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ammn itradiation and medicinal plam exiracts were tested for

their capability to decrease deterioratien and aflatoxins
accurnulation in stored maize grains. Irradiation of grains with 5 or
10 kGy effectively reduced the infection with Aspergillus flavus and
other contamimated fungi for up to 3 months of storage. Also, these
treatments greatly reduced aflatoxins (B1 & B2) production in
comparison to un-irradiated grains. The highest effect of irradiation
was occurred by 10 kQy, which resulted in negligible incidence of
A. flavus and the associated fungi as well as complete inhibition to
aflatoxins production imtil the end of storage period.

Application of different concentrations of chloroform-methanol
and/or aqueous extracts of thyme, tooth pick, spider flower as well as
tooth-brush caused significant reduction in the in wiro pgrowth of
A. flavus. Chloroform-methanol (2:1v/v) was effective than the
aqueous extracts of the other medicinal plants. Tooth pick extract
canded the highest reduction to the fungal growth followed by thyme
exiract. Moreover, tremtment of maize grains with chloroform-
methanol extract of thyme and tocth pick, before storing for up to
20 10 60 days, preatly reduced the occurrence of A flavus and the
other fungi as well as aflatoxins production.

Keywords: Aflatoxins, Ammi visnaga, Aspergillus flavus, Cleome
arabica, gamma irradiation, maize, Salvadora persica
and Thymus vulgaris.

Maize {Zea mays 1..) is considered as one of the most important food and feed
cereal crops in Egypt. It is well known thal maize grains are vuinerable to attack by
several fungi in the field which proceed in growth and produce mycotoxins under
bad storage conditions. Fusarium spp. and Aspergillus spp. are the most common
fungi that could be recovered from infected ears and stored kemnels, which produced
mycotoxins at storage (Halloin, 1975 and El-Shabrawi, 2001). Aflatoxins, produced
by some strains of A. flavus and A. parasiticus, are considered the most serious toxic
metabolites to human and apimal (Alam et al, 2010 and Shah et al., 2010).
Therefore, developing effective and efficient method(s) to minimize aflatoxins
contamination in maize grains are urgent.

Some trials have been done to evaluste natural means for managing grain rotting
and aflatoxin production. Gamma irradiation was tested by several investigators to
protect food stuffs and grains against fungal infection and aflatoxip production
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(Rustom, 1997 and Rizk and Botros, 2006). They reported that the total number of
fungi on maize grains was significantly decreased when treated with 1.5-6 kGy of
gamma rays at all storage periods. Aflatoxins B1 & B2 are found to be partially
degraded by 2-5 kGy gamma irradiations, while complete degradation was recorded
by applying 10 kGy (Aquino et al., 2005).

Plant extracts have been tested by many investigators to protect food stuffs as
well as plant products and grains against fungal and bacteriat deterioration as well as
toxin accumulation. Under iaboratorial conditions, many plant extracts exhibit
antimicrobial properties (Satish ef al., 1999 and Bouamama ef a/., 2006). Moreover,
many investigators reported that extracts of some medicinal plants were effective in
inhibition of toxigenic food-borne moulds (El-Assiuty ef al, 2006 and Atanda et al.,
2007). For instance, tooth pick (4dmmJ visnaga) extract was found to have inhibitory
effect on the in vitro growth of Newrospora crassa (Grange and Davey, 1990). Also,
El-Assiuty et al. (2006) reported that chioroform-methanol extract of T. vulgaris,
A. visnaga, Cymbopogon proximus were found to have inhibitory effect, at
2500 ppm, against 4. flavis growth. Spider flower and tooth-brush were also tested
to protect food stuffs against several fungal infections (Badran and Aly, 1995 and
Pirzada er al, 2009). However, it was found that 4. visnaga contains many
constituents that may act as fungistatically or fungicidally to plenty of human,
animal and plant pathogens (Batenony, 1999). Moreover, Mahmoud {1999) reported
that concentration of 2-10 mg/ml aqueous extract of 4. visnaga fruits inhibited
A. flavus growth and aflatoxin production.

