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Abstract

Wheat flour samples were artificially infested with Corcyra cephalonica, Ephestia kuehniella, Tribolium confusum
(separately) and with the three insect populations together. The effect of insects’ infestation on wheat flour quantity and
quality loss, fungal contamination and presence of mycotoxins was studied after two months of storage (25+2°C and 65%RH).
Wheat flour infested with insects was sieved into two portions (sieved and residual flour) after insects populations have been
recorded. The results revealed radical changes in weight loss, population density of insects, nutritional composition, interaction
between insects and fungal contamination in the flour samples. The maximum residual flour loss was recorded by C.
ceplalonica followed by E. kuehniella while the minimum residual loss was induced by T. confusum. The flour consumption
by the tested insects may be arranged in descending order as follows: three insects tested together > C. cephalonica > T.
confusum > E. kuehniella. There was a significant correlation between the amount of flour consumed and insect population.
Also, there was a significant increase in the total protein contents and decrease in the monosaccharaides and disaccharides in
all infested sieved and residual flour samples tested. The average log total molds count in control flour samples was 1.28,
while the average log of insect infested flour samples ranged from 2.36 to 4.34. Seven to ten fungal species belonging to five
genera (Aspergillus, Penicillium, Cladosporium, Eurotium and Emercilla) were isolated from control and infested flour
samples. Many fungal species were isolated from infested flour, but most of them belong to Aspergillus and Penicillium.
Aflatoxins B1, B, were detected in all flour samples, but at different levels. Ochratoxin A was not detected in the control
samples and C. cephalonica flour samples while it was detected in flour samples infested with the other treatment. © 2016
Friends Science Publishers
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Introduction value and toxicity due to the production of mycotoxins.

Huge quantities of musty stored grains and flour
From the time of the crops are harvested in the field to the commercialization, due to the presence of insects and insect
moment when they are removed for consumption, they are fragments caused by bad storage are frequently recorded
subjected to damage by stored grain insects. It is generally (Lorini, 2003). Among the most factors are insects that are
considered that 5-15% of loss in different stored grains directly connected to cereal quality and quantity spoil (Birck

occurs as a result of insect pest infestation (Padin et al., et al., 2003a; b). Corcyra cephalonica, Ephestia kuehniella
2002). and Tribolium confusum, species are the most common
Egypt is a subtropical state with a warm climate that pests of wheat flour. Under favorable conditions, they have
corroborates the multifunction of spoilage microorganisms a short generation time. They disperse easily by flight.
and pests of stored food products. Due to lack of proper Therefore, they are not dependent on humans for their
warehousing facilities, stored grain insects largely damage dispersal (Simpanya et al., 2001).
grains in stores as well as during shipping and The quality of grain may decrease due to depletion of
transportation. Insects and fungal infestation of stored food specific total nutrients content such as crude fat, total

commodities is considered a very serious problem in Egypt ~ protein total carbohydrates and sugars (Jood et al., 1993;
and worldwide. These spoilage agents lead to the decay of 1996a). Also, Jood and Kapoor (1993) reported significant
the commodities manifested by loss of weight, nutritional increases in the total protein.

To cite this paper: Gabarty, A. and S. Abou EI Nour, 2016. Impact of wheat flour infestation by some insects on its quantity and quality loss, fungal
contamination and mycotoxins. Int. J. Agric. Biol., 18: 1122-1130
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The interaction between insect and fungal infestation
of stored products is still in an area of active research in
attempts to demonstrate the relation between insects and
fungi in food damage. Before the grain being milled into
flour, are already contaminated with a range of potentially
deteriorative agents. Fungi normally accompany or follow
insect invasion (Miller, 1995). Additionally, insects can act
as vectors of fungi, serving as internal and external carriers
of spores. This includes serving as a mobile source of fungal
metabolites and mycotoxins (Barney et al., 1995).

Cereals and other crops are susceptible to attacks by
various genera of fungi, many of which produce toxic
metabolites, the so called mycotoxins (Abbas et al.,
2002). The major mycotoxigenic fungi involved in the
human food chain belong to the genera Aspergillus,
Penicillium and Fusarium. Mycotoxins have been
associated with several toxic effects on animal and
human health including carcinogenic, mutagenic,
teratogenic and immunosuppressive activity (Eaton and
Callagher, 1994). One of the primary objectives of these
studies was to investigate effect of insect infestation on
weight loss, population density of insects, nutritional
composition, interaction between insects and fungal
contamination and mycotoxin in the flour samples.

Materials and Methods
Samples

Samples of wheat flour (72% extraction) used in this
experiment were purchased from a local supermarket in
Cairo.

Insects

Three stored product insects namely Corcyra cephalonica,
Tribolium confusum and Ephestia kuehniella were used in
this study. They were provided by the Natural Control
Laboratory Department of Research Natural Products,
National Center for Radiation Research and Technology
(NCRRT), Atomic Energy Authority, Cairo, Egypt.

Rearing Technique to Obtain Larvae

The stored product insects used in this study (C.
cephalonica, T. confusum and E. kuehniella) were reared on
milled wheat (Triticum aestivum) and dried yeast (1 gm
yeast/500 gm milled wheat), in a glass jar in the darkness at
25+2°C and 65+5% relative humidity. A stock culture was
kept in the Laboratory of Natural Control. For bioassays,
full grown larvae were collected from the rearing colonies
and used for infestation.

