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Maize and sorghum grain samples (2509) exposedbtdD, 7.5 and 10.0 kGy of gamma
irradiation and samples were evaluated for thecpat incidence oFusarium species and
level of fumonisins at regular intervals of 0, W, and 90 days of storage. The results
revealed that, on 0 day the incidenceFaBarium species was 48 and 38% in respective
maize and sorghum samples and there was graduadadecin the incidence &usarium
species at 2.5 and 5.0 kGy doses of gamma irradiatfter 30, 60, and 90 days storage.
The incidence ofusarium species was zero in samples treated at 7.5 kGylartdkGy
doses of gamma irradiation. In contrast, there g@slual increase in the incidence of
Fusarium species in unirradiated maize and sorghum samplasher, analysis of maize
and sorghum samples by HPLC revealed that, on Gtldayumonisin concentration was
0.95pg/g and 0.49ug/g respectively. After 90 daysstorage, the concentration of
fumonisin was 0.98ug/g and 0.56pg/g in respectimgradiated maize and sorghum
samples. The fumonisin content in irradiated samplas 0.94ug/g in 2.5 and 5.0 kGy,
0.93ug/g in 7.5kGy and 0.89ug/g 10.0 kGy and 0.56jirg2.5 kGy, 0.54ug/g in 5.0 kGy,
0.53ug/g in 7.5 kGy and 0.52ug/g 10.0 kGy respebtivThe study revealed that, 7.5 and
10 kGy gamma irradiation treatments were successfupreventing the growth of
Fusarium species on maize and sorghum samples howevatigitian did not appear to be
an effective method for eliminating fumonisins.
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Introduction

Maize ¢ea mays L.) and SorghumSorghum bicolor L.) are the two
important cereal crops cultivated as major raindexps in most of the semi-
arid regions. They are used in more ways than #mgr @ereals by humans,
as a feed grain, as a fodder crop, and for hundoédsdustrial purposes
(Hulluka and Esele, 1992; Andersenal., 2004). From the early stages of
their growth and development, they are subjectathtnage by many species
of moulds including the species Bfisarium (Williams and McDonald, 1983;
Bhattacharya and Raha, 2002). Therefore eliminabbrthe growth of
toxigenic Fusarium species is very important to prevent the subsdquen
production of fumonisins and dry matter loss ineaés used for human
consumption (Miller, 2001).

An increased interest in the bio-preservation systes responsible for
the development of new variety of storage methodsévent food spoilage
by moulds. The major food preservation techniqueshsas Ilow
temperature, low water activity, acidification, etxt by inactivating the
spoilers, while most of the newer or emerging témples of today like
irradiation, electroporation, high hydrostatic a®, etc. are act by directly
inactivating microorganisms (Lavermicoceh al., 2003). Consequently,
there is an increase in the use of physical metrsgth irradiation to
prevent food spoilage and storage losses becaud@eof non-residual
problems, uniform disinfection, economic feasilgiland non toxic nature
(Farkas, 1998). The ability of radiation to kill emdorganisms has been
investigated since the late M @entury (Abd El-Aal and Aziz, 1997). In
September 1997, study group appointed by WHO stegiegkat the food
irradiation with doses less than 10 kGy can be idemed as safe and
nutritionally adequate when produced under estaddtisgjood manufacturing
practices (Srinivast al., 1996; Rizk and Botros, 2006).

Gamma irradiation have been used to improve thditquand to
extend the shelf life by destroying spoilage orgars, harmful insect pests
and now it has become a potential food preservagchnique. However,
there are limited studies to know the effects ahge irradiation to reduce
the growth ofFusarium species and fumonisins production. Therefore, in
the present investigation, naturally contaminatedzen and sorghurgrain
samples exposed to different doses of gamma itradiand evaluated for
the incidence oFusarium species and fumonisin levels.

Materials and methods
Sample collection

Freshly harvested maize and sorghum grains cotiefcten farmer’s
fields (after drying) during the harvest season #sig- September 2006
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were brought to the laboratory in sterile plastag® and were used for
irradiation studies.

Sample preparation for irradiation

Maize and sorghum samples (250 g) in triplicatesevt@ken in 0.1mm
thickness polythene bags (15 X 22cm) and sealeslb@lys were subjected to
gamma irradiation by exposing them to differentedosf (2.5, 5, 7.5 and 10
kGray) of gamma irradiation at the rate of 200R/niSamples were irradiated
under continuous gamma sterilization pléhtodel CGS 300, Make Baba
Atomic Research Center, Mumbai) with 180-kilocusigh cobalt-60 (C&
source atRadiation Sterilization Plant, KIDWAI Memorial Instte of
Oncology, Bangalore, Karnataka. After each treatraamples were stored at
ambient (252 °C) conditions for 90 days. Samples were evaluatedgalar
intervals of 30 days for the incidence Fdfisarium species and fumonisins
levels.

