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Abstract

Mycotoxins are toxins produced naturally by fungi. They are carcinogenic and can affect food quality and safety. Effect

of fermentation on aflatoxin content of ogi produced from moldy maize was investigated in this study. Moldy and non-moldy
maize grains were fermented and proximate, microbial and aflatoxin content analyses were carried on the samples for 72
hr fermentation periods at 24 hr intervals. Ogi was produced using the standard method of production and dried to give Ogi
flour. Results of the proximate analysis show decrease in protein, crude fiber, ash and carbohydrate contents during the
fermentation periods. The fat content of steeped non-moldy maize increased (4.32%-4.36%) compared to that of moldy maize
(3.94%-4.01%), but they are not significantly different. Microbial analysis showed a reduction in yeast and mold counts, with
values ranging from 7.0-0.50 CFU /g x 10*in non-moldy maize and 11.45-2.45 CFU/g x 10*for moldy maize at the end of 72
hr fermentation. Increased values of Lactic acid bacteria counts were observed at 48hr fermentation for both samples. During
fermentation, aflatoxin contents in the moldy grains reduced from initial concentration of 58.00 pg/kg in the raw maize sample
to 3.13 ug/kg at 72 hr fermentation period. This study has shown that aflatoxins content in moldy maize can be reduced by

natural fermentation processes.
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Introduction

Aspergillus  flavus and  Aspergillus parasiticus, are naturally
occurring mycotoxins that are produced by fungi [1]. Aflatoxin B,
is considered the most toxic and the presence of Aspergillus in food
products may not always indicate that harmful levels of aflatoxin also
are present; it implies a significant risk in consumption. Factors
related to environmental and agricultural practices favor mycotoxin
contamination of food materials in most of the African continents.
Biological decontamination of fungi/mycotoxins by microorganisms
has been reviewed in some papers [2-5]; however, there are little
research findings on the reduction of aflatoxins by microorganisms
during fermentation and its implications. The overall objective of
this research is to the effect of fermentation on the reduction of
aflatoxin content in moldy maize (Ogi).

Materials and Methods
Sample collection

The white variety of matured moldy and non-moldy maize grain
samples (3 kg each) were purchased in a local market (Mushin) in
Lagos, Nigeria. Selection of samples was based on the visual appearance
of the grains. A portion of the sample was finely milled in an electric
grinder for initial analysis of Aflatoxin content while the other portion
was kept for ogi processing.

Ogi processing

Both samples of maize grains were cleaned and winnowed to
remove foreign matter. The maize grains were further washed to
remove other impurities and dust adhering to the grain surface. The
grains were then steeped in water almost double the weight of the grains
at room temperature for 72 hours in a vessel which softens the kernels in
preparation for milling and allows room for some fermentation to take
place. The liquor was drained off, the grains were rinsed in fresh clean
water, and further wet-milled into a slurry and sieved with a muslin
cloth to remove fiber and a portion of the germ, the filtrate was allowed
to settle before oven drying into flour.

At 0 hr, 24 hr, 48 hr and 72 hr of fermentation, samples were
analyzed for different parameters, such as:

e Proximate composition: using standard procedure [6] (Table 1)
o Total Aflatoxin content: using ELISA method with Agraquant kit

e Microbiological Analyses following the standard procedures
Results and Discussion

Changes in the proximate composition of non-moldy and
moldy maize during fermentation

Results indicated that moisture content for both steeped non-
moldy and moldy maize throughout the fermentation periods were
significantly different (p= < 0.05). The protein content for both samples
decreased from 24 hr till the end of the 72 hr fermentation period.
Fermentation resulted only in a marginal improvement in the fat
contents for both samples, though not statistically significant. This may
be due to increased activity of the Lipolytic enzymes in the fermentation
medium which hydrolyzed fat to glycerol and fatty acid [7].

Fermentation significantly decreased the crude fiber content of
non-moldy maize during the steeping period from 3.05% (raw maize)
to 2.31% (72 hr steeping) and from 2.8% (raw maize) to 2.06% (72
hr steeping) for moldy maize. This decrease in fiber content may be
attributed to enzymatic degradation of the fibrous material during
fermentation [8]. However, ash content decreased significantly ranging
from 1.31% (raw maize) to 0.97% (72 hr steeping) for none moldy
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maize during the steeping period and from 1.23% (raw maize) to 0.62%
(72 hr steeping) for moldy maize. Akubor and Chukwu [9], reported
decreases in the ash content of fermented oilseeds.