Irradiation Process

Five hundred of each wheat flour samples were exposed to
gamma radiation for disinfestation. The irradiation process
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was carried out using °Co Gamma Research Irradiator
(Indian) located at the National Centre for Radiation
Research and Technology (NCRRT), Nasr city, Cairo,
Egypt. The dose rate of this gamma radiation source was 2.7
kGy/h at the time of the experiment. The irradiation dose
used for insect disinfestation of the flour samples was 3.0
kGy. The real doses received by samples were measured
with alanine dosimeters traceable to National Physical
Laboratory (NPL), Uk. Three replicate samples were used.

Insect Infestation Process

Forty five uniform size larvae from each insect under
investigation (C. Cephalonia, E. kuehniella and T.
confusum) were taken from the rearing culture and added to
500 mL glass jars containing 500 gm of radiation
disinfested wheat flour, which was used as the insects’ diet.
Insects were reared at normal laboratory conditions (25+2°C
and 65+5% relative humidity). Three replicates of each
insect treatment samples as well as control samples were
used. The jars were placed in an incubator under constant
condition, 25+2°C, 65+5% RH and photoperiod of 12:12 h
light: dark cycle for two months. Doors of the used
incubator were opened for a period of 30 min on alternate
days to ensure proper aeration.

Analysis

After the period of two months, each flour sample was
sieved through 0.5 mm sieve to obtain sieved and residual
flour (two flour samples were obtained from each replicate).
Samples were analyzed once in two months for the
following progeny count. The insect populations' progeny
were removed from the residual flour. The numbers of
larvae, pupa and adults were counted.

Determination of Weight Loss

Sieved and residual flour were weighted for:

1-  Wheat flour infested with C. Cephalonia.

2-  Wheat flour infested with E. kuehniella.

3-  Wheat flour infested with T. confusum.

4-  Wheat flour infested with the three above insect

populations altogether.
5-  Control samples.

Determination of Monosaccharide and Disaccharide

The method used for the quantitative determination of
soluble sugars was that of Homme et al. (1992). Twenty
mL of boiling ethanol (80%) was added to 0.5 g flour
and grinded in a mortar, then boiled in a boiling water
bath for 15 min. and then the extract was filtered. The
filtrate containing monosaccharide and disaccharides
was put in an oven until complete dryness then dissolved
in 20 mL of distilled water. For estimation of
monosaccharide, the anthrone sulphuric acid method
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according to Singh and Sinha (1977) was used. 10 mL
anthrone reagent (50 mg anthrone were added to 72%
sulfuric acid) was added to 0.5 mL sample or standard
solution, and then boiled in a boiling water bath for 15 min,
and the tubes are cooled and read at 620 nm against blank
containing only water and the anthrone reagent. A
calibration curve using pure glucose was carried out. For
estimation of sucrose, 4.5 mL of KOH 30% were added to
the 10 mL sample extract or 10 mL sucrose standard and
boiled in a boiling water bath for 10 min. In a fresh test tube,
2 mL sugar solution or standard solution after hydrolysis
were added to the 10 mL of anthrone reagent and incubated
for 15 min. in a boiling water bath, then read at 620 nm.

Determination of Total Protein

The method used for the protein extraction was that of
Laemmli (1970) as modified by Studier (1973), one gm
ground in mortar with two ml extraction buffer (20 mL of
10% SDS, 10 mL glycerol, 6 mL of 1 Mtris and 0.8 mL of
0.25M EDTA dissolved in 52.4 mL distilled water).

Total Protein Assay

Protein content was determined by the Bradford method
(Pandey and Budhathoki, 2007). The standard curve was
prepared by dissolving one gm of bovine serum albumin in
0.15 NaCl and the volume was diluted up to 10 mL by
distilled water (gm/mL) and from further dilutions serial
concentrations of albumin solution were prepared.

Determination of Fungal Count

Czapek’s-Dox Agar medium with adding 200 mg
cycloheximide/litter was used for determination of total
fungal count. Ten gm of flour were suspended in 90 mL
physiological saline solution (85% NaCl). Serial dilutions
were prepared from that suspension. 1 mL of each dilution
(101104, in duplicates, was placed in the center of petri
dishes and poured with the medium. The dishes were
incubated at 35°C for 3-5 days. The number of molds was
counted and calculated as colony forming unit/gm (cfu/g)
(Beuchat, 1992).

Isolation, Purification and ldentification of Fungi

Malt extract agar medium was used for purification of
molds. Aseptically, a small part of the fungal growth grown
on Czapek’s-Dox Agar was taken from the surface of fungal
colonies using a sterilized needle and transferred onto
prepared petri dishes with malt extract. The dishes were
incubated at 25°C for 3-5 days (Pitt and Hocking, 1985).
The purified fungi were identified according to their
morphological and  microscopical  characteristics
according to the description of Raper and Fennel (1965),
Sansom et al. (1995) and Pitt and Hocking (1997).
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Detection of Mycotoxins

A thin layer chromatography (TLC) method was used for
the detection of aflatoxins and ochratoxin A according to
Soares and Rodriguez-Amoya (1989) using standards of
each mycotoxin.

Statistical Analysis

All data obtained for biochemical studies were statistically
analyzed and the variance ratios were calculated. The
ANOVA was used involving by using (SPSS) computer
program, ver.15.0, and the significance among the samples
was calculated at P < 0.05.

Results

The present investigations revealed changes in weight loss,
population density of insects, nutritional composition
and interaction between insects and fungi in food
spoilage of flour sample when subjected to artificial
infestation with C. cephalonia, E. kuehniella and T.
confusum larvae for two months.

Results indicate that all flour samples suffered
losses. But the maximum weight loss % was recorded in
the sample infested by C. cephalonia 44.8%, followed
by 41% for sample infested by the three insects together
(C. cephalonia, E. kuehniella and T. confusum) and 33.7%
for E. Kuehniella. The minimum weight loss (11%) was
found in the sample infested by T. confusum (Table 1).

