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Effects of Ethylene Oxide Fumigation and Gamma Irradiation
on the Quality of Dried Agricultural Products
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ABSTRACT-Gamma irradiation as a new physical treatment was applied to comparative
researches with a conventional chemical fumigant on the microbiologicai and physicochemical
qualities of selected agricultural products such as powdered hot pepper soybean paste, oyster
mushroom powder, carrot flake, and raw sesame. The microorganisms contaminated in the
sample, including total bacteria, thermophiles, acid tolerant bacteria, fungi, osmophilic
molds and coliforms were sterilized with irradiation doses of 7-10 kGy, while ethylene
oxide (E.O) fumigation proved insufficient for the destruction of them. An optimum dose of
irradiation was less detrimental than E.Q. fumigation to the physicochemical properties of the
sample. Sensory evaluation after three months of storage at room temperatures showed that
the overall acceptability of irradiated sample was higher than that of the nontreated control
as well as E.O. fumigated samples.
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Table 1, Distribution of microorganisms in dried agricultural products.

Count/g sample

Products

MTC® MAS?® ATB*® FC*? OSM*@ Coli®
Hot pepper soybean paste powder 1.5X10° 1.4%10°¢ 8.8x10° 1.2x10° 1.0x10° 4.0x10°
Oyster mushroom powder 9.1x10° 2.5%10* 2.2%10° 9.0x10* 5.0x10? 2.7x10%
Carrot flake 4.6X10°  1.3X10° 8.4X10* 4.0X10° - -
Raw sesame 1.0x10° 1.8x10* 2.6x10° 1.5x10* 9,.7x10% 1. 4x10*

MTC: Mesophilic total count
ATB: Acid tolerant bacteria
OSM: Osmophilic molds
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Fig.1. Comparative effects of ethylene oxide (E.
0.) and gamma irradiation on the micro-

flora of hot pepper soybean paste powder.
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Fig.3., Idealized dose/log survival curve for a
population of microorganisms of dried
agricultural products.

a. Hot pepper soybean paste powder, b.
Oyster mushroom powder, ¢. Raw sesame,
d. Carrot flake
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Table 2. Comparative effect of ethylene oxide and gamma irradiation on microorganisms of dried

agricultural products.

Treatmemts
Products Control Ethylene oxide® Gamma irradiation®
Mesophilic Mesophilic Mesophilic  Mesophilic Mesophilic Mesophlic
total aerobic total aerobic total aerobic
count spores Fungi count spores Fungi count spores Fungi
Hot pepper  1.5X10* 1.4x10° 1.2x10° 8.4x10* 5.0%10¢ 4.2X10 5.0x10* 3.0x10 0
soybean paste (3.8x10)¢ (3.6x10')  (0)
powder
Oyster 9.1x10° 2.5x10* 9.0x10* 1.0x10* 0 0 ] 0 0
mushroom (3.0x10%) (1.2x10%) (0)
powder
Carrot flake 4.6x10° 1.3x10° 4.0x10° 0 0 0 0 0 0
(0} (0) (0)
Raw sesame 1,0%10° 1.8x10* L.5x10¢  2.0%10° 1.0x10? 0 0 0 0
(1.2x10%) {5.0%10) (0)
230% ethylene oxide gas, 50°C, 0,8 kg/cm?*G, 8 hrs. 510 kGy
¢ Number in parenthesis designates that of 5 kGy irradiation
Algx 10kGy, 3 flake+= 3kGy o] 7b=pad of wieiAe Aradvt BFEsgon 7
Zaed wldEel 29nE A% AFA oJRhE  KGy HEe| webd 2L Aol ootsl A% u]
EAR - R B DA AR AES gapdog 7t w Al 4 9)\_“5 Al

oj4bel FAb AzAABAFY ol4E piel A
3t EQ. 2232|e} 7l zalele] AbFE IS
dlm ARl 2 Az dg sbwe] EO. 7lAA e

i 1

= uldE e st vl 2 (10°~10°/g) AlS

Table 3. Minimum required dose of gamma radi-
ation to reduce microorganisms below
10 per gram of dried agricultural

products.
Irradiation dose (kGy)
Products
Mesophilic Mesophilic
total count aerobic spores
Hot pepper soybean 10 10
paste powder
Qyster mushroom 10 5
powder
Carrot flake 3 3
Raw sesame 10 5

Table 4, Comparative effects of ethylene oxide
(E.Q.) and gamma irradiation on the
physicochemical quality of powdered
hot pepper soybean paste during sto-

ragea.
Teat-  Storage  Capsanthin  Reducing TBA pH
ments- period (0.D.at sugar (MA
(month) 470nm) (%) mg/kg)
Control 0 0.307 41.8 1.75 6.65
3 0.298 41.3 3.2 6.43
5kGy 0 0. 302 42.4 1.76 6. 64
3 0. 296 41.0 3.25 6.58
10kGy 0 0.298 42,5 1. 86 6. 66
3 0.290 41.3 3.30 6.55
E.O. 0 0.298 41.6 1.84 6.70
3 0. 286 410 3.29 6. 61

a The value is the mean of triplicate experiments
and is expressed on the basis of dry weight
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Table 5. Comparative effects of ethylene oxide
(E.O.) and gamma irradiation on the
physicochemical quality of oyster
mushroom powder during storage®.