Carbohydrate contents of both maize samples during the steeping
period significantly decreased as fermentation progresses. This is in
agreement with several researchers [9-11]. The decrease could be
attributed to the selective utilization of carbohydrates as an energy
source by fermenting microorganisms [12]. Increased activities of
a-amylase which hydrolyzes starch to simple sugar could also be
responsible for the reduction [13].

Changes in aflatoxin content of non-moldy and moldy maize

Table 2 and Figure 1 shows a decrease in aflatoxin contents of both
samples. At 48 hr steeping the now moldy grains has no aflatoxin,
similar trend could also be seen in moldy grains, where aflatoxin
contents reduced from initial concentration of 58.00 pg/kg in the raw
maize sample to 3.1 ug/kg at the 72 hr steeping period, which is still
within the maximum acceptable limit of 10.0 ug/kg. The toxicity of the
product was significantly reduced after fermenting with a progressive
decrease in the pH. This is in agreement with other studies, which
clearly show that lactic acid bacteria (Lactobacillus strains) involved
in natural fermentation efficiently remove aflatoxin from infested
raw materials [14,15]. It has been reported that removal of toxins is
through non-covalent binding of mutagens by fractions of the cell wall
skeleton of lactic acid bacteria [16]. Live microorganisms can absorb
either by attaching the aflatoxin to their cell wall components or by
active internalization and accumulation [17]. Yeast and LAB cells are

known to bind different molecules such as killer toxins and metal ions
on complex binding structures on the cell wall surface [18]. Differences
between strains of LAB with respect to aflatoxin binding indicate that
binding ability is highly strained specific [19]. In some of the earlier
studies, LAB is considered to be an inefficient binders of aflatoxin
B1 [20,21]. This may be due to the strains used in those studies were
binding low amounts of aflatoxins occurs.

Effect of fermentation on the microbial contents of non-
moldy and moldy maize grains during fermentation

Results on Table 3 indicated a reduction in the yeast/mold count at
48 hr and 72 hr fermentation period in both samples. In the moldy maize
sample, yeast/mold counts decreased to 50% at 48 hr and to 96% at 72
hr of fermentation. The bacterial population increased with an increase
in fermentation time in both moldy and non-moldy maize samples.
Fermentation resulted in increased Lactic acid bacteria counts at 48 hr for
both samples. This increase in Lactic Acid counts as observed in this study
is comparable to various studies carried out on fermented cereals [22,23].
The presence of molds at the initial stage of fermentation of maize for Ogi
production and the subsequent elimination had been reported previously
[24,25]. Mucoraceae fungi have roles in the initial phase of fermentation
mostly in saccharification of the substrates [26]. The study also confirmed
the major involvement of LAB in Ogi fermentation.

Conclusion

Mycotoxin-contaminated cereals can possibly be used in Ogi
production; this, however, does not substitute the use of grains that

Fermentation

Crude fat (%) | Crude fibre (%) Crude ash (%) Carbohydrate (%)
4.32 £0.03 3.05+0.01 1.31+£0.18 71.86 £ 0.03
3.94+0.20 2.80+0.26 1.23 £ 0.04 74.84 +0.01
4.33+0.25 2.64 £0.33 1.13+0.10 52.76 + 0.12
3.95 +0.06 2.71£0.50 0.84 £ 0.00 50.12 + 0.00
4.36 £ 0.56 2.52+0.39 1.04 £0.10 50.26 + 0.03
3.98 £0.21 2.32+0.13 0.75+0.10 48.94 +0.13
4.36 +0.24 2.31+0.01 0.97 £0.10 50.11 £ 0.05
4.01+0.01 2.06 +0.03 0.62 +£0.38 50.16 + 0.01

‘Mean of triplicate values + Standard deviation.

Legend:
SNMM-Soaked Non Mouldy Maize
SMM-Soaked Mouldy Maize

Table 1: Proximate composition of non mouldy and mouldy maize during fermentation.

