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Introduction

Groundnut (Arachis hypogea L) belongs to the family legu-
minosae and is one of the most important oil seed crops in the
world [1]. It is the third most abundantly cultivated oilseed in
the world and over the years, it has played an important role in
the economy of Nigeria and many other countries [2]. Ground-
nut provides an inexpensive source of high quality dietary pro-
tein and oil. Groundnut provides food for humans and livestock
and in the absence of meat it forms a valuable dietary protein
component in many African countries [3]. It is consumed raw,
roasted, blanched, as peanut butter, crushed and mixed with
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Abstract

The study investigated effects of processing conditions
on the kulikuli snack produced from groundnuts contami-
nated with pre-determined level of aflatoxin, and also as-
sessed the toxicological effect of the kulikuli on albino rats.
Samples of aflatoxin-free groundnuts were initially spiked
with 501.99 and 36.19 mg kg Aflatoxins B1 (AFB1) and B2
(AFB2) before being roasted at 120-180 °C for 30-130 min.
The treated and untreated samples were processed into ku-
likuli. Aflatoxin content of one set of the product was deter-
mined while the second set was fed to albino rats. The ef-
fect on the rats and vital organs were also investigated using
standard methods. Results show ranges of 27.90 - 56.22 and
17.05 - 47.00% reductions in AFB1 and AFB2 for samples
processed at 120 °C for 30-130 minutes. Photomicrographs
of vital organs (spleen, kidney and liver) of experimental
animals fed with aflatoxin-laden kulikuli reveal distortions
in architecture depicting the potentials of aflatoxins B1 and
B2 as cancer causing agents compared to control. Study has
concluded that roasting of groundnut at 120-160 °C for 30-
130 min could reduce aflatoxin content of kulikuli to safe
levels.

traditional dishes as a sauce [4]. Groundnut is an important nu-
tritional supplement to mainly cereal diets of maize, millet and
sorghum of many Africans [5]. The vast food preparations incor-
porating groundnut to improve the protein level has helped to
a great extent in reducing malnutrition in the developing coun-
tries [6].

Kulikuli is a popular snack in Nigeria but also, widely con-
sumed in other African countries especially by children of
school age and young adults. It is made by roasting peanuts and
ground into a paste called “Labu”. The paste is then mixed with
spices including salt and ground pepper. The paste is stripped
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of excess oil with addition of hot water, and made into the de-
sired shape (round balls, cylinders, etc.). The oil removed in this
process is then heated and used to fry the shaped peanut paste
until it solidifies. It is then removed from the oil and allowed to
cool down [7]. It is rich in protein, energy and fat [8]. In Ghana,
it is a popular condiment used to flavor grilled meats, roasted
plantain and added to soups [9]. Despite its nutritional impor-
tance, it is highly susceptible to contamination by numerous
moulds which secrete toxins particularly, aflatoxins [7].

Aflatoxins are toxic metabolites produced by Aspergillus fla-
vus, A. parasiticus and A.nomius in, or on foods and feeds [10].
They are probably the most widely studied and dangerous my-
cotoxins. There are about 16 structurally related aflatoxins that
have been characterized. Though, only four, aflatoxin B1, B2,
G1, and G2 are known to contaminate agricultural commodi-
ties and pose a potential health hazard to livestock and humans
[11]. Aflatoxin B1 is the most potent natural carcinogen and
most commonly occurring form in contaminated foodstuffs. Af-
latoxins persist to some extent in food even after the inactiva-
tion of the fungi by food processing methods, such as ultra-high
temperature products, due to their significant chemical stabil-
ity [12]. Aflatoxin contamination of food crops is a global prob-
lem and occurs in various food products but most commonly
in groundnuts and cereals [13]. The production of kulikuli from
groundnut and the fact that it is widely enjoyed by school chil-
dren and young adults as a snack in Nigeria put these consum-
ers at risk of ingestion of aflatoxin. The present study isolated
and identified the aflatoxin producing strains of Aspergilli pres-
ent in groundnut seeds samples from markets; investigated the
effect of different roasting temperatures and times on aflatoxin
infected groundnuts samples; and assessed aflatoxin levels and
toxicological impact of the processed kulikuli on experimental
animal.

Materials and methods
Materials, microbiological media and reagents

Shelled groundnut samples were bought from Sabo Central
market lle-Ife, Nigeria and placed in a well labeled polyethylene
bag and transported to the laboratory. Before analyses, authen-
tication of the groundnut was carried out in the Department
of Crop Production and Protection, Obafemi Awolowo Univer-
sity, lle-Ife, Nigeria. The samples were kept inside desiccators
at ambient temperature (28 * 2.0 °C) in the Food Microbiology
laboratory in the Department of Food Science and Technology,
Obafemi Awolowo University, lle-Ife, Nigeria prior to analysis.

