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ABSTRACT

In this study, effects of Capsicum annum (chilli pepper) and different storage temperature on the
proximate composition and aflatoxin concentration of fresh and stored ‘dankwa were investigated. Chilli
pepper was added as additive to ‘dankwa’ at concentrations of 0, 5, 10, 15 and 20% and stored at 0, 25
and 45 °C for six weeks. The nutrient composition and aflatoxin contents of the samples were analyzed
using standard procedures. The aflatoxin contents (AFB1, AFB,, AFG1 and AFG,) of the fresh samples
were generally low (0.00pug/kg). AFB1 was in the control (0%) at 25 °C was 1.85ug/kg. AFB; content in
the control (0%) at 45 °C was 2.74 ug/kg. AFG; content in the control (0%) at 45 °C was 1.88 ug/kg
while AFG; was highest in the Control (0%) at 45 °C (1.0 pg/kg). The tolerance limit was however, not
exceeded in any of these samples. The implications of these findings were discussed.
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INTRODUCTION

Food production is a major factor in the sustenance of any nation’s development and health; as its
unavailability will threaten the survival of her inhabitants (Jonathan and Olowolafe, 2001; Otunla et al.,
2018). Fungal contamination, aflatoxins production and spoilage of Nigerian traditional foods have been
widely reported (Jonathan, 2006; Oyebaniji et al., 2018; Jonathan et al., 2016 and 2019; Odetunde et al.,
2020). Food spoilage could be as a result of poor handling or post-harvest storage (Jonathan, et al., 2006;
Jonathan and Esho, 2010). ‘Dankwa’ is a one of the major local convenience food made from roasted
maize and peanuts vended in Nigeria. It is one of the major convenience food in Nigeria especially the
Northern part of Nigeria. Aflatoxin production in maize, groundnuts and their products could be due to
contamination aflatoxigenic fungi (Abdul-Lateef et al., 2020; Jonathan et al., 2023). Mycotoxins
especially aflatoxins could pose very serious problem for human populace. It has become a public issue to
increase food value by ensuring its safety and boosting its prowess for growing public health (Gizaw,
2019). Safeguarding the food supply chain from the contamination, growth and proliferation of toxigenic
microorganisms and chemical agent is of food safety concern (Uyttendaele et al., 2016). Locally
produced street vended snacks and foods abound in Nigeria. They include ‘kuli kuli’, ‘kokoro’, ‘dodo
ikire’, ‘ikpekere’, robo and ‘dankwa’ (Jonathan, 2019; Jonathan et al., 2019. However, there are concerns
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about the public health consequences they pose as many of them are subjected to poor processing
procedures. Dankwa originates from Northern Nigeria. It is a locally made traditional street vended snack
which has been adopted by neighbouring countries such as Ghana. Due to poor hygiene and handling
during processing, packaging and storage, dankwa becomes susceptible to invasion by microbes
(Makinde et al., 2020) such as toxin producing fungi. Aspergillus, Fusarium and Penicillium are among
fungal strains commonly reported to colonize maize and maize products (Wu et al., 2014).

Myecotoxins are secondary fungal metabolites which are toxic and can contaminate crops at any level of
the food chain (Ezekiel et al., 2014). Their chemistry and toxicity vary and are not easily decomposed by
most food processing methods (Temba et al., 2017). As a consequence, mycotoxins are carried over in
food and food chain. Aflatoxins, ochratoxin, fumonisins, trichothecenes and zearalenone are the most
important mycotoxins. They are low molecular weight secondary metabolites which cause harm known as
mycotoxicoses in livestock, domestic animals and humans and are therefore of public health significance
(Ashig, 2015). Mycotoxin production is stimulated by certain abiotic factors: therefore, the extent of
contamination will differ with geographic location, agricultural methods and the susceptibility of food to
the penetration of fungi during storage and processing periods (Jonathan and Esho, 2010). Some of the
most prevalent genera of fungi that have been implicated and known to produce mycotoxins include
Aspergillus, Alternaria, Penicillium and Fusarium. In the fight against aflatoxin, many factors can inhibit
aflatoxin production within food to a large extent. They include moderate moisture, ambient temperature,
relative humidity, microbial competitors, controlled atmosphere and actinomycotic agents. Although
these conditions have worked excellently, various botanicals including chilli pepper have antimycotic
capabilities. In this study, the influence of Capsicum annum additive and storage temperature on nutrient
and aflatoxin contents of dankwa was investigated.