Sample Duration Moisture content (%) Crude protein (%)

SNMM 0hr 9.66 + 0.02 9.75+0.30
SMM 8.09 £ 0.01 9.13+0.10
SNMM 24 hr 29.47 +0.18 9.67 £ 0.37
SMM 33.42+0.14 8.96 £ 0.10
SNMM 48 hr 32.62 +0.52 9.20+£0.10
SMM 35.58 + 0.32 8.43+0.12
SNMM 72 hr 33.15+0.05 9.13+0.10
SMM 34.73 £ 0.47 8.42£0.10
Sample Fermentation Duration |Aflatoxin content (ug/kg)

SNMM 0hr 0.772

24 hr 0.50%

48 hr NDe¢

72 hr NDe¢

“Values with the same superscript are not significantly
Different (p= < 0.05).
Legend:
SNMM-Soaked None Mouldy Maize
ND-None Detected

Table 2: Aflatoxin contents of none mouldy maize during fermentation.
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Figure 1: Flow Chart for Ogi processing (Source: Akinrele, 1970).
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Samples Fermentation duration Lactic acid bacteria count (cfu/g x 10*) | Total bacteria count (cfu/g x 10%) Yeast/Mold count (cfu/g x 10%)
SNMM 0hr ND 0.10 £ 0.10 ND

SMM 0hr ND 0.50 + 0.04 0.10 £0.10

SNMM 24 hr 9.20 +0.10 3.70 £ 0.10 7.00 £ 0.40

SMM 24 hr 045+0.2 0.97 £ 0.41 11.45+0.10

SNMM 48 hr 30.75 £ 0.39 6.15 £ 0.05 6.19 £ 0.41

SMM 48 hr 30.45 + 0.04 1.50+0.13 6.25 + 0.01

SNMM 72 hr 4.80+0.30 2.0 0+ 0.40 0.50 + 0.05

SMM 72 hr 2.95+0.40 ND 2.45 + 0.50

"Mean of replicate values + Standard deviation

Legends:
SNMM-Soaked None Mouldy Maize
SMM-Soaked Mouldy Maize

Table 3: Microbial load of none mouldy and mouldy maize during fermentation.

are free of mycotoxin contamination. Further studies may be done on
the screening of mycotoxin-degrading microorganisms, and this might
lead to the detection of efficient and applicable ones which may be
engineered to improve the quality and safety of foods, thereby protect
consumer’s health. It can be concluded that microorganisms during
fermentation of cereals, may be responsible for mycotoxin reduction.

References
1. Bennett JW, Klich M (2003) Mycotoxins. Clin Microbiol Rev 16: 497-516.

2. Diaz DE, Hagler WM, Black Welder JT, Eve JA, Hopkins BA, et al. (2004)
Aflatoxin binders: Reduction of aflatoxin M1 by sequestering agents of cows
consuming aflatoxins in feeds. Mycopathol 157: 233-241.

3. Styriak |, Concova E (2002) Microbial binding and biodegradation of mycotoxins.
Vet Human Toxicol 44: 358-361.

4. Karlovsky P (1999) Biological detoxification of fungal toxins and its use in plant
breeding, feed and food production. Natural Toxins 7: 1-23.

5. Shetty PH, Jespersen L (2006) Saccharomyces cerevisiae and Lactic Acid
Bacteria as potential mycotoxin decontamination agents. Trend Food Sci
Technol 17: 48-55.

6. AOAC (2005) Official methods of analysis of AOAC international. (18th edtn),
Association of Analytical Communities, Gaithersburg.

7. Achinewhu SC (1986) The effect of fermentation on carbohydrate and fatty
acid composition of African oil bean seeds (Pentaclethra macrophzlla). Food
Chem 19: 105-116.

8. lkenebomeh MJ, Koko R, Ingram JM (1986) Processing and fermentation of
African locust bean (Parkia folicoidea Welw) to produce dawadawa. J Sci Food
Agric 37: 273-282.

9. Akubor PI, Chukwu JK (1999) Proximate composition and selected functional
properties of fermented and unfermented African oil bean (Pentaclethra
macrophylla) seed flour. Plant Food Human Nutr 54: 227-238.

10. lkenebomeh MJ (1995) Fermentation effect on total available carbohydrate of
African locust bean tree (Parkia filicoidea, Welw.) processed seeds. Nigeria J
Microbiol 10: 56-59.

