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ABSTRACT
Objective: This review article was conducted to highlight both viral and fungal foodborne situations in Sudan and their health impacts 
aiming to help health policymakers in introducing strict intervention measures.

Method: The review uses up-to-date data via manual screening of the titles and abstracts of retrieved articles using string foodborne 
diseases in Sudan and foodborne illnesses as keywords to obtain publications from the electronic databases PubMed, Scopus, and Google 
Scholar from the year 2000-2020 using the publish or perish tool, the databases were reviewed from January to April 2022.

Results: Foodborne viruses and Mycotoxins produced by certain fungi; are considered among the top priorities and have become of great 
concern to the food industry over the last few years because their contamination can occur at any point in the nutritional supply chain 
besides their serious effects on human health both long and short term.

Conclusion: The review on major food borne viral and fungal diseases in Sudan is an important issue to guard against contamination with 
such micro-organisms and prevent their illnesses.
Keywords: Enteric viruses, Norovirus, Aflatoxins, Mold, Aspergillus flavus.

A Review of Sudan’s Major Food-Borne Viral and Fungal 
Diseases

1. INTRODUCTION

Many serious foodborne outbreaks in the African region 
result from the consumption of contaminated ready-to-
eat foodstuffs informally sold as street foods. Thus, the 
health aspects and food safety pose a real challenge to the 
food safety regulators. But because of the shortage of food 
supplies, people care more about hunger satisfaction than 
food safety, which negatively affected the global situation. 
The main predisposing factors for foodborne illness include 
unhealthy practices, undercooking, and lack of refrigerators, 

besides environmental causes such as polluted water, unsafe 
waste disposal, and exposure of food to insects or dust (1). 
This review article aims to highlight both viral and fungal 
foodborne situations in Sudan and their health impacts.

1.1. Foodborne viruses in Sudan

Infectious diseases, heavy metals, chemical pollutants, and 
natural poisons like toxic mushrooms produced foodborne 
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illness pandemics. The earliest reported foodborne infection 
occurred about 323 B.C., when Alexander the Great died 
of typhoid (2). Foodborne illness was misdiagnosed as 
poisoning before current microbiology. Before the 1960s, 
epidemics were frequently poorly recorded and might not 
have been seen. The 1971 Bon Vivant Outbreak recorded 
such events. After the Bon Vivant case, many foodborne 
outbreaks from the 1960s or earlier were not completely 
written down and may not have been reported until the 
Jack-in-the-Box Outbreak (3). Foodborne illness outbreaks 
are most often caused by Norovirus. It was agreed that viral 
control measures are required all along the food processing 
chain. However, the effectiveness of such control procedures 
and how to validate properly their performance still needs 
to be understood (4). Because viruses do not reproduce 
in food, their infectivitey depends on virus stability and 
individual susceptibility. A load of foodborne enteric viral 
diseases is often difficult to assess since mild illnesses may 
pass unnoticed, however; such viruses can survive long 
periods by tolerating fluctuating environmental conditions. 
And so, testing for water contamination is important to guard 
against diarrheal disease caused by them. As a result of an 
enhancement in the sensitivity of detection methods and an 
increase in reporting, the number of outbreaks has recently 
increased (4).

1.2. Enteric Viruses

Enteric viruses are microorganisms that spread widely, 
producing human infections ranging from clinically 
asymptomatic most often, to gastroenteritis, hepatitis, and 
even meningitis (5). Such infections are communicated 
by the faeco-oral route. In the Western world, norovirus 
(NoV) and hepatitis A virus (HAV) are yet considered at the 
bleeding edge of human foodborne microbes considering 
the number of episodes and individuals influenced (6). Other 
viruses (rotavirus, hepatitis E viruses, and sapovirus) can also 
represent a risk to mankind (7).

