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ABSTRACT

The study was conducted to evaluate the
influence of extrusion operating conditions on
the reduction of total and individual aflatoxins
(B: and B,) in corn-peanut flakes. Aflatoxin -
contaminated corn and peanut were converted
into flour separately and mixed in a proportion
of 70 % corn and 30 % fully defattened peanut
flour (FDPF).

Corn-peanut extrudates and flakes were then
produced at various combinations of feed
moisture contents (17% and 21%,) barrel
temperatures (140°C, 160°C and 180°C) and
screw speeds (150 rpm,200 rpm and 250 rpm)in
a double screw extruder under factorial design.
The process parameters were recorded during
the experiment.

The total and individual aflatoxins were
measured using a high-performance liquid
chromatography (HPLC) before and after
extrusion. The collected data were then
subjected to analysis of variance by SPSS
statistical software. The results showed that the
total aflatoxin was cut by more than 95% (from
583 ppb to 30 ppb) at constant (150) rpm while
other parameters varying.

Similarly, aflatoxinsB; and B, decreased by
nearly 93.8% (240 to 15 ppm) and 83.5% (23 to
3.8 ppb), respectively (P<0.05) at different
combinations. Of all the conditions, 17 %, 160
%C and 200 rpm reduced both B, (240 to 15ppb)
and B, (23 to 7.5 ppb) at the same time.

Corn and peanut are crops partly used for
making Injera and edible oil in Ethiopia,
respectively. Corn ranks next to Teff in area
coverage and first in total production in
Ethiopia. The inclusion of peanut in the
production of corn flakes improves the protein
content. Corn and peanut are excellent
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substrates for the growth of mycotoxins
(example aflatoxin). Aflatoxins are toxic
metabolites which can be observed on food
stuffs or animal feeds. It is estimated that at
least 25 % of the world’s cereal production is
contaminated with mycotoxins [1]. They are the
causes of human illness and death [2, 3].

Among all the mycotoxins, aflatoxin generates
the greatest loss and the highest management
cost due to its extremely high toxicity. Aflatoxins
have been found to contaminate a wide variety
of important agricultural products worldwide
such as peanuts, corn, rice, cotton seed and
wheat [4]. Although aflatoxins are not
automatically produced whenever grain
becomes moldy, the risk of contamination is
greater in damaged corn than in those with little
mold. Aflatoxins are harmful to humans and
livestock, and are considered carcinogenic
(cancer causing). The prime condition for the
fungi to produce toxin is warm season in a
period of drought [5]. Frequently encountered
individual aflatoxins include B;, B,, G;, G,, M,
and M,
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INTRODUCTION

The survey conducted by Fufa and Urga[6]
showed that ground red pepper and shiro (peas,
chickpeas and grass peas) and spices were found
contaminated with Aflatoxin B;. Aflatoxin B;,
the toxin on which major resources have been
expended, has long been linked to liver cancer,
yet its other effects, such as immune
suppression and growth faltering previously
observed in veterinary studies, are only now
being investigated and characterized in human
populations [7]. Quantitative methods of
analysis for most mycotoxins use immune-
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affinity cleaning up with high performance
liquid chromatography (HPLC) separation in
combination with UV and/or fluorescence
detection [2].

Extrusion cooking technologies are used to
manufacture many forms of food stuff from
cereals and other ingredients. They have many
advantages, including  versatility,  high
productivity, low cost, and the ability to produce
unique product shapes and high product quality
[8, 9].

The range of products includes breakfast
cereals, flakes, breading crumbs and animal
feeds. Ingredients, such as corn flour and grits,
wheat flour and other food components, are
passed through an extrusion cooker (single or
twin ) under pressure, mechanical shearing
stresses and elevated temperature, and expand
rapidly as they are forced through the outlet die
[10,7].

Efficient material transport due to the forward
conveying mechanism in twin screw extrudates
is a major advantage [11]. The major operating
conditions of extrusion cooking are feed
moisture (MC), barrel temperature (T) and
screw speed (SS). Product quality can vary
considerably depending on the extruder type,
screw configuration, feed moisture, and
temperature profile in the barrel section, screw
speed and feed rate. The combination of these
parameters affects the nutritional, physico-
chemical and safety of foods.

