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 ABSTRACT
The study was carried out to determine the fungal and aflatoxin load of African walnut (Tetracarpidum 
conophorum (Mull, [Hutch and Dalziel]) fruits marketed in the Federal Capital Territory (FCT) Abuja, 
Nigeria. The fungal load assessment was carried out using standard mycological methods (Mirabile et al., 
2021) while the aflatoxin load was determined with High Performance Liquid Chromatography (HPLC). 
A total of 144 walnuts (72 raw and 72 cooked) were collected in the FCT, Abuja for the study.  Fungi 
identification was done based on colony appearance and microscopic and biochemical evaluation using 
selective and differential agar. Five fungal species from 3 genera were isolated with Aspergillus flavus and 
Aspergillus niger having the incidence of 27% and 25% respectively. The highest AFB  concentration 1

level in the walnut fruits sold in the FCT was found in the raw samples from Gwagwalada (7.0. µg/kg) 
which was above the maximum level permissible by EU (4.0 μg/kg) for the raw nuts. Cooked samples 
from the same Gwagwalda have the highest concentration of 3.2 μg/kg which was also above the 
permissible safe level of the EU (2.0 μg/kg). Though all the walnut snacks vendored in other markets in the 
FCT, Abuja are found to be safe in terms of mycotoxin load, walnuts especially the vendored cooked ones 
should always be checked and confirmed for safety before allowed to be sold or consumed.   

INTRODUCTION
African walnut (Tetracarpidium conophorum), 
also referred to as black walnut is a climbing shrub, 
3-6m long belonging to the family Euphorbiaceae.  
Walnuts are majorly cultivated in West Africa, 
particularly in the Southeastern and Southwestern 
parts of Nigeria (Akin-Osanaiye and Ahmad, 
2018). Their seeds are delicacies which are cooked 
and consumed as snacks. The shells are either black 
or dark brown and the nuts are whitish when 
cracked and there is usually a thin layer seen when 
it is divided into two equal parts (Oni  et al., 2020). 

African walnuts are rich in protein, carbohydrates 
and fat but low in fibre and ash contents. Studies 
have also proved them to be very good sources of 
vitamins A, B , B , B , E, and also mineral elements 1 2 6

such as copper, manganese, sodium, potassium, 
chloride, iron and the immune booster ascorbic 
acid. The green hulls which are immature fruits are 
an excellent source of vitamin C. The nut is a good 
source of energy as i t  has about 16.9% 
carbohydrate and calories of about 600J (Zhang, 
2019).  I t  is  also an excellent source of 
polyunsaturated fatty acids such as alpha-linolenic 
acid (Kanu et al., 2015; Oladiji et al., 2007). 
Scientific studies show that habitual nut intake is 
associated with numerous health benefits such as  
dietary intervention for cardiovascular health 
(Ikpeme et al., 2014; Neale et al., 2017). The nuts 
are also beneficial as it is said to increase the 
prevention of diabetes associated with renal 
damage (Balogun et al., 2021).
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Aflatoxins, which are secondary metabolites 
produced by some fungi such as Aspergillus  
species, often grow on crop produce including nuts 
during storage under favorable conditions of 
temperature and humidity. Nuts and dried fruits 
such as walnuts, dates and groundnut are 
consumed as snacks as well as part of the 
ingredients of certain dishes in our daily diet, are 
proned to mould and aflatoxin contamination 
(Oranusi and Braide, 2012)., . Consumption of 
commodities contaminated with aflatoxins could 
lead to chronic aflatoxicosis causing acute 
poisoning resulting in death (Omotayo et al., 2019) 
Despite the number of studies that have been 
carried out on the nutritional value of walnut, not 
many studies have been done to determine the 
mycobiota load and aflatoxin profile of walnut 
seeds marketed  in the Federal Capital Territory, 
Abuja. Thus the objectives of this study were to 
assess the fungi load and aflatoxin levels in raw and 
cooked walnut fruit sold in Abuja, Nigeria. 

