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INTRODUCTION

J Food industries are currently in need of different
innovative technologies to meet the consumer demand.

d There are some of the technologies like HPP, pulsed
electric field, high intensity pulsed light etc.

U But attention is now focused on the ozone as a powerful
sanitizer.

Jd Currently — more than 3000 water treatment
installations and more than 300 potable water treatment
plants all over the world.






HISTORY OF OZONE

DATE

1840
1909

1939

1982
1997

2000

EVENT

Discovered by Schonbein

Firstly used as a food preservative for cold storage
of meats

Was found to prevent the growth of yeast & mold
during the storage of fruits

03 declared GRAS for treatment of bottled water

Industrial expert panel reported that use of ozone
is safe in foods processing for human consumption

FDA and USDA approval granted for direct
contact food additive.
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WHAT IS OZONE?

J OZONE: highly reactive form of oxygen consisting
of three oxygen atoms i.e. O3

It is a colorless and extremely
unstable gas.

O It is an effective antimicrobial

agent used directly into the
food.

Ozone is naturally found in the stratosphere and
protects us from harmful radiations.



HOW OZONE IS PRODUCED?

J There are two methods of producing ozone
1) Ultra-violet method
2) Corona discharge method

U0 Ultra-violet light creates ozone when a wavelength > 254
nm hits an oxygen atom.

0 Corona discharge creates ozone by applying high voltage
to a metallic grid sandwiched between two dielectrics.

0 Splitting of oxygen molecules into single oxygen atom &
combine with another oxygen molecule (02) to form
ozone (O3).
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HOW DOES OZONE WORK?

U The unstable third oxygen atom of ozone can combine
with organic and inorganic molecules to destroy them
through oxidation.

Oxidizable
Substance(s)
* algae * bactena *
* viruses = fungus

Weak Bond ssuntan oils « body oil *
\ * sweat * urine
Bond split from O

Oxygen (02)

The weak bond splits off leaving oxygen ‘ﬂ
as a by-product. |

 Finally ozone reverts back to oxygen after it is used. This
makes it a very environmentally friendly oxidant.
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COMPARATIVE STUDY

Comparison between ozone and chlorine shows that-

Action In water

Oxidation Potential (Volts)

Disinfection: Bacteria, Viruses

Carcinogen Formation

Operation Hazards : Skin
Toxicity

Capital investment

Operational cost

Chlorine

1.36
Moderate
Likely
High
Low

High

Ozone

2.07

Excellent

Unlikely
Moderate
High

Low
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DIFFERENT APPLICATIONS

Some applications of ozone in food processing —

Ozone in seafood processing
Ozonated fruits and vegetables
Ozone and milling

Ozone in wine industries
Bottled water production

Surface sanitation

M By By My Hpy Ny N

Storage and packaging of food



OZONE IN SEAFOOD PROCESSING

U Effective at lowering water consumption by increasing
water re-use.

U Lowers diseases and maintains clean water in fish
growing ponds.

' Odor control in offal rooms and other processing area.

U Storage of live seafood.

Improved antimicrobial

intervention in processing
of whole fish.
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Food Extension
Fish 50-80%
Salmon 50%

Jack Mackerel and Shimaaji (fish) 1.2 - 1.6 days

Beef (frozen) 30-40%
Poultry 2.4 days
Bananas substantial

Strawberries, Raspberries,

Currents, Grapes e
Apples several
Potatoes 6 months
Eggs 8 months
Cheeses 63 days

Storage Conditions
ozone-sterilized ice
ozone sterilized ice

Soak in 30% NaCl cont. 0.6 mg/L O5 30-60 min.
every 2 days.

0.4°C; 85-90% RH; 10-20 mg/m3 O,, provided
original microbial count is below 103/cm?

Soak in ice water while passing in O (3.88
mg/L) 20 min.

A few ppm O; @ 12°C, if fruit is not within &
few days of its period of rapid ripening.

2-3 ppm O,, continuously or several hours each
day.

1.95 cm® O4/m3

3 mg/L O,; 6-14°C; 93-97% RH

0.6 ppm Og; 31°F; 90% RH

0.2-0.3 ppm O,



Use of Ozone
to Improve the

Safety of Fresh Fruits
and Vegetables

Ozone can replace
traditional sanitizing
agents such as
chlorine and provide
other benefits in the
washing, sanitizing,
and storage of

produce

LIANGN XU

The adtdrs is Devwelopment
Peeciste , Bevaine , o . 7000
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s8 FOODTECHNOLOGY

n recent years, increasing attention has been

focused on the safety of fruits and veg-
etables, and in particular on the intervention
methods to reduce and eliminate human
pathogens from fresh produce.

Traditional technology utilizes water with or
without a sanitizing agent to wash fresh fruits and
vegetables. Chlorine is the most widely used sani-
tHzing agent available for fresh produce, but it has
a limited effect in killing bacteria on fruit and
vegetable surfaces. The most that can be expected
at permitted concentrations is a 1- to 2-log popu-
lation reduction (Sapers, 1998). Furthermore, the
environmental and health communities have ex-
pressed concerns about the residual by-products
of chlorine.

