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Table 1- Analysis of variance of the effect of treatments on the microbial, germination and chemical
characteristics of experimental samples

oo il S $Y! (50 o8 5391 JEo yuiio
Zeleny Value Germination  Aflatoxin Content Fungal independent variable
Contamination
48.1850000* 56.2777778* 904.2992667** 18376002.08** B ekl
Gas Concentration
0.7322222* 33.0000000** 3.3205444* 536407.64** o)l ©e
Ozanation Duration
1.7850000** 32.6481481* 2.7897222* 366459.49* w23l e x5 clale

Gas Concentrationx Ozanation Duration

e o5 ade 5 o3 (G 40,55k 1 )5 9,500 ¢S MBI e CRUMDN (2 )8 (559l 003V s )0 o gime ¥
**significant at 1% ; fungal contamination, cfu/gr; Aflatoxin content, pgr/kg; Germination, % and Zeleny Value, ml.
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Table 14- Influence of ozone concentration on microbial, germination and chemical characteristics of experimental

samples
Hj el ile S g W! )8 (S 05l ¥ el
(5 o) (we2) Aflatoxin (€905 055 ;3 S dlass) Ozon concentration
Zeleny Index Germination 2 05 955%) Fungal contamination (PpmV)
(ml) (%) (p59ks (cfu/lgr)
30.16°10.10 99.02+ 0.4 14.96 2+ 0.06 2725.02147.9 0
31.48°10.13 98.0°+ 0.4 2.68°1+0.37 1200.0°+193.1 25
34192108 99.02+0.2 - 1325°+ 13,6 50
34132104 94.0°%0.2 - 88.3¢+3.7 75

35 0:Sa b oS wtn (slandl SlaSibo polhe 5,15 (P < 0.05) by sine B3] Ly gy i (slouSibs gt 32 3 s Sl TS50 Sk
Slosel Cawdey bS5 g K00 Jole zolaws plos 59y

The results are: Mean of 5 repetitions = SE. Column values followed by the same letter are not significantly different (P < 0.05).
Values are marginal means calculated across all levels of the other factor and replications
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Table 15- Influence of ozonation duration on microbial, germination and chemical characteristics of experimental

samples
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(il sbe) (102) Aflatoxin (8505 25, Sl o) Ozonation duration
Zeleny Index ~ Germination 2 £595%) Fungal contamination (days)

(mDh (%) (.8, (cfu/an

32482+0.10 97.0¢+06 9.84212.36 12942 2+ 352.7 1
32.722+013 96.09£0.2 8.90°+ 2.68 1120.8°+333.0 3
32.622+0.8 100.02%+0.3 8.38c+2.86 897.5°+ 3185 5
32.15%+04 98.0"%+04 8.17 9% 3.08 833.3 ¢+ 329.4 7
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The results are: Mean of 5 repetitions = SE. Column values followed by the same letter are not significantly different (P < 0.05). Values
are marginal means calculated across all levels of the other factor and replications
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Table 15- Influence of interaction of ozonation durationx ozonation duration on microbial, germination and
chemical characteristics of experimental samples

Ao il S B 28 (39 B0 e 0jf el
(5 o) (ae,d) Aflatoxin (€905 0,5 43 SIS 3lass) Ozonation (Ozone
Zeleny Index  Germination (5545 )3 2)59,5%0) Fungal contamination duration concentration)
(ml) (%) (ngr/kg) (cfulgr) (days) (ppmv)

30.001+0.15 98.0°%0.3 15.11240.20 2800.02157.7 1

30.07'+0.30 100.02%0.3 14.89 %+ 0.02 2733321 1453 3 0
30.301+0.17  100.02%0.0 14.77°40.03 2666.7 2+ 88.2 5

30271+026  98.0°%0.0 15.06 2+ 0.08 2700.0 2+ 115.5 7

3097"+012 98.0°*0.0 4,56 ¢+ 0.08 2066.7 2+ 33.3 1

31.379+020 97.0°%0.0 29191 0.04 1533.3°1 88.2 3 2
31.539+0.09 100.02%0.0 1.98¢+0.03 733.39+333 5

32077x012 970X 06 1.28 7+ 0.02 466.7°133.3 7

33.93¢t£0.12 99.0°%+0.3 - 206.7 ¥+ 12.0 1
34602+ 0,06 100.02+0.3 - 12337+ 33 3 >
3417 +0.09 98.02%0.0 - 106.7 o+ 3.3 5