One of the microbiological media used, Potato Dextrose Agar
(PDA), was obtained from Lab M, England while the others,
Modified Rose Bengal Agar (MRBA) and 5/2 agar were prepared
in the laboratory. Aflatoxin standards, other chemicals were
of analytical grade and were obtained from the Sigma Aldrich
(MO, USA).

Equipment used included: thin layer chromatography tank,
incubator, oven, autoclave, rotor shaker, scanner were available
in the Food Microbiology laboratory of Food Science and Tech-
nology of Obafemi Awolowo University and at International In-
stitute of Tropical Agriculture, (IITA) Ibadan, Nigeria.

Isolation and counting of Aspergillus species

Fungal species belonging to Aspergillus species was isolated
from ground groundnut samples by the surface spread plate
technique on Modified Rose Bengal Agar (MRBA), a selective

medium for Aspergillus section Flavi [14]. One gram of each
sample was suspended in 10 ml sterile distilled water in a 40
ml sterile polystyrene tube and mixed for 2 minutes. To ensure
the collection of not more than 10 colonies from plates, appro-
priate dilutions was plated and spread with a sterile L-rod on
MRBA and incubated in the dark for 3 days at 31 °C. After 3 days
of incubation, plates containing 3-10 colonies were observed
for colony formation and results recorded in Colony Forming
Units (CFU)/g based on the average count of the triplicate. For
each sample, isolates were transferred to 5/2 agar (5% V8 juice
and 20% agar, pH 6.0) and maintained in the dark at 31 °C for 5
days, for further characterization.

Identification of Aspergillus species

Isolates were classified into species and strains on the basis
of colony characteristics, morphological and cultural features.
Slide cultures and agar blocks of each pure isolate were pre-
pared, observed under a light microscope (Leica Galen Ill), using
x5, x10 and x40 objective lens as described by Samson et al.,
[15]. The quantities of Aspergillus flavus in the respective sam-
ples were calculated as Colony Forming Units (CFU) per gram.

Inoculation of groundnut seeds with aflatoxigenic spores

Aflatoxigenic Aspergillus flavus species were selected for de-
liberate seeding of mould-free groundnut seeds. The identified
isolates were then transferred into 2 ml sterile distilled water
from which 50 pl was used to inoculate five grams of aflatoxin
free groundnut. The inoculated grains were then incubated in
the dark at 31 °C for seven days. The sporulated grains were
then analyzed for aflatoxin producing strains. The Aspergillus
strain that produced a higher concentration of aflatoxin were
cultured on a large scale on 5/2 agar and incubated for 7 days.
The spores of the matured culture were then used to spike fresh
groundnut seed purchased from a local market. The culture was
covered and incubated at 31 °C for 7 days at the end of which
the greenish-yellow sporulation of the mould was widespread
in the culture. This was done to ensure uniform distribution of
the toxins in the seeds used for this study as it has been re-
ported by Ogunsanwo et al., [16] that spontaneous aflatoxin
contamination of the mould-infested groundnut is not always
uniformly distributed.

Heat processing of groundnut

Roasting temperatures and processing time of contaminated
and uncontaminated groundnut were varied before production
of kulikuli

Roasting: Six hundred grams of contaminated and uncon-
taminated seeds were separately roasted using “Gallenkamp”’
hot air oven at specific temperatures of 120 °C for 30, 50, 70, 90,
110, 130 minutes, at 140 °C for 30, 50, 70, 90, at 160 °C for 20
and 30 minutes and at 180 °C for 10 and 20 minutes. For each
processing condition, six hundred grams of groundnut seeds
were used. The roasted groundnut seeds were subsequently
analyzed for aflatoxin level.

Production of groundnut kulikuli: Processing of groundnut
to groundnut kulikuli was performed using the modified meth-
od of Adjoul et al., [17]. Six hundred grams of roasted ground-
nut were dehulled and blended together with salt (5 g), pepper
(2 g) and onions (2.5 g) until a smooth paste was formed using a
sterile blender (Excella IS 4250, Japan). Sixty millilitres (60 ml) of
hot water was then added to the paste while mixing thoroughly,
the addition of hot water helped in the extraction of oil from
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the paste. A filter cloth was used for the extraction of oil from
the paste. The resultant paste was proportioned into several
five gram samples and each was then shaped into long shape of
5+ 0.75 cm length and fried for about 6 £ 1 min in 600 ml hot
vegetable oil (Figure 1).