MATERIALS AND METHODS

The study was carried out at the Mycology and Pathology laboratory of the Department of Botany,

University of Ibadan. The maize, groundnut, foil paper and chilli pepper were obtained from Bodija

market in Ibadan, Nigeria. The preparation, chilli addition and storage of dankwa was carried out and

replicated using the following concentrations;

Control Sample = Dankwa (540 g) + 0 % pepper

C1 = Dankwa (540 g) + 5 % pepper (27 Q)

C2 = Dankwa (540 g) + 10 % pepper (54 g)

C3 = Dankwa (540 g) + 15 % pepper (81 g)

C4 = Dankwa (540 g) + 20 % pepper (108 g)

The prepared dankwa samples were stored at 0, 25 and 45 °C.

Proximate compositions of dankwa

The samples were analysed for their proximate composition before and after six weeks of storage using

the method described by the Association of Official Analytical Chemist (A.O.A.C 2018).Nutrients

determined by were moisture, ash, crude fibre, crude protein, crude fat and carbohydrate.

Analysis of aflatoxin contents of dankwa

The method developed by Thomas et al. (1975) using Thin Layer Chromatography (TLC) was followed

in determining the concentrations of aflatoxin B1, B2, G1 and G2. 2 grams of dankwa was grinded into

powder. The grinded samples were taken into different 500 ml conical flasks and 250 ml of methanol and

water (60:40v) were added. The solution was shaken in a mechanical shaker for approximately 30

minutes and was allowed to sediment after which it was filtered using whatman filter paper Nol. After

filtering, 125 ml of the filtrate was taken in a 250 ml separating funnel and 30 ml of saturated sodium

chloride and 50 ml hexane was added. It was shaken vigorously for 2 minutes and the solution was

allowed to separate. The lower methanol-water layer was collected in another 250 ml separating funnel to

which 50 ml of chloroform was added. It was then shaken vigorously. The chloroform layer was then

drained into a conical flask containing 5 g of cupric carbonate and it was shaken and the cupric sulphate

was allowed to settle. The solution was filtered using a whatmann filter paper No 42 having a bed of
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anhydrous sodium sulphate and the chloroform extract was collected in a beaker. The cupric carbonate
was washed with 25 ml chloroform and filtered through sodium sulphate bed. Then two chloroform
extracts gotten were combined and evaporated in a water bath till it is dry. The residue was dissolved in 1
ml of chloroform and was transferred into a screw cap. The extracts which was stored in a screw cap
bottle was re-dissolved with 1ml of chloroform and poured into a cuvette of the spectrophotometer where
the aflatoxin was read at 250nm wavelength. The intensity of the fluorescence produced in spots of the
samples was compared with that of the standard aflatoxin spots. The volume of the matching spots of the
sample with that of the standard was recorded. The concentration of the aflatoxin in the sample was
calculated by the formula;

SxYxV

W xZ

Where;

S = Volume of each aflatoxin standard, in pl of equivalent intensity to Z pl of sample.

Y = Concentration of each of the aflatoxin standard in pg/ml.

V = Volume of solvent in pl required to dilute final extract.

Z = Volume of sample extract in I required to give fluorescence intensity
comparable to that of S of each aflatoxin standard.

W = Weight of original sample (in grams) contained in final sample.

Statistical Data Analysis

The Statistical Analysis Software (SAS) was used for analysis of variance (ANOVA) while the Duncan’s
Multiple Range Test (DMRT) was used to separate the means at significance level of P < 0.05.

RESULTS

Proximate compositions of ‘dankwa’

The effect of pepper additive at different concentrations (0% - 20%) and storage conditions (0 °C - 45 °C)
was significant (P < 0.05) on the nutrient contents of dankwa. fresh samples (Table 1) generally had
higher nutrient contents than the stored dankwa samples (Table 2).

