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Abstract: The objective of this study was to examine the effect of gaseous ozone (O;) on (a) germination, (b)
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mycelial growth, (c) aflatoxin B; (AFB,) production by strains of Aspergillus flavus at different water activity

(aw, 0.89~0.97=13.1%~24% moisture content) and 25 °C in vitro. In addition, taking Egyptian peanuts as a

research object, shelled peanuts at 0.93 a,, were inoculated with two concentrations of A. flavus conidia (10°,

10° conidia/g) and exposed to gaseous O and then stored. In all cases, exposure was for 30 min at 6 L/min.

Generally, >100 ppm O; significantly inhibited conidial germination of 4. flavus strains (EGP-B07; SRRC-G

1907) on a defined yeast sucrose medium within 48 hrs. However, exposure of growing colonies of 4. flavus

to O; with up to 300 ppm, had no effect on subsequent colony extension. The same concentration significantly

affected AFB, production, but only at 0.89 a,,. Populations of both A. flavus strains in stored shelled peanuts

exposed at 0.93 a, were significantly decreased at 100~400 ppm Os. However, AFB; production was only

significantly reduced in the 400 ppm O; treatments at both inoculum load levels. These results are discussed

in the context of O; gas use for controlling 4. flavus populations and AFB; in shelled peanuts post-harvest.

Key words: ozonation; Egyptian peanuts; storage; aflatoxins; germination; growth; toxin
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Fig.1 Effect of ozone concentration (ppm) on spore germination of 4. flavus EGP-B07 on YES media over periods of 48 hrs

W HiFERi R E P 6 L/min 7 30 min,

Note: Ozone exposure was for 30 min at 6 L/min prior to incubation.
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Fig.2 Relative growth rate of 4. flavus EGP-B07 and
strain SRRC-G 1907 on YES media at 25 °C for 3 days
M #ET 6 Lmin RA T 30 4r4h. FIERRTHIE
bR R 22
Note: Exposure to Ozone was for 30 min at 6 L/min. Bars
indicate standard error of the means.
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Fig.3 Effect of ozone exposure on AFB, produced by A. flavus
EGP-B07 and SRRC-G 1907 strains on YES
media at 25 °C after 3 days incubation
E: B%T 6 L/min 2% 30 min, £JE RN T E bR
W®E.
Note: Ozone exposure was for 30 min at 6 L/min. Bars
indicate standard error of the means.
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4 BRFAIE 30 min (6 L/min ) XE7F 4 d 8IS
WREESBHNERE EGP-B07 MBI
Fig.4 Effect of ozone treatment for 30 min at 6 L/min on
isolation of viable populations of A. flavus EGP-B07 from
shelled peanuts before and after storage for 4 days

T SFIERARFEBE AR HEIR 2

Note: Bars indicate standard error of the means.
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Fig.5 Effect of gaseous ozone exposure of shelled peanuts for

30 min at 6 L/min on AFB; contamination with different initial
inoculums after 4 days storage at 0.93 water activity

T R R HE bR IR 2

Note: Bars indicate standard error of the means.

O H il 15 & Y DI B2 il 2% EGP-BO7 52 IR
LA E oy s ok Y, B FE SRRC-G 1907 &%
TR FREET O3 SRR o0 A L+ K, Wk
JE>100 ppm AI7E 48 h 5 i 85 & . — MR UL,
5WPk SRRC-G 1907 #HIL, Witk EGP-BO7 7
<100 ppm 5T X O3 Z& 85 B HALHT 1.

TRAF WIS RSN O3 XA ay, 7K R
LR FELHAIFE IR, N i AT AR OGS D
Zotti ZEPHGE , H O; (b MBS (K 3d)
3 h AESE M AT 7. R, O AbBE
(R Bt TR Ve B RN [B) (6 F 9 d ) (3G e
%o b, e B0 PR i A LU B it 2 6 O A 3 o ARk
IRT, FEAIOFTE R, KA %R Circumdati 1
Niger 2R A AT i 32 25 3% 500 ppm Ay 051,
Hudson 1 Sharma” 4 JG T R 45 55 & 1 1 AY
13 RO A, A4 o i e ARt 2, RER
T R4 (35 ppm ) 1 20 min, fBfi1E I, &5t 48 h
HIERFE , KZEEE 1 3 logo CFUs 21 . Beuchat
25 DOV 5 1 B 4800 77 T A 9 R AT 2
i KRR . AT & B, 7E pH 5.5 fl 7.0 F,
AN DE (RFE 90%53 A= 18 ¥ Fr w5 (R s [a] )
9 1.72 M1 1.54 min; ZFAE I8 A D (E5514 2.08
A 171 min, SRT, WAREPEW S T4 478
5% T A ay K20 A A AR KA, AU
W R AT B e Y, F52 -, Mylona %
BB, BR Os F 88 WM il e B f 71 4 70
T &, B EMITLGEE DNA B AL