Small variations in processing conditions affect
process parameters like die pressure (Pd), torque
(7), throughput rate (Q) and specific mechanical
energy (SME) as well as product quality [12].
Temperatures inside the barrel of an extruder
can range from 100 to 200°C, and moisture
content can vary from 13 to 30% depending on
the characteristics of the required end-product[7,
10].

Two types of commercial products (rod shaped
and puffed extrudates) were used by researchers
to be references for identifying optimum
variables. For cereal crops, the optimum feed
moisture was found to be between 25 % and 35
%, and that of the defattened peanut flour was
18-20 %. The prime objective of this work was
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to study the reduction pattern of total and
individual aflatoxins (B;&B; in corn-peanut
flakes by varying the operating conditions of
extrusion cooking, namely moisture content,
barrel temperature and screw speed.

MATERIALS AND METHODS
Materials and Sample Preparation

Corn (Zea mayis L.) and Peanut (Arachis
hypogaea L.) varieties affected by fungus,
Aspergillus flavus and A. parasiticus, were
obtained from Adiet and Pawe research centers,
respectively, in Ethiopia.

All the experimental materials were selected on
the basis of their color. Yellow-green for corn
and gray-green for peanut were used. Corn and
peanut, contaminated with aflatoxin, were
visually identified. The corn was milled by a
small scale hammer mill (England Model No.
212/10E) at a sieve size of 100- 500 pm.
Initially, the peanut was milled by a commercial
laboratory grinder primarily for defattening. The
milled peanut flour was fully defattened by
Soxhlet (UK, Barn Stead Electro-thermal, Cat
No. EME3 0500/CEB) using Hexane (analytical
grade) to remove its high fat content.

Defattening is recommended to avoid backflow
of extrudates in extruders. The fully defattened
peanut flour (FDPF) was further milled at a
sieve size of 100 - 125 pm. The final peanut and
corn flours were then mixed with a proportion
0f30% to 70%, respectively as recommended by
Suknarket al.[13]. The composite flour was
sealed in plastic bags and stored till the
extrusion test was conducted.

Setting the Extrusion Variables

The feed moistures, barrel temperatures and
screw speeds were selected based on previous
recommendation by Suknark, et al.[13] and
Lazou [14], and preliminary tests were carried
out before the actual experiment.

Temperatures greater or equal to 180°C were
not used as the HPLC in the Food Complex was
calibrated to use less temperature. The pump
adjustment again limited the use of other feed
moistures other than 17% and 21%. Indeed, the
preliminary tests and previous works indicate
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that 180°C can further decrease the aflatoxin
content but the quality of the product is similar
to that produced by 160°C.

Temperatures of the barrel and die block were
measured by thermocouples inserted along the
length of the extruder. The thermocouple in the
die was protruded into the melt to measure
product temperature. Extrusion was performed
at preset temperatures of zone two and three of
the extruder barrel sections. The barrel
temperature was fixed in zone two between
70°C and 80°C. The barrel temperature of zone
three, as indicated in Figure 1, was independent
variable in the steady state and varied at 140°C
and 160°C.

The moisture content of the material was
adjusted by varying the water injection rate of
the pump. Accordingly, water was injected in to
the extruder at a point close to the material feed
port. Both the feeder and the pump were
calibrated prior to the extrusion cooking in order
to avoid fluctuations during the operation. The
pump was adjusted to give moisture contents of
17% and 21% in the mixes for a constant
material feed rate of 7.3 kg/h by using hydration
equation as suggested by Golob et al. [15].
Screw speed was set at 150,200 and 250 rpm.
By so doing feed moisture, temperature and
screw speed levels were chosen from pre-test
experiments.

Transition zone

Feed zone Cooking zone |

T]’n.l..-.ihlu venting

Barre] heating and cooling scciions

Fig. 1: Configuration of the Twin-screw
Extruder

The Extrusion Process

Extrusion was performed on a pilot scale co-
rotating twin screw food extruder (model
Clextral, BC-21 N°124, Firminy, France). The
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barrel has a smooth 300 mm useful length and
consists of three modules each 100 mm long
fitted with 25 mm diameter screws. The
temperatures of the last two modules are
controlled by electrical heating and water
cooling system. Each zone-temperature was
controlled by a Eurotherm  controller
(Eurotherm Itd., UK). Twin screw volumetric
feeder (typeKMV-KT20) delivered the raw
material in to the extruder inlet. While
operating, water at ambient temperature was
injected in the extruder via an inlet port by a
positive displacement pump (DKM-Clextral,
France). The end of the extruder was caped with
a die plate, which held a die having circular
openings. The die hole has 9 mm length and its
diameterreducedfrom5 mm to 2 mm.

