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ABSTRACT 

Research studies on the impact of associated mycoflora on nutrient composition and shelf life of 

kola nuts (Cola nitida) were carried out in the Plant Pathology and Food Science and Technology 

Laboratories of Rivers State University of Science and Technology Port Harcourt. Nutrient 

compositions were determined according to the standards of Association of Analytical Chemists 

while associated fungi of kola nuts and shelf life were assessed using the wet mount method and 

nutrient quality depletion in storage respectively.  The fungal studies revealed a total of nine 

storage moulds to be associated with the spoilage of both the apparently healthy samples and 

infected samples which included Fusarium oxysporum, Penicillium italicum, Aspergillus niger, 

Aspergillus tamarii, Rhizopus stolonifer, Rhizopus arrhizus,Aspergillus ochraceous and Mucor 

mucedo. These fungi also occurred in varying percentage incidence and were found to be 

pathogenic to kola nuts causing general dry rot except Fusarium oxysporum which caused soft 

rot. It was observed that kola nuts contain appreciable amounts of moisture, ash, lipid, 

carbohydrate, fiber and protein. The nutrient elements found in kola nuts include essential 

minerals such as calcium, potassium, sodium, phosphorus, iron and magnesium. Vitamins A and 

C were also found in moderate quantity.  Some anti nutrients elements which play vital roles in 

plant stability and hardiness such as tannins, saponins, oxalates and cynogenic glycosides were 

also available in kola nuts. Shelf life examination of kola nut samples extracted from fresh pods 

and from decomposed pods stored for six months showed that the rate and mould incidence was 

higher on kola nut samples extracted from decomposed pods than what was observed for samples 

from fresh pods which led to fast deterioration of samples extracted from decomposed pods. 

However, results of the proximate compositions of kola nuts extracted from fresh and 

decomposed pods and analyzed at one month interval for six months also showed that samples 

from decomposed pods recorded greater quality reduction than samples from fresh pods. 
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INTRODUCTION. 

The cola species is a tropical tree crop which belongs to the family Sterculiaceae 

(Odutuga, 1975) and a native of the coastal regions of  West Africa (Purseglove, 1977). 

The cola nut is a socio-economically important crop because of kola nut which is its 

primary product and has a wide range of uses. For instance it is used in many localities by 

natives for ceremonies and chewed as a masticant and stimulant. The nut is also a source 

of caffeine which is used in pharmacological industries (Oladokun, 1982, Reissig et al., 

2009, Doherty and Smith, 2005). Over forty species of cola have been reported (Egbe and 

Oladokun, 1987, Oladokun, 1982) out of which Cola nitida and Cola acuminata are of 

major economic and social importance in Nigeria. It has been reported that small doses of 

kola nut increase mental alertness, reduce the need to sleep, and also dispel hunger and 

thirst. It is for this reason that kola nut chewing have become important amongst students, 

drivers and many other consumers who need to remain active for unusually long period 

(Gliottonic and Moth,2008, Cornelis and El- Sohemy, 2007). In some developed 

countries however, kola nut extracts is used industrially for the manufacturing of many 

cola type soft drink flavor (Reissig et al, 2009), as a source of caffeine used for 

manufacture of pharmaceutical products and essential oils (Iwu and Igboko, 1982) and as 

a main ingredient in production of heat-tolerant chocolate bars (William, 1979). In 

addition caffeine is known to be a fat burner and therefore, beneficial in assisting weight 

loss. Following the potential attributes that could be derived from Cola nut, most of the 

research work in Nigeria has been on mainly Cola nitida  (Oladokun, 1982) the cola of 

commerce. In Nigeria the bulk of the cola nut being produced are either consumed fresh 

locally or sundried and exported to some drier regions of Africa where they are used as 

masticants or as source of colourant for cloth dyeing with little or no industrial use 

locally. Cola nut is known to have several health benefits some of which are: Metabolism 

booster: Liquid extracts from cola nut boosted heart rate and metabolic rate when taken in 

too high dosage, however, the cola nut extract could potentially cause heart failure in the 

rat (Cornelis and El- Sohemy,2007). In low concentration, caffeine like cola nut boosts 

heart rate and metabolism but at higher concentrations can be fatal (Cornelis and El- 

Sohemy, 2007). It was therefore concluded that people who eat more than one cola nut 

per day may be at a greater risk of developing heart disorder (Oladokun, 1982). 

