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ABSTRACT

Three agricultural commodities namely, broad bean, cowpea and wheat flour
were tested for their insect infestation by using ozone as disinfectant. The treated
insect species were the bruchid beetles Callosobruchus chinensis, Bruchidius
incarnates and the flour beetles, Tribolium spp. Obtained data showed that ozone
concentration of 5 ppm delivered for one hour does not cause any harmful effect to
larvae and adults of all tested insect pests.

For C. chinensis, at 10 ppm, adults were still resistant although larval
mortality reached 6.0 %. With elevation of ozone concentration, there was a gradual
increase in mortality percentage reaching, at 100 ppm, 100 and 96.6% for larvae and
adults, respectively. In case of B. incarnates, the adults were also still resistant at 20
ppm, and recorded 4.0 % mortality while larval mortality reached 20.0 %. The highest
mortality percentages were 96.0 and 94.0 % recorded at concentration 100 ppm for its
larvae and adults, respectively. Whereas mortality percentage recorded for larvae and
adults of Tribolium spp, at 20 ppm, adults were still resistant although larval mortality
reached 18.0 %. However by elevation of ozone concentration to 100 ppm, mortality
percentage reached, 90.0 and 78.0 % for larvae and adults, respectively. The data
show that there was a steady increase in mortality of larvae and adults with the
extension of exposure time to ozone reaching 100% after two hours. On the other
hand, eggs and pupae of all treated insects were highly susceptible to ozone as
compared to larvae and adults of the same species. For example, hundred mortality
percentage for eggs and 86.0 % mortality for pupae were achieved using 5 ppm
ozone for an hour. However, by using same ozone concentrations and exposure time
eggs and pupae of B. incarnates recorded 96 % mortality for eggs and 89 % for
pupae. To compare other forms of ozone by using ozonized water, the results
indicated complete reduction in percent infestation rate on treatment with 60 ppm for
one hour or 60 ppm ozonized water for one minute. Complete sterilization for all test
samples from insect pest was achieved using ozone gas applied at 60 ppm for two
hours or 60 ppm ozonized water for two minutes. Treatment of these commodities
with ozone resulted in slight missing of protein and lipid contents but increased sugar
fractions of the tested materials.

Keywords: Bruchid beetles, Callosobruchus chinensis, Bruchidius incarnates
Tribolium spp, Ozone.

INTRODUCTION

Million tones of grains and seeds are stored every year in Saudi
Arabia. Insects cause serious quality problems in stored grains and annual
storage losses. Flour beetles Tribolium spp. (Coleoptera: Tenebrionidae)
have a very wide food range including cereals, grains, spices, shelled nuts,
dried fruit, chocolate, drugs, peas, beans and other similar materials (Via,
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1999, Weston and Rattlingourd, 2000). Bruchid beetles Callosobruchus
chinensis and Bruchidius incarnates (Coleoptera: Bruchidae) attack legume
seeds and cause severe damage in the quality and quantity of the crop.
These beetles are commonly known as one of the most destructive insect
pests of this crop in stored conditions (Sabbour and Abdelaziz 2007).
According to Qayyum and Zafar (1987) the maximum loss of 90% in gram
due to CC was reported. Heavy losses have been caused by CC in moth
beans. Attempts have been made by different scientists for the effective
control of stored Bruchid beetles through parasitoids (Aslam et al. 2006).

The only way to eliminate pests completely from a food grain without
leaving pesticide residues is fumigation. Currently, there are only two
registered fumigants for stored food, methyl bromide and phosphine.
Because of environmental concerns, several governments have completely
prohibited methyl bromide from use by the year 2005. Phosphine is currently
undergoing re-registration by the Environmental Protection Agency (EPA,
1999; FDA, 2001). Assuming phosphine makes it through the re-registration
process, it would be the only licensed fumigant for stored food grains. With
only one fumigant remaining, insect resistance becomes a greater risk.
Unfortunately some stored product insects already exhibit some levels of
phosphine resistance and some show resistance to methyl bromide (Zettler et
al., 1989; Zettler and Cuperus, 1990). Loss of fumigants, resistance to
remaining fumigants and a trend by consumers to move away from residual
chemicals, necessitates the development of additional control strategies.