Mycological analysis of samples

The percent incidence ofusarium species on irradiated and
unirradiated maize and sorghum samples were detedhiy agar plating
method onMalachite green agar medium 2.5 (MGA 2.5) (Bragetadl.,
2004). Briefly, 200 grains from respective samphe treated with 2%
sodium-hypochlorite solution for 3 min., rinsed hviterile distilled water
(three times) and plated on MGA 2.5 agar platdbetate of 10 grains per
plate. The plates were incubated under alterngi@rgpds of 12hrs darkness
and 12 hrs of light at 22+°C for 7days. The samples were screened for the
incidence ofFusarium species by microscopic observation. The per cent
incidence of eackusarium species was calculated (Ghiasehal., 2004).

Analysis of fumonisinsby HPLC

The irradiated and unirradiated maize and sorghamptes (100 g)
were ground to a fine powder in a fire proof mixgnnder (Kenstar
Classique, MG-9605A), packed in plastic bags, kteind stored at -20
until further analysis. The level of fumonisins wasalyzed by HPLC with
fluorescence detection system (Rétel., 1995). Finely ground sample (10
g) was transferred into a 250 ml conical flask ancted with 50ml of
acetonitrile/water (50/50, v/v). The conical flasks stoppered and shaken
for 30 min. The mixture was filtered through Whatmido. 4 filter paper.
The Sep-Pak (g Cartridges (Waters Corporation, Massachusetttandg
preconditioned with 2 ml ACN followed by 1% KCI sion. Filtrate (2 ml)
was added to 6ml of 1% KCI and loaded into ;@ clean-up column. The
solution was then passed through the Sep-RalkCértridge at a flow rate of
1 ml/min. The column was rinsed with 2 ml of 1% KiGllowed by 2 ml of
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ACN/ H,O (15+85, v/v). The rinses were discarded, andwais forced
through the column to expel all the rinse solutieéB; and FB were finally
eluted from the column with 2 ml of ACN/,B (70+30, v/v). The elutants
were evaporated to complete dryness under a getinddem of nitrogen and
dissolved in 100 ul of ACN/ 0 (50+50, v/v) and subjected to HPLC
analysis.

A sample (30 ul) eluted from the Sep-Pakg Cartridge was
transferred to 1 ml microfuge tube to which, 30fiborate buffer, 30 ul of
ortho-PhthalaldehydgorA) and 30 ul of water were added. The microfuge
tube was capped, shaken briefly and allowed tot fesc10min. at room
temperature. A sample mixture (20ul) was injectetb iLC column
(Schimadzu, Model SCL-10AVP) equipped with a loge f 20ul, 150 X
4.6mm Phenomenex ;£ analytical cartridge. The excitation was set at
335nm, emission at 440nm and flow rate was settniin. The standards
of fumonisin B and B (Sigma Aldrich Chemicals Pvt. Ltd.) were also
injected to the HPLC prior to sample injection foogramming. FB and
FB, were separated as sharp peaks with retentiondfmMes2 and 9.97min
respectively. The concentration of fumonisin wakwated by comparing
peak areas samples with that of standards.

Results

The effect of different doses of gamma irradiatonper cent incidence
of Fusarium species on maize and sorghum grains is presemtédgs. 1 and
2 respectively. On 0 day the incidenceFokarium species was 48 and 38%
in respective maize and sorghum samples. Howefter,20 days of storage,
the incidence oFusarium species was reduced to 10% in 2.5 kGy, 1% in 5.0
kGy, 0% incidence in 7.5 kGy and 10.0 kGy irradiateaize samples. On 60
days of storage, the incidenceFafsarium species was 12% in 2.5 kGy, 1%
in 5.0 kGy, 0% incidence in 7.5 kGy and 10.0 kGgdiated maize samples.
Similarly, after 90 days of storage, the incidewtd-usarium species was
17% in 2.5 kGy, 5% in 5.0 kGy, 0% incidence in kKGy and 10.0 kGy
irradiated maize samples. In contrast, there wadugl increase in the per
cent incidence ofFusarium species after 30, 60, and 90 days of storage in
unirradiated maize samples. Eight differeRtisarium species such as
Fusarium verticillioides, F. proliferatum, F. oxysporum, F. anthophilum, F.
pallidoroseum, F. sporotrichioides, F. solani, F. decemcellulare were
recorded, of whichF. verticillioides and F. proliferatum were the most
dominant species (Table 1). Similarly, the incideéFusarium species on
sorghum was 6% on 30 days in 2.5 kGy, 1% in 5.0 &&y 0% incidence in
7.5 kGy and 10.0 kGy irradiated samples. On 60 dafystorage, the
incidence ofFusarium species reduced to 8% in 2.5kGy, 2% in 5.0kGy, 0%
incidence in 7.5 kGy and 10.0 kGy irradiated sorghsamples respectively.
On 90 days of storage, the incidence was 10% ik@y5 2% in 5.0 kGy, 0%
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in 7.5 kGy and 10.0 kGy on respective irradiatedglsom samples. In
contrast, there was gradual increase in the incelefiFusarium species after
30, 60, and 90 days of storage in unirradiated hsorgsampleskFusarium
species such dsusarium verticillioides, F. proliferatum, F. oxysporum, F.
anthophilum, F. pallidoroseum, F. sporotrichioides and F. solani were
recordedF. verticillioides andF. proliferatum are the most dominant species
(Table 1).