The samples were extruded as straight rope
(rode) for a time interval of 10 sec [16] in
which100cm long extrudate emerges from the
die. Extruded samples were collected when the
process parameters reached steady state. The
state was considered acceptable when there was
no visible drift in torque and die pressure [17].
The extruded products were then placed on a
table and allowed to cool for 30 min at 20°C to
measure the weight, length and diameter [18] to
evaluate the expansion ratio and specific length
of the products. Except for samples taken for
moisture analysis, they all were collected and
sealed in plastic bags for 24 h at ambient
conditions. Finally, samples were stored in a
room at 20°C and aflatoxin determination was
done seven weeks after the extrusion.

Determination of Extrusion Process
Parameters

The torque, screw speed, pressure and
processing temperatures were continuously
displayed on the control panel of the extruder
from which readings were recorded. Processing
temperatures were measured immediately before
the product leaves the die by a thermocouple
connected to the control panel. Throughput rates
were determined for the wet basis weights of
individually timed extruded products coming
out as ropes. Specific mechanical energy, SME
(kJ/kg) transferred to the product was calculated
from the following relationship, Eq. (1), [19]:
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_te
SME =

1)
Where: 1= Net torque (Nm)
® = Angular screw speed (rad/s), where rad/s

_rpm x2m

60
Q = Throughput rate (kg/s)
SS=screw speed (rpm)

Extraction and Determination of

Aflatoxin

Aflatoxin was extracted from a sample
containing 70% Corn and 30% fully defattened
peanut flour ( FDPF) as described in AOAC
[20]-Official Method 74, 81-88.Accordingly,
two grams of NaCl were added to 20 g of
ground sample, and the weighed sample was
subject to extraction by methanol/water (4/1,
v/v) and 50 ml n-hexane.

High speed blender jar (KOHINOOR MIXERS
AMBALA CAANTT) having Ultraturrax was
used to mix chemicals and weighed samples for
3 min and the extract was passed through a
plaited filter. Single-use syringes (10 ml, PP)
with filter disks of 0.2 pm were used to re-filter
the extract. 7ml of purified extract was added to
43ml Phosphate buffer saline (PBS buffer pH
7.2).

Diluted purified extract of 50ml passed through
the Aflaclean column (AflaCLEAN™) with a
flow rate of 2 ml/min. The aflatoxins were
retained on the immune-affinity column and
were eluted by methanol. All the samples were
drained until the column became empty. The
column was washed by 10ml of distilled water
and the residual water was removed by a
vacuum gas. The aflatoxin was eluated in the
column with 1ml of methanol twice, and the
first addition of methanol (Iml) was acted on
the gel for 5 min.

Finally, the eluate was measured directly by
HPLC [21]. Identifying and quantifyingB;and
B,were based on retention times compared with
those of standards.

Experimental Design and Data Analysis

A mixed 2x2x3 full factorial experimental
design was used to study the effect of extrusion
operating conditions on total and individual
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aflatoxins. The extrusion conditions were feed
moisture, barrel temperature and screw speed
each varied at 2, 2 and 3 levels, respectively.
Thus, thisis a 2 (17 and 21 % feed moistures) x
2 (140 and 160°Cbarrel temperatures) x3(150,
200 and 250 rpm screw speeds) full factorial
design treatment for a mixture of corn and
peanut flour. Peanut was fully defattened before
extrusion. SPSS 16software for windows was
used for the data analysis, and one way
ANOVA (analysis of variance) was employed
for comparison of means. Significance was
accepted at 0.05 level of probability
(p<0.05).Mean separation was performed by
LSD (least significant difference) for multiple
comparisons of means. All measurements were
performed in triplicate.

RESULTS AND DISCUSSION

Temperature and screw speed significantly
affected aflatoxin content (P<0.05).When barrel
temperature increased from 140°C to 160°C,
total aflatoxin was reduced from 95.25 ppb to
45.00 ppb. Obviously, a further increase in
temperature (180°C) can reduce the aflatoxin.
Increasing the feed moisture, however, couldn’t
produce a similar effect.