34.07%+0.09 100.02%0.3 - 93.3%"+33 7

35.0321£0.09 94.0°%0.7 - 10339+ 3.3 1

3483%+009 86.091+0.7 - 9339M+33 3 "
344744009 100.02+0.0 - 8339+ 3.3 5

32207+036 98.0°%0.3 - 73.3h+ 33 7
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The results are: Mean of 5 repetitions =+ SE. Column values followed by the same letter are not significantly different (P < 0.05). Values
represent means for each concentration x duration combination

S Lo, ¥V Soe g se ol g e YO clale o0yl G Golidl ol jesay o5l 58 cdale o5l

cdale jles o ol diien 4 Camd S Ml e 0dgs ol (P<e/+)) Jogae suall Coge G
Jobe cialS 9y ) Gaw g cox> g 2 2o VO 5 0 cdale Jlesl L aSla wu0 )8 S gD
clale (malBl(F 5 ) sl o) ols lid o, AV ialejl jo 4l 0550 slacioe 5 oz ol Lo w2

Sheadly axsls pasS &l 5 (% S Wlgs oo 031 55 Lo 5 095 s pSosll BB S Ml g ol

Yy



£roYY o [1E00/lauli 5 )l A+ 0,lads | YO s/ i qylio (owntigee Clidos

P e lie W3S AI5F a8 3l Jlyes
Slows 5 095 lia b (gl sime Dglas (5 L ool Jlews
51 odal Cavots bl o @ales ol o5l bosas
AL hse g @8 g paS 6y, Sldlas
G0 S0 a4 Oy gladily all wiged WS ple
O3l aS I 0 wog Jsdsie 5, cpl g el
WS dgi5 paiS elS slaails 2o 4y wilgs ses
3,1 U5 g 3l we,o Ar=AD (polldS 5 (pisls
5 WiVl Jotne 5 w30 JSAT ) pasS
930 poi5 0,1 0 Shae (gl 45 w5 pdy S
als 5 oy 56 (Singh and MacRitchie,2001) ol
125 sdige 29amme &l sy gk 4 buas puif
oo sy o (Sul 38 a8 bl S Gl
esdelges sloog)S 0,5 0Tl (510 )ls o yasgai]
Rl e ge s by )3 S92ge (Jyid LSS g
aloz 5l s Glompl pos bt 5 9,5 L
2 pelins oS Wiz e 008 oo jlanSly g 5kl
A po ol 55 gl (sl lagntigy Jbsle
o e 5l Jol glaaST 51 Ll el S
s Bt n HL8) pusl Coge pulins il O g0d
3,1 cg8ly jo oghice o)l A anlp g pad bl
IS @ i bled onuoyysl sladils 51 ol
Olas (Geign laaxlyn; ole dadlgwiss sladisy
Sroely Slaiation mem (il 4 ol (al 45" dms s
e (kS aSeh i plouiul g gl LB e
Gt e 50 Gl Jled S (g om ecnl b 09 0
56« 29,Smend F1 p ol paiS 0,8 Sl |
P o)1 (g Sk 5 00iBO35n: 5 00S o
sog,S <5l Jlews 31, (Naguib, 2013) o)ls s,
Slaisn 5 ool wS bpiign ((SH)  Je

IS s sloodile U s (-5-57) (sauidguw o

¥

ELild o sl 5 bayz God apS] dos
Aile polur el sloosl g oty (S5 w59
s 8055 slam T Collad (LalS (i 5 eigeie
O3 ladss coaS g Sialex ©ja8 Cél amS jo g
Sadcamw! Coge Casl Sae j Vb polie o
als Ky o b Sausls (ildl g aiwg sl
Li, et al., 2021;Wang, et al., 2016;Tiwari, et ) >4
Allen ) | ,Ken 5 J1.(al., 2010; Savi, et al., 2014;
el p 1) wasyyl oo g cdale 5b (et al, 2003
Ol 2 ol B 5 s )l Sl e lagB
A ojl wols s g WS pmyp 52 ikl
S0 92 slog)B ab, rall p o
porbe Jl> (e )0 )0 (porbace b5 (50!
aa 8o O L ocwl ool las il a4 g eS Cuaglas
x50 b beglus 5 lajsenl 5l oo, 47 200
sz S 2 uhlagileSde NN g N s
ailosls 138 lddoe (ol .loals Jlad e ad B 5
Gy SelS o VL glackile o oyl
el 0als g Siaile>
o) B cdale 15U a8 ol ol guiss o) @l
P<e12Y) o sme sl cmgo (2305 Do o oy
0k glacdale aSpliz wsdi oo (M ogm) Oliae
P<-1+0) o gre Ll Coge ,olisS oy Do
s VO clile s WS U cem) Ol
Slade dinin (23053 59, Sa S 4 5l B (pe>
Lgos ;0 o) dieS @ s a5 Ols plaisl 043w |,
=l (Y g sloJgaz) og lin o0 VA walls
g 2ol Gl e S ol s oinbeyl oy
ABO(ood (59 Gean Oliee 50 (PH/+0) slo Sne
wang et ) o Ko 5 Sly Slalllas mls b mls ol
(Goze, et al. 2017) Ko 4 0355 4 (al., 2016



