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Abstract

Contamination of poultry feeds with mycotoxin-producing fungi such as Aspergillus spp is a major threat to
animal and human food. This study was conducted to determine the occurrence of aflatoxigenic strain of fungi
in feeds, fed to birds in live-bird markets. Feed samples were collected from feeding troughs and feeder in
cages of birds and were inoculated on Sabouraud dextrose agar and Czypeck dox agar. Of 300 feed samples,
283 vyielded various fungal growth belonging to seven genera, four of them known to be mycotoxigenic.
Aspergillus, Rhizopus, Mucor, Dermatophyte, Yeast, Fusarium and‘Penicillium, whose isolation frequencies
were 78%, 6%, 5.67%, 2%, 2%, 0.33% and 0.33% respectively. The aflatoxin producing Aspergillus spp isolated
were A. flavus, A. parasiticus and A. nomius 126 (42%), 27 (9%) and 3(1%) respectively. In conclusion A. flavus
was the most frequently isolated, and it is a known aflatexin producer. It is recommended that mycotoxin
binders should be added to poultry feed to mitigate the effect of aflatoxin contamination of feed in live-bird
market.
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Introduction

Mycotoxins are poisonous chemical compounds zearalenone, deoxynivalenol and ergot alkaloids
and secondary metabolites produced by fungi (lgbal et al., 2014).

(Tola and Kebede, 2016). These secondary Mycotoxins affect feed quality by reducing the
metabolites which are produced by filamentous nutritive value and producing unpleasant smell. In
genera of fungi have deleterious effects on human addition, they contaminate feed, thereby serving
and animal consumers following consumption of as vehicle for animal and human infection
contaminated animal feeds and the economy of (Maciorowski et al., 2007). Feed contaminated
the country (WHO, 2006; Mostafa et al., 2012). with  mycotoxins negatively affect poultry
Globally, they cause diseases and human deaths performance and their health (Monson et al,
annually such as liver damage, esophageal cancer, 2014). The primary mycotoxins of concern in
reduced digestive enzyme activity, acute toxicosis, poultry feedstuffs are aflatoxins, which have four
immune suppression, and stunted growth in major forms: aflatoxin B1 (AFB,), aflatoxin B2
children (Liu and Wu, 2010; Salim et al., 2011). (AFB,), aflatoxin G1 (AFG;), and aflatoxin G2 (AFG,)
Sufficient quantities of mycotoxins in food and (Monbaliu et al., 2010; Lereau et al., 2012).
feedstuff can adversely affect human and animal Aflatoxin AFB; is the most potent and is derived
health. However, these toxic effects vary from sterigmatocystin a naturally occurring
depending on intake dose, toxin type, duration of carcinogen (Xu et al, 2000). Aflatoxin M; is a
exposure, metabolism, mode of action, and metabolite and derivative of AFB; that is formed
defense mechanism (Hussein and Brasel, 2001). and excreted in the milk of humans and animals
The significant mycotoxins of public health following ingestion of feedstuffs contaminated
concern are aflatoxins, ochratoxin, trichothecenes, with AFB; (Xu et al, 2000). Several studies
patulin,  penicillium,  fumonisins,  fusarium, revealed that A. flavus and Aspergillus parasiticus
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are of major concern in poultry production and the
most common producers of aflatoxin (Magnoli et
al., 2011; Ghadeer & Al-Delamiy, 2012). Of these
two Aspergillus species, A. flavus is found
frequently in contaminated feed (Varga et al.,
2011).

Preventing mycotoxicoses relies mostly on feed
management practices at live bird markets; this
reduces the level of exposure of birds to aflatoxin.
However, feed may leave the manufacturers free
of mycotoxin contamination and get exposed to
contamination at the level of live bird market.
Facilities in live bird markets are limited with poor
hygienic conditions especially stores where feeds
are kept, points of sale and slaughter (FAO, 2008).
Most birds in live bird markets receive feed from
containers which are poorly kept giving rise to
contamination of feed. It is therefore important to
understand the level of exposure to mycotoxin
contaminated feed. Information obtained in this
regard could form the basis for extending
mycotoxin avoidance to cover the entire poultry
value chain. This study was conducted to assess
occurrence of mycotoxigenic fungi in poultry feeds
in Zaria, Nigeria.