This investigation aimed to evaluate the efficacy of gamma radiation and some
medicinal plant extracts against the deterioration of stored maize grains cansed by
A. flavus and other associated fimgi. Also, aflatoxin production in stored maize
grains was taken into consideration,

Materials and Methods -—

1. Source of Aspergillus flavus:
One toxigenic isolate of A. flavus, previously isolated from rotted maize grains
collected from farmer's storage at Behera governorate in 2008, was used in the

present study.

2. Preparation of A. flavus spore suspension:

Conidial spores of A. flavus, cultured on PDA plates and incubated for 12 days at
2712°C, were harvested and suspended into 15 mi sterilized water then filtered
through folds of filter papers. Spore.suspension concentration was adjusted to 10°
spore/ml by aid of a haemocytometer slide.

3. Plant materials:
3.1. Maize grains:

Maize grains (three way cross 310 hybrid) were collected at harvest time from
field of Gemmiza Agricultural Experiment Station and artificiaily inoculated by
dipping for 2 min. in A. flavus spore suspension (10° spore/ml). Final grain moisture
content was adjusted to 14% according to Anonymous (1962). Uninoculated grains
were kept as a check treatment.
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3.2. Medicinal plants:

Leaves of thyme (Thymus vulgaris), seeds of tooth pick (Ammi visnaga), herb of
spider flower (Cleome arabica) and stems of tooth-brush tree (Salvadora persica)
were collected from local markets, ther air dried, grounded to fine powder and
subjected to the following extractions:

3.2.1. Agueous extracts:

Dry plant powder (100 g) was transferred into 500 ml conical flasks containing
200 ml sterilized distilied water, then placed on an orbital shaker (120 rpm) for 24h
before filtered through double layers of muslin cloth, then filtered again through
Whattman (No.1) filter papers. Collected filtrates were centrifuged at 5000 rpm for
30 min., and then sterilized by Seitz’s filter G6 (Ismail ef al, 1989). Sterilized
extracts were kept in a refrigerator at 5°C for further studies.

3.2.2. Solvent extracts:

Dry plant powder (200 g) was transferred into1000 ml sterilized conical flasks
containing 406 ml chloroform + methanol (2:1, v:v) and kept in the dark for 15 days,
then filtered through Whatiman (No. 1) filter papers. Collected extracts left in the
dark at room temperature to be evaporated to the dry-film point (El-Assiuty et al,
2006). Dry films were weighed and kept in a refrigerator at 5°C for further studies.

4. Invitro effect of plant extracts on A. flavus growth;

Different concentrations of the tested medicinal plant extracts were prepared, in
sterilized distilled water, to evaluate their efficiency in reducing the in vifro radial
growth of A. flavus. Dilution of any extract was separately incorporated into PDA
medium at 45°C and poured into 7-cm-diam. sterilized Petri dishes then left to
solidify. Discs (5-mm-diam.), taken from 7-day-old A. flavus culture, were placed at
the centre of each plate. Five plates were used as replicates for each concentration.
Dishes were incubated at 2742°C for 7 days. Fungal radial growth was measured
when the fungal growth covered the plate in the control treatment. Growth inhibition
percentage was determined according to the following equation:

Growth inhibition (%)= C-T * 100
c

Whereas: C= Radial growth in centrol and T= Radial growth in treatment.

5. Storage experiments:
5.1. Effect of plant extracts on fungal incidence and aflataxins production in stored
maize grains:

Maize grains (TWC 310 hybrid) were artificially inoculated with 4. flavus spore
suspension (10° spore/ml) as mentioned before. Solvent extracts of tooth pick and
thyme were diluted in distilled water to prepare two concentrations, ie. 2500 and
5000 ppm. Each concentration was thoroughly mixed with inoculated, or not, maize
grain samples (250 g) and left to dry on filter papers for 15 min. before packed in
sealed polyethylene bags then stored under room conditions (25+2°C & 50-70%
RH) for 20, 40 and 60 days. Three samples were used as replicates for each
treatment.
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3.2, Effect of gamma irvadiation on fungal development and aflatoxins production in