The total weight loss % that has been recorded was
divided into two categories, (i) the first type is the
residual flour that resulted from the insect infestation after
sifting each sample, the maximum residual flour was 147.3
mg by C. ceplalonica followed by 129 mg for E. kuehniella
and 74.7 mg by the three insects tested together, the
minimum residual loss was 10.3 mg and it was induced by
T. confusum. (ii) The second type is the flour which was
consumed by the insects and may be arranged as follows:
130.3 mg were consumed by the three insects tested
together, 76.7 mg by C. Cephalonia, 449 mg by T.
confusum and 39.3 by E. kuehniella (Table 1).

The total insect population detected can be divided
into three stages (larval stage, pupal stage and adult
stage) in each sample (Table 2). Insect population varied
during the 60 days of storage and can be described as
follows:

a) Inthe samples infested by C. cephalonia, 487.7 larvae,
78.3 pupae and 16.7 adults were detected.

b) Inthe samples infested by E. kuehniella, 256.7 larvae,
56 pupae and 9 adults were detected.

c) In the samples infested by T. confusum, 522.7 larvae,
no pupae and 865 adults were detected.

d) In the samples infested by the three insects tested
together, 375 larvae, 46.3 pupae and 300 adults were
detected.
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Table 1: Laboratory estimation of weight loss caused by C. cephalonia, E. kuehniella and T. confusum after 2 months of
storage

Treatments Sieving flour (mg)  Residual flour (mg)  Consumed flour (mg)  Total weight loss (mg) Total weight loss (%)
C. cephalonica 276 +45 147 345" 76.7 +9.15 224 +4° 44.8

E. kuehniella 331.7 £7.6™ 12943 39.3+8.3¢ 168.3 £7.6° 33.7

T. confusum 444 +1 54 10.3+1.1% 44,7 +1.54 55 +1 ad 11

C. cephalonica E. kuehniella T. confusum 295 +15%° T4.7 +4°* 130.3 +7.5%° 205 +15%° 41

The control sample= 500 mg and there isn’t any weight loss in the control sample. a significant different for C. cephalonica at (p < 0.05); b significant
different for E. kuehniella at (p < 0.05); ¢ significant different for T. confusum at (p < 0.05); d significant different for three insect tested together at (p<0.05)

Table 2: Total number of offspring resulted from tested insects C. cephalonia, E. kuehniella and T. confusum after 2

months of storage

Treatments Number of progeny (Mean +S.D.)

Larvae pupae adult
C. cephalonica 487.7 +16.2™ 78.3+2.9™ 16.7+1.5%
E. kuehniella 256.7 +10.4% 56 +4 91
T.confusum 522.7 +5.7° - 865 +21.5%
C. cephalonica E. kuehniella T. confusum 375 +10.4%° 46.3 +3.8% 300 +93*

There isn’t insect population was detected in the control sample, a significant different for C. cephalonica at (p < 0.05); b significant different for E.
kuehniella at (p < 0.05); c significant different for T. confusum at (p < 0.05); d significant different for three insect tested together at (p < 0.05)

Table 3: Biochemical changes induced in the total protein of infested flour by C. cephalonia, E. kuehniella and T.

confusum after 2 months of storage

Treatments Total protein(mg/g) Mean £S.D.
Sieving flour Residual flour

Control 2.8+0.45®

C. cephalonica 6.3 £1.8%% 40.9 2,93

E. kuehniella 14.7 +0.8%° 46.8 +£1.7%%

T.confusum 15.8 +1.2%° 4.8+05%

C. cephalonica E. kuehniella T. confusum 32.9 +2 32« 51.7 2,12

Significant different for control at (p < 0.05); b significant different for C. cephalonica at (p < 0.05); ¢ significant different for E. kuehniella at (p<0.05); d
significant different for T. confusum at (p < 0.05); e significant different for three insect tested together at (p < 0.05)

Biochemical analysis of infested flour exhibited
significant  differences among different biochemical
parameters (total protein and total carbohydrate) in the
sieved and residual flour after infestation by C. cephalonia,
E. kuehniella and T. confusum.

The results tabulated demonstrated significant increase
in the protein contents of the sieved and residual flour after
2 months from infestation. Maximum increase of total
protein in the sieved flour was 32.9 mg/g which was
observed in the three insects tested together followed by
15.8 mg/g for T. confusum, 14.7 mg/g for E. kuehniella and
6.3 mg/g for C. cephalonia as compared to 2.8 mg/g with
normal control (Table 3). Also, the maximum increase of
total protein in the residual flour was 51.7 mg/g observed in
the three insects tested together followed by 46.8 mg/g for
E. kuehniella, 40.9 mg/g for C. cephalonia and 4.8 mg/g for
T. confusum as compared to 2.8 mg/g with normal control
(Table 3).

There was a significant decrease in the
monosaccharaides of the infested sieved and residual flour
after 2 months of storage. Maximum decrease of
monosaccharaides in the sieved and residual flour
respectively was 25.1 and 15.2 mg/g observed in C.
cephalonia followed by 224 and 11.3 mg/g for E.
kuehniella, 18.7 and 7.2 mg/g for the three insects tested
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together and 12.2 and 7.2 mg/g for T. confusum as
compared to 29.5 mg/g with normal control (Table 4). Also,
the determination of disaccharides in the sieved and residual
flour recorded significant decrease in the disaccharides of
sieved and residual flour respectively was 15.5 and 14.8
mg/g in the C. cephalonia followed by 14.6 and 10.7 mg/g
for E. kuehniella and 12.4 and 9.9 mg/g for the three insects
tested together. Finally, 7.3 and 4.7 mg/g for T. confusum as
compared to 17.7 mg/g with normal control (Table 4).