1.3. Foodborne Viral Situation in Sudan

1.3.1. Rotavirus

Worldwide Rotavirus is the main causal agent of severe 
diarrhea among children under 5 years of age, causing 
610,000–870,000 deaths yearly. Class A rotaviruses are the 
main causative agents of severe diarrhea in children. It is one 
of the Reoviridae family members that are non-enveloped 
and has double-stranded RNA. The Rotavirus genus has an 
11-segment genome covered (1). In Sudan, viral genotyping 
was studied based on the viral proteins (VP4 and VP7) by 
nested PCR and gene sequencing results showed the VP7 
predominant G class was G1 (8). Two epidemiological studies 
conducted on under-5-year-old children infected with 
rotavirus in Omdurman Pediatric Hospital, Sudan; The first 
was a setting-based study over one year, which concluded 
that rotavirus represents a public health problem among 
Sudanese children younger than five years and that effective 

control procedures are essential to reduce this problem (9). 
The other study found that rotavirus prevalence was 25% in 
children under the age of five, and that rotavirus vaccine, 
accurate and routine diagnosis of acute child diarrheal 
infection aids in accurate management, preventing antibiotic 
use, and reducing the prevalence in vulnerable children 
(10). Although fecal-oral contact is the known mode for 
transmission of rotavirus, contaminated hands and surfaces 
and the respiratory route are also reported (11). Another 
study targeted the spread of rotavirus and adenovirus, 
which are responsible for diarrhea among refugees in 
Khartoum, Sudan. All study population data was collected, 
and ICT and PCR were used as viral detection procedures. 
The study results showed that most diarrheal cases under 
five years of age were caused by rotavirus class A (VP6). It 
also indicated that most of the patients were using raw 
water obtained from donkey carts and those who lived in 
poor environmental conditions with no access to toilets 
(12). Considering the histological pattern of the upper 
gastrointestinal tract, rotavirus targeted epithelial cells of 
the proximal part of the small intestine (enterocytes) where 
they started to replicate. These cells undergo necrosis and 
shedding with the loss of their digestive enzymes, leading 
to primary malabsorption, especially for carbohydrates and 
proteins. Loss of enterocytes leads to villous atrophy with 
reactive inflammatory reactions and crypt cell hyperplasia. 
These changes will increase the severity of diarrhea. Recovery 
from villi takes 1–10 days. Infected children excrete billions of 
virus particles with each motion of their stools. These viruses 
can survive in the environment for several days or weeks 
(13). The malabsorptive component of diarrhea is due to 
the accumulation of unabsorbed carbohydrates, water, and 
other nutrients in the intestinal lumen. Since the revelation 
of the NSP4 enterotoxin, it has been suggested that there 
is an extra secretory part in the pathogenesis of diarrhea 
caused by rotavirus (14). Recovery from the first infectious 
episode may lower the severity of the following motions 
but does not induce long-lasting immunity (9). Rotavirus 
infection has a considerable economic impact on medical or 
non-medical resources, affecting all healthcare settings and 
resulting in considerable costs for national healthcare payers, 
patients’ families, and employers (15). Detection methods 
for such viruses include electron microscopy and nucleic acid 
detection. Both are highly specific and sensitive. Rotavirus viral 
antigen detection is the most widely accepted diagnostic tool 
that depends on the revelation of protein antigens on virus 
molecules in stool samples (16). Molecular-based detection 
of Astro-virus and class A and B Rotavirus was carried out in 
children less than 5 years old with gastroenteritis in Aljazeera 
and Khartoum states, Sudan. All samples were tested by RT-
PCR amplifications after RNA extraction to detect Astro-virus. 
According to this study, Astro-viruses are an important cause 
of gastroenteritis like rotavirus, and to avoid the spread of 
nosocomial viral gastroenteritis infections in pediatric units, 
the detection of rotavirus and Astro-virus assays in clinical 
diagnosis must be carried out (12).
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1.3.2. Noroviruses (NOV)