Materials and Methods

Study area

The study area was Zaria, Kaduna state, Nigeria.
The area has six major live bird markets (Sabon
Gari, Samaru, Tudun wada, Kwangila, Zaria city and
Dan Magaji). The population of Zaria is estimated
at 547,000 of the 2006 Nigerian census. It is
situated on latitude 11°7", 11°12"N and longitude
7°41"E (Mamman et al., 2000). Relative humidity
in Zaria is between 63.2- 68.8 %, average rainfall of
155.9-182.1mm, temperature range of 25-30.2°C,
and with a low evaporation “rate (154.2-
163.91mm). In addition, the vegetation is within
the guinea savannah (Mamman et al., 2000).

Study design

The study was a cross sectional approach. Six
major live bird markets within Zaria metropolis
were used for sample collection between August
2015 and January, 2016. Majority of the feed at
these markets were sourced from feed stores
across Kaduna state. The sample size was
calculated, based on an estimated prevalence rate
of 78% (Habib et al., 2015). The sample size was
263 but was increased to 300 to increase precision
and minimize sampling error. Therefore, 50 feed
samples were collected at each of the live-bird
markets.

Samples and Sampling

Three hundred poultry feed samples were
collected from six live bird markets from August,
2015 to January, 2016 and cultured for fungi. The
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feed samples were collected randomly from
feeding troughs and feeders per stand in live bird
market with a sterilised spoon and polythene bag.
Preparation of feed samples was as described by
Makun et al. (2010) and Udom et al. (2012). One
gram of feed was added into 9 mL of sterile
distilled water as one fold dilution in a sterile
polythene bag and homogenized with stomacher
(Stomacher® Bag, Seward, USA). A loopful of each
suspension was inoculated into a labelled sterile
Sabouraud Dextrose Agar (CM41-Oxoid, U.K.)
medium impregnated with Chloramphenicol and
incubated at room temperature for 3-5days.
Plates were examined grossly for characteristic
growth of Aspergillus species such as obverse and
reverse colour according to the method described
by James & Natalie (2001), Mycology-Critique
(2004), Giorni et al. (2007) and Bandh et al. (2012).
Czypeck Dox Agar (CM0097-Oxoid, U.K.) was used
as secondary differential ~media for specific
identification and growth of Aspergillus section
flavi. All the media were prepared following the
manufacturer’s instruction and sterilised by
autoclaving at 121 °C for 15 minutes. The growths
were stained ~using lactophenol on clean glass
slide. The slides were observed under x 10 and x
40 magnifications of a light microscope.

Data analysis
Data generated were analyzed using descriptive
statistics (Snedecor & Cochran, 1989).

number of samples with a species or

Fr(%) = genus x 100

Total number of samples

where Fr is isolation frequency

Results

A total of 300 feed samples were analysed for the
presence of fungal contamination in live bird
markets. A total of 283(94.33%) revealed the
presence of fungal organisms where Aspergillus sp
having the highest isolation frequency rate of
234(78%), while other fungi account for
49(16.33%). Similarly, 6 (2%) were dermatophyte,
17 (5.67%) mucor, 18 (6%) rhizopus, 1 (0.33%)
penicillium, 6 (2%) yeast and 1 (0.33%) fusarium
(Table 1). Similarly, of the 234 Aspergillus spp. A.
flavus was the most frequently isolated 136(42%),
48(16%) A. fumigatus, 27(9%) A. parasiticus, 9(3%)
A. nidulans, 15(5%) A. niger, 5(1.67) A. terreus,
3(1%) A. nomius and 1(0.33%) was A. caelatus
(Table 2).

In this study, the macroscopic view of Aspergillus
flavus on Sabouraud dextrose agar was yellow
green colony at room temperature and biseriate
vesicle microscopically as shown on plate I.
Aspergillus parasiticus on microscope had a



Sokoto Journal of Veterinary Sciences, Volume 15 (Special Issue), 2017

Table 1: Isolation frequency (Fr) of different genera of fungi from poultry feeds used in live bird markets in
Zaria

Isolation frequency  Aspergillus  Dermatophyte ~ Mucor Rhizopus  Penicillium  Yeast Fusarium

No. of Isolates 234 6 17 18 1 6 1
Fr (%) 78 2 5.67 6 0.33 2 0.33

Table 2: Prevalence of Aspergillus spp isolated from poultry feed in live bird market Zaria

Aspergillus isolated  No. of Isolates Isolation Frequency (%) Prevalence (%) (n=234)