Grains and flour are susceptible to insect infestation
and contamination by different types of insects and fungi
starting from the field (grain), grain storehouse, milling and
flour storehouse. The interaction between insect infestation,
fungal level and mycotoxins contamination in wheat flour
was investigated in this part of experiments after two
months of storage. The results in Table 5, show that the
control (without insect infestation) wheat flour samples
under investigation had a very low fungal count (log 1.28),
i.e., 20 cfu/gm.

The sieved and residual wheat flour samples
infested with Corocyra cephaloneica and those infested
with T. confusum had log total fungal counts of 4.11,
3.52, 4.34 and 2.64 cfu/gm, respectively. Log total fungal
count of sieved and residual flour infested with E.
kuehniella was 3.39 and 2.36 cfu/gm, respectively.
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Table 4: Biochemical changes induced in the total carbohydrate of infested flour by C. cephalonia, E. kuehniella and T.

confusum after 2 months of storage

Treatments Mono. (mg/g) Mean +S.D. Di. (mg/g) Mean £S.D.
Sieving flour Residual flour Sieving flour Residual flour

Control 29.5 +0.9% 17.7 +0.4°c%

C. cephalonica 25.1 +]7 15,5 +1 23 15.5 +1 47 14.8 +0.92ce

E. kuehniella 22.4 +1.1%% 11.3+0.73¢ 14.6 +0.733 10.7 0.4

T.confusum 12.2 +0.9% 45 +0.8%% 7.3 £0.4%% 4.7 +0.3%

C. cephalonica E. kuehniella T. confusum 18.7 +1.6° 7.2 0.7 12.4 +0.7% 9.9 +0.8

a significant different for control at (p < 0.05); b significant different for C. cephalonica at (p < 0.05); c significant different for E. kuehniella at (p<0.05); d
significant different for T. confusum at (p < 0.05); e significant different for three insect tested together at (p < 0.05)

Table 5: Total fungal counts in sieving and residual flour infested by C. cephalonia, E. kuehniella and T. confusum after 2

months of storage

Treatments Log fungal counts
Sieving flour Residual flour

Control 1.28 b

C. cephalonica 4.45% 3.5

E. kuehniella 3.39%d 2.36%

T.confusum 4.34% 2.58%e

C. cephalonica E. kuehniella T.confusum 3,308 2,958«

a significant different for control at (p < 0.05); b significant different for C. cephalonica at (p < 0.05); c significant different for E. kuehniella at (p<0.05); d
significant different for T. confusum at (p < 0.05); e significant different for three insect tested together at (p < 0.05)

Meanwhile sieved and residual wheat flour infested with the
three insect populations together had log total fungal counts
of 3.3 and 2.95 cfu/gm respectively.

Fungal species and genera were isolated from
control (without insect infestation) flour samples and
from those infested with insects (Table 6). Seven mold
species belonging to three genera were isolated from
control wheat flour samples. They were A. flavus, A.
flavus var. columinaris, A. flavus forming sclerotia, A.
oryzae, E. violaceae, P. chrysogenum and P.
purpurogenum. Seven fungal species belonging to four
genera were isolated from wheat flour infested with C.
Cephalonia namely A. flavus, A. flavus var. columinaris, A.
flavus forming sclerotia, A. niger, A. oryzae, Penicillium
chrysogenum, Penicillium purpurogenum, Cladosporium
sphaerospermum, Eurotium repens.

In the case of wheat flour infested with E. kuehniella,
8 fungal species belonging to three genera were isolated.
Meanwhile, 9 fungal species belonging to three genera were
isolated from wheat flour samples infested with T.
confusum. At the same time, 10 fungal species belonging to
4 genera were isolated from flour samples infested with the
three insects under investigation together.

Cereals, flour and other crops are susceptible to attack
by various species of fungi, many of which produce
secondary toxic metabolites called mycotoxins. The
presence of these mycotoxins in food commodities
causes hazardous effects to humans and animals.
Therefore, aflatoxins and ochratoxin A were detected in
control flour samples and in insect-infested flour samples.
Table (7) indicates that only aflatoxins (Bi, B2) were
detected in all tested flour samples, but at different levels.
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Very weak detection was observed in control flour samples
and in flour samples infested with E. kuehniella, while
moderate detection was observed in flour samples infested
with C. cephalonica and T. confusum. Weak detection of
AFB; and AFB, was observed in wheat flour samples
infested with the three insects together.

Ochratoxin A was not detected in control flour
samples and in flour samples infested with C. cephalonica,
while ochratoxin A was detected in wheat flour infested
with E. kuehniella, T. confusum and with the three insect
populations altogether (Table 7).

Discussion

The apparent weight loss is defined as the difference in the
weight of commodity before and after the practical
infestation by insects. So, the total weight loss caused by
infesting insects due to their contamination and the actual
material they consume. The maximum residual flour was
reported in our study in the sample infested by C.
cephalonia and E. kuehniella because the larvae produce
silken threads which develop into dense webbing. These
silken threads may also form galleries (Ayyar, 1934). In
heavy infestation, the product becomes tightly matted
together with webbings (Kamel and Hassanein, 1967).
Results indicate that all flour samples suffered losses
but the percentage of weight loss may be arranged in
descending order as follows: C. cephalonica > three
insects tested together > E. kuehniella > T. confusum. The
effects of insect infestation on the weight loss of stored
products draw the attention of many researchers. Moore et
al. (1996) carried out a study to determine losses caused by