With the universal improvements in the detection methods 
of viruses in foods, (NoV) is now considered the commonest 
virus that causes foodborne disease. The role of asymptomatic 
food handlers who contribute to the outbreak is becoming 
increasingly apparent, being responsible for up to a quarter 
of outbreaks (17). Despite their impacts and prevalence, 
little information about the life cycle and the pathological 
aspects related to the norovirus-induced disease is available. 
Intestinal infection is the basic side, but extra intestinal 
spread and correlating pathologies have also been detected. 
Preventive and control measures for Norovirus infections are 
very difficult because of their low infectious dosage, high 
shedding titer, and environmental stability. The virus can be 
transmitted by different routes; foodborne and person-to-
person are the most significant (18). Hepatitis and Norovirus in 
Western countries, infections are among the most significant 
foodborne pathogens in terms of the number of episodes and 
the impact on individuals., the clinical result of NoV disease 
is generally gentle. Asymptomatic diseases are far-reaching 
and may take an interest in the spread of contamination 
(19). In any case, information is restricted about the rate and 
epidemiological information of such infections in Sudan. A 
study was led to examine the sub-atomic based on the study 
of disease transmission of NoVs in children under 5 years of 
age suffering from severe gastroenteritis in Al Gezira state, 
Sudan. It showed that acute gastroenteritis in children under 
5 years of age is mainly caused by norovirus. These findings 
highlighted the importance of introducing routine norovirus 
laboratory investigation in hospitals admitting children with 
gastroenteritis (20). Another study was conducted targeting 
the molecular epidemiology of bacterial and viral causative 
agents of diarrhea among children in Khartoum State, Sudan. 
The study investigated the epidemiological and clinical factors 
of bacterial and viral etiology in children suffering from severe 
diarrhea in Khartoum State. The collected samples were 
tested by Multiplex RT-PCR. Results showed that rotavirus 
was the main causative agent (10.2%) of the isolated 
enteroviruses, followed by norovirus G2 (4.0%). Outbreak 
control is dependent on infection control procedures such 
as hand washing and disinfection, avoiding contact with 
infectious individuals, and sterilizing the environment (21).

1.3.3. Hepatitis A virus (HAV)

 HAV is a small, non-enveloped, SS – RNA virus, it is resistant 
for acids and thermostable (22). The common route of 
infection in non-immunized people is the fecal-oral route. 
The disease is mainly associated with unsafe food or water, 
poor sanitation, inadequate personal hygiene, and anal-
oral sex. HAV can live and persist in the environment, and 
it resists procedures used routinely in food production for 
inactivation and/or control of bacteria (23). Hepatitis A 
viruses multiply in the liver cells disturbing its function. It 
induces an immune reaction that causes inflammation of the 
liver. HAV infections aren’t very well known in Africa, but the 
available data shows that the endemic is still high in most 
African countries, except for some parts of South Africa (18). 

Rate of HAV in asymptomatic food handlers in Khartoum 
State was targeted by investigating 70 food handlers using 
the ELISA method for detection and concluded that the high 
prevalence rates of HAV antibodies detected in their samples 
raised the possibility of being a source of HAV infection 
outbreaks in the community (24). Another study obtained 
the same conclusion after testing 90 food handlers working 
in Khartoum cafeterias, serologically using an enzyme-linked 
immuno-sorbent assay (ELISA) to detect IgG and IgM. The 
virus doesn’t cause only chronic liver disease; but it can 
cause very bad acute liver symptoms that can lead to death. 
In the year 2016, WHO estimated that people who died due 
to hepatitis A globally were 134, representing 5% of the total 
death rate from hepatitis. A report of a very bad case of the 
same virus has been made by UN peacekeepers in South 
Sudan (23). The most widely accepted diagnostic tool for 
hepatitis A is the discovery of the emergence of antibodies, 
especially of the IgM type using an enzyme immunoassay. 
However, the detection of HAV RNA is thought to be a good 
way to tell if someone has the disease even if they don’t have 
specific antibodies (25).