A. caelatus 1 0.3 0.4

A. flavus 126 42.0 53.9
A. fumigatus 48 16.0 20.5
A. nidulans 9 3.0 3.9

A. niger 15 5.0 6.4

A. nomius 3 1.0 13

A. parasiticus 27 9.0 11.54
A. terreus 5 1.7 2.1
Total 234 78.0 100.00

ra
Plate I: (Macro (A) and Microscopic (B) A. flavus): A: Yellow to green colony at 27°C after 7 days on Sabouraud
dextrose agar. B: Biseriate head with globose vesicle

Plate II: (Micro(A) and Macroscopic(B) Aspergillus parasiticus); A: Biseriate head with subglose and globose
vesicle (Magx40) B: Dark green colony at 27 °C after 7 days on Czypeck dox agar
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biseriate head with subglobose vesicle and the
colony on Czypeck dox agar with dark green color
macroscopically  (Plate Il). Plate Il shows
Aspergillus  nomius, a golden vyellow colony
appearance on Czypeck dox agar macroscopically
and biseriate head with globose vesicle under the
microscope. Mixed fungal contamination, yeast
and Fusarium stained with lactophenol cotton blue
are shown on plate IV(A), IV(B) and IV(C),
respectively.

Discussion

The results of this study showed that there was a
high level of fungal contamination (94.67%) in
feeds fed to birds in live bird markets which agrees
with other findings in Nigeria (Obi and Ozugbu,
2007; Osho et al., 2007; Uwaezuoke and Ogbulie,
2008; Habib et al., 2015; Aliyu et al., 2016). This
result is in agreement with the researches
conducted by Dalcero et al. (1997), Oliveira et al.
(2006), Rosa et al. (2006), Krnjaja et al. (2007) and

Saleemi et al. (2010), where they reported high
levels of fungal contamination in feed.

In this study, isolation frequency of different
genera of contaminating fungi ranked in
decreasing order; asperillus, rhizopus, mucor,
yeast, dermatophyte, fusarium and penicillium
which was in concordance with Saleemi et al.
(2010), Sivakumar et al. (2014) and Bhuyan et al.
(2015). These fungal isolations might have been as
a result of the season in which the research was
conducted which agrees with Murugesan et al.
(2015), that fungal growth is dependent on factors
such as seasons, location of grain cultivation,
drought and time of harvest. Some of the feed
might be poorly processed and handled. Most of
poultry sellers add water to their feed, to increase
the intake volume of feed, which encourages
mould growth and subsequent aflatoxin
production.

The high contamination level of Aspergillus spp.,
could be as a result of poor hygienic status of live-

>
}.

Plate Ill: (Macro(A) and Microscopic(B) Aspergillus nomius); A: Golden yellow colony at 27 °C after 5 days on
Czypeck dox agar. B: biseriate head with globose vesicle (Magx40)

-

Plate IV: (A)lsolates showing mixed fungal contamination (B)microscopic view of yeast (C) microscopic view of

Fusarium (Magx40)
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live-bird markets, the containers use in feeding
the birds, poor storage facility and the study area
been in northern guinea savanna with moderate to
high rainfall which might have been responsible
for the high frequency rate of Aspergillus spp in
live bird markets.

The predominant Aspergillus species observed in
this study was A. flavus 126(42%). This agreed with
the findings of Fapohunda et al. (2012), Davari et
al. (2015), Fakruddin et al. (2015) and
Ghaemmaghami et al. (2016). This might have
been that A. flavus can adapt to different
geographical locations especially the sub-tropical
and tropical regions of a country. Generally, high
water activity and high humidity are conducive for
Aspergillus growth (Fernandez-Cruz et al., 2010).
Conditions for the production of aflatoxins by A.
section flavi are 33 °C and 0.99a,, (Milani, 2013).
Thus, typical hot and humid atmosphere and
substandard storage conditions are required to
synthesize aflatoxins in agricultural products
(Atanda et al.,, 2013). Some of the metabolites
produced by these members of Aspergillus section
flavi are known to possess encoding genes for
aflatoxin production.

References

Aliyu RM, Abubakar MB, Yakubu Y, Kasarawa AB,
Lawal N, Bello MB & Fardami AY (2016).
Prevalence of potential toxigenic
Aspergillus species isolated from poultry
feeds in Sokoto metropolis. Sokoto
Journal of Veterinary Sciences, 14(1): 39-
44,

Atanda O, Makun HA, Ogara IM, Edema M, Idahor
KO, Eshiett ME and Oluwabamiwo BF
(2013). Fungal and Mycotoxin
Contamination of Nigerian Foods and
Feeds. In: Mycotoxin and Food Safety in
Developing Countries (HA Makun, editor).
InTech, Rijeka, Croatia. Pp 3—38.