Interactions between Insects and Fungal Infestation in the Wheat Flour / Int. J. Agric. Biol., Vol. 18, No. 6, 2016

Table 6: Fungal species isolated from control and infested flour with insects by C. cephalonia, E. kuehniella and T.

confusum after 2 months of storage

Treatments Sieving flour

Residual flour

Control Aspergillums flavus

A. flavus var. columinaris
A. flavus forming sclerotia
A. oryzae

Emercilla violaceae

Penicillium chrysogenum

P. purpurogenum
C. cephalonica A. flavus A. flavus
A. flavus var. columinaris A. flavus var. columinaris
A. flavus forming sclerotia A. niger A. oryzae
A. oryzae C. sphaerospermum
A. parasiticus E. repens
P. chrysogenum P. chrysogenum
P. purpurogenum
E. kuehniella A. flavus A. flavus
A. flavus var. columinaris A. flavus var. columinaris
A. nidulance A. flavus forming sclerotia A. mellus
A. mellus A. niger
Cladosporium sphaerospermum A. oryzae
P. purpurogenum P. chrysogenum
P. purpurogenum
T. confusum A. flavus A. flavus
A. flavus var. columinaris P. chrysogenum
A. flavus forming sclerotia A. nidulance
A. niger
A. oryzae
A. parasiticus
E. quadrilianiata
Eurotium chevalieri
P. purpurogenum
C. cephalonica A. flavus A. flavus
E. kuehniella A. flavus var. columinaris A. flavus var. columinaris
T. confusum A. mellus A. mellus
A. niger A. niger
A. oryzae A. oryzae
A. parasiticus A. parasiticus
E. quadrilianiata C. sphaerospermum
P. chrysogenum E. repens
P. purpurogenum E. quadrilianiata
E. quadrilianiata P. chrysogenum
P. chrysogenum P. purpurogenum
P. purpurogenum E. quadrilianiata
P. chrysogenum
P. purpurogenum

Table 7: Detection of mycotoxins in control and infested flour by C. cephalonia, E. kuehniella and T. confusum after 2

months of storage

Treatments Aflatoxins (By, By) Ochratoxin A
Sieving flour Residual flour Sieving flour Residual flour
Control + + - -
C. cephalonica +++ + - -
E. kuehniella + + + -
T.confusum +++ + +++ +
C. cephalonica E. kuehniella T. confusum ++ + ++ -

+ weak; ++ moderate; +++ strong; - No detection

Sitotroga cerealella in dent corn. A single moth consumed
an average of 32.9 mg during its development in a kernel of
dent corn, which amounts to 10.35% weight loss per kernel
per insect. Campbell and Sinha (1976) determined the
damage done to stored wheat caused by larval and adult
feeding of Cryptolestes ferrugineus, Rhyzopertha dominica
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and Sitophilus granaries by feeding individual insects on
single wheat kernels. Sitophilus granaries caused 60%,
Rhyzopertha dominica 17% and Cryptolestes ferrugineus
4% weight loss in single kernels weighing a mean of 29.5
mg. Tadele et al. (2011) discovered a mean weight loss of
67.1 and 6.9% recorded after infestation by 50 insects 200 g
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grain after 90 days for Prostephanus truncates and
Sitophilus zeamais, respectively. Recently Baoua et al.
(2015) reported that C. cephalonica and Tribolum spp
induced 17.1% of weight loss after seven months storage
period on mill.

There was a significant correlation between the
amount of flour consumed and insect population. Flour
consumption by insects may be arranged in descending
order as follows: three insects tested together > C.
cephalonica > T. confusum > E. kuehniella, on the other
hand insect population may be arranged as: T. confusum >
three insects tested together > C. cephalonica > E.
kuehniella. The exception was found in the case of T.
confusum in spite of the fact that the population count was
greater than other insects but it occupied the third rank in
flour consumption.

Authors attributed this result to the size of T. confusum
larvae and adults in comparison with the larvae of C.
cephalonica and E. kuehniella. Arthur et al. (2012) studied
the impact of Rhyzopertha dominica on milling rice after
seven weeks of storage. The number of progeny produced
by the parental adults positively correlated with feeding
damage.

Infestation of flour by the C. cephalonica, E.
kuehniella and T. confusum or a mixed population not only
affected the quantity of flour but also influenced the quality
parameters. The principle causes of loss in quantity and
quality of cereals and products are the stored grain insects.
According to Metcalf and Flint (1962) the pests of stored
products are the most expensive of all insects, because they
feed products that have been grown, harvested,
manufactured and stored. There was a significant increase in
the total protein contents in the all sieved and residual flour
samples after infestation. Some literature showed an
increase in protein contents, whereas others showed a
reduction in the protein contents. For example, (Jood and
Kapoor, 1992a, b; 1993) reported that T. granarium and R.
dominica or a mixed population of both insect species
reduced the protein content of wheat, maize and
sorghum grains. On the other hand Samuels and Modgil
(2003) stated that an increase in insect infestation and
storage period significantly increase proteins content.
Also, Ahmedani et al. (2009) reported an increase in the
total protein of wheat varieties after six months from
infestation by Trogoderma granarium.

On total carbohydrate determination, our results
reported a significant decrease in the monosaccharaides
and disaccharides in the all sieved and residual flour
sample tested. These results are in agreement with the
findings of Singh et al. (2013) who studied insect infestation
by Rhizopertha dominica which induced a 13.5%
decrease of total carbohydrate content. Also, Jood et al.
(1993) found a significant reduction in carbohydrate
contents of wheat, maize and sorghum when artificially
infested with T. granarium and R. dominica. The results are
also in line with the findings of previous researchers such as
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Hameed et al. (1984) who observed a significant decrease in
carbohydrate contents of wheat grains due to the attack of T.
granarium larvae. These results were confirmed by Daniel
et al. (1977), Jood et al. (1996b), Prabhakumary and Sini
(2008) and Ahmedani et al. (2009).