Dried groundnut seed

> o

Inoculation with Aspergillus flavus

(Incubate at 31°C/7 days)

Addition of hot
‘ water 60 ml/600 g

Kulikuli

Figure 1: Flow chart of kulikuli production.
Source: Adjoul et al., [17], (modified).

Determination of aflatoxin content of kulikuli samples

Extraction of aflatoxins from samples: Aflatoxin was extract-
ed from grain samples (groundnut and kulikuli) before and after
processing. Aflatoxin was extracted from approximately 20 g of
a representative sample by grinding the grains or product in 100
ml of 80% methanol for 3 minutes, mixed on a Roto-Shaker Ge-
nie (Scientific Industries, Bohemia, NY) for 30 minutes. This was
then filtered and the filtrate was diluted with 40 ml of 10% NaCl
and 25 ml of n-hexane. The collected filtrate was partitioned by
adding 35 ml of dichloromethane (methylene chloride). The fil-
trate was passed through anhydrous sodium sulphate (Na_SO,)
and evaporated to dryness in a fume hood. The residue was dis-
solved in 1 ml. of dichloromethane and subjected to thin layer
chromatography [14].

Detection and quantification of aflatoxin: In a single deter-
mination, 4 ul aliquot of the sample extract was spotted directly
(1 cm apart) on pre-coated silica gel glass plates, 20 x 10 cm
(HPTLC Silica gel 60 F254, EMD Chemicals Inc., Germany) along-
side 4 pl aliquots of the working aflatoxin standard (Supelco,
Bellefonte, PA, USA). The spots were dried up in a fume hood
for 3 minutes, and the plates developed in a saturated chamber
with diethyl ether-methanol-water (96:3:1) for about 10 min-
utes as described by Garber & Cotty [18]. Aflatoxin spots was
visualized under long-wave ultraviolet light (A = 366 nm) and
each sample identified qualitatively for the presence (and type)
or absence of aflatoxin by comparison with the spots of the af-
latoxin standard. Aflatoxin was quantified directly on TLC plates
with a scanning densitometer (Camag TLC Scanner 3 with win
CATS 1.4.2 software).

Animal experiments

Thirty-five (35) Wistar rats (Rattus norvegecus) weighing
about 100 to 130 g were obtained from the Animal house, Fac-
ulty of Pharmacy, Obafemi Awolowo University, lle-Ife, Nigeria
and were kept in the animal house in the Department of Food
Science and Technology of Obafemi Awolowo University, lle-Ife,
Nigeria where they were fed with standard diet UAC® Grower’s
mash and water for seven days before experimentation [19].
The protocol of the Department of Food Science and Technolo-
gy and the Animal Ethical Committee of Obafemi Awolowo Uni-
versity, lle-Ife, Nigeria was observed in the course of the study.
During the seven days of acclimatization, ambient temperature
30+ 2°Cina 12 hlight/dark cycle. At the end of the seven days,
the animals were randomly weighed and divided into 7 groups
of five with an average weight of 120.4 g. In the course of the
study, the animals were cared for in accordance with Helsinki
declaration. The first group served as control and was given only
maize as the protein free diet (AA). The second group (A) was
fed on raw contaminated groundnut that was used for the pro-
duction of kulikuli, containing 501.99 mg kg* AFB1 and 36.19
mg kg AFB2. The third group (B) was given kulikuli free from
aflatoxin. The fourth group (C) was fed kulikuli roasted at 180 °C
for 20 minutes containing respectively 18.94 and 2.41 mg kg*
of AFB1 and AFB2, respectively while the fifth group (D) was
given kulikuli sample processed for 160 °C for 20 minutes con-
taining 48.73 and 4.93 mg kg* of AFB1 and AFB2, respectively.
The sixth group (E) was given kulikuli roasted at 140 °C for 50
minutes containing 65.37 and 10.38 mg kg* of AFB1 and AFB2,
respectively.

Members of the seventh group was given (H) were sacrificed
before the experiment and their organs harvested and pre-
served for further analysis. The animals were weighed at four-
day intervals during the experiment and were also observed for
appetite and physical behavior. After 21days of experiment, the
animals from the other groups were sacrificed to examine the
effect of aflatoxin on the tissues of their vital organs (liver, kid-
ney and spleen).