The carbohydrate contents of fresh samples were higher than those of the stored samples except the
Concentration 2 (10%) sample stored at 45 °C that had the highest value of 23.06. The protein content of
fresh sample also recorded higher values compared to the stored samples. Concentration 3 (15%) fresh
Dankwa samples at 25 °C had the highest protein content of 44.85. Fat contents of stored dankwa were
higher than those of fresh dankwa samples. The highest value for fat recorded was 24.24 for
Concentration 3 (15%) at 45 °C. Fibre contents of stored dankwa were also generally lower than those of
the fresh samples. Concentration 3 (15%) of fresh sample recorded the highest value of fibre (11.18)
followed by concentration 1 (5%) at 25 °C with a fibre value of 10.12. Ash contents was highest in
concentration 3 (15%) fresh samples with a value of 8.62. The result also, showed that the moisture
contents of fresh dankwa samples were more than those of the stored samples. Concentration 3 (15%)
fresh sample had the highest moisture content of 9.99. pH values for stored dankwa were higher than the
fresh samples. The highest recorded pH value was obtained in Concentration 1 (5%) at 25 °C with 6.89
while the least value recorded was in the control at 25 °C with a value of 5.01.
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Table 1: Proximate composition of fresh dankwa

Treatments Carbohydrate Protein Fat Fibre Ash Moisture pH

Fresh 0% 15.21¢ 36.779 17.11 7.14f 6.22f 8.44f 5.60m
Fresh 5% 19.15¢2b¢ 37.78¢ 18.23" 7.97¢ 7.15f 8.77% 6.66f
Fresh 10% 13.8% 44.852 20.17° 9.14°¢ 7.96° 9.33¢ 6.77¢
Fresh 15% 22.08% 43.82° 23.46° 11.182 8.628 9.992 6.88P
Fresh 20% 17.22% 37.88% 18.30" 7.82¢ 6.70° 8.67¢ 6.45"

Means with the same superscript within a column are not significantly different at P <= 0.05.
Table 2: Effect of pepper additives and storage condition on nutrient compositions of stored dankwa

Treatments Carbohydrate Protein Fat Fibre Ash Moisture  pH

0% 0°C 1.27¢ 30.03% 14.81K 3.15kK 3.27m 4,73k 5.21"
0% 25 °C 1.35¢ 23.14! 15.46/ 3.321 3.58 6.22¢ 5.012
0% 45 °C 1.96° 24.34m 15.24ik 3.44 3.95" 5.32 5.80/
5% 0°C 1.78¢ 37.46° 15.09ik 3.34¢1 3.82k 5.62" 5.82
5% 25 °C 17.23¢ 36.33" 22.88° 10.12° 7.88¢ 9.952 6.89°
5% 45 °C 2.33¢ 32.15 24.242 3.350 3.82K 433 6.77¢
10% 0 °C 2.09¢ 42.15° 21.99¢ 3.67" 3.89 5.55M 6.74¢
10% 25 °C 18.46° 38.83¢ 19.97f 8.47¢ 7.644 8.97¢ 6.87°
10% 45 °C 23.062 38.34« 21.88¢ 9.99° 7.88¢ 9.72° 6.80¢
15% 0°C 16.47¢ 37.17% 18.23" 7.94¢ 6.679 8.56¢f 6.609
15% 25 °C 17.00% 44,722 19.389 9.22¢ 7.24¢ 8.77% 6.77¢
15% 45 °C 2.11¢ 21.22m 21.22¢ 3.09% 3.851k 5.28 6.76¢
20% 0°C 2.08¢ 23.15' 23.44° 3.73 3.87ik 5.19 6.87°
20% 25 °C 2.34¢ 29.36' 23.00¢ 3.66" 3.871 5.23 5.67'
20% 45 °C 2.14e 31.07) 21.99¢ 3.948 3.87! 5.341 5.77%

Means with the same superscript within a column are not significantly different at P <= 0.05.