Ozone in its gaseous form has been shown to have potential to kill
insect pests in commodities (Mason et al., 1997; Kells et al., 2001; Leesch,
2003; Zhanggui et al., 2003; Pereira et al., 2008; Rozado et al., 2008). High
mortality was achieved for adults of the maize weevil, Sitophilus zeamais
Motschulsky, and the larvae of the Indian meal moth, Plodia interpunctella
(Hubner) when exposed to low ozone concentrations ranging from 5 to
45 ppm (Erdman, 1980 and Kells et al., 2001). Ozone is known to act as
strong oxidant that has numerous beneficial applications. Ozone has been
used to sterilize a range of substances including air (Xu et al., 2002), waste
water, swimming pool water, drinking water (Greene et al., 1993) and against
microflora on meat, poultry, eggs, fish, fruits and vegetables (Kim et al. 1999).
However, the use of ozone as a decontamination gas for dried fruits has not
been well studied. Kells et al. (2001) reported that 92—100% mortality of adult
maize weevils, S. zeamais, larvae of Indian meal moth and Plodia
interpunctella in infested maize when fumigated with 50 ppm ozone for
3 days The objectives of this study were to determine the efficacy of ozone in
disinfesting seeds and grains from insects. The detection of the change in
treated stored commodities active constituents as a result of ozone treatment
will also evaluated.

MATERIALS AND METHODS
Test samples

Three stored seeds grains were used in this experiment namely; two

legumes, cowpea and broad bean (horsebean) and wheat flour. The samples
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were collected, in sterile plastic bags from different stores in Al-Madinah
region.
Ozone production

Ozone was generated via a controlled flow of oxygen through a
corona discharge in the ozone generator (Ozomax, Egypt, ozo- 3vtt). The
ozone was fed into both chambers where the ozone measurement and ozone
treatment were done. Ozone measurement was done by an ozone motor
(Inusa, H1, ver 5.73) with a detection limit of 1.0 ppm.

Insect rearing

The insect samples (including eggs, larvae, pupae and adults) were
reared each on its related commodities under the insectary conditions
(25.0+2°C, 75.0+5% R.H. and 16 h of illumination per day) from naturally
infested stored products. The commodities were placed in plastic pots (15 cm
diameter and 20 cm deep). The pots were then covered with muslin or
cheese-cloth fastened by a rubber-band to prevent the escape of insects and
to ensure the proper ventilation. The different insect stages emerged insect
species obtained from the culture were counted.

The preliminary results revealed that Callosobruchus chinensis and
Bruchidius incarnates were the most dominant insect recovered from
cowpea and broad bean, respectively, while the beetles Tribolium spp. were
the most abundant in wheat flour (ground wheat).

Ozone treatment of the test insect
a. Larvae and adult treatment

The experiment was conducted in two separate lines in the same
time for larvae and adults of C. chinensis, B. incarnates and Tribolium spp.
Each treatment consisted of 50 individuals divided into 5 replicates; each
comprised 10 either larvae or adults in a transparent plastic container (6.5 cm
diameter) covered with muslin. The ozone concentrations used were 5, 10,
20, 30, 40, 60, 80 and 100 ppm applied for one hour against larvae and
adults. The second treatment was carried out only against larvae and adults
of Tribolium spp by using different ozone concentrations 5, 10, 20, 30, 40 and
60 ppm for two hours exposure time. For ozonation, transparent plastic
containers of each treatment were placed in a well closed glass box. As
check ten larvae and ten adults of each species were placed in two
transparent plastic containers under the same conditions but without ozone.
The feeding of both larvae and adults of treated species took place via adding
two pieces or gm of related foodstuff in each container. Two days after
treatment, treated insects were daily investigated and dead ones were
recorded and segregated. Mortality percentage was determined.

b. Eggs and pupae treatment

As a result of the preliminary bioassay experiments which showed
that, both eggs and pupae of C. chinensis, B. incarnates and Tribolium spp.
were more sensitive to the toxic effect of ozone. Therefore, the ozone
concentrations used against eggs and pupae were 1, 3 and 5 ppm for 1 hour
exposure time. The design of eggs and pupae treatments was as applied for
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larvae and adults. Statistical analysis was performed by using ANOVA
multiple mean comparisons were made by the Tukey-HSD-Test.
Determination of main constituents of the test grain and seed samples
a. Protein