1.3.4. Hepatitis E virus

 Hepatitis E virus is the main causative agent of hepatic 
toxicity globally (HEV), especially in young people, and 
it often causes fatal symptoms in pregnant women (10). 
Due to water pollution, the fecal-oral route is the mode of 
transmission, but there are also animal sources. The course 
of the HEV is like other acute hepatitis viruses, and the rate 
of infection is high in young people. The virus does not have 
a chronic clinical picture, but asymptomatic infections are 
common. The death rate among pregnant women reached 
25% (26). In the periods between the epidemics of hepatitis 
E, some studies published individual cases in Africa and some 
research was conducted on the incidence of the disease in 
Sudan (in patients from the adjacent states of Kordofan and 
Darfur, 25% were diagnosed with a mortality rate of 10%, 
especially among pregnant women). In June 2004, a large 
epidemic of hepatitis E was reported among the displaced 
camps in the state of Darfur, western Sudan, and at the 
borders with Chad, which seem to be an attractive area 
for researchers. About 5,000 HEV infections were recorded 
over a 6-month duration. A group of work, sponsored by the 
non-governmental organization Epicenter in refugee camps 
in Darfur, Doctors Without Borders, WHO, and the Centers 
for Disease Control in refugee camps in Chad, conducted a 
field study of this large epidemic (26). Within the same study 
population mentioned above, another study was carried 
out to detect the genetic diversity in the composition of the 
hepatitis E virus in Darfur, western Sudan, and neighboring 
Chad. The sequence at the ORF2 site was compared between 
23 Sudanese and 5 Chadians who were isolated from the virus, 
and by presenting the results, it was found that more than 
99.7% of the strains belong to Genotype 1 with high similarity. 
While four Chadian isolates were close to Genotype 2, this 
sparked widespread debate about the possibility of multiple 
disease sources (27). A third study was carried out to review 
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hospital records of hospitalized patients to assess the effects 
of this virus on pregnant women in Mornay camps, Darfur, 
Sudan, during the epidemic period. The conclusion showed 
the drastic effect of this disease on pregnant women, with a 
particular death rate of 31.1% (26). Another study conducted 
among the same population aiming to impose the feasibility 
of comparing the amplification of HEV RNA obtained 
from dried blood spots or serum to explain the biological 
characteristics of asymptomatic individuals and patients 
concluded the first report using RT-nucleic acid amplification 
of the dry blood spot that was obtained in tropical conditions 
in the refugee camps at the time of the epidemic spread, and 
because this mechanism is the easiest for children as it only 
needs 50 ml of blood and it does not need sedimentation 
or cooling, it may be the most reliable and accurate way to 
use it in such research in developing countries (26). The role 
of water treatment methods was the topic of another study 
conducted among the same population in Darfur, Sudan. A 
case and a retrospective cohort study were conducted to 
detect risk factors for asymptomatic and clinical hepatitis E, 
respectively. Being a young adult and drinking chlorinated 
surface water were detected as risk factors for both 
asymptomatic and clinical HEV infection. Although this was 
not found to be statistically significant, two donkeys were 
positive for HEV RNA detected in serum samples, concluding 
that the current precautions to ensure a safe water supply 
may not be enough to deactivate HEV and control this 
epidemic. This study indicates the need to evaluate current 
water manipulation procedures and to identify other 
methods adapted to complex emergencies (28). A conclusive 
study conducted to investigate the serological epidemiology 
among mothers and neonates in Medani Hospital, Sudan, 
measured the level of HEV Immunoglobulin G (IgG) antibodies 
and showed a significant rise of these indicators in pregnant 
women in central Sudan without considering their age, 
gestational age, or even the number of their births. These 
results highlight that optimum preventive procedures should 
be used against HEV infection (29). The seroprevalence of 
HEV in South Sudan’s homeless was detected in another 
study. The study indicated that infections with HEV are 
more prevalent than estimated previously, proposing the 
likelihood of a higher (yet not detected) burden than even 
reported (30). In a descriptive and cross-sectional study, 
using immunological tests (ELISA), the frequency of IgG 
and IgM antibodies in pregnant females at the Maternity 
Hospital of Dongola, Northern Sudan was determined in 
a descriptive and cross-sectional study. The study was 
conducted in November 2015. The results showed that HEV 
antibody (IgG) has a low frequency among pregnant women, 
and they recommended that HEV antibody testing should be 
performed on pregnant females in Sudan, and that prenatal 
screening for pregnant women will ensure that doctors can 
pay more attention to preventing the transmission of HEV 
in the perinatal period (31). A raised prevalence of HEV in 
pregnant women in Port Sudan city, Sudan in a cross-sectional 
study was documented in November and December 2015. 
It investigated the seroreactivity, and HEV RNA molecular 
positivity in pregnant women was determined (32). Another 