Histopathological study: At the end of the experiment ani-
mals were sacrificed under chloroform anaesthesia after 24
hours of the last feeding during which organs (kidney, liver,
spleen) were excised and fixed immediately in 10% neutral
buffer formaldehyde solution for 48 hours and were further
processed for routine Haematoxylin and Eosin (H&E) for gen-
eral histology. The tissues were trimmed to about 3-5 mm thick
sections and processed via paraffin wax embedding method of
Drury& Wallington [20]. The tissues were dehydrated at ambi-
ent temperature through ascending grades of ethanol from 70%
ethanol, 90% ethanol, Absolute ethanol | and Absolute ethanol
Il and allowing a residence time of 1 h in each case.

Dehydrated tissues were cleaned at ambient temperature in
two changes of xylene for one hour in each change. The tissues
were then infiltrated in two changes of molten paraffin wax at
60 °C for one hour in each change and finally embedded in par-
affin wax using multi-block plastic embedding moulds. The par-
affin blocked tissues were trimmed and mounted on wooden
block for sectioning on a rotary microtome. Sections of 5 um
thickness were produced from the tissue blocks using a rotary
microtome (Bright B5143, Huntington, England). The sections
were transferred into water bath (maintained at 40 °C) to al-
low spreading of the folded ribbons of sections. These sections
were mounted on new clean glass slides. These were then dried
at 40 °C on a slide drier to enhance adherence of the sections
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to the slides.
Staining procedures and microscopy

Procedures of H and E as described by Drury & Wallington
[20] was employed which involved dewaxing in two changes of
xylene, and rehydration in descending grades of alcohol from
absolute | to 50% and final rinsing in distilled water. The sec-
tions were further stained in haematoxylin for 15-20 minutes
and later in 1% aqueous eosin. Stained sections were examined
under a LEICA research microscope (LEICA DM750, Switzerland)
equipped with a digital camera. Digital photomicrographs of
the stained organs were taken at various magnifications (x100;
x400; x1000) [21].

Statistical analysis

Experiments were performed in triplicates, and data ana-
lyzed were mean subjected to Analysis of Variance (ANOVA).
Means were separated by the Tukey’s multiple range test. (SPSS
version 17) while results were taken to be significant at (p <
0.05).

Results & discussion

Aflatoxin content of kulikuli produced from groundnut
samples not deliberately inoculated with aflatoxigenic spores

Table 1 reveals the effect of processing conditions on uncon-
taminated groundnut obtained from market samples. The start-
ing groundnut samples obtained from the market contained
138.17 and 24.34 mg kg* of AFB1 and AFB2, respectively. This
level of aflatoxin exceeded EU (EFSA) and US (FDA) standards
of 20.0 and 4.0 ppb of aflatoxin [22,23] showing that posed
serious health if consumed without exposure to temperatures
of 120 oC and above for a minimum of 30 minutes. However,
groundnut cake kulikuli produced in the laboratory from these
groundnut samples were found to be free from aflatoxin. This
shows that all the processing conditions employed in this study
effectively reduced the aflatoxin content below detection level.

Concentration of aflatoxin in groundnut and kulikuli pro-
duced from deliberately inoculated with aflatoxigenic spores

Effects of processing on aflatoxins content of kulikuli are pre-
sented in Tables 1, 2, 3 and 4. AFB1 and AFB2 content of the
product (kulikuli) significantly decreased when groundnut sam-
ples deliberately inoculated with aflatoxin were processed with
increasing temperatures and exposure times. The highest re-
duction for samples produced from groundnut samples roasted
at 120 °C was observed in sample roasted for 130 minutes with
a total aflatoxin level decreased from 501.99 mg kg™ (AFLB1) to
56.57 mg kg* of sample; and from 36.19 mg kg* (AFLB2) to 4.98
mg kg™ of AFLB1. For kulikuli produced from groundnut roasted
at 140 °C, the highest reduction was observed in the sample
produced from groundnut roasted for 90 minutes with a reduc-
tion from 501.99 to 29.97mg kg™ of AFLB1 and from 36.19 to
4.49 mg kg™ of AFLB2, respectively.

For groundnut cake kulikuli produced from groundnut roast-
ed at 160 °C, the highest reduction was observed in samples
produced from groundnut roasted for 30 minutes with a reduc-
tion from 501.99 to 10.31 mg kg* AFB1 and from 36.19 mg/kg
to a non-detectable level for AFB2. However, groundnut sam-
ples processed at 180 °C for beyond 20 minutes could not be
processed into kulikuli because oil could not be extracted from
the groundnut processed for it. Samples processed at the same
temperature for 20 minutes showed a significant reduction in

the AFB1 and AFB2 content to 9.60 and 0.00 mg kg respective-
ly. A good percentage of 25-60 % reduction was also observed
after roasting and dehulling of groundnut seed.