Aflatoxin composition of dankwa

In this study, the effect of pepper additive at different concentrations (0% - 20%) and storage conditions
(0 °C - 45 °C) were significant (P < 0.05) on the afaltoxin contents (AFB1, AFB2, AFG1, AFG2) of fresh
dankwa (Table 3) and stored dankwa (Table 4). It was observed that the fresh samples generally had the
least aflatoxin contents while the stored samples had more. Aflatoxin B2 had the highest overall
concentration of 2.74 pg/kg at 0% pepper additive level stored at 45 °C. The Control (0%) at 0 °C and 25
°C had the highest aflatoxin B1 concentration of 1.85 ug/kg and 1.76 ug/kg respectively. These were also
followed by the control (0%) at 45 °C and concentration 3 (15%) at 45 °C which had aflatoxin B1
contents of 1.36 pg/kg and 0.96 pg/kg respectively, while fresh samples (0% and 10% pepper
concentration) had the least aflatoxin B1 contents of 0.00 pg/kg respectively. It was also observed that
stored samples (0%) at 25 °C and 45 °C had highest aflatoxins G1 contents of 1.71 and 1.88 pg/kg. The
fresh samples recorded no aflatoxin G1. From the study, aflatoxin G2 highest values recorded were in the
stored control (0%) samples at 25 °C and 45 °C having values of 0.87 and 1.0 pg/kg respectively. Fresh
samples at 10% had aflatoxin G2 content of 0.02 pg/kg. All other fresh samples had the least AFG2
values of 0.00 ug/kg.

Table 3: Aflatoxin content of fresh dankwa

Treatments  AFB1 (ug/kg) AFB2 (ug/kg) AFGL (ug/kg)  AFG2 (ug/kg)

Fresh 0% 0.00° 0.00" 0.00¢ 0.00
Fresh 5% 0.01° 0.01" 0.00¢ 0.00f
Fresh 10% 0.00° 0.00" 0.00¢ 0.02
Fresh 15% 0.01° 0.00" 0.00¢ 0.00
Fresh 20% 0.01° 0.00" 0.00¢ 0.00f

Means with the same superscript within a column are not significantly different at P < 0.05.
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Table 4: Aflatoxin content of stored dankwa

Treatments  AFB1 (ug/kg) AFB2 (ug/kg) AFGL (ug/kg) AFG2 (ug/kg)

0% 0°C 1.762 1.25° 1.01° 0.01°
0% 25 °C 1.85° 2.26° 1.71° 0.87%
0% 45°C 1.36% 2.74° 1.88? 1.0%
5% 0°C 0.89% 0.62f 0.63° 0.52
5% 25°C 0.71%® 0.54 0.44" 0.39¢de
5% 45 °C 0.55%® 0.78% 0.049 0.01°
10% 0°C 0.44% 0.55f 0.35f 0.29%
10% 25 °C 0.07° 0.12" 0.07¢ 0.43
10% 45 °C 0.43® 0.329 0.09¢ 0.26°
15% 0°C 0.23b 0.199" 0.10¢ 0.872
15% 25 °C 0.00° 0.03" 0.019 0.00f
15% 45 °C 0.97%® 0.90¢ 0.78¢ 0.62°
20% 0°C 0.01° 0.02" 0.019 0.01f
20% 25°C 0.08° 0.10" 0.07¢ 0.06f
20% 45 °C 0.45%® 0.52 0.42 0.32%

Key: Means with the same superscript within a column are not significantly different at P < 0.05.

DISCUSSION

Generally, freshly prepared food have more nutrients than stored samples. Hence, an increased storage
time reduces the nutrient concentration of food which is evident in the stored dankwa samples. In this
study however, pepper helped to retain the nutritional contents of stored dankwa. It was observed that
dankwa supplemented with 10 — 15 % pepper had best nutrient retained in them as compared with the
fresh samples. Pepper substantially improved the nutrient contents of stored dankwa samples with an
increase in its concentration. The highest carbohydrate and protein contents of stored dankwa (10% at 45
°C and 15% at 25 °C) were only slightly below those of fresh dankwa samples. This report is similar to
those of Jonathan et al. (2023) that reported that pepper additive could increase the nutrient composition
of fresh and stored robo samples. This increase could be attributed to pepper which improved and retained
the nutrient composition of stored dankwa as the proximate analysis of pepper has shown that it is rich in
nutrients, minerals and vitamins (Orobiyi et al., 2013). Fresh dankwa samples contained higher nutrients
than the corresponding stored samples. The lower protein and carbohydrate contents in stored dankwa can
be due to the presence of toxin producing fungi in the stored dankwa which require these nutrients for
their metabolic activities. This is corroborated by Aroyeun et al. (2017) who reported a comparatively
higher protein and carbohydrate contents in fresh dankwa samples.