stored maize grains

Maize grain samples (250 g each), either neutrally infecied or artificially
inoculated by the tested fungus, were packed in sealed pclyethylene bags for
irradiation following the method described by Maity ef al. (2008). Samples were
exposed to the following doses of gamma-irradiation: 5 and 10 kGy (60-cobalt
gamuma source) at dose rat 1.46 kGy/h, in the National Centre for Radiation
Research and Technology (NCRRT), Cairo, Egypt. Three replicates were used for
each treatment, Tested samples, irradiated or not, were stored under room conditions
(25+2°C & 50-70% RH) for 1,2 and 3 months.

In all storage experiments, tested maize grain samples were subjected, at the end
of each storage period, to microbiological analyses and quantitative estimation of
produced aflatoxins.

6. Microbiological analyses:

Onec hundred grains of each treatment were surface sterilized by immersing in
5% sodium hypochlorite solution for 2 minutes, washed thoroughly with sterilized
distilled water and left to air dry. Grains were aseptically transferred onto PDA
medium and incubated at 27+2°C for 7 days. Emerged fungi were picked up,
purified and identified according to Ainsworth and James (1971) and Marasas ef a/.
(1984). '

7. Determination and quantification of aflatoxins in stored maize grains:
7.1. Aflatoxins extraction and clean up:

The BF method was followed to extract and clean up aflatoxins (Anonymous,
1990). Pried extract was dissolved in 200 ul chioroform. Twenty ul of the extract
were spotted on the TLC plate. Twenty ul of the standard solution of Bland B2 as
well as of their mixture were also spotted on TLC plates, then developed in a_jar
30x10 cm containing the running solvent system of chloroform: acetone:
isopropanol; water (88:12:1.5:1 v/v) for 20 min. in darkness. To confirm the
presence of aflatoxins, plates were lightly sprayed with 50% sulfuric acid before
examined under 365 nm UV.

7.2. Quantification of aflatoxins:

Aflatoxins were quantitatively detennined according to Anonymous (1990). TLC
plates were scanned under UV (365 nm), using a densitometer. Concentration of
mycotoxins was calculated by the following equation:

pekg= B.Y .S .V
Z.X.W

Whereas: B = average area of aflatoxin peak in identified sample.
Y = concentration of aflatoxin standard pg / ml.
S = pl spotted aflatoxin.
V = 1)nal dilution of extracted sample (pl).
Z = average area of aflatoxin peaks in standard aliquots.
X = 1 of spotted sample extract.
W= g sample represent final extract.
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Results

1. Effect of plant extracts on radial growth of Aspergiilus flavus:

Data presented in Table (1) show that all extract concentrations of the tested
medicinal plants resulted in significant reduction in A. favis radial growth,
compared with check treatment. In general, growth inhibition (%) was increased
with the increasing of concentrations, in both aqueous and/or solvent plant extracts.
The 70% efficiency in inhibiting the fungal growth was considered as a reasonable
level to consider the extract as a potent inhibitor. However, tooth pick extracts were
obviously the most effective in both kinds of tested extracts, when inhibition
percentages ranged from 18.57 to 56.29% and from 37.14 to 100% in aqueous and
solvent extracts, respectively, followed by thyme extracts (14.86 to 49.71% and
31.43 to 88.29 %, respectively). Aqueous and solvent extracts of tooth-brush
recorded the lowest effect, which ranged from 8.29 to 27.14% and 14.57 to 47.43 %,
respectively). Generally, recorded data reveal that solvent extract of each medicinal
plant was more effective than aqueous extracts. Complete inhibition was recorded at
2500 ppm when solvent extract of tooth pick was used; meanwhile 100%
concentration of aqueous extract of the same plant caused 56.29% reduction in the
fungal growth.