MATERIAL AND METHODS 

Sample collection
   Seventy two each of  raw and cooked African 
walnut seeds  (Plate 1)were obtained from retailers 
in the Federal Capital Territory, Abuja.  Twelve 
raw and twelve cooked walnut each were collected 
from each of the markets in the Area Councils (AC) 
namely Bwari AC - Dutse and Kubwa markets; 
Gwagwalada AC - Zuba and Gwagwalada markets 
and Abuja Municipal AC Garki and Wuse markets. 
A total of 144 walnuts were collected for the study. 
Six raw and  cooked nuts from the three locations 
in each markets were randomly picked, cracked 
and crushed  using a pre-sterilized mortar and 
pestle, then producing a total of 12 bulked samples 
prepared for analysis.  The samples were collected 
in properly labelled study bags to minimize further 
moulding and toxigenic fungal contamination. 
Half of each of the samples were used for analysis 
of fungi contamination determination at the Crop 
Protection Laboratory of the University of Abuja. 
The other half from each sample were  rapidly 
transported under complete aseptic conditions to 
Central Research and Diagnostic Laboratory, 
Ilorin Kwara State Nigeria for the aflatoxin 
analysis and determination.  

Plate 1: African black walnut seeds
Enumeration and identification of fungal isolates

The Petri dishes, conical flasks and universal 
bottles used were first washed accordingly, dried 
and properly sterilized in an autoclave at 121˚C for 
15 min. . Samples (10 g) were added to 90 ml of 
0.1% peptone water (CM0009, Oxoid LTD, 
Basingstoke, UK) and homogenized for 2 mins in 
a blender (Waring Products, Torrington, USA). 
Three-stage 1:10 serial dilution of each sample 
was carried out using 0.1% sterile peptone water 
as the diluent. An aliquot (0.1 ml) from the third 

-3  
dilution (10 )of each sample was plated on Potato 
Dextrose Agar (PDA) culture media containing 
133 mg chloramphenicol (antibiotic for 1 litre of 
media) to prevent the growth of bacteria.  The 
sterile glass spreader was used to collect 0.1ml of 
the diluted walnut suspension which was even. 
The plates were incubated at 25 °C and monitored 
daily for fungal growth for 7 days. Single spore 
cultures of the moulds were prepared on Potato 
Dextrose Agar (PDA) media.

The distinct colonies were isolated and sub-
cultured to obtain pure cultures which were 
examined under the microscope after staining with 
lactophenol cotton blue. Fungal species 
identification were based on cultural and 
morphological characteristics using taxonomic 
keys (Klich, 2002; ). After  Nyongesa et al., 2015
incubation, the fungal colonies were counted 
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using a colony counter and the number of colonies per gram of sample was calculated and expressed in 
colony‐forming units per gram (CFU/g) as 

Cfu/g =
Number  of  colonies  x  reciprocal  of  the  dilution  factor

Plating  volume  (1  ml)
 

Determination of aflatoxin level in raw and 
cooked walnut seeds
The samples were carried to the laboratory in in zip 
lock bags in a cool box and ground using laboratory 
mill to a particle size less than 500 µm thereafter 
stored at -20 °C to prevent further accumulation of 
moulds until analyses.

Sample extraction and extract dilution
 Twenty-five grams of the walnut sample was 
weighed and mixed with 5g salt (NaCl) and placed 
in a blender jar, 125 ml methanol: water (60:40) 
was added into the jar, and then the mixture was 
blended at high speed for 1 minute. The extract was 
filtered using a fluted filter paper. The filtrate was 
collected in a clean container, 20ml of the filtered 
extract was pipette in a clean vessel and diluted 
with 20ml of distilled water and filtered through a 
glass microfiber filter into a clean vessel.

High Performance Liquid Chromatography 
Techniques
The quantitative detection of the AFs, OTAs and 
FUMs was performed by the HPLC system 
(Thermo Fisher Scientific, Waltham, MA 02451, 
USA) using 100 microlitres of the extract as before 
stated by Herzallah (29). Each of the mycotoxins 
quantities of standards and from samples was 
determined using HPLC with fluorescent 
detection. The HPLC system consisted of a pump 
(Knaur, Germany) and a fluorescence detector 
(Knauer, Germany). The prepared sample was 
injected automatically using an injection volume of 
20 µl. Aflatoxins were separated in HPLC column 
with a mobile phase of water:methanol: acetonitrile 

(60:30:15, v/v/v). 
The fluorescence sensor was set at an excitation 
wavelength of 365nm and emission wavelength of 
435 nm to determine AF. Aflatoxin retention times 
with a 1.2 ml/min flow rate were 8-9 min for AFG , 2

10.5–11.5 min for AFG , 13-14 min for AFB and 1 2 

16-17 min for AFB . The total run time in the HPLC 2

was 33 min.  To confirm and ensure the truthfulness 
of the test, approximately 25 g of aflatoxins-free 
sample (for each sample type) was spiked 
(enriched) with aflatoxin B  at levels of 3, 5, and 10 1

μg/ kg. The protocol was performed in three 
replicates. The spiked specimens were assessed 
employing the HPLC, followed by the estimation 
of both the recovery and standard deviation 
(Herzallah, 2008). The % recovery is the level of 
analyte found divided by the level of standard 
analyte added to the sample. 

