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Boliim 3

GIDA URUNLERINDE BOZULMALARA NEDEN
OLAN PATOJEN MIKROORGANIZMALARIN
INAKTiVASYONUNDA O0ZON UYGULAMALARININ
ETKIiSI

Berat CINAR ACAR!
Tugba SAHIN?
Zehranur YUKSEKDAG*

GIRIS
On dokuzuncu yiizyilin ortalarinda kesfedilmis bir gaz olan ozon (O,), oksijenin
dogada yiiksek enerjili elektrik akimina ve ultraviyole 1sinlarina maruz kalmasi
sonucunda olusan, mezomerik durumlarin varlig1 nedeniyle dinamik olarak
kararsiz yapida {i¢ oksijen atomundan olusan bir molekiildiir (1). Dogada,
glinesten gelen mor oOtesi 1sinlarin atmosferdeki oksijeni pargalayarak ozon
molekiillerine c¢evirmesi sonucu olusmaktadir (2). Ozon, atmosferin st
tabakalarinda (troposfer, stratosfer) iiretilen ve havadan daha agir oldugu igin
yer¢ekiminin etkisi ile diinyaya dogru inerken kirli atiklarla reaksiyona girerek
havay1 temizleyen bir gazdir. Atmosferdeki ozon, Diinyadaki yasami korumak i¢in
gerekli kimyasal ve fiziksel 6zelliklere sahiptir. Stratosferik ozon (15-65 km), 290
nmden daha yiiksek dalga boyuna sahip en zararli ultraviyole (UV) radyasyonunu
tutmaktadir (3). Fotokimyasal reaksiyonlar nedeniyle yer seviyesindeki ozondaki
artiglar, artan azot monoksit ve azot dioksit (NO,) ve ugucu organik bilegikler
(VOC’ler) emisyonlari ile dogrudan iliskilidir. Ozonun foto ayrismasi, atmosferik
hidroksil radikallerinin birincil kaynagidir (4).

Ozon konsantrasyonu giines 1s18ina bagli olarak degisim gostermektedir.

Giines 15181 yogunluguyla maksimuma ulasir ve ardindan azalmaktadir. Oda
sicakliginda gaz halinde bulunan ozon, renksizdir ve kendine has karakteristik bir
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ozon uygulamalarinda, insanlarin ozon dozu ve maruz kalma siiresi konusunda
kisitlamalar uygulanmali ve gelecekteki ¢calismalarda dikkate alinmalidur.

KAYNAKCA

1. Elvis AM, Ekta JS. Ozone therapy: A clinical review. Journal of Natural Science, Biology,
and Medicine. 2011;2(1): 66. doi: 10.4103/0976-9668.82319

2. Polat H. Dezenfeksiyon amagli ozon kullanimi. Aquaculture Studies. 2009;9(2)

3. Tarasick D, Galbally IE, Cooper OR, et al. Tropospheric ozone assessment report: Tro-
pospheric ozone from 1877 to 2016, observed levels, trends and uncertainties. Ele-
menta: Science of the Anthropocene. 2019;7(39). doi: https://doi.org/10.1525/elemen-
ta.376

4. Petruci JFS, Barreto DN, Dias MA, et al. Analytical methods applied for ozone gas dete-
ction: A review. TrAC Trends in Analytical Chemistry. 2022; 149: 116552. doi: https://
doi.org/10.1016/j.trac.2022.116552

5. Nogales C, Ferrari P, Kantarovich E. Ozone therapy in medicine. The Journal of Contem-
porary Dental Practice. 2008;9(4): 75-84

6. Lindsley WG, Blachere FM, Beezhold DH, et al. Viable influenza A virus in airborne
particles expelled during coughs versus exhalations. Influenza and Other Respiratory
Viruses. 2016;10(5): 404-413. doi: 404-13. 10.1111/irv.12390

7. Xiaoqi W. Emerging roles of ozone in skin diseases. Journal of Central South University
(Medical Sciences). 2018;43(2): 114-23. doi: 10.11817/j.issn.1672-7347.2018.02.002

8. Otter JA, Donskey C, Yezli S, et al. Transmission of sars and mers coronaviruses and
influenza virus in healthcare settings: The possible role of dry surface contamination.
Journal of Hospital Infection. 2016;92(3): 235-250. doi: 10.1016/j.jhin.2015.08.027