(251900 o8)) @5 Wil 350055 9 (2lownd SS9 (2,8 (S99 1 51 56 iU

odd (20l Slaition (soled 3590 ;0 i yddlsm
el 009wl gladiges ;0 395 wline 3,50 | jieS
W 8o Ve U jho 5l 2oyl loy Do (ol 3381 L ol jon
Jiles (05518 5 055l 2l Jgae 5 (G) (55055 Jgoe
9 JBwly obS VeIV 4 VAT Sl sy ar Gialidl &
SS Fe 8 4 YIPY 5l g JSuly 5LS FAIYA 4 FY/NQ
ails Sl BbS YYOF a4 YeVE 5 ISl
09 Seilgwiss Slodisn b alejesige (noldS
Ol Glayedy 5 b e cwl oy
Slopy o9 Sy G9y° Sedlsmss lavisy
S bhas 0 e shole Ablgw g sladigy il
Srosh Comnd 5l loass sl 5elS Slesle
OilBl ly sedlggs slaaigy GreSs b slS
Sitoe, ) vg co ooliiwl s joudlgu ol3T sloeg,S )l5ue
Sgat > g0 Judlgun 60 sladign iulidl (et al., 2025
SlogS gealiasT @b 5l 55 G Sl
2 sy gy ol 5l s vsdiee o ysudlae
O slesdwsee Bl ey slasecly
0S| ardlgun 60 Sladign 1) Jojandlsm sloog,S
5yl olyam & |y yaas b lsl el ol a5 0 e
ol olidss Sy wls (Sandhu, et al, 2011)
el T 5 Sl Ly Sleby sl ans
P s oo li Conlas Gl Jes 4 Zod
cplasle 5 Sila -Ly gladyy Gleisle Glree
Ol b b e 0 sleEsn Emile Sola
2 I Gm Fiaed sladian Seboe crge
25y 13 b e GSile by sy plaisle
5 lsigdls o (Misra et al.,, 2015) ) Ken ¢ |juco
Jol> ol wlul 5 (Safonova et al., 2011) )|,
355 03l 55 a5 Wlools L5155 FTIR s Sl 5|

3 el NS 56 paiS o)1 lo iy g poo leisle

Yo

S plSotinl Cge badis g9 Cnl (RPN 0 25 (o0
Sroch SboeSan Olpe GRIP s Sen A
NS o pp S gl Jlne
oligS @35l 9 oL ;o .(Chittrakorn et al., 2014)
L wlidl Jdo a1y pas &8 cnl S oo

Sk oy widy se dlgu s (sladisn

3, 50

bliyl )0 pes ©508 L cdo jsbas gl el LB e
Gaios opl mls L oas (Lee, et al, 2017) acs
Syl Sle>ae
FB 2 sreah GlagaSyn Hlade 2oyl jles
VP I VS [ R JEE 0
D)8 g oo gl BB e sreddy lagnsyn
S Gialitl cge 4l )0 g iy dgue | e
(Sandhu, et al., 2011) 50,5 s drwy ol
5% - B9d 0denST (3l B Cesl (S anel slaan]
odenST 39pisd & Ojl Sl p (pjend k>
@S 3,1 )0 1y assyise pliie I Sy g e
Wlg oo (rigrdss WIS 5 pSolwl (U g e
odle puiS (pglS o wax BaS b oo ,e Jlal
Takasaki, et al., ) ol godlguwigs sladigy »
YL sloclile L e 4o baails (sl (2005
13 b cos 1) als (Soselss, sl Sy o
sl 2Bl U558 s, ol S s @l weoged
oS ol 00l G5T 5 omypt pS B0i LIl slaals
b oy sl Ty o b e o)l Ll
Wang et al., 2016; G0z, ) &S o5 slom] Corw pais
z il Glaatign ;s sislesl o (et al. 2017
Bad eols I3 ol 5 b couw paiS o)1 5l eas
Olyee a5 ols Hlas IS ol &L (Obadi et al., 2016)
BN dels jo pusS GlaceSon )0 ydedlem 095