Treat- Storage Reducing TBA pH
ments period sugar (MA
(month) (%) mg/kg)
Control 0 2.65 3.19 6. 90
3 2.24 4. 04 6. 88
5 kGy 0 2.85 3.28 6. 90
3 2.23 3.85 6. 87
10kGy 0 2. 84 3.48 6.90
3 2.28 4. 06 6. 88
E.O. 0 2.64 3.3 6.90
3 2.18 4. 12 6. 89

aThe value is the mean of triplicate experiments
and is expressed on the basis of dry weight
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Table 6, Comparative effects of gamma irradia-
tion and ethylene oxide (E.O.) fumiga-
tion on the amino acid content of oys-
ter mushroom powdera.

Treatments

Amino acid

Control 5kGy® 10kGy E.O0.¢

Aspartic acid 3.22  3.22 3.05 2.76
Threonine 1.09 1.08 1.02 0.82
Serine 1. 54 1.48 1. 44 1.12
Glutamic acid 4.83 4.80 4.54 3.74
Glycine 1.27 1. 29 1.22 1.07
Alanine 1. 63 1.76 1.68 1.37
Cysteine 0.19 - - -

Valine 1. 26 1.25 1.21 0.99
M ethionine 0. 47 0.46 0.45 0.32
Isoleucine 3.49 3.47  3.38 2.96
Leucine 2.40 2.41 1. 81 1. 86
Tyrosine 0. 46 0. 45 0.41 0.34
Phenylalanine 2.55 2.52 2.39 2.03
Lysine 1. 62 1.59 1.55 1.20
NH, 0.65 0.64 0.58 0.57
Histidine 0. 40 0.39 0.37 0.15
Arginine 1. 36 1.35 1. 30 1.00
Total 28.43 28.16 26.40 22.30

aTotal amino acid content is expressed as the
percentage on the basis of dry weight

bThe unit used to measure an absorbed dose of
radiation and 1 kGy is equivalent to 100 krad

< Treatment conditions are given in the text
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Table 7, Comparative effects of ethylene oxide (E.O ) and gamma irradiation on the mineral
content of oyster mushroom powder?®
Mineral content (mg/100g, dry wt.)
Treatments
Na K Ca Mg Cu Fe Zn

Control 56.6 2854 49,0 158.0 1.48 631.8 34.0
10 kGy 56. 4 2848 49.2 156. 6 1.48 628.6 3.2
E.O 57.0 2831 48.9 154.8 1.47 624. 4 33.8

aMinerals were analyzed with A A. immediately after treatments and each value is the mean of

triplicate experiments

Table 8, Comparative effects of ethylene oxide (E.Q.) and gamma irradiation on the color of hot
pepper soybean paste and oyster mushroom powdera.

Lightness (L) Redness (a) Yellowness (b) Color difference {AE)
Treatments
Paste Mushroom Paste Mushroom Paste Mushroom Paste Mushroom
Control 54.0 75.5 22.6 4.1 25.4 (16. 4 0.0 0.0
(49.9)*  (68.5) (19.5) (5.0) (23.7) (17.3) ©.0) 0.0)
5 kGy 55.4 75.6 19.9 4.1 25.0 16.3 3.0 0.1
(50.4)  69.7) (18.4) (4.5) @37 (6.7 12 (1.3)
10kGy 55.6 75.1 19.8 4.6 25.5 17.3 3.1 1.0
(49.6)  (70.5) (17.8) @1 22.9) (7.1) (1.8) @1
E.O 50.6 74.1 22.2 4.7 24.5 17.8 3.6 2.0
(46. 6) (69.4) (19.6) 4.6) (23.0) (17. 1) 3.3) 0.9)

aSample was stored at room temperature

b Number in parenthesis designates the value of three months of storage
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Table 9, The results of sensory evaluation for kGy 2 EO.AHz|75 Aoz dlo] 4943y
the overall acceptability of dried agri- Al o A AMERENS 5 ls
cultural products treated with ethylene o #fak A<l 7]1 (Fol, AE3 )_E %7t
oxide (E.O.) and gamma radiationa. 2 7Aoo}, A 25 AdbHal Y5 &

r, S el ZA, A, BO. Al 2o
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Products F value® Peow, ¢ A Tz =H4(1, 03, 0,
5kGy 10kGy C I E.O.
roTy 30, -0.30, -1,03)% Fhabslo] 4b A 414
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paste d

P FEAA feladel elgslo] Duncane} chuig]

Oyster mushroom 2,05  0.52 0 -0.17 -0.35 AARL Aas) L A 5kGy 2ARRE =18

powder {no significance) _ ° ;

2 EO. AHzld Algef ol zlelE vehgl
aSensory test was performed by the ranking dif- 3, ZATell e frolAde] olA x| efel Auld

ference analysis with a penal of eight members
after three months of storage, putting emphasis =
on the flavor and appearance of the products EO
bF value must exceed 2,95 to be significant at o}
the 5% level and it must exceed 4,57 to be ’

7]-31—1—‘:—-‘)”‘% 5“'10kGy_°,] 7[]1‘\:!}/(-] 7\/(}/(]3_};_
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