study in Port Sudan, Eastern Sudan, reported a Hepatitis E 
outbreak in the period of November 2010 to March 2011, 
where maternal mortality was as high as 28.2%. In this study, 
serological tests were done using ELISA to investigate IgG and 
IgM Anti-Hepatitis E virus in 39 pregnant women who came 
to Port Sudan hospital with different signs of viral hepatitis 
(33) The seroprevalence of hepatitis E in food handlers in 
Khartoum, Sudan was investigated among females and 
males who worked in different cafeterias in Khartoum state, 
using commercial tests with high specificity and sensitivity 
(ELISA) to detect the virus. The study concluded that HEV was 
found to be significantly high among food handlers (15.5%) in 
Khartoum state (34). The symptoms of foodborne illnesses are 
vomiting, diarrhea, which might lead to dehydration, fever, 
colic, headache, arthralgia, and myalgia. The final diagnosis 
can be done by stool culture or by advanced laboratory 
techniques. Anyhow, empiric treatment must be started 
before obtaining the laboratory results if a foodborne illness 
is suspected. Rehydration is a cornerstone if the patient is 
clinically dehydrated besides antibiotic therapy. Foodborne 
disease cases should be reported to health agencies (35).

2. CONTROL OPTIONS OF VIRUSES IN FOOD PROCESSING

Control, prevention, and treatment of foodborne illnesses are 
very costly. Control measures are limited and include that the 
vomit and/or diarrhea must be cleaned up and disinfected, 
besides the avoidance of food handling by infected people. 
The development of diagnostic procedures increases the 
chances of the identification of enteric viruses, especially 
in developing countries where the data is still limited (36). 
Studies on the stability of foodborne viruses are also minimal 
because most of them don’t grow in laboratory cultures. But 
such studies confirmed that viruses can survive a variety of 
preservation methods. Intervention procedures that induce 
the inactivation of microbes are necessary to obtain a 3-log 
degradation of the level of viruses. Purification of fresh 
bivalves, on the other hand, is insufficient to prevent viral 
outbreaks in any case, because the type of food and the virus 
tested affect the specific food preservation methods (37).

3. FOODBORNE FUNGI IN SUDAN

3.1. Impact of Mycotoxins on Human Health

Mycotoxins are harmful mixtures that a few kinds of mold 
(fungi) normally produce. Mold, which can excrete mycotoxins, 
develops in numerous food varieties. It can form either before 
or after collecting and during storage, on or in the actual 
food. This typically happens in hot, wet, and damp conditions. 
Most mycotoxins are synthetically stable and tolerate food 
preparation (38). In Sudan, the situation of the inability to 
address contamination with mycotoxins for basic foods makes 
all measures to reduce the formation of mycotoxins and 
pollution urgent and necessary for the Sudanese population 
(39). Mycotoxins of concern in sorghum in sub-Saharan 
African countries about prevalence, concentration, and 
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potential exposure to health risks. The results of researchers 
who conducted a study on these toxins in four countries, 
including Sudan, indicate an urgent need to study, establish, 
and implement a coherent pre-and post-harvest management 
system to ensure safety at all levels in the sorghum production 
chain in those countries. These countries are encouraged to 
practice and implement programs to improve the application 
of good agricultural practices through transportation, storage, 
and final distribution (38).