9. Oehlschlaeger HE Reactions of ozone with organic compounds. Ozone/Chlorine Di-
oxide Oxidation Products of Organic Materials, Ozone Press, Cleveland, OH, 1978;
20-37

10. Guzel-Seydim ZB, Greene AK, Seydim AC. Use of ozone in the food industry. LWT-Fo-
od Science and Technology. 2004;37(4): 453-460. doi: https://doi.org/10.1016/].
1wt.2003.10.014

11. Barreto DN, Silva WR, Mizaikoff B, et al. Monitoring ozone using portable subst-
rate-integrated hollow waveguide-based absorbance sensors in the ultraviolet range.
ACS Measurement Science Au. 2021;2(1): 39-45. doi: https://doi.org/10.1021/acsme-
asuresciau.1c00028

12. Calunga JL, Menéndez S, Ledn R, et al. Application of ozone therapy in patients with
knee osteoarthritis. Ozone: Science ¢ Engineering. 2012;34(6): 469-475. doi: https://
doi.org/10.1080/01919512.2012.719120

13. Otay T, Kiiciikgiil A, et al. Balik Hastaliklarinin Ozon ile Sagaltimi. Bilim ve Genglik
Dergisi. 2015;1(3)

14. Nagayoshi M, Kitamura C, Fukuizumi T, et al. Antimicrobial effect of ozonated water
on bacteria invading dentinal tubules. Journal of Endodontics. 2004;30(11): 778-781.
doi: https://doi.org/10.1097/00004770-200411000-00007

15. Azarpazhooh A, Limeback H. The application of ozone in dentistry: A systematic
review of literature. Journal of Dentistry. 2008;36(2): 104-116. doi: https://doi.or-
g/10.1016/j.jdent.2007.11.008

-26-



Mikrobiyolojide Giincel Konular IV

16. Arita M, Nagayoshi M, Fukuizumi T, et al. Microbicidal efficacy of ozonated water aga-

17.

18.

inst Candida albicans adhering to acrylic denture plates. Oral Microbiology and fmmu-
nology. 2005;20(4): 206-210. doi: https://doi.org/10.1111/j.1399-302X.2005.00213.x
Celiberti P, Pazera P, Lussi A. The impact of ozone treatment on enamel physical pro-
perties. American Journal of Dentistry. 2006;19(1): 67

Holmes J. Clinical reversal of root caries using ozone, double-blind, randomised,
controlled 18-month trial. Gerodontology. 2003;20(2): 106-114. doi: https://doi.or-
g/10.1111/j.1741-2358.2003.00106.x

19. Victorin K. Review of the genotoxicity of ozone. Mutation Research/Reviews in Genetic

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Toxicology. 1992;277(3): 221-238. doi: https://doi.org/10.1016/0165-1110(92)90045-B

Niveditha A, Pandiselvam R, Prasath VA, et al. Application of cold plasma and ozone
technology for decontamination of Escherichia coli in foods-a review. Food Control.
2021;130: 108338. doi: https://doi.org/10.1016/j.foodcont.2021.108338

Khanashyam AC, Shanker MA, Kothakota A, et al. Ozone applications in milk and
meat industry. Ozone: Science & Engineering. 2022;44(1): 50-65. doi: https://doi.org/1
0.1080/01919512.2021.1947776

Yeoh WK, Ali A, Forney CE Effects of ozone on major antioxidants and microbial
populations of fresh-cut papaya. Postharvest Biology and Technology. 2014;89: 56-58.
doi: https://doi.org/10.1016/j.postharvbio.2013.11.006

Thanomsub B, Anupunpisit V, Chanphetch S, et al. Effects of ozone treatment on cell
growth and ultrastructural changes in bacteria. The Journal of General and Applied
Microbiology. 2002;48(4): 193-199. doi: https://doi.org/10.2323/jgam.48.193

Hunt NK, Marinas BJ. Inactivation of Escherichia coli with ozone: Chemical and inacti-
vation kinetics. Water Research. 1999;33(11): 2633-2641. doi: https://doi.org/10.1016/
S0043-1354(99)00115-3

Ito K, Inoue S, Hiraku Y, Kawanishi S. Mechanism of site-specific DNA damage indu-
ced by ozone. Mutation Research/Genetic Toxicology and Environmental Mutagenesis.
2005; 585(1-2): 60-70. doi: https://doi.org/10.1016/j.mrgentox.2005.04.004

Sharma M, Hudson JB. Ozone gas is an effective and practical antibacterial agent. Ame-
rican Journal of Infection Control. 2008;36(8): 559-563. doi: https://doi.org/10.1016/j.
2jic.2007.10.021