WA, MEw 2 KIF A RS R, Bk, 7]
AE T 2 HE AT 309 S 30 R A A gt o A gk 2 ik
o
3.2 XHMESMEKFD AFB, FFE RIS

WH, TR, JCIE ay ACFAIT, X
P RE 0 A K SR EE A X R 32 05 BREEIRZ I, {H
ay AP RIT R — N EENA AR R, &l
EGP-B07 £ 0.89. 0.95 a,, Al #% [l & SRRC-G 1907
7E 0.89. 0.97 aw HU%LE O; (300 ppm ) & T,
AFB, A28 352w, K3 EGP-B07
RFEAE 0.89 a,, 300 ppm Y O M RE f it
(2.3 logong/g ). Mason 2504 05 (5d) M HT
B AR R BRI T G AR o AT R B BAR 3RH
AT R 224 K S8 2% O5 1l . Vijayanandraj
SEDIRE T O3 I T M SR 2R A K
R0 1 2 A AR AT SE i . 3 AT REFR 43 I A
ORI, TR ATz O, iE. A
NEEH, FEd A LR LRSS, 051
ARESERAL, eI s BEA #KT O,
A Y,

Xt AFBy B PR YRR &, Zotti 45K
o E MM % 288 T 05 nl 3 % 6 E 1 H
VeI IR 208 /03 Z =46 . JETF Shier 251 5%
AR OB O R e A M AR RIS
M LEY AR, SO AR 5 3R .
3.3 REAMNBEEHEEFHEBBMEM AFB, =
b L B4

TEARBFFE T, O3 kbBEXTH 7 48 A4 H w0 4k 7 7
PERPE I 10° A1 10° 232 11/ ). — BT,
PIGRHERN BB, O VREEBR &y, 0 &R BT
FERAR R KSE R, 200 A1 400 ppm 5
SEAANE T A e e A T s AR AT AR TR
i, 4R 10° N T/g B94EA 400 ppm i E R
£ T 2.2 log CFUs/g., Giordano 20 g i i 97 36
By, WA FHZ HiZ, 31 ppm () Os 4038 5 h 5EfEE
BT A ] PG AR R R Y A R D
BEHET, XTEREMFFR R, H 50 ppm O; AbHE £
k3 dJE, FokFRmm A EMEEYE T 63%,

TERERD 10°/10° 43 LT/ Ja T RI A Os kb7
AR, TERERRIZR TR T O3 J5 Y AFB, 15 44K




ROEE

ﬁ; IRHBEEE

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

E29% 2021 F FE6H

FRPZIFZ AT AN, SR, fEAE 4 dJS, BT
M B 00, AFB, 15 Y B &1 . ff
400 ppm Y O 7| &2 FUAf A7 B S b 2 A0 T P AP )
B RIKSF A 5246 AR 1 AFBy 4277, HBFSENE
H1 14 1 32.5 ppm B O ¥ B2 Ab 2 124 75 198 SR 58 4
Wl T AFB, 17, AbHR 24 hJRSEA I TR
WS E N EE A KR, /i, WA
ay S DL S O5 ZREE AH ELAEH

Wang ZFPOF s 20l TEREARAE B R A
(OTA) JE R, 7% O RNV TEEAR
. OTA %5 T 30 ppm O; 120 min HEFET
60 ppm O3 90 min J5 P& 7, 2452 5% T 20~40 ppm
05 20 min B, A THERNYZ5 Y/ (10 pg/kg)
H AFB, HIRR RN 84%~86%" ),

O; B H N &SI T A GRASE,
b, Ox B S 23l (232 20~50 min ) 73 fif
N TRMAE FAEsR R, ki, el
A REAE KA IR i AR AR DY T B A
FRE AT, PO O3 AbFRYE T Al 4 i
P—y5 Y o IRl DA I R A K B T b B 2K
R AR T 2R . SR, Os fliH B A AR
KU, T B E AR, AR Al
PP RS M. 5oL, Os il REXHAR A
HFAARRAE MM, KNIt PTFE & RIAHH
B2 AL B 25 S AR AT A ROH TRk Y

S 3k :

[1]  SAAD N. Aflatoxins: occurrence and health risks. 2001. [Available
at: http://www.ansci.cornell.edu/plants/to xicants/aflatoxin/aflatoxin.
html].