3.2. Common Fungi Causing the Foodborne Diseases

Aflatoxins, ochratoxin A, patulin, fumonsens, zyaralenone, 
nevanol, and deoxy-nephallinol are the most widely 
recognized mycotoxins that are a source of concern for 
human and animal wellbeing (40). Mycotoxins show up in 
the food chain of life because of crop contamination with 
form both before and after the harvest. Intoxication can 
happen directly by ingesting contaminated food or indirectly 
by animals that have been fed with contaminated feed, 
especially the milk of these animals (41). Mycotoxins are 
generally found in food varieties, which is why they are of 
concern. Some foodborne mycotoxins have acute effects and 
are accompanied by severe clinical symptoms that appear 
quickly after consuming a contaminated food product, 
while other mycotoxins are connected to long-term health 
effects (cancer and immunodeficiency). Ahmed and Al-Bashir 
(42) examined samples of peanuts and their products that 
were collected from three Sudanese states: Khartoum in 
central Sudan, Kordofan in its west, and Gedaref in the east, 
which represent peanut producing states. The researchers 
examined the contents of samples of aflatoxin AFB1, AFB2, 
AFG1 and AFG2 using the method of high-performance liquid 
chromatography (HPLC) with fluorescence detection. They 
reported that a sample of peanuts or peanut products was 
not contaminated with AFG1 or AFG2. The highest numbers 
of specimens contaminated with mycotoxins are found in 38 
analyzed 43 samples of peanut butter from Khartoum state 
and found 100% contamination.

3.3. Fungi That Producing Mycotoxin

Aspergillus flavus and Aspergillus parasiticus are responsible 
for the production of aflatoxins, the most toxic mycotoxins that 
grow in soil, deciduous plants, and grains. Crops frequently 
affected by the multiple Aspergillus species incorporate oilseeds 
(soybeans, peanuts, sunflower, and cottonseeds), grains (corn, 
sorghum, wheat, and rice), spices (chili pepper, black pepper, 
coriander, turmeric, and ginger) and nut fruits (pistachios, 
almonds, walnuts, and walnuts). M1 aflatoxin can be found in 
the milk of animals fed with contaminated feed (43).

Kabbashi et al. (2017) (44), collected and analyzed 25 
samples of roasted peanuts in Khartoum for their content 
of aflatoxins. The results of analyzing aflatoxin content 
showed a high rate of contamination in all samples, and 
that there were significant differences between the samples 
collected from Khartoum, Khartoum North, and Omdurman, 
and that the contamination rate reached 84%, which is a 

worrying result that shows the risk of consuming roasted 
beans contaminated with aflatoxin for consumers, especially 
children. Large doses of aflatoxin can lead to acute toxicity 
(aflatoxin poisoning) and may be life-threatening, usually 
by damaging the liver. Aflatoxins have additionally been 
demonstrated to be genotoxic, implying that they are harmful 
to DNA and can cause cancer in animal species (45). A few 
types of Aspergillus and Mycobacterium produce ochratoxin 
A, which is produced by and is a common mycotoxin that 
contaminates food. Ochratoxin A is formed during crop 
storage and is known to cause several toxic effects on animal 
species. The most sensitive and prominent effect is kidney 
damage, but the toxin may also affect the development of 
the fetus and the immune system. On the contrary, while this 
link has not been proven in humans, the effect on the kidneys 
was demonstrated in 2016 (46).