Epelle EI, Macfarlane A, Cusack M, et al. Ozone application in different industries: A
review of recent developments. Chemical Engineering Journal. 2023;454(2): 140188.
doi:https://doi.org/10.1016/j.cej.2022.140188

Brié A, Boudaud N, Mssihid A, et al. Inactivation of murine norovirus and hepatitis
A virus on fresh raspberries by gaseous ozone treatment. Food Microbiology. 2018;70:
1-6. doi: https://doi.org/10.1016/j.fm.2017.08.010

Alimohammadi M, Naderi M. Effectiveness of ozone gas on airborne virus inactivati-
on in enclosed spaces: A review study. The Journal of the International Ozone Associa-
tion. 2021;43(1): 21-31. doi:https://doi.org/10.1080/01919512.2020.1822149
Kocatepe D, Erkoyuncu ‘I, Turan H. Su {iriinleri kaynakli patojen mikroorganizmalar
ve zehirlenmeler. Yunus Arastirma Biilteni. 2014;(3): 47-56. doi:10.17693/yunusae.
v2013i21904.235417

Petruzzi L, Campaniello D, Speranza B, et al. Thermal treatments for fruit and vegetab-
le juices and beverages: A literature overview. Comprehensive Reviews in Food Science
and Food Safety. 2017;16: 668-691. doi: https://doi.org/10.1111/1541-4337.12270

-27 -



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43

44,

45.

46.

47.

48.

Mikrobiyolojide Giincel Konular IV

Lima E Vieira K, Santos M, de Souza PM. Effects of radiation technologies on food
nutritional quality. Descriptive Food Science. 2018;1(17): 10-5772

Graham T, Zhang P, Woyzbun E, Dixon M. Response of hydroponic tomato to daily
applications of aqueous ozone via drip irrigation. Scientia Horticulturae. 2011;129(3):
464-471. doi: https://doi.org/10.1016/j.scienta.2011.04.019

Miller FA, Silva CL, Brandao TR. A review on ozone-based treatments for fruit and
vegetables preservation. Food Engineering Reviews. 2013;5(2): 77-106. doi: https://doi.
org/10.1007/s12393-013-9064-5

Artes F, Gomez P, Aguayo E, et al. Sustainable sanitation techniques for keeping qu-
ality and safety of fresh-cut plant commodities. Postharvest Biology and Technology.
2009;51(3): 287-296. doi: https://doi.org/10.1016/j.postharvbio.2008.10.003

Gu G, Bolten S, Mowery J, et al. Susceptibility of foodborne pathogens to sanitizers in
produce rinse water and potential induction of viable but non-culturable state. Food
Control. 2020;112: 107138. doi: https://doi.org/10.1016/j.foodcont.2020.107138

Sarron E, Gadonna-Widehem P, Aussenac T. Ozone treatments for preserving fresh ve-
getables quality: A critical review. Foods. 2021;10(3): 605. doi: https://doi.org/10.3390/
f0ods10030605

Ma L, Zhang M, Bhandari B, Gao Z. Recent developments in novel shelf life extension
technologies of fresh-cut fruits and vegetables. Trends in Food Science & Technology.
2017; 64, 23-38. doi: https://doi.org/10.1016/j.tifs.2017.03.005

Yang Y, Komaki Y, Kimura SY, et al. Toxic impact of bromide and 10dide on drinking
water disinfected with chlorine or chloramines. Environmental science ¢ technology.
2014;48(20): 12362-12369. doi: https://doi.org/10.1021/es503621e

Shen C, Norris P, Williams O, et al. Generation of chlorine by-products in simulated
wash water. Food Chemistry. 2016;190: 97-102. doi: https://doi.org/10.1016/j.foodc-
hem.2015.04.146

O’Donnell C, Tiwari BK, Cullen P, Rice RG. Ozone in food processing., Wiley Sons |
(Ed.), Wiley-Blackwell; 2012

Prabha V, Barma RD, Singh R, Madan A. Ozone technology in food processing: A
review. Trends in Biosciences. 2015;8(16): 4031-4047.