It was also established that dehulling which is an important
unit operation in the processing of groundnut to kulikuli also
contributed to reduction of AFB1 and AFB2 in the final prod-
uct. A range of 27.90-56.22 and 17.05-47.00% reductions in
AFB1 and AFB2 were observed for whole groundnut samples
processed at this temperature for 30-130 minutes. However, for
dehulled groundnut samples, a range of 45.13-77.81 and 44.21-
70.76% reductions in AFB1 and AFB2 were observed. This clear-
ly shows that after the removal of the hulls, there were more
reductions in the aflatoxin content indicating that some of the
aflatoxins could have been harboured in the hulls. Processing
of the treated groundnut into kulikuli evidently caused further
reductions in the aflatoxin content. A range of 62-.52-88.73 and
62.03-86.23% reductions were detected for the groundnut pro-
cessed into kulikuli after roasting at 120 °C for 30-130 minutes.
Similar trends were observed in Tables 2 and 3 for groundnut
roasted at 140 and 160 °C.

This study has shown that roasting at different temperatures
and times, and the unit operations of dehulling, and processing
of groundnut into kulikuli could reduce the level of aflatoxins in
the product and this agrees with the submissions of Hamada
& Megalla [24] and Ogunsanwo et al., [16] that reported that
heating reduced aflatoxins in agricultural products. Three main
reasons could be adduced for the aflatoxin loss as a result of
application of heat. Heat lability of aflatoxins; thermodynami-
cally enhanced reactions between the aflatoxins and other con-
stituents of the peanut seeds; and thermal destruction of other
constituents of the peanut seeds and less extractability of the
aflatoxins from these products [16]. In the study of Ogunsanwo
et al., [16], positive correlations between loss of aflatoxins in
the peanut seeds and the roasting conditions were reported.

Body weight response of rats

Average body weight responses of rats during the experi-
ment are presented in Figure 2. Group AA rats fed on maize
(protein-free diet) alone experienced slight increase in average
weight from 119.70 (initial weights) to 120.32 g (final weight)
possibly due to the lack of protein and fat in their diet which
could have made the diet complete. Group A rats (fed with
groundnut containing 501.99, 36.19 mg kg™ of AFB1 and AFB2,
respectively) did not experience any increase in weight rather
their weight slightly decreased from 120.40 (initial) to 118.76
g (final weight). This could be as a result of high dose of the
AFB1 and AFB2 present in their diet as protein and fat in their
diet should have caused weight gain. The ingested high levels of
AFB1 and AFB2 could have interfered with metabolism of the
nutrients present in the treated feed. Group E rats also experi-
enced weight loss from 119.16 to 99.56 g probably due to the
high dose of AFB1 and AFB2 despite the presence of relatively
high amount of protein and fat content in their feed. Significant
reduction in fat content occasioned by conversion of groundnut
into kulikuli could have contributed to the effect of aflatoxin be-
ing felt more in terms of weight gain compared to what hap-
pened to rats of group A despite receiving more aflatoxin than
members of group E. This agrees with the submission of Gong et
al., [25] who reported stunted growth in humans after ingestion
of aflatoxigenic fungal strains along with meal among young
children in Benin and Togo. Rotimi et al., [26] also reported lipid
and lipoprotein metabolism in rats administered with 0.5-1.0
mg kg of AFB1 for 7 days. Rats in groups C fed with kulikuli
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containing low level of aflatoxins 18.94 and 2.41 mg kg™ of AFB1
and AFB2, respectively showed average weight gain during the
course of the experiment. The average weight of the animals
increased during the period from 120.52 to 138.74 g indicating
that the low level of aflatoxin in their diet did not adversely af-
fect their growth. The residual aflatoxin was obviously tolerated
by the rats with no observable negative effect on their nutrient
metabolism. The diet contained some amounts of protein and
fat which could have been assimilated to cause weight gain in
the experimental rats. This trend was also observed in rats of
group D probably because of the low content of AFB1 and AFB2
in their diet. Group B rats fed with aflatoxin free diet showed
greatest increase in weight (120.95 to 144.24 g) during the pe-
riod of experiment indicating that the available balanced nutri-
ents were well utilized and there was no aflatoxin to interfere
with their metabolism.