Patulin is a fungal toxin produced by a range of molds, 
notably Aspergillus, Penicillium, and Byssochlamys. Patulin, 
which is normally found in apples and spoiled apple items, 
may also be found in natural products, grains, and other 
rotten food varieties. The primary wellsprings of patulin 
in the human eating routine are apples and apple syrup, 
both produced using defiled organic products. In animals, 
severe manifestations include liver, spleen, and kidney 
damage, as well as immune system inebriation. With respect 
to the individual, queasiness, gastrointestinal unsettling 
influences, and spewing have been accounted for. Patulin 
is genotoxic, but the potential for causing cancer has not 
yet been established (47). Fusarium fungi are common 
in soil and produce several different toxins, including 
trichococcins such as deoxy-nephallinol, nephallinol, T2 
and HT2 toxins, zearalenone, and phaeomonsenate (48). 
Mold and toxins occur on a range of different cereal crops. 
Various fusarium toxins are associated with certain types of 
grains. For example, Zyaralenone is commonly associated 
with wheat, the T2 and HT2 toxins are associated with oats, 
and phyomonsenat is associated with corn. Trichococcins 
can be highly toxic to humans, causing rapid skin or gastric 
mucosal irritation and leading to diarrhea. Chronic effects 
reported to occur in animals include suppression of the 
immune system. At high intake levels, particularly in pigs, 
zyaralenone has been shown to have effects on hormones 
and estrogen and may cause sterility at high intake levels. As 
for the phyomonsens, it is associated with esophageal cancer 
in humans and liver and kidney toxicity in animals (49). 
Patulin is genotoxic, but the potential for causing malignant 
growth has not yet been established (50). Fusarium is a large 
genus of soil fungi that produces trichococcins such as deoxy-
nephallinol, nephallinol, T2 and HT2 poisons, zearalenone, 
and phaeomonsenate (51). Shape and poisons occur in a 
variety of grain crops. Different fusarium poisons are related 
to kinds of grains. For instance, Zyaralenone is ordinarily 
connected with wheat, the T2 and HT2 poisons are related 
to oats, and phyomonsenat is related to corn. Trichococcins 
can be profoundly harmful to people, causing fast skin or 
gastric mucosal disturbances that lead to the runs. Persistent 
impacts happen in animals that incorporate concealment of 
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the immune system. Zyaralenone has been demonstrated 
to have consequences for chemicals and estrogen and may 
cause sterility at high admission levels, especially in pigs. The 
phyomonsens is linked to esophageal cancer in humans and 
liver and kidney toxicity in animals (49).

3.4. How to Reduce the Health Risks from Mycotoxins

Note that the mold that produces mycotoxins can develop 
on various crops and food sources and get into food sources 
deeply, not simply on a superficial level. Normally, mold 
does not grow on foods that are well dried and preserved, 
so effective drying of goods and keeping them dry, or storing 
them appropriately, is an effective measure to control mold 
growth and the production of mycotoxins (52). Ferreira, et 
al. (53) reported that the UV-C radiation therapy is efficient 
in fungal decontamination, photodegradation of mycotoxins, 
and release of bound phenolics in black and red rice grains 
after exposure for one hour, without affecting changes in 
cooking and color qualities.

3.5. Aflatoxins

The effect of heat treatment on the level of aflatoxin Bl on some 
Sudanese peanut (Arachies hypogaea L.) samples and peanut 
products was investigated. In this study, samples of peanuts 
from Al-Managel, Sudan (irrigated sector), and Kordofan 
(rainfed sector) regions were obtained and examined. The 
fungal count was higher in samples collected from the rainfed 
sector compared to the irrigated sector. The mean level (ppb) 
of aflatoxin Bl (AFBI) was 9.33, 4.67, and 3.33 in the Kordfan 
1, Kordofan 2, and Al-Managel samples, respectively (Figure 
1). However, AFBI was absent in the Gezira samples. Results 
also showed that roasting lowered the levels of AFBI in most 
of the samples that were tested. The greatest reduction was 
achieved when samples were roasted at 175 °C for 20 minutes 
of Kordofan samples led to a reduction of 19% in the levels of 
AFBI, while the reduction was 78% by the roasting-blanching 
method. The traditional confectionery products made from 
the most contaminated peanut samples displayed low levels 
of AFBI in Mundaco and Fulia, while Lucom was devoid of any 
AFBI. This was because the alkaline conditions in the latter 
were different from those in the first (54).