There was no statistically significant difference
between the total aflatoxin contents registered
during extrusion at the feed moistures of 17 and
21 % (p>0.05). However, the aflatoxin content
showed a decline with a decrease in screw
speed. This effect can be partly explained that it
is due to the shorter residence time of the
extrudate in the extruder which is caused by the
increase in the screw speed, thus preventing the
reduction of aflatoxin.

In all cases, the most acceptable value was
observed during extrusion cooking at a screw
speed of 150 rpm with varying feed moistures
and barrel temperatures resulting in more than
95 % ( from 583 to 30 ppb) aflatoxin reduction.
The average aflatoxin dropping pattern, when
one of the operating parameters remained
constant and the others varying, is shown in
Table 1 below:
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Table 1: Effect of Extrusion Variables on Total Aflatoxin of Corn Flour and FDPF Extrudate

Parameter N Aflatoxin (ppb) (mean £ SD)
Before Extrusion=583 ppb

Barrel Temperature (°C)

140 6 95.2500+4.97°

160 6 45.0000+4.65"
Feed Moisture (%)

17 6 62.7500+5.07°

21 6 77.5000+5.88°
Screw Speed (rpm)

150 4 30.0000+2.12°

200 4 52.8750+4.53°

250 4 127.5000+2.87"

*T Means with the same superscript letters within a column are not significantly different (P > 0.05)

SD (Standard deviation)

n- Number of observations

ppb = parts per billion

FDPF-fully defattened peanut flour

In the subsequent experiment, extrusion at
various conditions resulted in nearly 93.8%
and83.5 % of individual aflatoxin reduction of
B; (15 ppb) and B, (3.80 ppb), respectively. The
combined effect of 160°C, 17 % and 200rpm

produced tremendous aflatoxin decline of both
B1(from 240 to 15 ppb) and B,(from 23 to 7.5

ppb)at the same time as shown in Table 2.

Table 2: Reduction of Aflatoxins (B, and B,) by Extrusion Cooking

Aflatoxin Type*
B1(ppb) B2 (ppb)
Before Extrusion 240 23
After Extrusion (BT, MC, SS)
140, 17, 150 30.00 15.00
140, 17, 200 76.50 3.80
140, 17, 250 135.00 7.50
140, 21, 150 60.00 20.00
140, 21, 200 105.00 15.00
140, 21, 250, 165.00 18.80
160, 17, 150 15.00 9.25
160, 17, 200 15.00 7.50
160, 17, 250 105.00 7.50
160, 21, 150 15.00 12.35
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160,21,200

15.00

7.63

160,21,250

105.00

4.89

ppb= parts per billion

BT - barrel temperature (°C), MC - feed moisture content (%) and SS - screw speed (rpm)
*G,=245ppb, G,=75ppb before extrusion, but the HPLC has not shown the aflatoxin reduction pattern

The initial values of B; andB,inthe mixture of
corn and fully defattened peanut flour before
extrusion were 240 ppb and 23 ppb,
respectively. After extrusion, the lowest
readings to each corresponding aflatoxin type
were 15 ppb and 3.8 ppb, respectively. Similar
shrinkage was reported by Hameed [3] and
Martinez and Monsalve [22] when studying the
stability of aflatoxin in naturally contaminated
corn meal.

Irrespective of moisture content, the most
effective interaction to reduce aflatoxin B;in the
current study was to extrude at a barrel
temperature of 160°C and a screw speed of 150
rom or 200 rpm. The highest B; (165 ppb)
reading in HPLC was recorded for extrudates
produced by 140°C barrel temperature, 21 %
moisture content and250 rpm screw speed. This
finding could be explained by the fact that
aflatoxin is heat-stable when processed at lower
temperatures  [23].As a  result,  lower
temperatures are presumably less effective in
decreasing aflatoxin concentration than higher
ones. Even though the temperatures used by
Buser and Abbas [24] were not the same as the
ones set up in this experiment, their results
showed that the lowest decontamination rate was
reached when extruding aflatoxin-contaminated
cottonseed at 104°C. In the present
investigation, the most effective operating
conditionfor reducingB,to 3.8 ppbwas140°C,
17% MC and 200 rpm.

Moisture content, however, had no any
significant influence on the totalaflatoxin
content of extrudates (Table 1) and individual
aflatoxin B,. This result is in agreement with the
result of Ryuet al.[25]. Controversial
conclusions have also been reached by different
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authors regarding the effect of moisture content
on the stability of mycotoxins. Some studies [7,
25] provided strong evidence that moisture was
not a significant factor affecting the stability of
aflatoxins. By contrast, some researchers
observed that reduction of some individual
aflatoxins was significantly dependent on
moisture content [26, 27] as in B,. In fact,
several studies concluded that the highest
moisture level did not lead to the highest
decontamination rate [27, 28].