Atehnkeng J, Ojiambo PS, Donner M, lkotun T,
Sikora RA, Cotty PJ & Bandyopadhyay R
(2008). Distribution and toxigenicity of
Aspergillus species isolated from maize
kernels from three agro-ecological zones
in Nigeria. International Journal of Food
Microbiology, 122(1): 74-84.

Azarakhsh Y, Sabokbar A & Bayat M (2011).
Incidence of the most common toxigenic
Aspergillus species in broiler feeds in
Kermanshah province, west of Iran.
Global Veterinaria, 6(1): 73-77.

Bandh SA, Kamili AN, Ganai BA, Saleem S, Lone BA
& Nissa H (2012). First qualitative survey
of filamentous fungi in Dal Lake, Kashmir.
Journal of Yeast and Fungal Research,
3(1): 7-11.

57

The predominance of A. flavus isolated from
poultry feed in the six live bird markets in the
study area is in agreement with previous reports of
Atehnkeng et al. (2008), Saleemi et al. (2010),
Azarakhsh et al. (2011), Ezekiel et al. (2014),
Fakruddin et al. (2015) and Aliyu et al. (2016).
That A. flavus is one of the most common fungi in
poultry feed samples showed that it can easily
adapt itself to various geographical regions, high
temperature tolerance and high (64-74%) humidity
levels. They possess a higher adaptability to grow
on substrates in a wide range of environment and
the production of spores that remain viable even
under extremely hard conditions (Saleemullah et
al., 2006).

In the present study, the contaminating mycotoxin
was Aspergillus spp., Yeast spp., Penicillium spp.
and Fusarium spp which are known mycotoxigenic
species contaminating poultry feeds. Aspergillus
flavus, A. parasiticus and A. nomius are known
aflatoxigenic species when present can be passed
to the bye-products”of poultry such as meat or
egg, therefore having a negative effect on human
health.

Bhuyan M, Syam R, Islam S & Atique FB (2015).
Prevalence of microflora and potentially
toxigenic fungi in poultry feed mixtures.
Annals of Food Science and Technology,
16(1): 267-273.

Dalcero A, Magnoli C, Chiacchiera S, Palacios G &
Reynoso M (1997). Mycoflora and
incidence of aflatoxins B1, zearalenone
and deoxinyvalenol in poultry feeds in
Argentina. Mycopathologia, 137(3): 179-

184.

Davari E, Mohsenzadeh M, Mohammadi GH &
Rezaeian-Doloei R (2015).
Characterization of aflatoxigenic

Aspergillus flavus and A. parasiticus strain
isolates from animal feedstuffs in
northeastern Iran. Iranian Journal of
Veterinary Research, 16(2): 150-155.

CN, Atehnkeng J, Odebode AC &

Bandyopadhyay R (2014). Distribution of

aflatoxigenic Aspergillus section falvi in

commercial poultry feed in Nigeria.

International Journal of Food

Microbiology, 189: 18-25.

Fakruddin MD, Chowdhury A, Nur Hossan MD &
Ahmed MM (2015). Characterization of
aflatoxin producing Aspergillus flavus
from food and feed samples. Springer
Plus, 4(1): 159-164.

Fapohunda SO, Moore GG, Ganiyun OT & Beltz SB
(2012). Toxigenic Aspergillus flavus and
other fungi of public health concern in

Ezekiel



Sokoto Journal of Veterinary Sciences, Volume 15 (Special Issue), 2017

food and organic matter in southwest
Nigeria, Mycology, 3(3): 210-219.

Fernandez-Cruz ML, Mansilla ML & Tadeo JL (2010)
Mycotoxins in fruits and their processed
products: Analysis, occurrence and health
implications, Journal of Advanced
Research, 1(2): 113-122.

FAO (Food and Agriculture Organization) (2008).
Nigeria consultative mission on
Assessment of the Nigeria poultry market
chain to improve biosecurity. United
Nations, Rome. Pp 18.

Ghaemmaghami SS, Modirsaneii M, Khosrvavi AR
& Eazzaghi-Abyaneh M (2016). Study on
mycoflora of poultry feed ingredients and
finished feed in Iran. Iranian Journal of
Microbiology, 8(1): 47-54.