05,5 Ol ) L3 pS n s 55 YNY



£roYY o [1E00/lauli 5 )l A+ 0,lads | YO s/ i qylio (owntigee Clidos

Goyles olod 5 o ol g B0 bl
5ol BB e Sile 4y jho sa> (230
Az a0 e ol g0 VO cdale o cu]
oinlesl lales oled o sl (/0 ¥=+/+9) pono
Sl @9 WS eselie weuSly RN Ol
63y 6l eyl Sae b ol S cdile i
L oaSly b ooyl cdlas b oy aemlonnST cé iy
S Gl slusl e o ool jo alfs slavigy
5 oSl JeS45 4 jomie Al o o5 S 0 a5 o]
OgemlinST adgl SlS 5 cpl Wgd auSlg 0
5 baad]l asle gl oluS s @ v wily
2 gl g9 g b Joro &5 Wisd o lapgsS
2wl Wlgie G5 opl wies bz olud wiy
a e g LS mped paiS Al o ) o] GgelaenST
STz sloasl lie 50 s 5 9puSTy sae il
poiS SYgame ol CodsS p wilgi oo St ol g
L S pusS slaals (glaalae jo .w)i& ,5b
o cele o 6,8 0 chale L g8 o5l 5l eolail
o (4B FO 5 YO N0 B ho) alise slarls;
sae Gl cel ol bl oS ols lis gl wiad
ol ogde baiges ;o sl Jlade 5 STy
oligl g L:z,sg).g- OgelinST onimonlis Ol s
Col puiS laasls o guewlannST Adsl ClS 5
Jdo 4 adl a5 (Obadi and Mollahosseini,2018)
oolaiwl 0,50 glacdale 51 YL glacdale 51 oolaul
WS o5l eawl Cawsay =lo (aiod (pl o
S, Slgran iz pl
S 5

g baedale L o3l 55 e Pl asdllas opl o
(ot sl Shy 2oy Gl slaoas
8,95 53 Jylspe 08, paiS slaails Giaile> 5 (025,50

Jloss a5 olo (lis o) p gl 0l o) 2 (5,055

Y5

Ll ps cov 5 (Bl &5 ) Sl 4 slasdlas
ooy Sae 5 o Clle 2 s oS s B B
eSS OLY jlalb s> gl O LY I 2oy)
PO kS (55, shte 53l ol cge Wl e
Jyame b g Cople sy (o0l 2T 008
(@] oo (yloy o ded) aoryjl Lol 55 g Ban
(Trombete et al., 2016) ol &glaco
(st e s Thg 63y @0l wae il
o)l (sladigns sy g Aty !

3 ey VA oy Jaie oS jlade o84
5 Sl $Sen By OselinnS] oS slaails
oals gldl e lagyz ojf & waas g, Sl
(Wang et al., 2016) |,SKen § Kl .aiS oo 3puS|
Ol O ol lade a5 Wlesls )18
Oif bwg GemlannST Az Sby)l lp pale
ladiges ;o ol Gy Glasul chile g 09,0 Sy
lom G oless Dgn 4z 9 O3l Lo Jles 4z pasS
2 S kee VO e b ol (o yme 50 65)] 8 4k A
Lol s o i ggdge (ol wilooe (Bb alie (i
gilenST (FaBaS 9,8 b boad & 4 e O
FB 5 (P</-0) o gme Oglas cT).CbUé el 00US
e sloog S o S5 0z slaal lade jo g2 s
Ol ed¥o a5 conl ailas ez 0alis Hlews g odd
5 cos Gileyl opl i cos la gy a5 5l
aS weo oo olid ol i mll ailad 518
b BB (e, cnl 5l esliial b (gemlagnST 420
(Naito, 1989) 5 (cloamdl U ames ol .o
M glaails jo 0g 00,5 5155 A o)l Slgten
203 Sl 5l o D psia Lagl g De sladils o0
celo G oo 4 plge O <00 chale b
Gt ol gl 00 )5 oo cdmlive by oy (gamlapns]
sljles slad jo anall flie a5 wes o lis