In general, there was a lessening of aflatoxin
content with a decrease in screw speed. An
increase in screw speed causes shortage of
residence time for extrudates in the extruder.
Similarly, an increase in residence time at high
temperature means exposing the aflatoxin for
long period of time before the extrudate leaves
the extruder causing high reduction of aflatoxin
at lowest screw speed. As the residence time is a
function of screw speed, this finding is in
agreement with that of the other studies [29]in
which it was stated that slow screw speeds, thus
long residence times, led to higher aflatoxin
reductions.

The results revealed an enormous effect of
residence time on reducing aflatoxin
contamination. The greater the residence times
the highest the reduction of B; and B, The
specific torque, throughput rate and mechanical
energy increased with an increase in screw speed
when feed moisture and barrel temperature were
kept constant.

The influence of the change in extrusion
operating conditions on process system
parameters is shown in Table 3.
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Table 3: Effects of Extrusion Operating Conditions on Process System Parameters

Effect of Extrusion Conditions on Aflatoxin

Operating Conditions Extruder System Parameters

BT(°C) MC (%) SS (rpm) Pd (bar) T (Nm) Q (g/min) SME (kJ/kg)
140 17 150 6.0 9.0 50.57 167.73
140 17 200 7.0 11.0 81.04 170.57
140 17 250 9.0 19.0 118.45 251.96
140 21 150 7.0 7.0 60.74 108.61
140 21 200 11.0 15.0 73.41 256.77
140 21 250 10.0 16.0 129.41 194.21
160 17 150 6.0 8.0 49.21 153.21
160 17 200 9.0 14.0 93.95 187.25
160 17 250 6.0 14.0 110.91 198.27
160 21 150 7.0 7.0 62.10 106.23
160 21 200 10.0 16.0 121.06 166.08
160 21 250 9.0 20.0 126.16 249.01

BT = barrel temperature (°C), MC = feed moisture content (%), SS = screw speed (rpm), Pd = die
pressure (bar), T= torque (Nm), Q= throughput rate (g/min) and SME= specific mechanical energy (kJ/kg)

The extent to which the dough undergoes
transformation can be correlated firstly to the
flour granulometry and next to extrusion
conditions like thermal effect due to average
dough temperature, mechanical effect evaluated
by shear rate (dependent upon the specific
mechanical energy) and residence time within
the extruder [30]. The calculated values of SME
with respect to the variation in feed moisture and
temperature were found to be comparable with
those reported earlier for rice-potato grits using
the same extruder [31].

Die pressure was significantly (P<0.05)
dependent on feed moisture which is in
agreement with the report of Akdogan [32]. The
die pressured rop was affected by the moisture
content in the feed stream. Generally, an
increase in the feed moisture caused an increase
in the die pressure. This is due to the nature and
rheological properties of the raw materials.

CONCLUSION

Aflatoxin contamination is the cause of disease
in humans and animals, and has aggravated loss
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in quality and quantity of corn and peanut in
Ethiopia [33, 34].The collective action of the
three extrusion variables namely: barrel
temperature, feed moisture and screw speed
induced appreciable reduction of total and
individual aflatoxin content. Accordingly, the
present study showed a reduction up to 30 ppb
of the total aflatoxin which is above 95 % of the
initial amount.

The current result is encouraging when
compared with the maximum allowable levels of
aflatoxin (20 ppb) in food products (except milk)
by the USFDA [35]. This indicates that
extrusion becomes more effective when the
initial aflatoxin contamination level is lower.
Significant aflatoxin reduction of B; (15 ppm)
and B, (7.5 ppm) was observed during the
production of corn-peanut flakes at 160°C, 17 %
MC and 200 rpm.

The experiment further revealed that FDPF is a
good source of protein to fortify corn-peanut
flakes. Aflatoxin B; was found to be reduced by
a high percentage (up to 93.8%) at highest
temperature, low feed moisture and screw speed
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with respect to the initial contamination level.
Generally, extrusion is seen to reduce aflatoxin.
However, food processing like thermal
application may cause structural change
resulting in masked mycotoxins [36].