11. Ogundana SK, Naqvi SHZ, Ekundayo JA (1972) Changes in carbohydrate
contents of yam (Dioscorea spp.) due to storage root fungi in Nigeria.
International Bioders Bulletin.

12. Dike EN (2001) Effect of fermentation on the protein composition and mineral
element content of soybeans: Raw materials development for the survival of

20.

2

=

22.

23.

24,

25.

26.

Nigerian food and allied industries in the 21st century. Proceedings of the 25th
Annual NIFST conference, Lagos, Nigeria.

.Odunfa SA, Adeyele S (1987) Sugar changes in fermenting sorghum during

preparation of Ogi-baba gruel. J Sci Food Agric 2: 95-98.

. El-Nezami HS, Kanaanpaa P, Salminen S, Ahokas J (1998) Ability of dairy

strains of lactic Acid bacteria to bind a common food carcinogen, Aflatoxin B1.
Food Chem Toxicol 36: 321-326.

. Haskard CA, EI-Nezami HS, Kankaanpaa PE, Salminen S, Ahokas JT (2001)

Surface binding of aflatoxin B1 by Lactic Acid Bacteria. Appl Environ Microbiol
67: 3086-3091.

.Zhang XB, Ohta Y (1991) Binding of mutagens by fractions of the cell wall

skeleton of Lactic Acid Bacteria on mutagens. J Dairy Sci 74: 1477-1481.

. Bolognani F, Rumney CJ, Rowland IR (1997) Influence of carcinogen binding

by lactic acid producing bacteria on tissue distribution and in-vitro mutagenecity
of dietary carcinogens. Food Chem Toxicol 35: 535-545.

.Brady D, Stoll AD, Strake L, Dunkan JR (1994) Chemical and enzymatic

extraction of heavy metals binding polymer from isolated cell walls of
Saccharomyces cerevisiae. Biotechnol 44: 297-302.

. Turbic A, Ahokas JT, Haskard CA (2002) Selective in-vitro binding of dietary

mutagens, individually or in combination by lactic acid bacteria. Food Addit
Contam 19: 144-152.

Thyagaraja N, Hosono A (1994) Binding properties of lactic acid bacteria from
‘ldly’ towards food-borne mutagens. Food Chem Toxicol 32: 805-809.

. Coallier-Ascah J, Idziak E (1985) Interaction between Streptococcus lactis and

Aspergillus flavus on production of aflatoxin. Appl Environ Microbiol 49: 163-167.

Khalil HA (2005) Nutritional improvement of an Egyptian bread made of mung
bean by probiotic lactobacilli. Afr J Biotechnol 5: 206-212.

Sanni Al, Sefa-Dedeh S, Sakyi-Dawson E, Asiedua M (2002) Microbiological
evaluation of Ghanaian maize dough co-fermented with cowpea. Int J Food Sci
Nutr 53: 367-373.

Jespersen L, Halm M, Kpodo K, Jacobsen M (1994) Significance of yeasts and
moulds Occurring in maize dough fermentation for kenkey production. Int J
Food Microbiol 24: 239-248.

Omemu AM, Oyewole OB, Bankole MO (2007) Significance of yeasts in the
fermentation of maize for ogi production. Food Microbiol 24: 571-576.

Thapa S, Tamang JP (2004) Product characterizationof kodo ko jaanr: Fermented
finger millet beverage of the Himalayas. Food Microbiol 21: 617-622.