2. Effect of plant extracts on fungal contamination and aflatoxins accumulation in
stored maize grains:
2.]. Effect on fungal contamination:

- Data presented in Table (2) show that treating maize grains with plant extracts of
tooth pick and thyme, either inoculated or not, before storage effectively reduced the
incidence of fungi for up to 6¢ days, in comparison with untreated grains. In this
concern, during all storage periods, it was found that concentration of the tested
plant extracts at 5000 ppm was more effective in reducing the percentages of the
isolated fungi more than that 2500 ppm in both tested plant materials. Moreover,
tooth pick extracts were the most effective in reducing the incidence of the
associated fungi, compared with the other tested treatments.

In case of artificially inoculated grains, data cleared that the frequency of
A. flavuz was increased, in all treatments, with increasing storage period from 20 to
60 days, in comparison with zero time. After 60 days of storage, frequency of
A. flavus was 29.7 and 13,3% in inoculated grains treated with tooth pick extract at
2500 and 5000 ppm, respectively. Meanwhile it was 39.5 and 25.3% in inoculated
grains treated with thyme extract at 2500 and 5000 ppm, respectively. Astificially
inoculated and untreated treatment {check) recorded 76.5%, 60 days after storage.
On the other hand, occurrence of A. flavus, in case of uninoculated grains, recorded
18.2 and 5.8% in grains treated with tooth pick extract at 2500 and 5000 ppm,
respectively. Meanwhile, it was 26.1 and 14.2% in grains treated with thyme extract
at 2500 and 5000 ppm, respectively, Uninoculated and untreated treatment {check)
recorded 43.6%, 60 days after storage. ;

The same trend was observed in case of the other associated fingi, ie.
A. niger, Penicillium spp. and Fusarium spp. but with low frequency compared with
* A. flavus. ot
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Table 1, Effect of different concentrations of agueous and solvent extracts of
medicinal plants on the radial growth of 4. flavus, 7 days after
incubation at 27£2°C

Radial growth (RG) and reduction (R)
T ¢ l?:m Aqueols extract Solvent extract
Conc. (%) | RG(cm) [ R (%) { Conc. (ppm} | RG (cm) | R (%)
0 7.00 0.00 0 7.00 0.00
25 596 14.86 500 4.80 31.43
50 558 20.29 1600 3.92 44.00
Thyme
5 4.76 32.00 1500 2.94 58.00
100 352 49.71 2500 0.82 88.29
Mean 3.36 23.37 Mean 3.90 4542
0 7.00 0.00 0 7.00 0.60
25 5.70 18.57 500 4.40 37.14 }
Tooth pick 50 498 28.86 1000 3.20 54.29 |
75 3.58 48.86 1500 2.02 71.14
- 100 3.06 56.29 2500 - 0.00 | 100.00
Mean 4.86 30.51 Mean 332 52.51
0 - 7.00 0.00 0 7.00 | 0.00
= 25 6.34 943 500 578._| 1743
Spider flower 50 6.12 12.57 1000 4.98 28.86
75 5.62 19.71 1500 4.16 40.57
100 4.52 3543 2500 3.02 56.86
Mean 5.92 15.43 Mean 4.99 28.74
0 7.00 0.00 0 7.00 0.00
25 6.42 829 500 5.98 14.57
Tooth-brush 50 6.24 10.86 -1000 5.20 25.71
75 5.84 16.57 1500 4.40 37.14
100 5.10 27.14 - 2500. 3.68 4743
Mean | 6.12 12.57 Mean 5.25 24.97
L.8.D.qos for: Treatment(T) =0.k6 LSD.gemfor T =0.08
Concentration(C) = 0.12 € =012
Tx C =023 TxC=0.23
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Table 2. Effect of different concentrations of the tested plant extracts on the
frequency of fungi associated with stored maize grains

- Frequency (%) of fungi isolated from stored maize
g Treatment grains

é Artificially inoculated Uninoculated

2 {Conc. | Storage | A*¥ A | F | P. [ 4 | 4 | FE | P

(ppm) | period (day) | fla. | nig. | spp. | spp. | fla. | nig. | spp. | spp.