Effects of aflatoxin in animal organs

Spleen: Looking at the photomicrographs of spleen tissue in
Figures 3a and b, it was observed that there was minimal dis-
ruptive effect on the architecture of spleen tissue (groups H, AA
and B). However, a decrease in lymphoid follicles was observed
in the spleen tissue of rats of groups C, D and E (fed on different
levels of aflatoxin contaminated feed). In group A rats fed on
502 mg kg AFB1 and 62 mg kg AFB2, the spleen tissue showed
highly congested blood sinuses and bizarre arrangement of T
& B lymphocytes indicative of the toxic effect of high concen-
tration AFB1 and AFB2 in their diet. The functions of lymphoid
follicles being to support antigen-specific immunoglobulin pro-
duction [27], the dysfunction of lymphoid follicles contributes
to mucosal immunosenescence [28].

Kidney: In this study, architecture of the kidney tissue in
control groups (groups H, AA & B) showed normal histologi-
cal feature with a detailed cortical parenchyma and the renal
corpuscles as dense rounded structure with the glomerulus
surrounded by a narrow Bowman'’s space (Figure 4a and Fig-
ure 4b). The Photomicrographs of the kidney tissue of treated
groups A, C, D and E fed with aflatoxin in a dose-dependent
manner showed an enlarged Bowman space when compared
to control groups. Enlargement of Bowman’s space was more
pronounced in groups A and E rats which were placed on diet
containing 501.99 + 36.19 and 65.37 + 10.38 mg kg* of AFB1
and AFB2, respectively. Interstitial oedema, necrosis and extra-
glomerular hypercellularity were also observed in the kidney
tissue of groups A and E rats. Aflatoxin induced histopathologi-
cal change in animal organs is associated with their dysfunction
[29]. Li et al., [30] also averred that AFB1 (0.5 mg/kg), AFM1
(3.5 mg?), and AFB1 (0.5 mg?) + AFM1 (3.5 mg kg?) activated
oxidative stress and caused renal damage.

Liver: The histopathology of liver tissue in control groups (H,
AA & B) revealed hepatocytes arranged in plates around the
Central Vein (CV) with sinusoids (arrow) between the plates.
From the photomicrographs in Figures 5a and b, no specific le-
sion was observed in liver tissue in groups C, D, and E. In this
study, it was observed the members of group A fed on 501.99
+36.19 mg kg* AFB1 and AFB2, respectively and group E fed on
65.37 + 10.38 mg kg of AFB1 and AFB2, respectively mg kg™
caused significant histopathological changes in liver than those
fed on smaller doses of aflatoxin 18.94 + 2.41, 48.73 + 4.93 mg
kg of AFB1 + AFB2, respectively. The photomicrographs of their

liver tissue were presented with distortion of liver tissue archi-
tecture and extrahepatic hypercellularity. The liver is the target
organ for AFB1. Ingestion of aflatoxin is known to be capable of
inducing poisoning and aflatoxicosis and is known to participate
in the development of primary liver cancer [31]. Vascular con-
gestion was also observed in the Central Vein (CV) of members
of group A (Figure 5a and Figure 5b). Rotimi et al., [26] reported
that AFB1 and AFB2 administered at concentrations lower than
the ones used in this study adversely affected the functioning
of rat liver.

155

140

125 ——=C

Weight (g)

l

110

95

1] 3 6 9 12 15 18 21 24

Days of Experiment

Figure 2: Average Body weight responses of Albino rats during
the experiment.

Figure 3a: Photomicrographs showing the spleen tissue of con-

trol and treated rats.

AA-(Control) rats fed with protein free diet [A]-experimental rats
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2
36.19 mg kg*; [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed
with kulikuli containing 18.94 and 2.41 mg kg* of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg™ of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kg of AFB1 and AFB2.
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Figure 3b: Photomicrographs showing the spleen tissues of con-
trol and treated rats.
AA-(Control) rats fed with protein free diet, [A]-experimental rats
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2
36.19 mg kg*; [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed
with kulikuli containing 18.94 and 2.41 mg kg™ of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg™ of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kgt of AFB1 and AFB2.
RP: Red Pulp; WP: White Pulp.

Figure 4b: Photomicrographs showing the kidney tissue of con-
trol and treated rats.
AA-(Control) rats fed with protein free diet, [A]-experimental rats
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2
36.19 mg kg*; [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed
with kulikuli containing 18.94 and 2.41 mg kg™ of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kg* of AFB1 and AFB2.
G: Glomerulus; DCT: Distal Convoluted Tubule; PCT: Proximal Con-
voluted Tubule.