Results in Table 5, revealed a very low fungal count in
control flour samples. This might be due to the effect of
gamma irradiation (3.0 kGy), which was used for insect
disinfestation of flour before artificial infestation, on
destruction of fungal cells. Many investigators reported that
irradiation in the range of 2-5 kGy greatly reduced total
bacterial and fungal counts of different food commodities
including grain and flour (Hammad et al., 1987; Supriya et
al., 2014; Lung et al., 2015).

The infestation of flour with these insects greatly
increased total mold population , could be attributed to the
generation of metabolic heat and water by insects in stored
flour which increase the water activity (aw) and temperature
of flour to a level suitable for fungal growth and
multiplication as reported by Mills (1986). Additionally,
these insects carried fungus spores in their body (which act
as vectors of fungi) that increased fungal counts. This
increase in mold counts indicates possible synergistic
interaction between insects and fungi. The high level of
molds and insect infestation cause deterioration of flour
quality at industrial processes and some of these molds
produce mycotoxins, which pose a risk to the humans
who consumed it. Generally, it is obvious from the
results in Table (5) that the total fungal counts of all
insects infested with flour samples were much higher
than those of control flour samples and the extent of the
increase was dependent on the type of the insect. This
indicates a positive relationship between insect
infestation and fungal counts. It is also clear from the
results that total fungal counts of flour infested by a
mixed population of the three insects under investigation
were lower than that of flour infested with individual insects
might be due to possible antagonistic interaction between
the mixed population of insects and fungi.

Many fungal species belonging to many genera were
isolated from wheat flour samples (Table 6). It is clear that
A. flavus was more commonly found in control flour
samples, as three different species of A. flavus were isolated
from it. Many other investigators have isolated similar
species of fungi from wheat flour. Doolotkeldieva (2010)
and Al-Dfiery and Merjan (2015) found that the major
genera of molds isolated from wheat flour and stored wheat
flour according to decreasing frequency were Aspergillus,
Penicillium, Fusarium, Cladosporium, Alternaria, Mucor,
Rhizobacteria, Trichoderma, Rhizopus, Nigrospora,
Bipolaris and Macrophomina.

It is worthy to mention that A. niger, A. mellus, A.
nidulance, Cladosporium sphaerospermum, Emercilla
quadrilianiata and Eurotium repens were only isolated
from infested flour samples with insects. These fungi
might be introduced through insects i.e., the insects act
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as vectors of these fungi. The major fungi species found
in flour (either control or infested) samples belonged to
the genera Aspergillus and Penicillium. Also, it was
reported that the major fungal species which were found
in wheat grain and flour belonged to Aspergillus and
Penicillum (Berghofer et al., 2003; Mashinini and
Dutton, 2006).

The detection of aflatoxins B, B, and ochratoxins A
in insect infested flour samples suggests a relation and
synergistic interaction between fungal species, mycotoxins
contamination and insect infestation.

Food and Agricultural Organization (FAQO) estimated
that as much as 25% of foodstuffs worldwide are
contaminated with mycotoxins leading to significant
losses (Kabak et al., 2006). Sweeney and Dobson (1998)
reported that aflatoxins are a major class of mycotoxins
produced mainly by two species of Aspergillus: A flavus
and A. paraciticus. The obtained results about isolated
fungi, i.e. the isolation of A. flavus from all flour samples
under investigation confirm the detection of aflatoxins B
and B in flour.

Many mold species can grow in grains and flour and
produce ochratoxin A. Among them there are A.
ochreaceus, P. virdicatum, P. cyclopium, P. verricossium,
A. niger, A. mellus and A. carbonarius (Abarca et al., 1994;
Heenan et al., 1998; CAST, 2003). It is obvious that
none of the mentioned fungi are known to produce
ochratoxin A, which was isolated from flour samples
either controls or insect infested. Thus the detection of
ochratoxin A in some flour samples could be attributed to
the fact that the mycotoxins may be found in the product
without presence of mycotoxigenic fungi, as the mycotoxins
may persist long after vegetative growth of fungi has
occurred and the molds have died.

In conclusion, such results indicate the ultimate need
for suitable methods that are effective in the disinfestation of
insects and in the elimination of fungal contamination of
wheat flour. The effectiveness of irradiation as a
physical-cold process is well recognized to achieve this
purpose but the establishment of suitable doses of
irradiation for insect and microbial control with standards
for food safety required mutual cooperation between
different specialties such as entomology, microbiology and
food irradiation departments.

Thus, we recommend the use of irradiation technology
as a phytosanitary treatment for insects and as a microbial
decontamination to overcome quarantine barrier and to
improve the quality of wheat flour.

Acknowledgments

The authors thank Prof. Ali Hammad (Prof. of
Microbiology, Microbiology Department, National Center
for Radiation Research and Technology (NCRRT). Atomic
Energy Authority, Cairo, Egypt) for his assistance and
reviewing the manuscript.