[2] ESKOLA M, KOS G, ELLIOTT C T, et al. Worldwide
contamination of food-crops with mycotoxins: Validity of the
widely cited ‘FAO estimate’ of 25%][J]. Critical Reviews in Food
Science and Nutrition, 2020, 60: 2773-2789.

[3] MAGAN N, GARCIA-CELA E, VERHEECKE-VAESSEN C, et
al. Chapter 14-Advances in postharvest detection and control of
fungal contamination of cereals. In: Maier D, ed. Advances in
Postharvest Management of Cereals and Grains[M]. BDS
Publishin, 2020, 339-362.

[4] MAGAN N. Chapter 7-Tolerance of fungi to sulphur dioxide. In:
Jennings DH, ed. Stress tolerance of fungi[M]. Marcel Dekker,
1993a, 173-187.

[5] MAGAN N. Use of sulphur dioxide to control fungi in stored
grain. In: Navarro S & Donahaye E, eds. Proceedings of Int.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Conference on Controlled Atmosphere and Fumigation in Grain
Storages[M]. Capital Press, 1993b, 163-171.

CHANDRA M, ORO I, FERREIRA-DIAS S et al. Effect of
ethanol, sulfur dioxide and glucose on the growth of wine
spoilage yeasts using response surface methodology[J]. PLoS
ONE, 2015, 10: e0128702.

CHEN T, KUSCHNER W G, GOKHALE J, et al. Outdoor air
pollution: and carbon
monoxide health effects[J]. The American J. Med. Sci. 2007,
333:249-256.

nitrogen dioxide, sulphur dioxide,

SERRE G. The use of sulphur dioxide to preserve moist wheat
for human consumption[D]. U. K.: Cranfield University, 1991.
PEZLEY M E. Production of free sulfur dioxide by wine
yeasts[J]. Interdiscip. Undergrad. Res. J., 2015, 1: 27-32.
PATERAKI M, DEKANEA A, MITCHELL D, et al. Influence of
sulphur dioxide, controlled atmospheres and water availability
on in vitro germination, growth and ochratoxin A production by
strains of Aspergillus carbonarius isolated from grapes[J].
Postharvest Biology and Technology, 2007, 44: 141-149.
AKBAR A, MEDINA A, MAGAN N. Potential control of
mycotoxigenic fungi and ochratoxin A in stored coffee using
gaseous ozone treatment[J]. Microorganisms, 2020, 8 (10): 1462.
KIM J G, YOUSEF A E, DAVE S. Application of ozone for
enhancing the microbiological safety and quality of foods: A
review. Journal of Food Protection, 1999, 62: 1071-1087.
GONCALVES A A. Ozone: an emerging technology for the
seafood industry[J]. Brazilian Archives of Biology & Technology,
2009, 52(6): 1527-1539.

United States Food and Drug Administration. 2019. Code of
Federal Regulations: Maximum Acceptable Level of Ozone;
21CFR801. 415; United States Food and Drug Administration:
Silver Spring: MD, USA, Volume 8. https://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fi=801.415.

MASON L J, WOLOSHUK C P, MAIER D E. Efficacy of ozone
to control insects, molds and mycotoxins. In: Navarro S, Varnava
A. eds. Proceedings of the International Conference on Controlled
Atmosphere and Fumigation in Stored Products[M]. Cyprus
Printer Ltd., 1997, 665-670.

MAEBA H, TAKAMOTO Y, KAMIMURA M, et al. Destruction
and detoxification of aflatoxins with ozone[J]. Journal of Food
Science, 1988, 53: 667-668.

PATIL S, TORRES B, TIWARI B K, et al. 2010. Safety and
quality assessment during the ozonation of cloudy apple juice[J].
Journal of Food Science, 75(7): 437-443.

LIU Y, PAN X, LI J. Current agricultural practices threaten
future global food production[J]. Journal of Agricultural &
Environmental Ethics, 2015, 28(2), 203-216.

FILIPPIDOU E C, KOUKOULIATA A. Ozone effects on the
respiratory system[J]. Progress in Polymer Science, 2011, 1:
144-155.

ROBERT B D, KELLY E D, MELANIE J, et al. Controlled




E29% 2021 1F FEoHA

E%mm&mﬁ”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

ROEE

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

exposure of healthy young volunteers to Ozone causes
cardiovascular Effects[J]. Circulation, 2012, 126: 104-111.
SUSLOW T V. Ozone applications for postharvest disinfection
of edible horticultural crops[J]. ANS Publication, 2004, 8133:
1-8.