Lowers body weight in animal study has been reported  where it was found that mice 

fed on Cola nut or caffeine diet ate less and weighed less at the end of the study than the 

mice in the control group (Wilcox, 1982). It was only mice on the caffeine enhanced diet 

that drank less water and had less locomotor activities. Mice on the cola nut diet did not 

show significant decrease in these areas. It was however, concluded that cola nut diets 

could help in reducing body weight and that the effects of cola nut particularly in the 

areas of locomotor activity and thirst may be entirely due to the caffeine content in cola 

nut.  It was also reported that compounds derived from kola nuts were shown to be 

effective in stopping prostate cancer (Smith, 2002). These non steroidal compounds from 
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the cola nut,phytoandrogens or phytoestrogens may cause a chain reaction that may lead 

to prostate cancer cell death.  A phytotherapy research found that cola nut extracts can 

help prevent the growth and spread of certain bacteria such as E. coli and Staphylococcus 

aureus (Ben, 2015). Members of the mycobacterium species responsible for illnesses 

such as meningitis and tuberculosis showed significant reduction in growth and 

development when introduced to cola nut extracts that were between 4 and 10 

micrograms per milliliter.  Studies on the root stem and leaves of  cola nut showed that 

the root extract had the highest concentration and was the only one effective against the 

bacteria for tuberculosis and meningitis. Other uses of cola nut include the prevention of 

depression (Nardi et al, 2007), exhaustion (Doherty and Smith, 2005), chronic fatigue 

syndrome (Shapiro, 2008, Sherwood and Kell, 2009), dysentery, diarrhea, anorexia, 

migraine and mental and physical fatigue (Gliottonic and Molt, 2008;Lara, 2010). In 

Rivers State, cola crops are not considered as commercial crops and as such are found in 

limited number despite their high yielding ability. Most of the cola nuts found in the state 

are from the western part of the country where they are produced in large quantity and 

consumed most in the northern and eastern parts of Nigeria.  

In Rivers State cola nut is used for several traditional ceremonies and is regarded as 

a fruit of life, but unfortunately, not much work has been done on this highly cherished 

nut as literature are not available or rather very scanty. This research therefore, evaluated 

the impact of associated mycoflora on the nutrient composition and shelf life of cola nut 

commonly sold in Rivers State. It also investigated the nutrient status of cola nut sold in 

Rivers State and the effects of different methods of cola nut extraction on the relative 

abundance of moulds. The knowledge of these will better expose the consumers on the 

moulds impact, nutrient quality of cola nut, the associated fungi and a better way of 

handling the nuts to avoid fungal contamination for improved shelf life. 

 

MATERIALS AND METHODS. 

Collection of cola nut samples. 

Twenty (20) freshly harvested pods of cola nuts and fifty nuts were bought from the mile 

111 market in Diobu Port Harcourt and transported to the Plant Pathology Laboratory in 

the Department of Applied and Environmental Biology, Rivers State University of 

Science and Technology, Port Harcourt for further studies. 

 

Preparation of samples for analyses. 

The cola nut pods were cut open with a sterilized kitchen knife and the nuts detached 

from the pods. The nuts were cleaned and washed in tap water and air dried for twelve 

hours and wrapped in news paper to maintain the dry state alongside the fifty already 

dried cola nuts. 
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Nutrient evaluation of the cola nuts. 

Ten kola nuts each from the batch detached from the pods and the cola nuts purchased 

from the market already treated were taken to the Food Science and Technology 

Laboratory for nutrient analysis. The method of analysis used was the Association of the 

Official Analytical Chemists procedure (AOAC, 2005). The parameters estimated were 

the proximate, mineral, vitamins and the anti- nutrient contents of the samples of  cola 

nuts. 

 

Mycological studies: 

Sterilization of conical flask, slides, Petri dishes and all the equipment needed for the 

experiment was carried out in the laboratory. While the glass wares were sterilized in the 

oven at 120o C for hours after washing them with soap, the other equipment were surface 

sterilized with 70% ethanol to reduce microbial contamination (Agrios, 2005).  

Inoculating loops and scalpels were sterilized by dipping for 20 seconds in 70% ethanol 

and heated to red hot. The mycological medium used for the isolation was Sabouraud 

Dextrose Agar (SDA) 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 121oC and a pressure 

of 1.1 kg cm-3  for 15 minutes. The molten agar was allowed to cool to about 40o C and 

then dispensed into Petri dishes at 15 mls per plate and allowed to further cool down and 

solidify. 

 

Isolation of fungi: 

Cola nut fruits were purchased from the same source in the market for this study. The 

cotyledons (nuts) were separated by hand and the state of the inner surfaces was noted. 