(251900 o8)) @5 Wil 350055 9 (2lownd SS9 (2,8 (S99 1 51 56 iU

Ay o9ise ity 99,5 paseie il 4 el Ol 5 2B (Sl il ysb a3l 55 L
boogd plxl oo o 5 a8 6Bl nlo » 3l (29,5 el 9 o0 a1 | eSSl ad g
9y axlllas 23,5 aie (Seiy Sglite lapiSly () SYL glackile ax ST aisu o dgue 1) Laails
Sy Glp Jbcaw; oluS s 5 eyl Ohaxs  SUls bl wl Sialer asj o Sail zals cel
ity ol 5 CehsS Lis lagailfe wle Sb Jsd LB sogame o ladils jules
e bl e Bae b el anld glayslly leals oz slavl SlaS 5 4o gl sine Dy
Lol oS5 2yl oad oo slpin 58 o9, 000s CoaS laas sasaslid a5 ais cdwlive cul Lo

$p aile by 5l Gm oy sl ske Kos esliiel (plpl el 33l e bails gliesd
2l 2 1) Bl 9 ilgi oo 3 Slowdly g RALIE 9 (g Ghe) o Ole 4 ol 5B 51 ead S
2 s 5 olazdl Slalllas (ol yrogdle a5 Clloy S ey osliE S0 ey e g
1972 O3 08 (e OS] jolieds Saro Wl 890 ;0 pauS sladily (el CuieS Sgne 2 Wl o
Sly Cowaily 610455 8,50 0 3l Sl swyp g Gl Sldllas o 0ad o slpii LS S (5,00, Ll

Dy oo dnogs Siailg> g uiS olul ol g ode pasS alie BB, ol e 1 s

2 Sk oyl b oogdh owyp S8y, sl

2lo
‘)L'J.é) £ guw ‘Ls’o‘ usl.w 41.@.} )‘ s]mJ d)!{?‘ £ g )‘ J.alf )91944 0Ju d.j‘)‘ AJLM )l.m.u‘ uaya.?- )b owy

.0)‘-.\3 $9:>9 L.....J‘) L)"‘ )Q (S)L’?u ‘Sa_QL..o 9 009.0.; )...Q).: “L:lfﬁé )LAAA-A—)‘ 9 JLA.A-‘)‘ Lt 9 Lbod‘é J.x_‘>

&

Anon. 2022. Agricultural Statistics. Planning and Economic affairs Deputy, Information and
Communication Technology Center, Ministry of Agricultural-Jahad,Vol.1: Agronomical Productd,
pp 23.

American Association of Cereal Chemists (AACC). 2010.Approved Methods of Analysis, 11th Ed., Method
56-61.02, “Zeleny Sedimentation Test,” AACC International, St. Paul, MN, USA.

American Oil Chemist’s Society.1993.0Official methods and Recommended Practices of the American Qil
Chemist’s Society, 5thend, Ba 6-48. The American Qil Chemist’s Society, Champaign.

Association of Official Analytical Chemists. 2005. Official Methods of Analysis. Association of Official
Analytical Chemists, Washington, DC, USA.

Allen, B., Wu, J.N., and Doan, H., 2003. Inactivation of fungi associated with barley grain by gaseous
ozone. Journal of Environmental Science and Health Part B-Pesticides Food Contaminants and
Agricultural Wastes, 38 (5): 617-630.

Avdeeva, V., Zorina, E., Bezgina, J. and Kolosova, O. 2018. Influence of ozone on germination and
germinating energy of winter wheat seeds. Engineering for Rural Development, 23:25.

Beheshti, H.R., Feizi, J., Zhiany Asgharzadeh, M., and Fakoor Janati, S.S. 2014. Aflatoxin determination in
saffron by high-performance liquid chromatography and immunoaffinity column clean-up. Saffron
Agronomy and Technology 1(2):102-111. doi: 10.22048/jsat.2014.4820.

Bonjour, E. L., Opit, G. P., Hardin, J., Jones, C. L., Payton, M. E., and Beeby, R. L. 2011. Efficacy of
Ozone Fumigation Against the Major Grain Pests in Stored Wheat. journal of Economic
Entomology, 104(1):308-316.

v


http://www.bioone.org/doi/abs/10.1603/EC10200
http://www.bioone.org/doi/abs/10.1603/EC10200
http://www.bioone.org/doi/abs/10.1603/EC10200
http://www.bioone.org/doi/abs/10.1603/EC10200
http://www.bioone.org/doi/abs/10.1603/EC10200
http://www.bioone.org/doi/abs/10.1603/EC10200

£roYY o [1E00/lauli 5 )l A+ 0,lads | YO s/ i qylio (owntigee Clidos

Chandra Verma, V. 2018. Applications and Investigations of Ozone in Cereal Grain Storage and
Processing: Benefits and Potential Drawbacks. International Journal of Current Microbiology and
Applied Sciences, 7: 5034-5041.