. Pandiselvam R, Manikantan MR, Divya V, et al. Ozone: An advanced oxidation tech-

nology for starch modification. Ozone: Science & Engineering. 2019;41(6): 491-507.
doi: https://doi.org/10.1080/01919512.2019.1577128
Sivaranjani S, Prasath VA, Pandiselvam R, et al. Recent advances in applications of
ozone in the cereal industry. LWT. 2021;146: 111412. doi: https://doi.org/10.1016/j.
lwt.2021.111412
Almeida G, Gibson KE. Evaluation of a recirculating dipper well combined with ozone
sanitizer for control of foodborne pathogens in food service operations. Journal of
Food Protection. 2016;79: 1537-1548
Pandiselvam R, Subhashini S, Banuu Priya EP, et al. Ozone based food preservation: A
promising green technology for enhanced food safety. Ozone: Science ¢ Engineering.
2019; 41(1): 17-34. doi: https://doi.org/10.1080/01919512.2018.1490636
Pandiselvam R, Kaavya R, Jayanath Y, et al. Ozone as a novel emerging technology for
the dissipation of pesticide residues in foods-a review. Trends in Food Science ¢ Tech-
nology. 2020; 97: 38-54. doi: https://doi.org/10.1016/j.tifs.2019.12.017
Pandiselvam R, Singh A, Agriopoulou S, et al. A comprehensive review of impacts

-28-



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Mikrobiyolojide Giincel Konular IV

of ozone treatment on textural properties in different food products. Trends in Food
Science & Technology. 2022;127: 74-86. doi:https://doi.org/10.1016/j.tifs.2022.06.008

Xue W, Macleod J, Blaxland J. The use of ozone technology to control microorganism
growth, enhance food safety and extend shelf life: A promising food decontamination
technology. Foods. 2023;12: 814. doi:https://doi.org/10.3390/foods12040814

Chen YQ, Cheng JH, Sun DW. Chemical, physical and physiological quality attributes
of fruit and vegetables induced by cold plasma treatment: Mechanisms and applicati-
on advances. Critical Reviews in Food Science and Nutrition. 2020;60(16): 2676-2690.
doi: https://doi.org/10.1080/10408398.2019.1654429

El-Eryan EE, Tarabih ME. Extending storability of Egyptian Banzahir lime fruits by
aqueous ozone technology with edible coating. Journal of Environmental Science and
Technology. 2020;13: 9-21. doi:https://doi.org/10.3923/jest.2020.9.21

Mayookha VP, Pandiselvam R, Anjineyulu Kothakota A, et al. Ozone and cold plas-
ma: Emerging oxidation technologies for inactivation of enzymes in fruits, vegetables,
and fruit juices. Food Control. 2023;144, 109399. dor: https://doi.org/10.1016/j.food-
cont.2022.109399

Castanha N, Lima DC, Junior MDM, et al. Combining ozone and ultrasound tech-
nologies to modify maize starch. International Journal of Biological Macromolecules.
2019;139: 63-74. doi: https://doi.org/10.1016/j.ijbiomac.2019.07.161

Zhang W, Li L, Shu Z, et al. Properties of flour from pearled wheat kernels as affected
by ozone treatment. Food Chemistry. 2021; 341: 128203. doi:https://doi.org/10.1016/j.
foodchem.2020.128203

Ding W, Wang Y, Zhang W, et al. Effect of ozone treatment on physicochemical proper-
ties of waxy rice flour and waxy rice starch. International Journal of Food Science and
Technology. 2015;50(3): 744-749. doi: https://doi.org/10.1111/ijfs.12691

Sharma A, Sharma, SK, Mandal TK. Ozone sensitivity factor: NOX or NMHCs?: a
case study over an urban site in Delhi, India. Urban Climate. 2021; 39. do1:10.1016/j.
uclim.2021.100980

Brodowska AJ, Nowak A, Smigielsk K. Ozone in the food industry: Principles of ozone
treatment, mechanisms of action, and applications: An overview. Critical Reviews in
Food Science and Nutrition. 2018;58(13): 2176-2201. doi: https://doi.org/10.1080/104
08398.2017.1308313

Cantalejo Diez MJ, Zouaghi F, Pérez Arnedo MI. Combined effects of ozone and free-
ze-drying on the shelf-life of Broiler chicken meat. LWT-Food Science and Technology.
2016;68(2016): 400-407. doi: https://doi.org/10.1016/j.lwt.2015.12.058

Gertzou IN, Karabagias IK, Drosos PE, Riganakos KA. Effect of combination of ozo-
nation and vacuum packaging on shelf life extension of fresh chicken legs during
storage under refrigeration. Journal of Food Engineering. 2017;213: 18-26. doi: https://
doi.org/10.1016/j.jfoodeng.2017.06.026