Each of the cotyledons was cut into four pieces (10 -16mm in diameter), washed with tap 

water and rinsed with six distilled water. They were further surface sterilized with 5% 

sodium hypochlorite for two minutes  and   inoculated  at equidista-nce on to  SDA 

containing 1.0% streptom-ycin sulphate as antibiotics in Petri dishes and incubated for 7 

days at ambient temperature of 25oC ± 3o C  (Baudoni, 1988, Samson et al., 1988Chuku, 

2009 ). The entire set up was observed for seven days until the organisms were fully 

grown. Pure cultures of isolates were obtained after a series of sub culturing. 

 

Identification of fungi of cola nuts: 

The microscopic examination of fungal isolates was done by needle mount method 

(Cheesebrough, 2000). The spores were properly teased to ensure proper spread of the 

spores for perfect visibility. The well spread spores were stained with cotton blue in lacto 

phenol and examined microscopically under low and high power objective. The fungi 

were identified based on their colonial morphology, mycelia structure, nature of spores 
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and associated structures according to the keys of ( Olds, 1983,Samson et al., 1988, 

Barnett and Hunter, 1992). 

 

Pathogenicity studies: 

Pathogenicity test was carried out to determine if the fungi responsible for the rot of cola 

nuts were host specific. The procedure described by (Agrios, 2005) and (Trigiano et al., 

2004) was basically followed. Freshly harvested nuts were purchased from the same 

source in Port Harcourt. The nuts were surface sterilized with 70% ethanol and “V” 

shaped cut was created on them and each of the fungal isolates was transferred into the 

nuts in triplicate and sealed with Vaseline to avoid microbial contamination. The set up 

was incubated for 7 days at room temperature of 25oC ± 3oC. 

 

Shelf life studies. 

Studies on methods of handling and storage as they affect the shelf life of cola nuts in 

terms of mould infection and storage duration were also carried out in the Plant 

Pathology Laboratory. Two approaches were basically employed. Firstly, freshly 

harvested native cola nut pods were placed on the laboratory bench and allowed for about 

two weeks to enable the pods decompose before the nuts were extracted from them. 

However, in the second approach the pods were cut open with a kitchen knife and the 

nuts extracted immediately without allowing the pods to decompose. The cola nuts were 

washed in tap water and sundried for three days. The sundried nuts were then surface 

sterilized with 5% sodium hypochlorite, cut into thin slices and plated onto SDA in Petri 

dishes and labeled accordingly. The set up were allowed to stand for 7 days and the rate 

of mould growth monitored in the samples cured in different ways. The two groups of 

cola nuts cured and extracted in different ways were also stored in the laboratory for a 

period of six months and monitored for shelf life stability monthly in the Food Science 

and Technology Laboratory by determining the nutrient composition of the cola nuts.  

 

Statistical analysis. 

The data generated from the nutrient analysis were subjected to analysis of variance and 

interpreted appropriately, while the results from the fungal isolates were interpreted in 

percentages and standard error. 

 

RESULTS. 

Nutrient contents of kola nuts. 

Results of the nutrient compositions of kola nut are presented in Tables 1 and 2. Results 

showed that cola nut contains high amount of carbohydrate (56.0 ± 0.001%), moderate 

moisture, protein and ash (25 ± 0.002, 9.5 ± 0.002 and 5.2 ± 0.001%) respectively. Other 

nutrient such as lipid, and fiber were also found in trace amount.  Results also revealed 

that the calcium and magnesium recorded higher values of the entire mineral elements 
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evaluated 15.0 ± 0.003 and 25.0 ± 0.031 %) respectively. Iron was moderately available 

while sodium, potassium and phosphorus occurred in minute quantity. Vitamin A was 

found in larger amount than vitamin C.  Anti nutrient elements were also found present in 

the cola nuts which included tannins, saponnins oxalates and cyanogenic glycosides. 

Cynogenic glycosides however, were found in very high quantity (68.5 ± 0.005 %). 

 

Mycological studies. 

Results of the mycological examination of rotten cola nuts implicated nine fungi to be 

associated with the spoilage of cola nuts as shown in Table 3. These fungi with varying 

incidence also presented different types of rot on the infected fruits which generally 

affected the nut quality and the appearance of the cola nuts.  Muccor mucedo, Asperillus 

niger and Rhizopus stolonifer recorded the highest incidence of occurrence (80%) 

respectively, while Fusarium oxysporum had the least incidence (40%). 