Chittrakorn, S., Earls, D., and MacRitchie, F. 2014. Ozonation as an alternative to chlorination for soft
wheat flours. Journal of Cereal Science, 60(1), 217-221.

Desvignes, C., Chaurand, M., Dubois, M., Sadoudi, A., Abecassis, J., and Lullien-Pellerin, V. 2008.
Changes in common wheat grain milling behavior and tissue mechanical properties following ozone
treatment. Journal of Cereal Science 47, 245-251.

Dziedzoave, N.T., Graffham, A.J., Westby, A., and Komlaga, G. Comparative assessment of amylolytic
and cellulolytic enzyme activity of malts prepared from tropical cereals.2010. Food Control, 21:
1349-1353.

Dubois, M., Canadas, D., Despres-Pernot, A.G., Coste, C., and Pfohl-Leszkowicz, A. 2009. Oxygreen
process applied on nongerminated and germinated wheat: role of hydroxamic acids. Journal of
Agricultural and Food Chemistry, 56 (3): 1116-1121.

El-Desouky, T. A., Sharoba, A. M. A., El-Desouky, A. I., El-Mansy, H. A., and Khayria Naguib. 2013.
Effect of ozonation of wheat grain on quality bread factory. Journal of Agroalimentary Processes
and Technologies, 19(1), 1-9.

Ghodsvali, A. 2017. Effect of ozone on shelf life and quality Characteristics of wheat and rice in the
Golestan province. Research Report. No. 57757. Golestan Agricultural and Natural Resoursec
Research Center. (In Persian).

Ghodsvali A, Mohamadzadeh J. 2022. Evaluation of the Effect of Ozone Gas on Quality Characteristics of
Rice Grain (Var. Fajr). Food Engineering Research, 21(1):119-138. (In Persian).

Gozé, P., and et al. 2017. Effects of ozone treatment on the molecular properties of wheat grain proteins.
LWT — Food Science and Technology, 85, 454-460.

Hardin, J.A., Jones, C.L., Bonjour, E.L., Noyes, R.T., Beeby, R.L., Eltiste, D.A., and Decker, S. 2010.
Ozone fumigation of stored grain; closed-loop recirculation and the rate of ozone consumption.
Journal of Stored Products Research, 46:149-154.

Iranian National Standardization Organization. 2010. Cereal and Cereal Products- Sampling. No. 13535.
(In Persian).

Iranian National Standardization Organization. 2010, 2020. Food and feed stuffs. Determination of
aflatoxins B & G by HPLC method using immunoaffinity column clean up-Test method. No. 6872.
(In Persian).

Kitinoja, L., Tokala, V. Y., and Brondy, A. 2018. Challenges and opportunities for improved postharvest
loss measurements in plant-based food crops. Journal of Postharvest Technology, 6(4), 16-34.

Lee, M. J., Kim, M. J,, Kwak, H. S,, Lim, S. T., and Kim, S. S. 2017. Effects of ozone treatment on
physicochemical properties of Korean wheat flour. Food Science and Biotechnology, 26(2), 435-
440.

Li, M., Zhu, K.-X.,Wang, B.-W., Guo, X.-N., Peng,W., and Zhou, H. M. 2012. Evaluation the quality
characteristics of wheat flour and shelf-life of fresh noodles as affected by ozone treatment. Food
Chemistry, 135: 2163-2169.

Li, M. M., Guan, E. Q., and Bian, K. 2021. Effect of ozone treatment on deoxynivalenol and quality
evaluation of ozonised wheat. Food Additives & Contaminants: Part A, 32(4), 544-553.
https://doi.org/10.1080/19440049.2014.976596

Lin, J., and et al. 2025. Modified atmosphere and ozone treatment technologies in stored grain pest control:
mechanism, applications and challenges Agricultural Products Processing and Storage. 1:16,2-18.

Mason, L. J., Woloshuk, C. P., Mendoza, F., Maier, D. E. and Kells, S. A. 2006. Ozone: A new control
strategy for stored grain. In: Proceedings of the 9th International Working Conference on Stored
Product Protection. pp. 15-18.

Misra, N.N., Kaur, S., Tiwari, B.K., Kaur, A., Singh, N., and Cullen, P.J. 2015. Atmospheric pressure cold
plasma (ACP) treatment of wheat flour. Food Hydrocoll., 44:115-112.

Mohammadi Kouchesfahani, M., Alimohammadi, M., Jahed K.G., Nabizadeh, N.R., Aghamohseni, Z.,
Moazeni, M., and Rezaie, S. 2015. Antifungal Effects of Ozonated Water on Aspergillus Parasiticus:
A New Approach to Prevent Wheat Contamination. Journal of Food Safety, 35, 295-302.