2.4 Statistical Data Analysis
Incidence of fungal and bacterial colonies was 
expressed in percentages and aflatoxin's 
concentrations were analyzed in triplicates from 
each location and recorded as means ± standard 
errors (SE). 

RESULTS

Five different fungi species were isolated from the 
various cooked samples as shown in Table 1 of 
which A.flavus has the highest fungi percentage 
(27%) while A. fumigatus and A. alternaria both 
have the lowest fungi percentage (13%) as shown 
in Table 2.
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Table 1: Suspected Fungi spp in walnut seeds sold in the FCT, Nigeria
Area 
Council

Location Suspected fungi spp in 
raw walnut

Suspected fungi spp 
in cooked walnut 

Bwari Dutse A. flavus, Penicillium 
spp, F.solani

A.niger, A.flavus

Bwari Kubwa Penicillium spp
Aspergillus niger
A.flavus

A.flavus,A.fumigatus 
F.solani

Gwagwalada

 

Zuba

 

A. niger A.flavus 
A.fumigatus F.solani

 
 

A.niger,F.solani 
A.flavus A.fumigatus

 

Gwagwalada

 

 

Giri

 

 

A. niger ,

 

A. flavus, 
F.solani

 
 

A.flavus A.niger, 
A.fumigatus

AMAC

 

Wuse

 

A. niger Penicillium 
spp, F.solani

 
 

F.solani,Penicillium 
spp, A.niger A. 
flavus. 

AMAC

 

Garki

 

A.niger,A.flavus 
A.fumigatus, F.solani

 

Penicillium spp,
F.solani A.flavus 
A.niger

 

Table 2: Incidence of fungi in cooked walnut samples in the  FCT, Abuja

 Fungi species
 

No of colony Percentage 
Aspergillus flavus

 
Aspergillus niger  
Aspergillus fumigatus  
Alternaria alternaria  

Fusarium solani  

Penicillium spp  

Total
 

11
 

10 
5 
5 
9 

 

40
 

27
25
13
13
22

100
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Assessment of Aflatoxin in walnut sold in the 
FCT, Abuja
Results on the aflatoxin concentration of walnut are 
as shown in Table 3. AFB  was detected in samples 1

from six locations with varying concentrations 
ranging from the lowest of 1.6 µg/kg in the cooked 
samples from Wuse, AMAC and the highest 
concentration of 7.0 µg/kg in raw samples from  
Gwagwalada. The AFB samples from Gwagwalda 1 

and  Garki were higher than the permissible range 
of 2 µg/kg for ready-to-eat seeds or nuts by EU 
standard (EU, 2006). It was further indicated that 
AFB  was detected in the samples from all six 2

locations. The concentration levels in the samples 
in three of the locations - AMAC, Bwari and 
Gwagwalada exceeded the permissible level of 4.0 
µg/kg for ready-to-eat seeds by the EU. The highest 

concentration (8.8 µg/kg) was found in a raw 
sample from Garki, AMAC while the lowest  

concentration was found in cooked samples from 
Zuba, Gwagwalada.

The study further revealed that AFG  was below 1

detectable levels in the samples from five locations. 
This aflatoxin was however detected in samples in 
four locations i.e three in Gwagwalada and one in 
AMAC but the concentration level in the samples 
from only one out of the four locations that was 
above the permissible level by EU standard. AFG2 

was present in samples from only one-third of the 
locations i.e the raw and cooked samples from 
Gwagwalada and cooked samples from Zuba, and 
they all fall below the permissible level by EU 
standard. 