1129

References

Abarca, M.L., M.R. Bragulat, Castelld and G. Cabanes, 1994. Ochratoxin A
production by strains of Aspergillus niger. Appl. Environ. Microbial.,
60: 2650-2652

Abbas, H.K., W.P. Williams, G.L. Windham, H.C. Prinle, W.W. Xie and
W.T. Shier, 2002. Aflatoxin and fuminisins contamination of
commercial corn (Zea mays) hybrids in Mississippi. J. Agric. Food
Chem., 50: 5246-5254

Ahmedani, M.S., M.I. Haque, S.N. Afzal, M. Aslam and S. Naz, 2009.
Varietal changes in nutritional composition of wheat kernel Triticum
aestivum L. caused by khapra beetle infestation. Pak. J. Bot., 41:
1511-1519

Al-Dfiery, MJ. and A.F. Merjan, 2015. Mycoflora of mold contamination
in wheatflour and storage wheat flour. Mesop. Environ. J., 1: 18-25

Arthur, F.H., G.O. Ondier and T.J. Siebenmorgen, 2012. Impact of
Rhyzopertha dominica (F.) on quality parameters of milled rice. J.
Stord. Prod. Res., 48: 137-142

Ayyar, P.N.K., 1934. A very destructive pest of stored products in South
India, Corcyra cephalonica (Lepidoptera: Pyralidae). Bull. Ent. Res.,
25: 155-169

Barney, R.J., B.D. Price, J.D. Sedlacek and M. Siddiqui, 1995. Fungal
species composition and abundance on stored corn as influenced by
several management practices and maize weevil (Coleoptera:
Curculionidae). Crop Prot., 14: 159-164

Baoua, I.B., L. Amadou, M. Abdourahmane, O. Bakoye, D. Baributsa and
L.L. Murdock, 2015. Grain storage and insect pests of stored grain in
rural Niger. J. Stord. Prod. Res., 64: 8-12

Berghofer, L.K., A.D. Hocking, D. Miskelly and E. Jonsson, 2003.
Microbiology of wheat and flour milling in Australia. Int. J. Food
Microbiol., 85: 137-149

Beuchat, L.R., 1992. Media for detecting and enumerating yeasts and
moulds. Int. J. Food Microbiol., 17: 145-158

Birck, N.M.M., I. Lorini, M.C.Z. De Paula and C.C. Kotz, 2003a. Matérias
Estranhas Leves em Farinhas de Trigo Anais. VV Simpoésio Latino
Americano de Ciéncia de Alimentos, Campinas, Sdo Paulo, Brazil

Birck, N.M.M., I. Lorini and V.M. Scussel, 2003b. Sanitary Conditions and
Mycotoxins in Wheat Grains (Triticum aestivum) And Flour
(Common and Special) Through Milling Processing. Anais. IV
Congreso Latinoamericano de Mycotoxicologia. La Habana, Cuba

Campbell, A. and R.N. Sinha, 1976. Damage of wheat by feeding of some
Stored product beetles. J. Econ. Entomol., 69: 11-13

CAST, 2003. Mycotoxins Risk in Plant, Animal and Human Systems, pp: 1-
191. Task Force Report, No. 139. Council for Agricultural Science
and Technology, Ames, lowa, USA

Daniel, V.A., P. Rajan, K.V. Sanjeevarayappa, K.S. Srinivasan and M.
Swaminathan, 1977. Effect of insect infestation on the chemical
composition and the protein efficiency ratio of proteins of Bengal
gram and red gram. Ind. J. Nutr. Diet., 14: 70-74

Doolotkeldieva, T.D., 2010. Microbiological control of flour-Manufacture:

Dissemination of mycotoxins producing fungi in cereal products.

Mycol. Insights, 3: 1-15

D.L. and E.P. Callagher, 1994. Mechanisms of aflatoxin

carcinogenesis. Annu. Rev. Pharma. Toxicol., 34: 135-172

Hameed, A., H.A. Qayyum and A. Ali, 1984. Biochemical factors affecting
susceptibility of flour wheat varieties to Trogoderma granarium
Everts. Pak. Entomol., 6: 57-64

Hammad, A.A., Abd El-Aal, Soad and N.E. Mohammed, 1987. Radiation
decontamination of some important species from its bacterial load.
Egypt. J. Appl. Sci., 3: 273-281

Heenan, C.N., K.J. Shaw and J.I. Pitt, 1998. Ochratoxin A production by
Aspergillus carbonarius and A. niger isolates and detection using
coconut cream agar. J. Food Mycol., 1: 67-72

Homme, P.M., B. Gonzalez and J. Billard, 1992. Carbohydrate content,
frutane and sucrose enzyme activities in roots, stubble and leaves of
rye grass (Lolium perenne L.) as affected by sources/link
modification after cutting. J Plant Physiol., 140: 282-291

Jood, S. and A.C. Kapoor, 1992a. Biological evaluation of protein quality of
wheat as affected by insect infestation. Food Chem., 45: 169-174

Eaton,


http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072
http://www.sciencedirect.com/science/article/pii/S0022474X15300072

Gabarty and Abou EIl Nour / Int. J. Agric. Biol., Vol. 18, No. 6, 2016

Jood, S. and A.C. Kapoor, 1992b. Effect of storage and insect infestation on
protein and starch digestibility of cereal grains. Food Chem., 44:
209-212

Jood, S. and A.C. Kapoor, 1993. Protein and uric acid contents of cereal
grains as affected by insect infestation. Food Chem., 46: 143-146

Jood, S., A.C. Kapoor and R. Singh, 1993. Available carbohydrates of
cereal grains as affected by storage and insect infestation. Plant
Foods Human Nutr., 43: 45-54

Jood, S., A.C. Kapoor and R. Singh, 1996a. Effects of insect infestation and
storage on lipids of cereal grains. J. Agric. Food Chem., 44: 1502—
1506

Jood, S., A.C. Kapoor and R. Singh, 1996b. Chemical composition of cereal
grains as affected by storage and insect infestation. Trop. Agric., 73:
161-164