Figure 4a: Photomicrographs showing the kidney tissue of con-
trol and treated rats.
AA-(Control) rats fed with protein free diet, [A]-experimental rats
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2
36.19 mg kg*; [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed
with kulikuli containing 18.94 and 2.41 mg kg™ of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg™ of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kg of AFB1 and AFB2.
G: Glomerulus; DCT: Distal Convoluted Tubule; PCT: Proximal Con-
voluted Tubule.

Figure 5a: Photomicrographs showing the liver tissue of control
and treated rats.
AA-(Control) rats fed with protein free diet, [A]-experimental rats
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2
36.19 mg kg*; [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed
with kulikuli containing 18.94 and 2.41 mg kg * of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg * of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kg™ of AFB1 and AFB2.
CV: Central Vein; H: Hepatocytes.
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Table 1: Results of aflatoxin concentration (mg kg?) of kulikuli
produced from uncontaminated groundnuts samples.

Temp/time B1 B2 G1 G2

Control 138.17 24.34 0.00 0.00

120/30 0.00 0.00 0.00 0.00

120/50 0.00 0.00 0.00 0.00

120/70 0.00 0.00 0.00 0.00

120/90 0.00 0.00 0.00 0.00

120/110 0.00 0.00 0.00 0.00

120/130 0.00 0.00 0.00 0.00

140/30 0.00 0.00 0.00 0.00

140/50 0.00 0.00 0.00 0.00

140/70 0.00 0.00 0.00 0.00

140/90 0.00 0.00 0.00 0.00

140/110 0.00 0.00 0.00 0.00

160/20 0.00 0.00 0.00 0.00

Figure 5b: Photomicrographs showing liver tissue of control 160/30 0.00 0.00 0.00 0.00

and treated rats. 160/40 0.00 0.00 0.00 0.00
AA-(Control) rats fed with protein free diet, [A]-experimental rats

. . . . 180/10 0.00 0.00 0.00 0.00
fed with aflatoxin contaminated groundnut with AFB1 502 + AFB2

36.19 mg kg [B]-Rats fed with aflatoxin free kulikuli; [C]-Rats fed 180/20 0.00 0.00 0.00 0.00

with kulikuli containing 18.94 and 2.41 mg kg * of AFB1 and AFB2;
[D]-Rats fed with kulikuli containing 48.73 and 4.93 mg kg of AFB1
and AFB2; [E]-Rats fed with kulikuli containing AFB1 65.37 and
10.38 mg kg* of AFB1 and AFB2.
CV: Central Vein; H: Hepatocytes.

Each value represents the mean of ten replicates + standard
error. Mean on the same column followed by the same super-
script are not significantly different at 5% level of significance.
B1: Aflatoxin B1; B2: Aflatoxin B2; G1: Aflatoxin G1; G2: Afla-
toxin G2.

Table 2: Concentration (mg kg?) of aflatoxin in groundnut and kulikuli produced from groundnut roasted at 120°C.

Amount in raw seed Whole seed Dehulled Kulikuli
Bl B2 Time (min.) AFB1 AFB2 AFB1 AFB2 AFB1 AFB2

501.99 36.19 30 361.66 £0.83* = 30.02 £+ 0.46° 275.44+1.61* 20.19+1.81° 188.15+1.15° 13.74+0.16°
501.99 36.19 50 309.68+1.36® @ 26.08 +5.86®  248.07+2.71*® 18.71+1.4*® 154.31+1.92* 13.15+0.53?
501.99 36.19 70 293.67 +1.46® | 22.98+0.07° @ 242.86+1.49*® 14.52+0.46° 125.18+1.01° | 9.43+0.45°
501.99 36.19 90 282.97 £2.092*®  21.10 + 1.99% 221.01+5.21% | 11.48+423¢ 71.43+1.58 7.91+0.48¢
501.99 36.19 110 232.64+1.32%  20.25+1.07° 139.2+0.3¢ 9.58 +0.29¢ 64.83 +1.48° 6.56 +1.23¢
501.99 36.19 130 219.74 £ 2.98° 19.18 £ 1.26® 111.35+3.49¢ | 4.94 £ 1.54¢ 56.57 £ 2.08¢ 498 +0.17¢

Each value represents the mean of three replicates * standard error. Mean on the same column followed by the same superscript are not
significantly different at 5% level of significance. AFLB1: Aflatoxin B1; AFLB2: Aflatoxin B2.

Table 3: Concentration (mg kg™) of aflatoxin in groundnut and groundnut cake kulikuli produced from groundnut roasted at 140°C.