Approximately 0.5 g from each test plant sample, was ground in a
mortar and pestle in liquid nitrogen and the crushing continued until the
sample completely homogenized. The crushed samples were transferred to 1
ml Eppendorf tube brought to 300 pl with extraction buffer (50 m M tris-HCI
buffer, pH 6.8, glycerol 10 % w/v, ascorbic acid 0.1%, cycteine hydrochloride
0.1 wiv) then 50 pl 2-mercaptoethanol were applied to each 950 ml of the
sample, Centrifugation 18,000 rpm for about 30 min, was carried out to
remove debris. The protein content in supernatant was estimated according
to the method of Bradford (1976) by using bovine serum albumin as a
standard protein. Protein content was adjusted to 2 mg/ ml per sample.

SDS-PAGE proteins were separated according to their molecular
weights on 4-12% Bis—Tris gels and visualisation was performed using
Coomassie brilliant blue. The samples were broken manually and protein was
precipitated with 90% (v/v) trichloroacetic acid (TCA) and placed on ice for
30 min. Samples were centrifuged at 12,000 rpm at room temperature for
5 minutes and the supernatant discarded. Diethyl ether and ethanol (50%,
v/v) were added and the samples were centrifuged at 12,000 rpm for a further
5 minutes The supernatant was discarded and the samples were subjected to
SDS-PAGE electrophoresis according to Laemmli (1970) on a 4-12% Bis—
Tris gel. Electrophoresis was performed using an XCell Surelock™ unit
(Invitrogen, Paisley, UK) at constant voltage (200 V). The gels were stained
with Coomassie brilliant red, distained overnight in distilled water (dH,O) and
scanned.
b. Lipids

Total lipids were determine according to the A.O.A.C. (1990) as
follows: the thoroughly grinded dried sample (about 2 g) was accurately
weighed, then extracted in a suxhlet apparatus with chloroform:methanol
(2:1) for five hours. The solvent was removed by evaporation under reduced
pressure and the percentage of total lipids was calculated.
c. Total soluble sugars

Fresh sample (2 g) was accurately weighed, then extracted by boiling
in 80% neutral aqueous ethanol for six hours. The extract was filtered, and
the ethanol was removed by vacuum distillation, then the residue was
completed to 50 ml in measuring flask with distilled water. Total soluble
sugars were determined on the extract, using the phenol-sulphuric acid
method, according to Dubois et al., (1956), and the absorbance of yellow
orange colour was measured at 499 nm. A standard curve was carried out by
using pure glucose.

RESULTS

Susceptibility of larvae and adults to ozone:
The preliminary study showed that three insect pests were the most
abundant in the test grain and seed samples namely, Tribolium spp. was
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recovered from wheat, while C. chinensis and B. incarnates were recovered
from both of cowpea and broad bean (horsebean). Figures (1, 2 and 3)
showed that ozone concentration of 5 ppm delivered for one hour does not
cause any harmful effect for larvae and adults of C. chinensis, B. incarnates
and Tribolium spp. For C. chinensis, at 10 ppm, adults were still resistant
although larval mortality reached 6.0 %. With elevation of ozone
concentration, there was a gradual increase in mortality percentage
reaching, at 100 ppm, 100 and 96.6% for larvae and adults, respectively
(Figure 1). In case of B. incarnates, the adults were also still resistant at 20
ppm, and recorded 4 % mortality while larval mortality reached 20.0 %. The
highest mortality percentages were 96.0 and 94 % recorded at concentration
100 ppm for its larvae and adults, respectively (Figure 2). Whereas, mortality
percentage presented in figure (3) for larvae and adults of Tribolium spp,
showed 20 ppm, adults were still resistant although larval mortality reached
18.0 %. However by elevation of ozone concentration, there was a gradual
increase in % mortality reaching, at 100 ppm, 90.0 and 78.0 % for larvae and
adults, respectively. To investigate the effect of prolonged exposure of ozone
on mortality of larvae and adults, 5, 10, 20, 40 and 60 ppm ozone was
delivered for two hours (Figure 4). The data show that there was a steady
increase in mortality of larvae and adults with the extension of exposure time
to ozone reaching 100% after two hours.
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Fig. 1: Effect of different ozone concentrations delivered for one hour
on mortality percentage of larvae and adults of chick pea
beetle Callosobruchus chinensis. Bars represent standard
errors.
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Fig.2: Effect of different ozone concentrations delivered for one hour on
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mortality percentage of larvae and adults of faba bean beetle
Bruchidius incarnates. Bars represent standard errors.
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. 3: Effect of different ozone concentrations delivered for one hour

on mortality percentage of larvae and adults of wheat flour
beetles Tribolium spp. Bars represent standard errors.
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. 4. Effect of different ozone concentrations delivered for two hours

on mortality percentage of larvae and adults of wheat flour
beetles Tribolium spp. Bars represent standard errors.
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Susceptibility of eggs and pupae to ozone:

Generally, eggs and pupae of all treated insects were highly
susceptible to ozone as compared to larvae and adults of the same species.
For example, hundred mortality percentage for eggs and 86.0 % mortality for
pupae were achieved using 5 ppm ozone for one hour (Fig. 5 a).

% Mortality
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100

% Mortality

Fig. 5:
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Effect of different ozone concentrations delivered for one hour
on mortality ercentage of eggs and pupae of C. chinensis (A), B.
incarnates (B) and Tribolium spp. (C). Bars represent standard

errors.
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However, by using same ozone concentrations and same exposure
time eggs and pupae of B. incarnates recorded 96 % mortality for eggs and
89 % for pupae (Fig. 5 b). Generally, there were no significant differences
between data of C. chinensis and B. incarnates. In case of eggs and pupae of
Tribolium spp. mortality percentage reached 96 % mortality and 100 % for
pupae and eggs, respectively by using 5 ppm ozone for one hour (Fig. 5 c).
Efficacy of ozone gas and ozonized water on reducing insect pest
infestation from grain and seed samples

This experiment was carried out to test the in vivo efficacy of 60 ppm
ozone gas delivered for one and two hours and 60 ppm ozonized water for
one and two minutes on eliminating or reducing the contaminating insect
pests from the test foodstuffs.

Table (1) reveals the infestation percentage rate recovered from the
different samples manifesting typical insect damage, after their treatment with
60 ppm ozone gas or ozonized water. The results indicated that complete
reduction in percentage infestation rate on treatment with 60 ppm for one
hour or 60 ppm ozonized water for one minute. Complete sterilization for all
test samples from insect pest was achieved using ozone gas applied at 60
ppm for two hours or 60 ppm ozonized water for 2 minutes.

Table (1): Infestation percentage of the most dominant insect pests
calculated as the number of infested foodstuffs manifesting
typical insect damage after treatment with ozone gas at 60
ppm for one and two hours or 60 ppm ozonized water for
one and two minutes.

Grain 60 ppm ozone gas 60 ppm ozonized water
check : -
or seeds one hour | two hours | one minute | two minutes
Wheat (grain) | 24.02+1.21 | 2.43+0.5 0+0 0+0 0+0
Cowpea 69.94+3.42 4+2.1 0+0 0+0 0+0
Broad bean 56.12+4.7 | 8.21+1.51 00 3.78+1.01 00

Effect of ozone gas on stability of active constituents of test stored
foodstuffs

This experiment was conducted to test the effect of 60 ppm ozone
applied for eight hours on the protein, carbohydrates and lipids content of the
test grain and seed samples. Table (2) indicated that the different samples
contain varying levels of protein constituents ranging from 1.75 (wheat flour)
to 2.88 mg/g (Cowpea). The protein content of faba bean, cowpea and wheat
flour was not significantly decreased on exposure to ozone. Rf value of the
protein marker with a molecular weight above 66 kDa decreased in the
ozone-treated samples. In most cases, the band pattern of untreated and
ozone treated samples, particularly those in between 45 and 66 kDa was not
significantly changed (plates 1 and 2). Data of Table (2) indicate that the total
carbohydrates of the test samples, mostly increased. On the other hand the
lipids content of the test samples remained significantly unaffected.
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Table (2): Effect of 60 ppm ozone concentration delivered for eight
hours on nutritional constituents (mg/g) of grain and seed

samples.
Grain Protein Lipids Carbohydrates content
or seeds check|treated L5§/IOD control | treated L5§/IOD check |treated L5§/IOD
Wheat (flour)| 1.75 | 1.51 |0.46| 0.62 056 |0.26| 2.33 | 10.35 | 0.23
Cowpea 288 | 2.70 |041| 0.64 0.57 |0.37| 043 2.25 |0.38
Fababean |2.63| 2.43 |0.40| 0.60 0.60 |0.24| 0.59 2.1 43

DISCUSSION

Grains and legume seeds are among the crops classified as durable.
It is possible to store them for extended periods of time after they have been
dried. However, during storage they may be attacked by a number of insect
pests which result in loss in the quality and quantity of the stored foodstuffs.

