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

R
Zeleny Value

S GBI 4] 300
Aflatoxin Content

il
Germination

48.1850000"* 56.2777778™ 904.2992667*
0.7322222* 33.0000000** 3.3205444"*
1.7850000** 32.6481481** 2.7897222*

B (S JEso puin
Fungal independent variable
Contamination
18376002.08" ) el
Gas Concentration
536407.64°" @0] e
Ozanation Duration
366459.49° @0 e X3 ke

Gas Concentrationx Ozanation Duration

J:.:Jggl:» ‘JJ) dde g Lo y> s@jﬁ\}\}? E,n)fglﬂf)g F)§9)S‘.‘»"’ ‘wJ53MB| u‘)*‘ foU/gr ‘u%)@ ufb}ﬂ o)y ) Cja.m 5 )‘.)L;Lu S
**significant at 1% ; fungal contamination, cfu/gr; Aflatoxin content, ugr/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 o3l el
(5 o) (we,2) Aflatoxin (€905 055 ;3 S dlass) Ozon concentration
Zeleny Index Germination 2 P55 9,5) Fungal contamination (Ppmv)
(ml) (%) (255 9ks (cfu/gr)
30.16 ¢+ 0.10 99.021+0.4 14.96 2+ 0.06 2725.02 1 47.9 0
31.48°1+0.13 98.0°+ 0.4 2.68°+0.37 1200.0°+193.1 25
34.192+0.8 99.02+0.2 - 1325°+ 13,6 50
34133104 940°¢10.2 - 88.3°1 3.7 75

S350k 1 85 b (slandls slapSile palie 5,15 (P < 0.05) b ine ST gy By sl sloSilie g2 12 3 e Sl T 1,850 ke

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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1Fusarium graminearum
Tribolium castaneum (Herbst)
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Table 15- Influence of ozonation duration on microbial, germination and chemical characteristics of experimental

samples

A5 2e il S SRR SRS R

(5 o) (3 3) Aflatoxin (905 p)5 3 IS slas)  Ozonation duration
Zeleny Index  Germination 2 p59555) Fungal contamination (days)
32.48Ia£ 0.10 97.0124_\' 0.6 9.84212.36 12941.2‘a1_|- \:552.7 1
327231013 96.09%0.2 8.90 ¢t 2.68 1120.8°+333.0 3
32.623+0.8 100.02x*0.3 8.38°t 2.86 897.5°+ 3185 5
3215°*+04 98.0°%+04 8.17 9+ 3.08 833.3°1+329.4 7

d;u&bbﬁmdlmb dh’u‘i’l“’ epdlio . .l (P <005) )IJL;LM N Ol By shb sl u‘i’\“ O 2 53l oyl i IS0 obe

Slosal Cawddy bS5 5,500 Jole zolaw plos (9,

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

Hj dae Finle u;«f W Rt u;w;‘ e O cdile
Ze(lgr:’yﬁlr?d)ex Ger(r-\r;ip rf;'zion (05 9-65 ?: ('):()? 955%) (:lﬁ];ioﬁatﬁnz;:r? CfSP:tting? Conggg?rr;ﬁion)
(ml) (%) (ngr/kg) (cfulgr) (days) (ppmv)

30.001+0.15 98.0°+0.3 15.11240.20 2800.021+57.7 1

30.077+0.30 100.021+0.3 14.89 4 0.02 2733.321+ 1453 3 0
30.301+0.17 100.02%+ 0.0 14.77°%0.03 2666.7 21 88.2 5

30.2711+0.26 98.0°+0.0 15.06 2+ 0.08 2700.02% 1155 7

30.97"+0.12 98.0°+0.0 4,56 °+0.08 2066.7°+33.3 1 25
31.379"+0.20 97.0°+0.0 2.919+0.04 1533.3°¢+88.2 3

31.53940.09 100.02£ 0.0 1.98¢+0.03 733.394333 5

32.077+0.12 97.0°+ 0.6 1.28 f+0.02 466.7¢133.3 7

33.93¢+0.12 99.024+0.3 - 206.7 ¢+ 12.0 1 50
34.602c+0.06 100.021+0.3 - 1233794+ 33 3
3417+ 0.09 98.02+0.0 : 106.7 9+ 3.3 5

34.07%+0.09 100.02%0.3 : 93.3f"h+33 7

35.03240.09 94.0¢+0.7 - 103.39+ 33 1 75
34.833%40.09 86.091 0.7 - 93.39"+33 3
34.47bd+0.09 100.02%0.0 - 8339+ 33 5

32.207+0.36 98.0°+0.3 - 73.3h+33 7

sy 45w (Cell MeaNs) Jshu slo sl eplio 35,15 (P < 0.05) Jls ine i3] 5Ly gy als eloSibie (gt y 53 olime Bl T 1850 :Sike

F(230)] glej o 5 O3l CBLE S 4 sitn

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
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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
ozone, 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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