20 109191316 |45)|29730]31

% 2500 40 173 |39 | 2731 |18} 47 | 46 | 49

A 60 20757741 52 18217018583

-‘58 20 27/00j00] 00 |o00!00]00!o00

= 1 5000 40 81|13 |00} 14 |20)19]15!18

60 133)19]10] 21 |58({39]19]309

20 14227 |19 ] 21 | 66|32 |49 ] 44

2500 40 22747 38| 40 [180} 62 | 63 | 63

E‘ 60 395] 69 | 55 ] 83 [261]99 [11.7]112

= 20 7116|1011 |33127]{16]29

5000 40 156 | 33 ] 2.1 | 20 |104] 35 | 3.8 | 47

60 25349 )37 45 |142]65]| 66| 74

20 367 48 | 63 | 40 |100] 64 | 7.0 | 68

Check 40 61.37] 7.7 | 124] 64 [303]107]13.7 {109

60 76.5 |13.8]16.7] 11,6 | 43.6 | 143 ] 175|176

* At zero titne, occurrence of A. fAavus recorded (2.3%), while it was (3%) for Fusarium spp.
** A fla: A flavus; A nig.: A. niger; F. spp.: Fusarium spp.; and P, spp.: Penicillium spp.

2.2. Effect on aflatoxins production:

Data presented in Table (3) show that no affatoxins were detected at zero time,
while increasing storage period from 20 to 60 days led to considerable increase in
the amount of total aflatoxins (B1 & B2) from 0.00 to 29.05 ppb, in untreated
(check) grains. Meanwhile, it increased from 16.55 to 65.68 ppb in untreated and
artificially incculated grains, respectively.

Plant exiracts of tooth pick und thyme markedly reduced the amount of
aflatoxins after storage for 60 days. Moreover, the highest efficiency in reducing
aflatoxins by both plant extracts was observed at 5000 ppm. However, tooth pick
extract reduced aflatoxins production more than thyme extract at any tested
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Table 3. Effect of different concentrations of plant extracts on aflatoxin

_production by 4. flavus in stored maize grains
8 Aflatoxin level (ppb)*
Treatment

g Artificially inoculated Uninoculated

= ((;‘::;) Spt:;aogde Bl | B2 | Total | Bl | B2 | Total
(day)

20 0.56 0.00 0.56 0.00 0.00 0.00
% 2500 40 298 1.12 4.10 1.00 0.14 1.14
s 60 7.64 1.81 9.45 313 122 { 435
'§ 20 000 | 0.00 | 0.00 600 | 000 | 0.00
S 5000 40 000-] 0.00 | 0.00 000 [ 000 { 000
60 146 | 000 | 146 go0 [ 000 | 0.00
20 2.54 120 | 3.74 000 | 006 | 0.00
2500 40 507 [ 248 | 755 338 | 098 | 436
E 60 998 | 3.61 | 1259 | 749 | 1.20 | 8.69
= 20 0.00 | 0.00 | 0.00 006 | 0.00 | 0.00
5000 40 298 0.00 | 298 03% | 000 [ 0.39
60 6.94 0.00 | 6.94 224 | 0.00 | 224
20 1441 | 214 [ 1655 { 0.00 | 0.00 [ 0.00
.Check 40 39.05 | 4.89 | 43.93 855 | 238 | 1093
60 56.18 | 9.50 | 65.68 | 2579 | 3.26 | 29.05

* No aflatoxin was detected at zero time.

concentration. It was also observed that no aflatoxins produced 20 days after storage
at 2500 ppm qf both plant extracts in uninoculated grains, while slight amount.was
produced in artificially inoculated grains. On the other hand, aflatoxins were
gradually increased with increasing storage period either in uninoculated or artificial
inoculated grains,

3. Effect of gamma irradiation on deterioration and aflatoxins production:
3.1. Effect on mould incidence:

Results presented in Table (4) show that gamma irradiation effectively reduced
the incidence of 4. flavus and the other associated fungi, either in artificially
inoculated or in uninoculated maize grains. It was also observed that dose of 10 kGy
was more effective than that of 5 kGy in this regard.
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Table 4. Effect of different doses of gamma irradiation on the occurrence of

_fongl in the stored majze grains
Fungal occurrence’”
Gamma m Artificial inoculation Uninoculated

dosekGY) | nonthy| 4| 4 | R | P |4 | 4 |F | P
fla | nig. | spp. | spp. | fla | nmig. [spp.| spp.

