report which explained that Rhizopus spp., 

Aspergillus spp., Mucor spp., etc. were the principal fungi causing spoilage of stored cocoa beans. 

While the delay in the infection of the inoculated cocoa beans by L. theobromae 
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Table 3: Proximate composition of apparently healthy and infected stored cocoa beans 

 

State Sample                  Proximate parameters (%) 

                Moisture    Ash         Fat       Crude      Crude     Carbohydrate 

                              content                                 fibre      protein 

-------------------------------------------------------------------------------------------------------------                                                 

Oyo     Healthy        4.73b        4.97 ab    45.51 a   11.11de       3.78 ab        29.90 a 

           Infected       6.65a       5.30 ab  46.56 a   16.22abcd  3.69 ab    21.59d 

Ondo   Healthy       4.56 b      4.33 ab    47.31 a   17.46ab      3.19 b      23.81dc 

           Infected      4.50 b      4.90 ab    47.20 a   11.57cde    3.74 ab   27.45 abc 

Osun   Healthy      5.18 ab   4.13 b      45.91 a   16.86 abc    4.20 a     23.71dc 

           Infected      5.99 ab    3.97 b     45.04 a   15.47 abcd  3.78 ab   25.75bc 

Ekiti    Healthy        4.34 b      4.27 ab     44.41 a    18.60 a       3.97 ab   24.42dc 

           Infected       4.67 b     4.93 ab    46.23 a    13.18bcde   3.78 ab   27.20abc 

Ogun  Healthy         5.09 ab   4.10 b     45.49 a    14.04 abcd  3.92 ab   27.36 abc 

          Infected        4.87 b       5.83a     46.78a       9.79e         3.78 ab   28.94 ab 

---------------------------------------------------------------------------------------------------------------- 

Means followed by the same letter along the column are not significantly different    at P < 

0.05 according to Fisher’s LSD Test  

 

despite its naturally vigorous growth pattern might be due to its low occurrence as  

observed  in the present study, its inability to easily initiate an infection in the beans at 

storage and/or the possibility of its growth inhibition by Aspergillus propagules which may 

be latently present in the beans. 

In agreement with the findings of Arthur et al. (1973) which indicated an increase and/or 

gross changes in the free fatty acid components of the lipids in storage mould infected 

cocoa beans (when compared with their apparently healthy counterparts), the results 

obtained on the percentage fat in the tested stored cocoa beans showed a higher (or slightly 

lower) fat contents in the infected samples over the apparently healthy ones. Neegaard 

(1977) reported that seed borne fungi are responsible for deterioration of food reserves in 

the seeds concerned. The results of the proximate analysis conducted in this study partially 

established the deterioration of food reserves (especially crude fibre) in infected stored 

cocoa beans when compared with the apparently healthy ones.  
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Table 4: Mineral composition of healthy and infected stored cocoa beans 
 

State Sample                    Elements (mg/g) 

          Calcium    Magnesium    Phosphorus      Iron       Copper    Zinc 

------------------------------------------------------------------------------------------------------ 

 Oyo      Healthy  4.95abc   165.12bcd       271.90bc    2.86ab   1.14ab  1.71ab 

              Infected 2.48cd     183.06abcd     371.50bc     3.20ab    0.69b    1.26b 

 Ondo   Healthy  4.69abc    178.92abcd    370.30bc    2.07b      0.86     1.76ab 

              Infected 3.63bcd  121.02cd          282.10bc    2.57b      0.90b    1.24b 

 Osun    Healthy   7.12a      295.97a     713.50a     4.00ab    1.88a    1.61ab 

             Infected  6.12ab    267.32ab          559.10ab    7.04a       1.23a   2.92ab 

 Ekiti    Healthy  6.61ab    219.78abc         528.50ab     3.32ab    1.36ab  2.24ab 

              Infected 4.79abc  156.36bcd        386.60bc      3.98ab     0.92b   1.75ab 

 Ogun    Healthy 4.58abc  178.52abcd       408.00abc    4.51ab     1.07ab  4.50a 

              Infected 1.57d 83.83d              194.40c     3.54ab      0.54b   1.87ab 

-------------------------------------------------------------------------------------------------- 

Means followed by the same letter along the column are not significantly                                                     

                different at P < 0.05 according to Fisher’s LSD Test 

 

Also, the generally lower contents of minerals tested (except for iron) in the infected beans 

when compared with the healthy ones agree with the findings of Agbeniyi and Ayodele 

(2010) who concluded that storage moulds depreciate the (nutritional) quality of Cola 

nitida and Cola acuminata. The higher carbohydrate contents noticed in most of the 

infected beans samples when compared with their healthy counterparts are however not in 

agreement with Neegaard’s (1977) findings. 

CONCLUSION 

Findings from this study have shown that members of the Aspergillus spp. are the 

dominant storage fungi of cocoa beans in South-West Nigeria. Apart from their ability to 

produce toxins, these organisms appreciably reduce the nutritional quality of the said 

beans. Appropriate steps should therefore be taken to effectively curb their proliferation. 
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