 

Pathogenicity studies. 

Pathogenicity assessment of the various fungal isolates revealed that they were all 

associated with the deterioration of cola nut causing general dry rot with the exception of 

Fusarium oxysporum that caused soft rot of the cotyledons. These organisms when re-

isolated from the rotten nuts were the same as the original organisms inoculated into fresh 

cola nuts.  

 

Shelf life assessment of cola nuts extracted from fresh and decomposed pods. 

Results obtained from shelf life studies carried out on cola nuts extracted from fresh pods 

and decomposed pods with respect to relative abundance of mould growth and nutrient 

alteration are presented in Tables 4 and figure 1 respectively.  Kola nut samples from 

fresh pods did not record mould growth for the first and second months of storage. 

However, few growths were observed on the cola nut samples from about 40% of the 

fungal isolates from the 4th month of storage and moderate fungal growth was recorded 

for the 5th and 6th months of storage. Cola nut samples from decomposed pods showed a 

different trend with moulds appearing from the 1st month of storage. The growth of all the 

fungal isolates increased on the cola nut samples as the storage duration increased. In 

general, all the fungal isolated recorded increase and prolific growth from the 4 th to the 6th 

months of storage. 

Results of shelf life of cola nuts from fresh pods and decomposed pods with 

respect to stability of their proximate values for six months are indicated in Figure 1. The 

shelf life of  cola nuts from fresh pods were stable for about three months in storage 

before quality reductions set in. In general, cola nuts from fresh pods maintained higher 

quality stability than nuts from decomposed pods.  The nutrient components of cola nuts 

from decomposed pods reduced from the first month of storage with increase quality 

losses as the storage duration increased.  The high moisture values recorded in cola nuts 
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from decomposed pods was a clear indication that these samples were greatly 

disintegrated marked by quality degeneration and eventual loss of cell integrity. 

 

 

Table 1: Proximate and mineral compositions of cola nuts. 

 

                                                                  Proximate composition (%) 

Parameters 
Moisture  

Ash  

Lipid  
Carbohydrate  

Protein  

Fiber  

Values 
25 ± 0.002 

5.2 ± 0.001 

2.1 ± 0.003 
56.0 ± 0.001 

9.5 ± 0.002 

2.2 ± 0.004 

                                                                  Mineral composition  

Calcium (mg/100g) 
Potassium (%) 

Sodium (%) 

Phosphorus(%) 
Iron (mg/100g) 

Magnesium (%) 

15.0 ± 0.003 
0.91 ±0.005 

2.4 ± 0.001 

0.41 ± 0.002 
6.0 ± 0.021 

25.0 ± 0.031 

 

 
Table 2: Vitamins and Anti nutrient elements in kola nuts. 

                                                                                   Vitamins  

Vitamin C (mg/100g) 

Vitamin A (IU) 

5.0 ± 0.004 

120± 0.001 

                                                               Anti Nutrient elements (%) 

Tannins  

Saponnins  
Oxalates  

Cyanogenic glycosides 

2.50± 0.003 

3.21± 0.002 
6.24± 0.001 

68.5± 0.005 
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Table 3: Fungal isolates of kola nuts and their % incidence. 

Fungal isolates % Incidence 

Fusarium oxysporum 

Penicillium italicum 
Aspergillus flavus Link  

Aspergillus niger Van Tieghen 

Aspergillus tamarii Kita 
Rhizopus stolonifer Link ex Fries 

Rhizopus arrhizus Fischer 

Aspergillus ochraceous Wilhem 

 Muccor mucedo 

40 

50 
65 

80 

75 
80 

75 

60 

80 

 

 

 
 
Fig. 1: Effects of different extraction methods on the proximate composition of                     

  cola nuts stored for six months. 
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Table 4:  Relative abundance of fungi on kola nuts extracted from fresh and decomposed 

pods. 