The effect of gamma irradiation on levels of funsdmiin maize and
sorghum samples is presented in Table 2. Fumotesel in un-irradiated
maize and sorghum samples were 0.95 pg/g and Gg49 rnespectively.
However, after 90 days of storage, the levels ohdnisin increased to
0.98ug/g and 0.56 pg/g in respect to maize andhsangsamples. In
irradiated samples the fumonisin content was 0.§4 in 2.5 and 5.0 kGy
irradiation, 0.93ug/g in 7.5 kGy irradiation and3®.ug/g in 10.0 kGy
irradiation after 90 days of storage. However Fuisiarievel was reduced
to 0.56 pg/g in 2.5 kGy, 0.54 pg/g in 5.0 kGy, B8Ry in 7.5 kGy and 0.52
1g/g 10.0 kGy in irradiated sorghum samples respgct he study showed
that, there was no significant reduction in fumanisvels in irradiated and
unirradiated maize and sorghum samples when thesda$ gamma
irradiation increased.
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Fig. 1. Effects of gamma irradiation on percent incideoicBusarium species on maize samples.
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Fig. 2. Effects of gamma irradiation on per cent inciden€é-usarium species on sorghum
samples.

Discussion

The effect of gamma-irradiation in the decontamoratof food
commodities has been reported by several investigall over the world
(Lagunas-solar, 1995; Farkas, 1998; Aziz and Mqu28@2; Pradat al.,
2003). The gamma-irradiation dose of 7.5 to 10 kGsufficient to sterilize
food and feed products (Andrewtsal., 1998). Azizet al. (1999) found that
gammae-irradiation is known to delay the myceliabwth of fungi and
mycotoxin production and also reported that, trhalteiable population of
fungi and toxin production decreased significantiyh increasing gamma-
irradiation doses.

This study was conducted to know the effect of ganmradiation on
the per cent incidence &fusarium species on maize and sorghum showed
promising results. The data showed that, the imcideof Fusarium species
decreased significantly with increasing doses ofiga irradiation from 5 to
10 kGy. Many of the~usarium species completely killed or eliminated at
radiation dose of 7.5 and 10 kGy respectively. $hasitivity of fungi to
gamma-irradiation has been established by SalehAaid(1996) and Abd
El-Ad and Aziz (1997) who recorded that the minimdosage required for
complete inhibition of fungi in different food ameled products ranged from 4
to 6 kGy. There are number of reports which suggestat moulds are very
sensitive to gamma-radiation (Refdial., 1996; Youssett al., 1999). EI-
Samahyet al. (1995) reported that the total moulds on maizengrdecreased
with increased radiation doses. In the presentystbd verticillioides F.
oxysporum and F. anthophilum showed resistance up to 5 kGy dose of
gamma irradiation, while thie. proliferatum, F. pallidoroseum andF. solani
showed resistance up to 2.5 kGy dose of gammaiatiawal. O’'Neill et al.
(1991) found thatFusarium and Alternaria species are more resistant to
irradiation thanAspergillus and Penicillium species. Irradiation of grains at
doses of 2.0 and 4.0 kGy significantly decrease tttal fungal counts

330



Journal of Agricultural Technologd009, Vol.5(2): 325-335

compared to unirradiated controls. Rizk and Bo(&8$6) also reported that
Aspergillus candidus, A. granulosis and Curvularia geniculata are the most
sensitive species in gamma irradiation of 1.5 k@lyile the most resistant
species werd-usarium moniliforme, F. oxysporum and F. solani showed
resistance up to 6.5 kGy irradiation.