One | 2 | 0o ]olo] o oo

5 Two | 11 | 6 | 0 |01 3] 3 |o]o

Three | 23 | 9 | 2 | 0 | 11| 3 (2] o

One | 0 | 0] ool o| o {o0]o

10 ™o | 0 | 0 | 0 Jo] o o [o]o

Three | 5 | 2 | 0 | 0 [ 21 1 [0 o

One | 55 | 8 | 9 | 2 (11 ] 3 {95

‘?mhgz’.‘ (un- o | 62 | 12 | 15| 8 | 33 | 10 18] 9

iated)

Three | 83 | 14 | 21 | 11| 49 | 16 28] 17

* - At zero time, occurrence of both A. flavis and Fusarium spp. recorded 3%.
** As described in footnote of Table (2).

At zero time, occurrence of both A. flavis and Fusarium spp. reached 3%.
Meanwhile, two months afier storage, exposing the grains to 10 kGy resulted in
complete absence of A. ﬂaws and other associated fungi, either in uninoculated and
artificially inoculated grains. While, 5 kGy prevented the incidence of the associated
fungi up to.one month in both un-inocuiated and inoculated grains.

Un-irradiated grains recorded high incidence for A. flavis compared mth
irradiated ones. Also, it was increased with increasing of storage period, where the
higher incidence was recorded afier three months of storage in either artificial
inoculated or un-inoculated grains, being 83 and 49%, respectively.

A. niger was found in un-irradiated grains with low incidence compared with
A. flavus. Meanwhile, Penicillium spp. was observed in un-irradiated grains only.

3.2. Effect on aflatoxins production:

Results in Table (5) show that no aflatoxins were detected at zero time, whereas
one month after storage of un-irradiated grains, no aflatoxins (Bl & B2) were
detected in uninoculated grains and were 35,3 ppb in artificially inoculated grains,
then reached to 30.1 and 70.6 ppb, after three months of storage respectively. On the
other hand, exposing to gamma radiation was very effective in reducing aflatoxins
" production during storage for three months, where no aflatoxins produced in
uninoculated grains exposed to both doses. In case of artificially inoculated grains,
no aflatoxins produced when 10 kGy was applied, while slight amount of only B1
was recorded in grains exposed to 5 kGy, after two and three months of storage,

(being 0.6 and 4.9, ppb, respectively).
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Table 5. Effect of different doses of gamms irradiation on aflatoxins
(B1 &B2) produced by A. flavis in stored maize grains

Aflatoxin concentration (ppb)*

- Storage
G““(:‘G’;‘)’m period | Artificial inoculation Uninoculated
(month)

B1 B2 Total Bl B2 | Total

One 0.0 0.0 0.0 0.0 0.0 0.0
Two 0.6 0.0 0.6 0.0 0.0 0.0
Three | 4.9 0.0 49 0.0 0.0 0.0
One 0.0 0.0 0.0 0.0 0.0 0.0
10 Two 0.0 0.0 0.0 0.0 0.0 0.0
Three { 0.0 0.0 0.0 0.0 0.0 0.0
One | 298 | 55 353 | 00 0.0 0.0
Two | 362 | 9.8 46.0 7.9 0.0 79

Three 549 15.7 70.6 264 3.7 30.1
* No aflatoxins were detected at zero time,

Check
(un-irradiated)

Discussion

In current study, an attempt was done to mange maize grain deterioration caused
by the associated fungi as well as : ccumulation of aflatoxins during different storage
periods under controlled conditions. Two methods of npplteatmn were tested, ie
plant extracts and gamma irradiation.