Mohammadzadeh, J., Zanganeh J., and Ghodsvali, A. 2021.Evaluation of the Effect of Ozone Gas on
Quality Characteristics and Storage Life of Barley Grain'. Food Engineering Research, 20(1): 109-
122. (In Persian).

Naito, S. 1989. The influence of ozone treatment on lipids contained in cereal grains, cereal grain powders,
peas, beans and pulse products. Nippon Shokuhin Kogyo Gakkaishi 36: 878-883.

YA



(251900 o8)) @5 Wil 350055 9 (2lownd SS9 (2,8 (S99 1 51 56 iU

Naguib, K. A. 2013. Effect of ozonation of wheat grain on quality bread factory. Journal of Agro-
Alimentary Processes and Technologies, 19(1), 1-9.

Navarro, S. 2006. New global challenges to the use of gaseous treatments in stored products. In: Navarro,
S., Varnava, A. (Eds), Proceedings of the 9th International Working Conference on Stored Product
Protection, 15 to 18 October 2006, Campinas, Sdo Paulo, Brazil. Brazilian Post-harvest Association
- ABRAPOS, Passo Fundo, RS, Brazil, 2006.

Obadi, M., Zhu, K., Peng, W., Ammar, A.F., and Ming, H. 2016. Tropical Journal of Pharmaceutical
Research,15(10), 2147-2154.

Obadi, M., and Mollahosseini, A. 2018. Characterization of oil extracted from whole grain flour treated
with ozone gas. Food Chemistry, 240, 1051-1057.

Obadi, M., Haros, M., and Rosell, C. M. 2018. Effects of ozone treatment on the physicochemical and
functional properties of wheat flour: formation of disulfide bonds in wheat flour proteins. Food
Chemistry, 268, 373-379.

Paul, A., Radhakrishnan, M., Anandakumar, S., Shanmugasundaram, S., and Anandharamakrishnan, C.
2020. Disinfestation techniques for major cereals: A status report. Comprehensive Reviews in Food
Science and Food Safety, 19(3), 1125-1155.

Safonova, O.N., Kholodova, E.A., and Golota, V.l. 2011. Ozone usage for adjustment of technological
properties of wheat baking flour. In 11th International Congress on Engineering and Food. Athens.
Greece, 1-6.

Sandhu, H.P.S., Manthey, F.A., and Simsek, S. 2011. Quality of bread made from ozonated wheat
(Triticum aestivum L.) flour. Journal Science of Food and Agriculture, 91(9), 1576-1584.

Savi,G., Karim, C., and Karol, O. 2014. Ozone treatment efficiency on Fusarium graminearum and
deoxynivalenol degradation and its effects on whole wheat grains (Triticum aestivum L.) quality and
germination. Journal of Stored Products Research, 59:245-253.

Shingala, A.M., Dabhi, M.N., and Joshi, N.U. 2024. Ozone-based grain storage: A green technology with
great potential for improving food safety. In 1IP Proceedings (Ed.), Futuristic trends in agriculture
engineering & food sciences (IIP Series, Vol. 3, Book 16, Part 3, Chap. 1, pp. 139-152). Iterative
International Publishers.

Singh, H., and MacRitchie, F. 2001. Application of polymer science to properties of gluten. Journal of
Cereal Science, 33(3), 231-243.

Sitoe, E.D.P.E., Pacheco, F.C., and Chilala, F.D. 2025. Advances in ozone technology for preservation of
grains and end products: Application techniques, control of microbial contaminants, mitigation
ofmycotoxins, impact on quality, and regulatory approvals. Comprehensive Reviews in Food
Science and Food Safety published byWiley Periodicals LLC on behalf of Institute of Food
Technologists.

Sudhakar, N., Nagendra-Prasad, D., Mohan, N., Hill, B., Gunasekaran, M. and Murugesan, K.
2011.Assessing influence of ozone in tomato seed dormancy alleviation. American Journal of Plant
Sciences, 2(3): 443.

Takasaki, S.; Kato, Y.; Murata, M.; Homma, S. and Kawakishi, S. 2005. Effects of peroxidase and
hydrogen peroxide on the dityrosine formation and the mixing characteristics of wheat-flour dough.
Bioscience Biotechnology and Biochemistry, 69(9),1686- 1692,

Tiwari, B.K., Brennan, C.S., Curran, T., Gallagher, E., Cullen, P.J., and O’Donnell, C. P. 2010. Application
of ozone in grain processing. Journal Cereal Science, 51:248-255.