Warner RD. Chapter 14—The eating quality of meat—IV water-holding capacity and
juiciness. Toldra E’ (Ed.); Lawrie’s meat science (8th ed.), Woodhead Publishing,
Cambridge, UK (2017), pp. 419-459, 10.1016/B978-0-08-100694-8.00014-5

Hughes M, Oiseth SK, Purslow PP, Warner RD. A structural approach to understan-
ding the interactions between colour, water-holding capacity and tenderness. Meat
Science. 2014;98(3): 520-532. doi:10.1016/j.meatsci.2014.05.022

-29.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75

Mikrobiyolojide Giincel Konular IV

Ayranci UG, Ozunlu O, Ergezer H, Karaca H. Effects of ozone treatment on microbi-
ological quality and physicochemical properties of turkey breast meat. Ozone: Science
& Engineering. 2020;42(1): 95-103. doi: https://doi.org/10.1080/01919512.2019.1653
168
Giménez B, Graiver N, Giannuzzi L, Zaritzky N. Treatment of beef with gaseous
ozone: Physicochemical aspects and antimicrobial effects on heterotrophic microf-
lora and Listeria monocytogenes. Food Control. 2021;121: 107602. doi: https://doi.or-
g/10.1016/j.foodcont.2020.107602

Mohammadi H, Mazloomi SM, Eskandari MH, et al. The effect of ozone on aflatoxin
M1, oxidative stability, carotenoid content and the microbial count of milk. Ozone:
Science & Engineering. 2017;39(6): 447-453. doi: https://doi.org/10.1080/01919512.2
017.1329647
Hwang JH, Lee SJ, Park HS, et al. Comparison of physicochemical and sensory pro-
perties of freeze-concentrated milk with evaporated milk during storage. Asian-Aust-
ralasian Journal of Animal Sciences. 2007;20(2): 273-282. doi: https://doi.org/10.5713/
ajas.2007.273

Cavalcante MA, Leite Junior BDC, Tribst AAL, Cristianini M. Improvement of the raw
milk microbiological quality by ozone treatment. International Food Research Journal.
2013;20(4): 2017-2021
Sert D, Mercan E. Effects of ozone treatment to milk and whey concentrates on deg-
radation of antibiotics and aflatoxin and physicochemical and microbiological cha-
racteristics. LWT - Food Science and Technology. 2021;144: 111226. doi:10.1016/j.
lwt.2021.111226

Alexopoulos A, Plessas S, Kourkoutas Y, et al. Experimental effect of ozone upon the
microbial flora of commercially produced dairy fermented products. International
Journal of Food Microbiology. 2017;246: 5-11. doi: https://doi.org/10.1016/j.ijfood-
micro.2017.01.018
Liao X, Su Y, Liu D, et al. Application of atmospheric cold plasma-activated water
(PAW) ice for preservation of shrimps (Metapenaeus ensis). Food Control. 2018;94:
307-314. doi: https://doi.org/10.1016/j.foodcont.2018.07.026
Zhang W, Xiao S, Ahn DU. Protein oxidation: basic principles and implications for
meat quality. Critical Reviews in Food Science and Nutrition. 2013;53(11): 1191-1201.
doi: https://doi.org/10.1080/10408398.2011.577540

Pan C, Chen S, Hao S, Yang X. Effect of low-temperature preservation on quality chan-
ges in Pacific white shrimp, Litopenaeus vannamei: a review. Journal of the Science of
Food and Agriculture. 2019;99(14): 6121-6128. doi: https://doi.org/10.1002/jsfa.9905
Mohanapriya R, Kalpana R. Role of ozone in food industry and agriculture-a review.
The Indian Journal of Nutrition and Dietetics. 2022: 232-249
Greene AK, Giizel-Seydim ZB, Seydim AC. Chemical and physical properties of ozo-
ne. Ozone in Food Processing. 2012: 19-32
Glowacz M, Colgan R, Rees D. The use of ozone to extend the shelf-life and maintain
quality of fresh produce. Journal of the Science of Food and Agriculture. 2015;95(4):
662-671. doi: https://doi.org/10.1002/jsfa.6776

. Felix EP, Cardoso AA. Colorimetric determination of ambient ozone using indigo blue

droplet. Journal of the Brazilian Chemical Society. 2006;17: 296-301. doi: https://doi.

org/10.1590/50103-50532006000200012

-30-