Aflatoxin analysis of fresh and stored dankwa samples revealed significant difference (P < 0.05) in their
contents. Fresh dankwa samples at all concentrations of pepper additive recorded very low aflatoxin
concentrations. This low concentration is generally true for all freshly prepared food with proper
handling, processing and packaging procedures. Chilli pepper is known to contain various bioactive
compounds and essential oils including capsaicin, limonene, myristicin and dillapiol (Olonisakin et al.,
2006) with reports on their anti-aflatoxigenic activities against aflatoxin-producing fungi (Passone et al.,
2012. With the World Health Organisation (WHO) and National Agency for Food and Drug
Administration and Control (NAFDAC) accepted aflatoxin levels set at 5 - 15 pg/kg and 4 - 10 pg/kg,
respectively, the total aflatoxin levels for all the samples were below limits for safe consumption.
However, pepper additive proved to be more potent at inhibiting aflatoxin production in C3 across all
aflatoxin types (AFB1, AFB2, AFG1 and AFG2) in the dankwa samples stored at 25 °C. It can be
deduced that an increase in pepper concentration caused a reduction in the aflatoxin levels due to the
combined activity of the bioactive compounds and essential oils present in pepper. A similar report by
Osae et al. (2017) on market dankwa samples further supports this study. Osae et al. (2017) reported very
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high aflatoxins B1 and B2 contents of 21.74 ug/kg which is a value slightly above the accepted limits of
the Food and Drug Authority of Ghana set at 20 pg/kg and also above the WHO levels of 5 — 15 pg/kg
levels. However, this study found that the highest recorded value for aflatoxin B2 was only 2.74 pg/kg,
which is significantly lower than the recommended levels of WHO and Nigeria's Food and Drug authority
aflatoxin levels. The inclusion of pepper at a concentration of either 10 % or 15 % resulted in an even
greater reduction in aflatoxin content (between 0.00 and 0.97 pg/kg) compared to Osae et al.'s (2017)
findings on market samples with an average level of 21.74 ug/kg. The difference in aflatoxin levels in
freshly prepared and stored dankwa snack in this study corresponds to the fact that aflatoxin production
readily requires prolonged presence of the toxin producing fungus in the food especially during storage.
For fresh samples, the factors which mediate their production are less available.

Furthermore, when combined with a storage temperature of 25 °C, the use of pepper additives led to a
significant decrease in total aflatoxin content that were less than the report of Jonathan (2019) findings on
Ogi samples. They reported aflatoxin levels of 5.78 + 0.00 pg/kg™ in stored maize ogi samples

The storage environment, specifically temperature, is a known factor that impacts the growth and
multiplication of microbes. Elevated temperatures promote their proliferation while lower conditions
significantly hinder it. Research has indicated that samples stored at or above room temperature (25 °C)
tend to have an increased likelihood for fungal growth leading to aflatoxin formation. Within this study,
the control group (0% pepper additive) and all pepper concentration levels stored at 45 °C produced more
aflatoxin. This can be attributed to the elevated temperature which facilitated fungal growth and
encouraged aflatoxin production (Jonathan and Esho, 2010). These findings demonstrate that increased
aflatoxin contents in storage is directly linked to a rise in temperature - increasing with higher
temperatures and decreasing as seen in dankwa kept at 0 °C.

CONCLUSION AND RECOMMENDATION

This investigation unveiled the vulnerability of dankwa to toxigenic fungi when subjected to poor
handling and processing procedures. Despite its nutritional richness, it is advisable to store dankwa at
temperatures below 25 °C and employ a biopreservative such as chilli pepper, especially at concentrations
of 10 - 15 %.
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