Ghadeer AO & Al-Delamiy KS (2012). Aflatoxin
B1 production by Aspergillus flavus in
different media and containers and the
antifungal activity of garlic and black
cumin. Research Journal of Engineering
and Applied Science, 1(2): 117-121.

Giorni P, Magan N, Pietri A, Bertuzzi T & Battilani P
(2007). Studies on Aspergillus section flavi
isolated from maize in northern Italy.
International Journal of Food
Microbiology, 113(3): 330-338.

Habib MA, Abdu P, Kwanashie CN, Kabir J &
Negedu A (2015). Isolation and
identification of Aspergillus species from
poultry feeds in Kaduna state, Nigeria.
Microbiology Research International, 3(2):
27-32.

Hussein HS & Brasel JM (2001). Review: Toxicity,
metabolism and impact of mycotoxins on
humans and animals. Toxicology, 167(2):
101-134.

Igbal SZ, Rabbani T, Asi MR- & lJinap S (2014).
Assessment of Aflatoxins, Ochratoxin A
and Zearalenone in breakfast cereals.
Food Chemistry, 157: 257-262.

James GC & Natalie S (2001). Microbiology. A
Laboratory Manual. Benjamin/Cummings
Publishing Company, Redwood City,
California, USA. Pp 211-223.

Krnjaja V, Levi¢ J, Tomi¢ Z, Nesi¢ Z, Stojanovi¢ L &

Trenkovski S (2007). Dynamics of

incidence and frequency of populations of

fusarium species on stored maize grain.

Biotechnology in Animal Husbandary,

23(5-6): 589-600.

M, Gouas D, Villar S, Besaratinia A,

Hautefeuille A, Berthillon P, Martel-

Planche G, da Costa AN, Ortiz-Cuaran S,

Hantz O & Pfeifer GP (2012). Interactions

between hepatitis B virus and aflatoxin B1

Effects on p53 induction in Hepa RG cells.

Lereau

58

Journal of General
doi:10.1099/vir.0.032482-0.
Liu Y & Wu F (2010). Global burden of aflatoxin-
induced hepatocellular carcinoma: A risk
assessment. Environmental Health
Perspectives, 118(6): 818-824.
Maciorowski KG, Herrera P, Jones FT, Pillai SD &
Ricke SC (2007). Effects on poultry and
livestock of feed contamination with
bacteria and fungi. Animal Feed Science
and Technology, 133(1-2): 109-136
Makun HA, Anjorin ST, Moronfoye B, Adejo FO,
Afolabi OA, Fagbayibo G, Balogun BO &
Surajudeen AA  (2010). Fungal and
aflatoxin contaminations of some human
food commodities in Nigeria. African
Journal of Food Science, 4(4): 127-135.
Mamman AB, Oyebanji JO & Peters SW (2000).
Nigeria a People United. A Future
Assured, Survey of States. Nigeria:
Gabumo Publishing Company Limited,
Calabar, Nigeria. Volume 2. Pp 98-106.
Magnoli P, Monge MP, Miazzo RD, Cavalieri LR,
Magnoli CE, Merkis CI, Cristofolini AL,
Dalcero AM & Chiacchiera SM (2011).
Effect of low levels of aflatoxin B1 on
performance, biochemical parameters
and aflatoxin B; in broiler liver in the
presence of monensin and sodium
bentonite. Poultry Science, 90(1): 48-58.
Milani JM (2013). Ecological conditions affecting

Virology,

mycotoxin production in cereals: A
review. Veterinarni Medicina. 58(8): 405—
411.

Monbaliu S, Van Poucke C, Detavernier C,

Dumoulin F, Van De Velde M, Schoeters

E, Van Dyck S, Averkieva 0O, Van

Peteghem C & De Saeger S (2010).

Occurrence of mycotoxins in feed as

analyzed by a multi-mycotoxin LC-MS/MS

method. Journal of Agricultural and Food

Chemistry, 58(1): 66—71.

MS, Settlage RE, Mcmahoon KW,
Mendoza KM, Rawal S, El-Nezami HS,
Coulombe RA & Reed KM (2014).
Response of the hepatic transcriptone to
aflatoxin By in domestic turkey (Meleagris
gallopavo) PLosONE 9(6): e100930.
Mostafa A, Armin A, Hamid P & Reza AM (2012).