Amount in raw seed Whole seed Dehulled Kulikuli
B1 B2 Time (min.) AFB1 AFB2 AFB1 AFB2 AFB1 AFB2

501.99 36.19 30 309.62 +1.39* = 25.66 + 2.40° 271.05+2.39° 19.00 + 1.00* 183.94 +1.77° 13.42+2.4°
501.99 36.19 50 100.8 +2.82°  21.32+3.30b 87.78 £0.20° 16.23 + 0.54° 65.37 £3.40° 10.38 £ 0.25°
501.99 36.19 70 109.62 + 2.5* | 19.85 + 2.50¢ 73.84 £3.17¢ 9.92 £0.80° 37.23 £2.23¢ 5.64 £ 0.54¢
501.99 36.19 90 39.81+1.31°¢  17.61+2.15¢ 37.93 £0.82¢ 5.44 +0.11¢ 29.97 £ 0.54¢ 4.49 +0.48¢
501.99 36.19 110 ND ND ND ND ND ND
501.99 36.19 130 ND ND ND ND ND ND

Each value represents the mean of three replicates * standard error. Mean on the same column followed by the same superscript are not
significantly different at 5% level of significance. ND: Not determined; AFLB1: Aflatoxin B1; AFLB2: Aflatoxin B.
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Table 4: Concentration (mg kg*) of aflatoxin in groundnut and kulikuli produced from groundnut roasted at 160°C.

Amount in raw seed Whole seed Dehulled Kulikuli
Bl B2 Time (min.) AFB1 AFB2 AFB1 AFB2 AFB1 AFB2

501.99 36.19 10 215.97 £ 0.7° 21.53+0.96° 107.52+1.412 17.43+1.9° 77.19+1.2° 6.88+0.16%
501.99 36.19 20 153.62 + 4.33° 18.80 + 1.75° 99.69+0.35° 5.41+0.75° 48.73+1.08° 4.93+0.07°
501.99 36.19 30 33.24 +0.55¢ 7.23+0.16°¢ 18.82+0.31°¢ 3.87+0.34¢ 10.31+0.42°¢ 0¢
501.99 36.19 50 ND ND ND ND ND ND
501.99 36.19 70 ND ND ND ND ND ND
501.99 36.19 90 ND ND ND ND ND ND
501.99 36.19 110 ND ND ND ND ND ND
501.99 36.19 130 ND ND ND ND ND ND

Each value represents the mean of three replicates + standard error. Mean on the same column followed by the same superscript are
not significantly different at 5% level of significance. ND: Not determined; AFLB1: Aflatoxin B1; AFLB2: Aflatoxin B2.

Table 5: Concentration (mg kg*) of aflatoxin in groundnut and kulikuli produced from groundnut roasted at 180°C.

Amount in raw seed Whole seed Dehulled Kulikuli
B1 B2 Time (min.) AFB1 AFB2 AFB1 AFB2 AFB1 AFB2

501.99 36.19 10 7243+936 | 633+090 | 43.86+2.70 4.7+0.16 18.94+0.02° | 2.41+1.31
501.99 36.19 20 3153+041° | 623:0.13 | 1802033 = 335£035 = 9.6+0.42 0o
501.99 36.19 30 ND ND ND ND ND ND
501.99 36.19 50 ND ND ND ND ND ND
501.99 36.19 70 ND ND ND ND ND ND
501.99 36.19 90 ND ND ND ND ND ND
501.99 36.19 110 ND ND ND ND ND ND
501.99 36.19 130 ND ND ND ND ND ND

Each value represents the mean of three replicates + standard error. Mean on the same column followed by the same superscript are not
significantly different at 5% level of significance. ND; Not Determined; AFLB1: Aflatoxin B1; AFLB2: Aflatoxin B2.

Conclusion

The study has established that unit operations such as dehu-
Iling, roasting of groundnuts at temperatures of 120, 130, 140
and 160 °C for 30 to 130 minutes and processing into kulikuli
drastically reduced aflatoxin content of kulikuli product. It was
also shown that the kulikuli contaminated with aflatoxin also
affected weight gain by the animals as the animals fed with the
aflatoxin laden product did not gain weight after 21 days of the
study. Furthermore, the effect of consumption of contaminated
feed on the vital organs of experimental animals were also elu-
cidated as the architecture of the spleen, kidney and liver of
rats exposed to highest level of AFB1 and AFB2 were distorted
depicting the potentials of aflatoxins B1 and B2 as cancer caus-
ing agents. However, the tissues of vital organs of rats fed on
aflatoxin-free diet and diet treated with lower level of AFB1 and
AFB2 were majorly without distortions.
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