Effect of gamma irradiation on the extent of funzams levels
revealed that, there was no significant reductiothe levels of fumonisins
in irradiated and unirradiated maize and sorghumpges. D’Ovidio (2005)
reported that irradiation has no effect om EBboth the ground and whole
kernel corn. There are number of reports on zefecebf irradiation on
mycotoxins and conflicting reports on the influenoé irradiation on
detoxification of mycotoxins (Hooshand and Klopfemns, 1995). Pastest
al. (1985) indicated that pure ochratoxin is stablenewat 75 kGy of
irradiation. Kumeet al. (1987) found that the dosage required for pure
aflatoxin destruction was greater than 50 kGy. Reffal. (1996) showed
that a dose of 15 or 20 kGy was sufficient for ctetg destruction of
ochratoxin A in yellow corn and soybean. Aziz anou¥sef (2002) showed
that application of radiation at 10 kGy significigndetoxified aflatoxin B
by 82-88% and zearalenone by 88-94% but only b¥&¥%- ochratoxin and
a dose of 20 kGy was sufficient for complete dedton of aflatoxin B and
zearalenone and reduced the amount of ochratoxim fAods by 72-76%.
Recently, Aquinaet al. (2005) reported that gamma irradiation witf! @as
found to be effective in reducing the incidenceAofflavus in the maize
samples. Furthermore, he has also reported thairrdudiation induced a
partial reduction in aflatoxin Band B levels with irradiation doses of 2, 5
and 10 kGy. In this study, high dosage of gammadiation not able to
eliminate fumonisin content completely in maize asorghum grains
irradiated with 2.5 to 10 kGy of gamma irradiatiofhese results are in
accordance with those obtained by A=rzal. (2006), D’'Ovidio (2005)
Etcheverryet al. (1998), Fariagt al. (2000) and Owoladet al. (2000). The
results of the present investigation suggest thairga irradiation could be
used to reduce the percent incidence Fafsarium species causing
deterioration of cereals. This study also indicatkdt irradiation is an
effective method to remove moulds from naturallptemninated maize and
sorghum samples. However, irradiation not appeardd an effective
method for eliminating fumonisins in contaminatecire and sorghum
grains intended for human and animal consumption.
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Table 2. Effect of gamma irradiation on levels of fumonssim maize and
sorghum grains.

Doses of
S1. No. gamma- 0 day 90 days
irradiation
FB1 FB, Total FB1 FB, Tatal
(no/9)
Maize
1 control 0.95 0.00 0.95 0.98 0.01 0.99
2 2.5 kGy 0.95 0.00 0.95 0.94 0.00 0.94
3 5.0 kGy 0.95 0.00 0.95 0.94 0.00 0.94
4 7.5 kGy 0.95 0.00 0.95 0.93 0.00 0.93
5 10.0 kGy 0.95 0.00 0.95 0.89 0.00 0.89
Sbhgm
1 control 0.484 0.006 0.49 0.56 0.00 0.56
2 2.5 kGy 0.484 0.006 0.49 0.56 0.00 0.56
3 5.0 kGy 0.484 0.006 0.49 0.54 0.00 0.54
4 7.5 kGy 0.484 0.006 0.49 0.53 0.00 0.53
5 10.0 kGy 0.484 0.006 0.49 0.52 0.00 0.52
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Table 1.Effects of gamma-irradiation on incidence (%) dfatient species dfusariumon maize and sorghum grains.

Gl Fucarium speces

F. verdailiddes F. prdifevenim F. ampmpamm F. enthumfribam F. pailidoyosen F. peyorichicdes F. sdani
{Dosas]) (Storage dayz)

0 3 &0 % 0 MW 60 W 0 M 60 MW 0O I 60 W 0 I 60 ¥ 0 0 60 W 0 3 o0 0

Maize
Comdrol 25 2 30 28 11 132 15 1! 01 11 O©Of O 06 Or ©O5 07 03 - mn - - - - mn oo 0 o4 01
TERGy S 04 06 02 11 0 0z 04 01 03 01 - e 0¥ 02 04 03 01 - - - - - - mn - 0
EO0RGy 1 - mnm o 11 - - - m - - M om0 - - [k S - )} n
TERGy 5 - - -1 - - - m - - - - - - 03 n
10kGy 25 - - -1 - - - m - - - - - - 03 0
S0

Comdrel 12* 21 7 2& 07T 09 0 14 0 O5 04 0O O3 O 12 Or O1 O O} - @O 01 0O 00 0O - - 06
TERGy I 05 05 07 07 - 01 0 0z - - - 03 01 0 0 0m - - - -0 - 0
E0RGy 1 - m om o - -0 0o 0 - - 0 - 0m - m - - - - - - n
TERGy 1 - - - - - - - L - - n - - - - - - n
10kGy 2z - - - - - - - - - - - - n - - - - - - 0

Huotbe: & I, Garnona imadiation; * Average of @ ngle anakyses of 1 ireaded samnples; - Ho inddence.