J Food Process Technol, an open access journal
ISSN: 2157-7110

Volume 10 « Issue 3 + 1000783


https://cmr.asm.org/content/16/3/497
https://www.semanticscholar.org/paper/Aflatoxin-Binders-II%3A-Reduction-of-aflatoxin-M1-in-Diaz-Hagler/87c78912536b87f759804dde6e6c210b95e832e2
https://www.semanticscholar.org/paper/Aflatoxin-Binders-II%3A-Reduction-of-aflatoxin-M1-in-Diaz-Hagler/87c78912536b87f759804dde6e6c210b95e832e2
https://www.semanticscholar.org/paper/Aflatoxin-Binders-II%3A-Reduction-of-aflatoxin-M1-in-Diaz-Hagler/87c78912536b87f759804dde6e6c210b95e832e2
https://www.semanticscholar.org/paper/Biological-detoxification-of-fungal-toxins-and-its-Karlovsky/b0cb65911745d6e9e8da8269c3f842b00ba72f86
https://www.semanticscholar.org/paper/Biological-detoxification-of-fungal-toxins-and-its-Karlovsky/b0cb65911745d6e9e8da8269c3f842b00ba72f86
https://www.deepdyve.com/lp/elsevier/saccharomyces-cerevisiae-and-lactic-acid-bacteria-as-potential-0Vl56CATy7
https://www.deepdyve.com/lp/elsevier/saccharomyces-cerevisiae-and-lactic-acid-bacteria-as-potential-0Vl56CATy7
https://www.deepdyve.com/lp/elsevier/saccharomyces-cerevisiae-and-lactic-acid-bacteria-as-potential-0Vl56CATy7
https://www.techstreet.com/standards/official-methods-of-analysis-of-aoac-international-18th-edition-revision-3?product_id=1678986
https://www.techstreet.com/standards/official-methods-of-analysis-of-aoac-international-18th-edition-revision-3?product_id=1678986
https://www.sciencedirect.com/science/article/pii/0308814686901044
https://www.sciencedirect.com/science/article/pii/0308814686901044
https://www.sciencedirect.com/science/article/pii/0308814686901044
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740370312
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740370312
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740370312
https://link.springer.com/article/10.1023/A:1008100930856
https://link.springer.com/article/10.1023/A:1008100930856
https://link.springer.com/article/10.1023/A:1008100930856
https://www.sciencedirect.com/science/article/pii/S0278691597001609
https://www.sciencedirect.com/science/article/pii/S0278691597001609
https://www.sciencedirect.com/science/article/pii/S0278691597001609
https://aem.asm.org/content/67/7/3086.long
https://aem.asm.org/content/67/7/3086.long
https://aem.asm.org/content/67/7/3086.long
https://www.sciencedirect.com/science/article/pii/S0022030291783069
https://www.sciencedirect.com/science/article/pii/S0022030291783069
https://www.sciencedirect.com/science/article/pii/S027869159700029X
https://www.sciencedirect.com/science/article/pii/S027869159700029X
https://www.sciencedirect.com/science/article/pii/S027869159700029X
https://doi.org/10.1002/bit.260440307
https://doi.org/10.1002/bit.260440307
https://doi.org/10.1002/bit.260440307
https://www.tandfonline.com/doi/abs/10.1080/02652030110070067?journalCode=tfac19
https://www.tandfonline.com/doi/abs/10.1080/02652030110070067?journalCode=tfac19
https://www.tandfonline.com/doi/abs/10.1080/02652030110070067?journalCode=tfac19
https://www.sciencedirect.com/science/article/pii/0278691594901562?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0278691594901562?via%3Dihub
http://aem.asm.org/cgi/pmidlookup?view=long&pmid=3919639
http://aem.asm.org/cgi/pmidlookup?view=long&pmid=3919639
https://www.ajol.info/index.php/ajb/article/view/137757
https://www.ajol.info/index.php/ajb/article/view/137757
https://www.tandfonline.com/doi/abs/10.1080/0963748021000044705
https://www.tandfonline.com/doi/abs/10.1080/0963748021000044705
https://www.tandfonline.com/doi/abs/10.1080/0963748021000044705
https://www.sciencedirect.com/science/article/pii/0168160594901228
https://www.sciencedirect.com/science/article/pii/0168160594901228
https://www.sciencedirect.com/science/article/pii/0168160594901228
https://www.sciencedirect.com/science/article/pii/S0740002007000123
https://www.sciencedirect.com/science/article/pii/S0740002007000123
https://www.sciencedirect.com/science/article/pii/S0740002004000036
https://www.sciencedirect.com/science/article/pii/S0740002004000036

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Sample collection 
	Ogi processing 

	Results and Discussion 
	Changes in the proximate composition of non-moldy and moldy maize during fermentation 
	Changes in aflatoxin content of non-moldy and moldy maize           
	Effect of fermentation on the microbial contents of non-moldy and moldy maize grains during fermenta

	Conclusion
	Figure 1
	Table 1
	Table 2
	Table 3
	References