ACKNOWLEDGEMENT

Authors appreciate the financial support of
Addis Ababa and Bahirdar Universities during
the thesis work. We are grateful to Hillina
Enriched Food Processing plc for allowing us to
use the HPLC, and thank specifically the School
of Chemical and Bioengineering of AAIT and
Bahirdar Institute of Technology for their
enormous contribution.

REFERENCE

[1] Dowling, T.S.,“Fumonisin and its toxic
effects”, Cereal Food World, 42, pp.13-15,
1997.

[2] Krska, R., Patricia, S.U., Alexandra, M.,
Michael, S., Susan, M. and Colin,
C.,“Mycotoxin analysis: An update”,
Journal of Food Additives &
Contaminants: Part A, Volume 25, Issue
2, pp. 152 — 163, 2008.

[3] Hameed, H.G.“Extrusion and chemical
treatments for destruction of aflatoxin in
naturally-contaminated corn”,
Ph.D.dissertation, University of Arizona,

USA, 1993.

[4] Caravajal, M. and Arroyo,
G.,“Management of aflatoxin
contaminated maize in  Tamaulipas,

Mexico”, Journal of Agricultural and Food
Chemistry, 47(4), 1997, pp.1301-1305.

[5] Gary, M., Charles, H. and Julie, M.,
“Aflatoxins in Corn”, lowa State
University.
http://www.extension.iastate.edu/
Publications/PM1800.pdf,2008.

[6] Fufa, H. and Urga, K.“Screening of
aflatoxin in shiro and ground red pepper
in Addis Ababa, Ethiopia”, Journal of
Medicine, 34, 1996, pp. 243-249.

[7] Cazzaniga, D., Basilico, J.C., Gonzalez,
RJ., Torres, R.L. and de Greef,

54

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

D.M.,“Mycotoxins inactivation by
extrusion cooking of corn flour”, Journal
of  Applied Microbiology, 33(2),
2001,pp.144-147.

Singh, N., Smith, A.C. and Frame, N.D.,
“Effect of process variables and glycerol
monostea rate on the extrusion behavior of
maize grits using two sizes of extrudates”
Journal of Food Engineering, 35,
1998,pp.91-109.

Singh, N., Kaur, K., Singh, B. and
Sekhon, K.S.,“Effect of phosphate salts on
extrusion behavior of rice grits”, Food
Chemistry, 64, 1999,pp.481-488.

Riaz, M.N.,“Extruders in Food
Applications”,  Extrusion  Technology
Program, Food Protein Research and
Development Center, Texas A&M
University. CRC Press Taylor and Francis
Group, USA, 2000.

Harper, J. M., “Extrusion of foods”,
Volume I, CRC Press Inc., Boca Raton,
FL, 1991, USA.

Desrumaux,A., Bouvier, J.M., and Burri,
J.,“Effect of free fatty acids addition on
corn grits extrusion cooking”, Cereal
Chemistry, 76, 1999,pp.699-704.

Suknark, K., Phillips, R.D. and Chinnan,
M.S., “Physical properties of directly
expanded extrudates formulated from
partially defattened peanut flour and
different types of starch”, Food Research
International, Vol. 30, No. 8, 1998, pp.
575-583.

Lazou, A. and Krokida, M.,“Functional
properties of corn and corn-lentil
extrudates”, Food Research International.
Laboratory of Process Analysis and
Design, School of Chemical Engineering,
National Technical University of Athens,
2009, Greece.

Golob, P.G., Farreland Orchard, J.E.,
“Crop post harvest science and
technology, principles and practices”,

Volume I. Black Well Science Itd, Black
Well, 2002, UK.

Journal of EEA, Vol. 32, December 2014



Effect of Extrusion Conditions on Aflatoxin

[16] Mason, W. R. and Hoseney, R.
C.,“Factors affecting the viscosity of
extrusion-cooked wheat starch”, Cereal
Chemistry, 63, 1986, pp.436—441.

[17] Garber, B. W., Hsieh, F. and Huff, H.
E.,“Influence of particle size on the twin
screw extrusion cooking of maize grits”,
Journal of Food Engineering, 4, 1997,
pp.291-312.

[18] Ibanoglu, S., Ainworth, P., Ozer, E.A. and
Plunkett, A., “Physical and sensory
evaluation of nutritionally balanced gluten
free extruded snack”,Journal of food
engineering, 75, 2005,pp.469-472.