Kabak, B., L. Var and A.D.W. Dobson, 2006. Strategies to prevent
mycotoxins contamination of food and animal feed: a review. Crit.
Rev. Food Sci. Nutr., 46: 593-619

Kamel, A.H. and M.H. Hassanein, 1967. Biological studies on Corcyra
cephalonica (Stainton) (Lepidoptera: Galleridae). Bull. Soc. Entomol.
d’Egypte, 51: 175-196

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature, 227: 680-685

Lorini, 1., 2003. Manual Técnico Para o Manejo Integrado de Pragas de
Gréos de Cereais Armazenados, p: 80. Embrapa Trigo. Passo Fundo,
RS

Lung, H., Y. Cheng, H. Huang, B.B. Yang and C. Wang, 2015. Microbial
decontamination of food by electron beam irradiation. Trends Food
Sci. Technol., 44: 66-78

Mashinini, K. and M.F. Dutton, 2006. The incidence of fungi and
mycotoxins in South Africa wheat and wheat-based products. J.
Environ. Sci. Health, 42: 85-96

Metcalf, C.L. and W.P. Flint, 1962. Destructive and Useful Insects; their
Habits and Control, p: 1072. Mc-Graw Hill Publication, USA

Miller, J.D., 1995. Fungi and mycotoxins in grain: Implications for stored
product research. J. Stord. Prod. Res., 31: 1-16

Mills, J.T., 1986. Post-harvest Insect-fungus associations affecting seed
deterioration.  Pathological  interactions.  Affecting  Seed
Deteriorations. CSSA Special Public., 12: 39-51

Moore, D., O.K. Douro-Kpindou, N.E. Jenkins and C.J. Lomer, 1996.
Effects of moisture content and temperature on storage of
Metarhizium flavoviride conidia. Biocont. Sci. Technol., 6: 51-61

Padin, S., G.D. Bello and H.l. Fabrizio, 2002. Grain loss caused by
Tribolium castaneum, Sitophilus oryzae and Acanthoscelides
obtectus in stored durum wheat and beans treated with Beauveria
bassiana. J. Stored Prod. Res., 38: 69-74

1130

Pandey, N. and U. Budhathoki, 2007. Protein determination through
Bradford’s method of Nepalese mushroom. Sci. World, 5: 85-88

Pitt, J.I. and A.D. Hocking, 1985. Fungi and Food Spoilage. Academic
Press, Sydney, Australia

Pitt, J.I. and A.D. Hocking, 1997. Fungi and Food Spoilage, 2™ edition.
Champan and Hall, Cambridge, UK

Prabhakumary, C. and A. Sini, 2008. Biochemical changes of stored cashew
kernels due to infestation by Tribolium castaneum (Herbst). Curr.
Biotica, 2: 244-248

Raper, K.B. and D.l. Fennel, 1965. The Genus Aspergillus. Williams and
Wilkins, Baltimore, Maryland, USA

Samuels, R. and R. Modgil, 2003. Physico-chemical changes in insect
infested wheat stored in different storage structures. Ind. J. Agric.
Sci., 73: 562-563

Sansom, R.A., E.S. Hoekstra, J.C. Frisvad and O. Filtenrborg, 1995.
Introduction to Food-borne Fungi, p: 322, 4" edition. Central Bureau
Voor Schimmd cultures, Baarn, Delft

Simpanya, M.F., J. Allotey and S. Mpuchan, 2001. Insect and mycoflora
infestations in maize flour. Afr. J. Food Nut. Sci., 1: 3-8

Singh, N.B. and R.N. Sinha, 1977. Carbohydrates, lipids and protein in the
developmental stages of Sitophilus oryzea and Sitophilus grannarius.
Ann. Entomol. Soci. Amer., 70: 107-111

Singh, P., S. Satya and S.N. Naik, 2013. Effect of Insect Infestation on
Quality Parameters of Wheat. International Conference on Food and
Agricultural Sciences. IPCBEE. IACSIT Press, Singapore

Soares, L.M. and D.B. Rodriguez-Amoya, 1989. Survey of aflatoxins,
ochratoxinA, Zearalenon and Stregmatocystin in Brazilian foods by
using multi-toxin thin layer chromatographic methods. J. Assoc. Off.
Anal. Cem., 73: 22-26

Studier, F.W., 1973. Analysis of bactriophage T7 early RNAs and proteins
in slab gels. J. Mol. Biol., 79: 237-248

Supriya, P., K.R. Sridhar and S. Ganesh, 2014. Fungi decontamination and
enhancement of shelf-life of edible split beams of wild legume
(Canavalia miritime) by the electron beam irradiation. Rad. Phys.
Chem., 96: 5-11

Sweeney, M.J. and A.D.W. Dubson, 1998. Mycotoxins production by
Aspergillus, Fusarium and Pencillium species. Int. J. Food
Microbiol., 43: 141-158

Tadele, T., M. Stephen and L. Paddy, 2011. Effects of insect population
density and storage time on grain damage and weight loss in maize
due to the maize weevil Sitophilus zeamais and the larger grain borer
Prostephanus truncates. Afr. J. Agric. Res., 6: 2249-2254

(Received 04 June 2016; Accepted 15 September 2016)


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjW9daJppHKAhWJtxoKHXV1BuYQFggaMAA&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIJAgS&usg=AFQjCNFccTg8lhH_57jPfVzccy-g6L0eKA
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjW9daJppHKAhWJtxoKHXV1BuYQFggaMAA&url=http%3A%2F%2Fepubs.icar.org.in%2Fejournal%2Findex.php%2FIJAgS&usg=AFQjCNFccTg8lhH_57jPfVzccy-g6L0eKA