EL-DESOUKY T A, SHAROBA AM A, EL-DESOUKY A1, et
al. Effect of ozone gas on degradation of aflatoxin B, and
Aspergillus flavus fungi[J]. Journal of Environmental & Analytical
Toxicology, 2012, 2: 128.

SAHAB A F, HASSANIEN F R, EL-NEMR S E, et al. Effect of
ozone gaseous on aflatoxin degradation and fat and protein
content in peanut seeds[J]. Journal

Research, 2013, 9: 2170-2175.

of Applied Sciences

MAGAN N. Effects of water potential and temperature on spore
germination and germ-tube growth in vitro and on straw leaf
sheaths[J]. Transactions of the British Mycological Society,
1988, 90: 97-107.

GARCIA-CELA E, GARI SANCHEZ F J, VERHEECKE-
VAESSEN C, et al. Carbon dioxide production as an indicator of
Aspergillus flavus colonisation and aflatoxins/cyclopiazonic acid
contamination in shelled peanuts stored under different
interacting abiotic factors[J]. Fungal Biology, 2019, 121: 1-7.
FILTENBORG O, FRISVAD J C. A simple screening method for
toxigenic moulds in pure cultures[J]. Lebensmittel-wissenschaft
und-technologie-food Science and Technology, 13: 128-130.
AOAC, Association of Official Analytical Chemist, Official
methods of analysis[M]. Natural toxins, 18" edn., Chapter 49,
Washington, D. C., 2005.

ZOTTI M, PORRO R, VIZZINI A et al. Inactivation of
Aspergillus  spp. by ozone treatment[J]. Ozone-science &
Engineering, 2008, 30: 423-430.

HUDSON J B, SHARMA M. The practical application of ozone
gas as an antifungal (anti-mold) agent[J]. Ozone-science &
Engineering, 2009, 31: 326-332.

BEUCHAT L R, CHMIELEWSKI R, KESWANI J, et al.

W

#
X F

N &

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

B oW

Inactivation of Aflatoxigenic Aspergilli by treatment with ozone
[J]. Letts. Appl. Microbiol. 1999, 29: 202-205.

MYLONA K, KOGKAKI E, SULYOK M, et al. Efficacy of
gaseous ozone treatment on spore germination, growth and
fumonisin production by Fusarium verticillioides in vitro and in
situ in maize[J]. Journal of Stored Products Research, 2014, 59:
178-184.

VIJAYANANDRAJ V R, NAGENDRA PRASAD D, MOHAN
N et al. Effect of ozone on Aspergillus niger causing black rot
disease in onion[J]. Ozone-science & Engineering, 2006, 28:
347-350.

SHIER W T, LAOY, STEELET W J, et al. Yellow pigments
used in rapid identification of aflatoxin-producing Aspergillus
strains are anthraquinones associated with the aflatoxin biosynthetic
pathway[J]. Bioorganic Chemistry, 2005, 33: 426-438.
GIORDANO B N E, SIMAO V, MANFIO D, et al. Reduction of
in-shell Brazil nut (Bertholletia excelsa H. B. K.) aflatoxin
conamination by ozone gas application during storage[J]. Julius-
Kiihn-Archive, 2010, 425: 574-580.

KELLS A A, MASON L J, MAIER D E, et al. Efficacy and
fumigation characteristics of ozone in stored maize[J]. Journal of
Stored Products Research, 2001, 37: 371-382.

WANG S, LIU H, LIU J, et al. Can ozone fumigation effectively
reduce aflatoxin B; and other mycotoxins contamination on
stored grain?[J]. Julius Kuhn Archive, 2010, 425: 582-588.

WU J N, DOAN H, CUENCA M A. Investigation of gaseous
ozone as an anti-fungal fumigant for stored wheat[J]. Journal of
Chemical Technology & Biotechnology, 2006, 81: 1288-1293.
GRAHAM D M. Use of ozone for food processing[J]. AGRIS,
1997, 51: 72-75.

HORVATH M, BILITZKY L, HUTTNER J O. Topics in
inorganic and general chemistry-monograph 20[J]. Elsevier, 1985,
270. &

E: AR R MARFIE R (http:/lyspkj. ijournal.cn ), H

B, 507 4R R AR T AR

o

(B FARAR oty Ak & oy A 5 B 5 KA i A LB 5P )

%.m