[19] Ollet, A.L., Parker, R., Smith, A.C., Miles,
M.J. and Morires, V.M., “Macro structural
changes during the twin screw extrusion
cooking of maize grits”, Carbohydrate
polymers, 13, 1990,pp.69-84.

[20] AOAC., Association of Official Analytical
Chemists. “Official Methods of Analysis”
th

(Vol. 11 17  edition) of AOAC
International. Washington, DC, 2000,
USA.

[21] AflaCLEAN.,“Immuno Affinity Columns
for Aflatoxin B/G Analysis”, User
Manual. LCTech GmbH, Dorfen Version
1.0-05-07, 2007, Germany.

[22] Martinez, A.J. and Monslave, C.,“Aflatoxin
occurrence in  1985-86 corn from
Venezuela and its destruction by the
extrusion process”, In: O’Rear C,
Llewellyn GC, editors. Biodeterioration
Research. New York: Plenum Press, 1989,
pp.251-259.

[23] Scott, P.M.,“Effects of food processing on
mycotoxins”, Journal of Food Processing,
47(6),1984, pp.489-499.

[24] Buser, M.D. and Abbas, H.K.,“Effects of
extrusion temperature and dwell time on
aflatoxin levels in cottonseed”, Journal of
Agricultural and Food Chemistry, 50(9),
2002, pp.2556—-2559.

[25] Ryu, D., Hanna, M.A. and Bullerman,
L.B.,“Stability of zearalenone during

Journal of EEA, Vol. 32, December 2014

extrusion of corn grits”, Journal of Food
Processing, 62(12), 1999, pp.1482-1484.

[26] Castelo, M.M., Katta, S.K., Sumner, S.S.,
Hanna, M.A.and Bullerman,
L.B.,“Extrusion cooking reduces
recoverability of fumonisin Bl from
extruded corn grits”, Journal of Food
Science, 63(4),1998, pp.696-698.

[27] Castells, M., Marin, S., Sanchis,V. and
J.Ramos, A.,“Reduction of aflatoxins by
extrusion-cooking of rice meal”, JFSC:
Food Chemistry and Toxicology. Journal
of food science, 71, 2006, pp.369 — 377.

[28] Cortez-Rocha, M.O., Trigo-Stockli, D.M.,
Wetzel, D.L.and Reed, C.R.,“Effect of
extrusion processing on fumonisin B1 and
hydrolyzed fumonisin B1 in contaminated
alkali cooked corn”, Bull Environ.
Contam. Toxicol. 69(4),2002, pp.471-
478.

[29] Scudamore, K.A., Banks, J.N. and Guy,
R.C.E.“Fate of ochratoxin A in the
processing of whole wheat grain during
extrusion”, Food Additives and
Contamination, 21(5),2004, pp.488-497.

[30] Desrumaux, A., “Comportment technolog-
ique des semoules de maes en caisson-
extrusion”, These genie des procedes
industriels. Universitie de Technologie de
Compiegne, 1996.

[31] Singh, N., Singh, B., Sandhu, K.S, Bawa,
A.S. and Sekhon, K.S.,“Extrusion behavior
of wheat, rice and potato blends”, Journal
of Food Science and Technology, 31, 1996,
pp.291-294.

[32] Akdogan, H.,“Pressure, torque and energy
responses of a twin screw extruder at high
moisture  contents”, Food Research
International, 29 (5-6), 1996, pp.423-429.

[33] Ayalew, A., ‘“Mycotoxins and surface and
internal fungi of Maize in Ethiopia’,
African Journal of Food, Agriculture,
Nutrition and Development, 10(9), 2010.

[34] Mohammed, A. and Challa, A., “‘Incidence
of Aspergillus contamination of groundnut
(Arachis hypogaea L.) in Eastern Ethiopia

55



[35]

Aynadis Molla and Adamu Zegeye

29

, African Journal of Microbiology
Research, Volume 8, 2014, pp.759-765.

USFDA., us Federal Drug
Administration, “Guidance for industry:
Action levels for poisonous or deleterious
substances in human and animal feed,
2000, USA.

[36] Tran, S.T. and Smith, T.K., ‘‘Determination

56

of optimal conditions for hydrolysis of
conjugated deoxynivalenol in corn and
wheat  with  trifluoromethanesulfonic
acid’’,Ani. Feed Sci. Technology, 163,
2011, pp.84-92.

Journal of EEA, Vol. 32, December 2014