Trombete, F., Minguita, A., Porto, Y., Freitas-Silva, O., Freitas-S4, D., Freitas, S., Carlos Carvalho, C.,
Tatiana Saldanha, T., and Fraga, M. 2016. Chemical, Technological, and Sensory Properties of
Wheat Grains (Triticum aestivum L) as Affected by Gaseous Ozonation. International Journal of
Food Properties, 19:2739-2749.

USDA. 2025. United States of Department Agriculture. Foreign Agricultural Service. Office of Global
Analysis. International Production Assessment Division. Washington, DC, USA.

Violleau, F., Hadjeba, K., Albet, J., Cazalis, R. and Surel, O. 2008. Effect of oxidative treatment on
cornseed germination Kinetics. Ozone: Science and Engineering, 30(6), pp.418-422.

Wang, L., Shao, H., Luo, X., Wang, R., Li, Y., Li, Y., and Chen, Z. 2016. Effect of ozone treatment on
deoxynivalenol and wheat quality. Food Control, 59, 282-285.

Y4



Food Engineering Research/Vol.25/No. 80/ Spring& Summer 2026/P:21-40 Z

Journal Home page: https://fooder.areeo.ac.ir/ S GEnih

AERI

Original Research

The Effect of Ozone Gas Treatment on Fungal contamination, Chemical
Indices and Germination of Wheat Grain (cv. Morvarid)

Alireza Ghodsvali*

*Corresponding Author: Associate Professor, Agricultural Engineering Research Department, Golestan
Agricultural and Natural Resources Research and Education Center, AREEO, Gorgan, Iran

Email: Ghodsvali@gmail.com

Received:16 June 2025 Accepted: 3 December 2025

http://doi: 10.22092/fooder.2026.369804.1424

Extended Abstract
Abstract

Wheat, providing about 47% of the daily caloric intake of Iranian households, is considered the most
strategic agricultural crop in the country. To introduce novel and environmentally safe approaches for grain
storage while maintaining product quality, the effects of ozone gas concentration and exposure duration on
selected characteristics of Triticum aestivum cv. Morvarid wheat kernels was investigated. The evaluated
parameters included germination rate, Zeleny sedimentation value, oil content, acidity and peroxide value
of the extracted oil, fungal contamination level, and total aflatoxin content after a four-month storage
period. The experiment was conducted using a completely randomized factorial design (4x4), with four
ozone concentrations (0, 25, 50, and 75 ppmv) and four exposure durations (1, 3, 5, and 7 days). Analysis
of variance showed that ozone concentration, exposure time, and their interaction had significant effects
(P< 0.01) on germination rate, Zeleny value, fungal contamination, and total aflatoxin content of the treated
wheat. The lowest germination rate (94%) was recorded at 75 ppmv ozone, while the highest (99.0%)
occurred at 0 and 25 ppmv with no significant difference (P > 0.05). The highest Zeleny sedimentation
value (34.19 mL) was observed at 50 ppmv ozone, and the lowest (30.16 mL) at 0 ppmv. Minimum fungal
contamination (3.88 CFU/g) was found at 75 ppmv ozone, while the maximum (2725 CFU/g) occurred in
the untreated control. Similarly, the highest total aflatoxin level (14.96 ug/g) was measured at 0 ppmv
0zone, whereas at 75 ppmv it was undetectable. Ozone exposure duration also had a significant effect (P<
0.01) on germination rate, Zeleny value, fungal contamination, and aflatoxin content. The maximum
germination rate (100%) occurred after 5 days of exposure, and the minimum (96%) after 3 days. The
highest Zeleny value (32.72 mL), not significantly different from the 1- and 5-day treatments, was obtained
after 3 days, while the lowest (32.15 mL) occurred after 7 days. Overall, increasing ozone concentration
significantly (P < 0.01) reduced fungal contamination and total aflatoxin levels in wheat grains. The
minimum fungal count (3.88 CFU/g) was obtained at 75 ppmv ozone, whereas the maximum (2725 CFU/qg)
was found in the untreated control. The highest aflatoxin content (15.11 pg/g) was detected in the control
(0 ppmv, 1-day exposure), while it became undetectable at ozone concentrations >50 ppmv for all exposure
durations. Therefore, controlled use of ozone gas can be regarded as a novel, eco-friendly postharvest
technology that contributes to improving the quality and safety of stored wheat grains during long-term
storage.

Key Words: Aflatoxin, Fungal contamination, Ozone, Wheat, Zeleny Value
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