Fungi Mould growth on kola nuts from 
fresh pods.(1,2,3,4,5, and 6 months) 

Mould growth on kola nuts from 
decomposed pods. (1,2,3,4,5 and 6 

months) 

 1 2 3 4 5 6 1 2 3 4 5 6 

F.oxysporum - 
- 

- 

- 

- 
- 

- 

- 
- 

- 
- 

- 

- 

- 
- 

- 

+ 
- 

+ 
- 

- 

+ 

- 
+ 

- 

+ 
- 

+ 
+ 

- 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
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+ 

++ 

++ 
++ 

++ 

+ 
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++ 
++ 

++ 

++ 

++ 
++ 

++ 

+ 
++ 

++ 
++ 

++ 

+++ 

+++ 
++ 

++ 

++ 
+++ 

++ 
++ 

++ 

+++ 

+++ 
+++ 

+++ 

++ 
+++ 

++ 
++ 

+++ 

+++ 

+++ 
+++ 

+++ 

++ 
+++ 

+++ 
+++ 

+++ 

+++ 

+++ 
+++ 

+++ 

+ 
++ 

 P. italicum 

A.flavus 

A.niger 

A.tamarii 

R.stolonifer 

A.arrhizus 

A.ochraceous 

M.mucedo 

 

Legend 

-= No growth 

+= Few growth 

++= Moderate growth 

+++= Many growth. 

 
DISCUSSIONS. 

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

Fusarium, Penicillium, Rhizopus and Mucor among the population of fungi isolated from 

rotted cola nuts is in agreement with the reports of early researchers (Iwu and Igboko, 

1982, Chuku and Barber, 2013). These fungi have been reported to be  amongst the fungi 

infecting most stored products including Cocoa beans in South- Western Nigeria 

(Ogundeji and Olufolaji, 2014), Cucumber and water melon ( Chuku and Emelike, 2014),  

yam ( Hamzat, 2014). Some of these fungal isolates found in cola nuts are known to 

produce mycotoxins which are secondary metabolites that are known to cause a lot of 

deleterious effects when consumed in food by man especially the Aspergillus and 

Penicillium species.  Aflatoxin B1 in some melon seeds that were seen to have moulds of 

the genera Aspergillus, Penicillium, Rhizopus and several others have been isolated . 

Pathogenicity assessment also revealed that all the fungi were capable of causing the 

spoilage of cola nuts thereby reducing the nutrient quality of the nuts. Nutrient analysis of 

fresh cola nuts showed that the nuts are rich in essential nutrient elements necessary for 

growth and development. The proximate and mineral compositions of cola nuts portray it 
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as an important food material that can be used as substitute for most conventional nuts in 

the tropics. The high nutritional qualities of most tropical fruits and nuts are well 

documented (Achinewhu, 1996, Chuku and Chukku, 2014, Ajala et al., 2014, Elochukwu 

et al., 2014). One outstanding quality of most fruits, nuts and vegetables is their low 

carbohydrate and high fiber and vitamins contents, thus making their consumption very 

important for weight loss ( Ihekoronye and Ngoddy, 1985). Although the proximate 

analysis revealed that cola nuts contain high amount of carbohydrate when compared 

with the amount recorded for other fruits and nuts such as Garcinia kola and 

Pentaclethra macrophylla Benth (Chuku and Barber, 2013). This is complimented by the 

available protein, fiber, lipid and moisture so that moderate  consumption of cola nuts 

will provide the desired health benefits. The values recorded for anti nutrient elements 

were also appreciable as these elements also protect and deter predators from infesting 

and infecting plants and their products. Shelf life studies of cola nuts cured and handled 

in different ways have shown that cola nuts extracted from fresh pods immediately after 

harvest stored better for a period of six months without much quality losses in terms of 

mould growth and nutrient stability. However, cola nuts extracted from decomposed pods 

harbored more moulds as deterioration of the cola nuts started from one month of storage. 

The cola nuts qualities were adversely affected as evidenced by the reduction of the 

nutrient elements. Shelf life of all agricultural products has been reported to be either 

affected negatively or positively due to handling and preservation methods [Okaka, 1997, 

Ihekoronye and Ngoddy, 1985]. The cola nut samples that were extracted from 

decomposed pods had much mould growth and had their nutrient values reduced because 

of the pods which were left for a long time to decompose before the nuts were extracted. 

These cola nuts were predisposed to fungal contamina-tion which in turn affected the 

nuts due to microbial contamination. The cola nuts which were extracted immediately 

from freshly harvested pods stored better. 

 

CONCLUSION. 

Fungi are known to have negative impact on most agricultural products both on the field 

and in store causing general quality and quantity reduction of these products. Fungi by 

their nature also secret mycotoxins which cause cancer in humans.  Cola nuts are very 

good source of essential nutrient elements necessary to maintain good health and as such 

should be consumed in moderate quantity because of the high level of cyanogenic 

glycosides which can cause serious health problem such as cancer. Proper handling and 

preservation methods that will reduce fungal contamination and at the same time increase 

shelf life of cola nut is therefore advocated.  
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