Table 3: Aflatoxin concentrations ( µg/kg) in walnut samples sold in the FCT, Abuja
Area Council Location Sample 

status
AFG1 AFG2 AFB1 AFB2

Bwari
Gwagwalada
AMAC
Gwagwlada

 

Gwagwalada

 

Bwari

 

Bwari

 

AMAC

 

AMAC

 

Kubwa
Gwagwalada
Garki
Zuba

 

Gwagwalada

 

Dutse,

 

Kubwa

 

Wuse

 

Garki

 

Raw
Raw
Raw
Cooked

 

Cooked

 

Cooked

 

Cooked

 

Cooked

 

Cooked

 

-
5.1±0.4
-
4.1±0.5

 

0.3±0.1

 

-

 

-

 

2.4±0.2

 

-

 

-
0.1±0.1
-
1.0±0.2
0.4±0.3
-
-
-
-

-
7.0±1.0
4.8±0.9
3.2±1.1
2.0±0.7
-
1.9±0.5
1.6±0.6
-

2.0±0.3
9.4±0.3
8.8±1.8
0.1±0.1
2.0±0.4
2.3±0.6
7.4±1.1
4.0±0.8
3.9±0.9

Note that the maximum permissible levels of AFG 1, AFG1 and AFB 2 by EU in fruit ready-to-eat 
is 4

 

µg/kg while that of AF B1

 

is 4

 

µg/kg

 

DISCUSSION

The walnut market is faced with many constraints 
amongst which are product seasonality, spoilage 
during storage and the use of poor marketing skills 
as well as inadequate storage facilities.  Due to the 
unique removal of the fleshy husks of walnut after 
harvest, the surface is unavoidably infected by 
several microorganisms in the environment 
(Martinovic et al, 2016; ),  Zhang and Wang, 2017
Cooked walnuts stored for several days  are 
considered unsafe for consumption thus are sold 
within 2-3 days as they begin showing signs of 
spoilage such as foul-smell, unpleasant taste, 
discoloration and slimy nature(Kanu et al.2015). 
Walnuts requires proper storage as improper 

storage makes walnuts susceptible to insect, 
bacteria, and mould infestations; the latter 
produces  – a potent carcinogen (aflatoxin Zhang 
and Wang, 2017).  The ideal temperature for the 
extended storage of walnuts is - 3 to 0 °C with low 
humidity for industrial and home storage 
(NUTTECH, 2022 ). However, such refrigeration 
technologies are unavailable in developing 
countries where walnuts are produced in large 
quantities.  In developing countries storage is done 
under high temperatures and low humidity leading 
to rapid and high spoilage losses attributed to 
fungal molds that release dangerous aflatoxin 
(Adejumo and Adejoro, 2014). 

Some fungi contaminants were detected in the raw 
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and cooked walnut being sold in Abuja, Nigeria. 
The identified fungi associated withnthe walnut 
included Aspergillus flavus, Aspergillus niger and 
Fusarium oxysporum and Penicillium spp,  
Aspergillus fumigatus were for the first time 
reported in walnut. This finding is not bat par with 
that of Oni et al. (2020) as Aspergillus fumigatus 
was not identified in the walnut studied. 

 Crop produce especially fruits are often 
contaminated due to poor post-harvest handling or 
from the vendors to the consumers (Michael et al., 
2022). The activities of certain toxigenic fungi 
have been known to lead to the production of 
aflatoxins in nuts and crop seeds during storage 
under favorable environmental conditions 
(Andleeb et al., 2015; Kumar et al., 2017)

CONCLUSION

Results from this study reveal that spoilt walnuts 
are a reservoir of various kinds of fungi and 

bacteria which are known to cause food spoilage. 
Although the fungal contamination and aflatoxin 
levels in the samples analyzed were within the 
acceptable range as stated by regulatory bodies like 
European Commission and ICSMF, the presence of 
these human disease-causing organisms such as  
Aspergillus flavus , Aspergillus niger, Aspergillus 
fumigatus, Penicilium, Fusarium solani is a red flag 
to consumers health and safety. 

Microbial contamination can be greatly reduced by 
sensitization and regulation of fruit snack sellers by 
appropriate government agencies on personal 
hygiene, better storage techniques as well as 
careful post-processing handling. More so, walnut 
marketers are to be encouraged to subject the nuts 
to proper sorting and periodical analysis to certify 
the quality and safety status before being sold or 
consumed. consumption. The toxigenicity of the 
A.flavus associated with walnut in the FCT Abuja 
and beyond should be investigated.
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