Table 1. Permissible limits for some mycotoxins in food
Type of cropPermissible limit

 (μg / kg)
Type of mycotoxin

Peanuts – corn – other 
foods

0-50Aflatoxin B + G

Fodder0-1000
Milk1.0-0.05Aflatoxin M1
Corn – rice – barley – 
legumes

300Ochratoxin A

All foods30 – 1000Zeralone
Apple juice20-30Patulin

It has been demonstrated that aflatoxin contamination 
was found to be high in seeds from insect-damaged pods 

compared to mechanically harvested damaged pods. On 
the other hand, healthy, intact pods are free from aflatoxin 
contamination. As regards the contamination of the various 
peanut products (paste, grey and red roasted nuts), both grey 
and roasted nuts were highly contaminated when compared 
to the healthy groundnut seeds (55).

In another study, it was found that chips that were sold in 
the local supermarkets in Wad-Medani city contained high 
levels of aflatoxins. These snack foods, which are preferred 
by children, are more likely to be infected with this type of 
mycotoxin.

In a study conducted (54), they investigated the levels of 
aflatoxin contamination with A. flavus and the aflatoxin 
contamination of groundnut samples collected from 
various locations in Gezira State (Figure 2). Aspergillus flavus 
development and aflatoxins creation was explored were at their 
minimum in samples collected from the villages (producing 
areas) in comparison to elevated levels in samples collected 
from the supermarkets in Wad Medani city. However, samples 
collected from local markets in the producing areas were less 
contaminated. The inhibitory impact of some fundamental 
oils on Aspergillus flavus development and the creation of 
aflatoxins was explored (54). The outcomes showed that clove 
oil was the best inhibitor oil in the diminishing mycelial growth 
of the organism, concerning both mycelial spiral growth and 
mycelial dry weight. Also, even though cumin oil was not 
hindering mycelial development totally, it was second best to 
clove oil. It gave significantly preferable inhibition over control 
at all its tried concentrations.

Table 2. Aflatoxin contamination of some peanut products (Packed 
or non-packed) from various Local markets in the Gezira State, 
Sudan.
Location Peanut paste Roasted Peanut Fried Peanut

Packed Unpacked Packed Unpacked Packed Unpacked

Al – Hoosh 6.3 0.1 7.0 0.2 9.2 0.01
Al-Medina 
Arab

8.0 2.0 9.1 0.5 10.1 0.20

Al_Fao 8.5 3.0 10.2 0.6 9.3 0.33
Soug 
Merkazi

25.3 5.0 29.5 6.6 25.3 6.1

Malaga 28.5 3.0 29.8 7.0 20.0 8.0

4. CONCLUSION

Foodborne diseases are considered one of the main reasons 
for illness and death, particularly in countries that suffer from 
poor economic conditions, as in Sudan. The review reported 
that many types of research revealed that viral and fungal 
foodborne infections are critical, life-threatening health 
problems in Sudan; Hoping that national food safety systems 
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and protective measures such as awareness and training of 
employers should be followed and applied in Sudan.

Table 3. Levels of aflatoxin contamination (ppm) of seeds of certain 
crops other collected from the two markets of Wad medani, Sudan 
and stored differently for one month
Crops Packed Unpacked Packed Unpacked
Wheat 3.26 0.21 2.91 0.91
Faba bean 5.16 1.16 3.67 1.68
Phaseolus 9.60 3.25 3.67 2.50
Chickpea 6.33 2.33 5.33 2.10
Sorghum 3.50 0.91 1.90 0.80

Source: Abdelrahim, et al., (2012).
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