Concerning the susceptibility of legume beetles (C. chinensis, B.
incarnates) and the flour beetle, Tribolium spp.to different ozone
concentrations, the data revealed that all tested adults were killed at higher
concentrations than immature stages. Adults of C. chinensis and B.
incarnates were sensitive than Tribolium spp. The variation in mortalities of
beetles may be due to the variation in feeding behavior of the different
insects. Clifford et al. (1998) reported that accumulation of total amino acids
was acceptable for feeding some insect larvae. This accumulation of amino
acids may play a role in increasing infestation. Al-Dosari et al. (2002) found
that the relationship between infestation by O. surinamensis and protein
content was significantly positive. However, Ali and Aldosari (2007) indicated
that differences between the date mite infestation and date fruit contents of
different cultivars (lipids, proteins, carbohydrates and ash) were insignificant.
The larvae and adults of Tribolium spp are more susceptible to long exposure
of lower doses than short exposure of higher dose. These results are in
accordance with that of Alahmadi et al. (2009 a&b). They reported that the
complete elimination of Oryzaephilus surinamensis and Cadra furcatella from
stored dates required 30 ppm ozone applied for six hours. Moreover, they
found that the percentage of unhatched eggs of O. surinamensis and C.
furcatella, reached 97.26 and 83.67%, respectively at 5 ppm ozone applied
for one hour. In addition to ozonized water applied for 2 minutes, at the same
doses was more effective than gaseous ozone form. On the other hand eggs
and pupae were sensitive to ozone as compared to larvae and adults and
100% mortality was achieved using 5 ppm ozone for one hour. Moreover,
ozone treatment induced morphological alterations such as more than one
pair of legs failing to move or a lack of coordinated movement in all legs.
Kells et al. (2001) reported that treatment of 8.9 tones (350 bu) of maize with
50 ppm ozone for three days resulted in 92—-100% mortality of adult maize
weevil, Sitophilus zeamais, and larvae of Indian meal moth, Plodia
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interpunctella. Ozone is suitable for washing and sanitizing solid food with
intact and smooth surfaces (e.g., fruits and vegetables) and ozone-sanitized
fresh produce has recently been introduced in the US market.

The larvae and adults of Tribolium spp are more susceptible to long
exposure of lower doses than short exposure of higher dose. These results
are matching with that of Al-Ahmadi et al. (2009 a & b). On the other hand
eggs and pupae were sensitive to ozone as compared to larvae and adults
and 100% mortality was achieved using 5 ppm ozone for one hour. Moreover,
ozone treatment displayed altered behaviors such as more than one pair of
legs failing to move or a lack of coordinated movement in all legs. In a
laboratory study, 5 ppm of ozone resulted in 100% mortality of adult saw-
toothed grain beetle, Oryzaephilus surinamensis (L.), and confused flour
beetle after exposure times of 3 and 5 days, respectively (Mason et al.,
1997). Kells et al. (2001) reported that treatment of 8.9 tones (350 bu) of
maize with 50 ppm ozone for 3 days resulted in 92—100% mortality of adult
red flour beetle, Tribolium castaneum (Herbst), adult maize weevil, Sitophilus
zeamais (Motsch.), and larval Indian meal moth, Plodia interpunctella
(Huebner). Complete eradication for all test samples from insect pest was
achieved using ozone gas applied at 60 ppm for two hours or 60 ppm
ozonized water for 2 minutes.

In most cases, the protein content of the test samples was
insignificantly changed, while the total carbohydrates were increased.
Barboni et al. (2010) measured the effect of ozone treatment on physical,
chemical and fungicidal parameters, soluble sugars and non-volatile organic
acids during storage of Kiwi fruits. They found that, the concentrations of
these sugars increased during storage in ozone-enriched air at 0 °C.
Whereas lipid content was mostly not affected. Alahmadi et al (2009)
mentioned that treatment of date fruits of different cultivars with ozone
resulted in slight missing of some individual sugar fractions from some
cultivars and varying reduction on percent relative concentration of sugar
components.
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