Plant extracts used in the present study caused an inhibitory effect on in vitro
radial growth of A. flavus. As aill experimented extracts caused significant reduction
to the fungal growth, Chloroform-methanol was superior to the aqueous exiract in
this respect. Extracts of tooth pick {dmmi visnaga) followed by thyme (Thymus
vulgaris) causgd the highest effect on the fungal growth. Treating maize grains with .
thyme and tooth pick extracts resulted in great reduction in grain deterioration and
obvious reduction in aflatoxins accumulations. These results are in accordance with
the findings of El-Assiuty et al (2006) who reported that chloroform-methanol
extracts obtained from A. visnaga and 7. vulgaris out of various medicinal and
indigenous plants, were found to have highly potent effect on the growth of
‘A. flavus. Batanony (1999) reposted that A. vismaga contains many constituents that
may have fungitoxic effect on plant pathogens. Khellin, visnagin, khetlol, khellenin
and khellenol are the most identified substances reported to be involved in this
extract. As reported by Gouda (2001), Khellin was responsible for the potent effect
on the growth of root-rot fungi of sugar beet and regarded the toxicity to this
substance.
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Thyme extract was extensively studied for its antimicrobial effect on different
‘pathogens as reported by Baranauskiene er al. (2003). Some phenolic compounds
were identified by Schvartz er al. (1996) from hexane extract of thyme. Thymo! had
higher inhibitory action which might be due to the presence of a phenolic -OH
group (Farag et ol., 1989). It is well known that plenty of phenols were reported to
be responsible for the fungitoxic effect of many medicinal plants (Davidson, 2001).

Maize grains were reported to be satisfactory protected from infection with some
ear and kemel rots and mycotoxin production by treating with various plant extracts
as reported by El-Assiuty ef al. (2007). They found that maize kernel rots caused by
A. flavus and F. verticillioides could be significantly reduced by treating maize ears
with Cymbopogon proximus-extract, Also, they observed that accumutation of
aflatoxins Bl & B2 wete obviously reduced due to the treatment. Similarly, on tice
grains, Reddy ef al. (2009) stated that aflatoxins could be completely inhibited with
the extract of Syzigium aromaticum and there is a possibility of its being used to
protect rice grains against Aspergillus contamination.

Gamma irradiation was sufficiently effective in reducing deterioration of grains
treated with 5 and 10 kGy and stored for up to 3 months. This application caused
obvious reduction in infection by A. flavus as well as the associated fungi, compared
with check treatment. These results are in accordance to those obtained by previous
investigators (Aziz and Abd El-Aal, 1990 and Aquino et al., 2005). As we found in
the present work, increasing of irradiation dose was found by Rustom (1997) to
increase the reduction of fungal growth.

Aflatoxin production was also found to bé affected by irradiation. Results
indicated that gamima irradiation caused great reduction in accumulation of total
aflatoxins (B1 and B2} compared with the control. The effect of this treatment on
aflatoxins production was increased obviously by increasing the radiation dose from
5 to 10 kGy. In this respect, the higher dose of irradiation caused complete inhibition
of toxins production. Aflatoxin production was found to be affected by gamma
radiations as reported by some investigators working on some crop seeds rather than
maize {Aquino ef al, 2005 and Mahrous, 2007). On maize grains, Aquino ef al.
(2005) stated that aflatoxins production was degraded by gamma irradiation. Aziz et
al. {2005) reported that mycotoxin production was decreased by increasing gamma
irradiation dose. Some of mechanisms by which imradiation may cause cellular
inactivation were summarized by many researchers (Hurst, 1977; Gould, 1989 and
Kim and Thayer, 1996). These mechanisms are: i} Damage of DNA, ii) Inhibition of
protein synthesis, iii) Damage of cell membrane, iv) Inactivation of critical
metabolic enzymes. Findings of the current study emphasized that the effect of
irradiation on controlling maize grain-bomne pathogens is proposed to maximize
grain safety.

In a conclusion, usage of pesticides to minimize grain deteriorations seriously
affects human and animal health and pollutes the cnvironment. Thus, it is
recommended to follow some safe methods, responsive with the environment, to
protect food and feed stuffs. Current investigation suggesting the usage of gamma
irradiation and some extracts of medicinal plants, such as thyme and tooth pick, to
mange infection by rotting fungi and decrease aflatoxin production in stored grains.
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