Review paper: Rapid detection methods
for analysis of fungi and mycotoxins in
Agriculture products. Research Journal of
Recent Sciences, 1(7): 90-98.

Murugesan GR, Ledoux DR, Naehrer K, Berthiller F,
Applegate TJ, Grenier B, Phillips TD &
Schatzmayr G (2015). Prevalence and
effects of mycotoxins on poultry health
and performance, and recent
development in mycotoxin counteracting

Monson


http://dx.doi.org/10.1099/vir.0.032482-0

Sokoto Journal of Veterinary Sciences, Volume 15 (Special Issue), 2017

strategies. Poultry Science, 94(6): 1298—
1315.

Mycology-Critique (2004). Mycology proficiency
testing program. Wadsworth Center, New
York state Department of Health. Pp 7-15.

CN & Ozugbo 1) (2007). Microbiological
analysis of poultry feeds sold in Umuahia
main market, Abia state, Nigeria.
Research Journal of Applied Sciences, 2(1):
22-25.

Oliveira GR, Ribeiro JM, Fraga ME, Cavaglieri LR,

Direito GM, Keller KM, Dalcero AM &
Rosa CAR (2006). Mycobiota in poultry
feeds and natural occurrence of
aflatoxins, fumonisins and zearalenone in
the Rio de Janeiro state, Brazil.
Mycopathologia, 162(5): 355-362.

Osho 1B, Awoniyi TAM & Adebayo Al (2007).
Mycological investigation of compound
poultry feeds used in poultry farms in
southwest Nigeria. African Journal of
Biotechnology, 6(15): 1833-1836.

Rosa CAR, Riberio JMM, Fraga MJ, Gatti M,
Cavaglieri LR, Magnoli CE, Dalcero AM &
Lopes CWG (2006). Mycoflora of poultry
feed and ochratoxin- producing ability of
isolated  Aspergillus and  Penicillium
species. Veterinary Microbiology, 113(1):
89-96.

Saleemi MK, Khan MZ, Khan A & Javed | (2010).
Mycoflora of poultry feeds and
mycotoxins  producing potential of
Aspergillus species. Pakistan Journal of
Botany, 42(1): 427-434.

Saleemullah K, Igbal A, Khalil IA & Shah H/(2006).
Aflatoxin  contents of stored and
artificially inoculated cereals and nuts.
Food Chemistry, 98(4): 699-703.

Salim AB, Zohair A, Hegazy AES & Said A (2011).
Effect of some  strains of probiotic
bacteria against toxicity induced by
aflatoxins. Journal of American Science,
7(1): 772-783.

Obi

59

Sivakumar VK, Singaravelu G & Sivamani OP
(2014). Isolation, characterization and
growth optimization of toxigenic molds
from different animal feeds in Tamilnadu.
International  Journal  of  Current
Microbiology and Applied Science, 3(9):
430-445.

Snedecor GW & Cochran WG (1989). Statistical
Methods, eighth edition, Ames lowa State
University Press. Pp 1-491.

M & Kebede B (2016). Occurrence,
importance and control of mycotoxins: A
review. Cogent Food and Agriculture,
doi:10.1080/23311932.2016.1191103.

Udom IE, Ezekiel CN, Fapohunda SO, Okoye ZSC &
Kalu CA (2012). Incidence of Aspergillus
section flavi and concentration of
aflatoxin in feed concentrates for cattle in
Jos, Nigeria. Journal of Veterinary
Advances, 2(1): 39-46.

Uwaezuoke J & Ogbulie J (2008). Microbiological
quality of commercially available poultry
feeds sold in parts of Eastern Nigeria.
Journal  of Applied Sciences and
Environmental Management, 12(1): 133-
117.

Varga J, Frisvad JC & Samson RA (2011). Two new

aflatoxin  producing species and an

overview of Aspergillus section Flavi.

Stud. Mycology, 69: 57-80.

(World Health Organization) (2006).

Mycotoxins in African foods: Implications

to Food Safety and Health. AFRO Food

Safety Newsletter 2, Rome. Pp 1-10.

Xu HX, Annis S, Linz J & Trail F (2000). Infection and
colonization of peanut pods by Aspergillus
parasiticus and the expression of the

Tola

WHO

aflatoxin biosynthetic gene, nor-1, in
infection hyphae. Physiological and
Molecular Plant Pathology, 56(5): 185-
196.