An alternative treatment is being sought to im-
prove food safety. Research and commercial appli-
cations hawve verified that ozone can replace tradi-
tional sanitizing agents and provide other benefits
(Bott, 1991; Cena, 1998: Graham. 1997). Many re-
search and industrial trials are underway o vali-
date the use of orone in the produce Industry. Sew-
eral meetings on this topic have been sponsored
by the Flectric Power Research Institute
(EPRI). including a “Conference on Ozone
for Processing Fresh-Cut Fruit and Veg-
etables™ in April 1998 and an
“Ozone Workshop™ in May 1998.
The produce industry is very in-
terested in this technology.
Howewver, many questions still
have not been resolved. since expe-
rience in commercial applicatdon in
the United States is lacking {Gra-
ham, 1997).

Seeking an Alternative to
Traditional Sanitizers

In the past two decades,
the consumption of fresh
fruits and vegetables in
the U.S. has dramatically
increased. In the mean-
time, the incidence of foodborne illness due to
food pathogens, chemicals, and wastewater has
greatly increased. This has been drawing signifi-
cant public and government attention.

The number of produce-associated foodborne
disease outbreaks and the number of cases of il1-
ness due to food pathogens have significantly in-
creased in recent years (Tauxe et al., 1997). More-
over, losses in the fresh produce industry that are
attributable to microbial spoilage between the
time of harvest and consumption are estimated to
be as high as 309 (Beuchat, 1991).

Chlorine is commonly used in the fresh fruit
and vegetable industry to improve microbiological
quality and control pathogens. However, many re-
search studies have indicated that it is limited in its

ability to kill bacteria on fruit and vegetable swur-
~m faces (Bott, 1991: Cena. 1998; Graham., 1997:
Rice et al.. 1982; Sapers. 1998). Environ-
mental and health organizations have
expressed concerns with traditional sani-
tizing agents with respect to the forma-
tion of by-products, such as trihalo-
methanes (THMs) and other chemi-
cal residues formed in the wastewa-
ter returned to the envirornrment
(Anonymous, 1998; Cena, 1998;
EPRI, 1997; Graham, 1997). The pro-
duce industry is concerned about the
possibility of future regulatory constraints on
the use of chlorine as a sanitation agent.

OCTOBER 1999 - VOL. 53, NO. 10
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OZONE IN FRUITS & VEGETABLES

U Act as effective disinfectant for
fresh vegetables and fruits.

U Greater than 90% reduction of
total bacterial counts in Chinese
cabbages (Kondo).

0 Suppressed fungal development for
12 days and didn’t show any
observable injury in blackberries.

8 days of freshness. Actual results. 16 days of freshness. Actual results.
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OZONE AND MILLING

Aqueous ozone - grain tempering process to inactivate mold and
bacteria.

Ozone gas - surface sanitation of enclosed equipment and
conveyors and transport equipment as an antimicrobial
intervention.

About 45-55% reduction in bacteria and mold using ozone in
tempering process as compared to normal water use.

Resulting into increase in shelf life of milled product.




Effect of ozone on bacterial attack in wheat tempering
process

Particular Reduction in Reduction in
bacteria (%) mold (%)

Soft wheat water 13 6.2
tempered

Soft wheat ozone 45.65 49 42
tempered

Hard wheat water - 27 54
tempered

Hard wheat ozone 42.27 47.39

tempered
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BOTTLED WATER PRODUCTION

Ozone - Initially used in the US for water treatment.
In 1982 — approval (GRAS) for use in bottled water.

Today, the majority of bottled water companies use
ozone to ensure pure water.

Removes most of the bacteria from water without any
residue.

Oxidizes iron, manganese and sulpher based
compounds in water.

Removes color and odor of water.

The International Bottled Water Association (IBWA)
suggests that, a residual ozone level of 0.2 to 0.4 ppm
which also disinfects both the water and the bottle.




Removes Catches smaller Eliminates Removes solids
particles particles organic matter with pressure

Pre-
filtration

Static Mixer

(Q0000000000)

Isolates trace Makes water
PUBLIC elements clear
WATER
SOURCE

Activated
Carbon
Purifier Polishing
Filter

Bottled water production with ozonation



SURFACE SANITIZATION

In food processing - important to provide pathogen free
food.

So, for that, reducing the contamination of potentially
deadly pathogens is very crucial.

Equipment, walls, floors, drains, tanks, tubes, racks,
knives and tables can all be sprayed with aqueous
ozone.

Enclosed piping — sanitized with ozone spraymg

-0 -~




U Sanitization is two step process-

d In first step - bio-films are removed with a hot water
cleaning.

J Then aqueous ozone is used to sanitize the surface
destroying all bacteria, viruses, fungi, and spores.

Effectiveness of ozone with different materials

Surface material Percent reduction in plate

count
Stainless Steel Tabletop 98 -99
Plastic Shipping Containers 95 -97

Stainless Steel Kettle 89 - 96




STORAGE AND PACKAGING

Storage rooms are treated with ozone gas in order to remove the micro-
organisms.

O  Ozonization - refrigerated meat destroys micro-organisms of pseudomonas
family.

O Ozone prevents ethylene formation, retards ripening of fruits and spoilage by
micro organisms.

O  Sometimes, raw food products are stored in an atmosphere containing gaseous
ozone.

e.g. onions and potatoes




U Packaging materials are also disinfected using ozone and UV

d

radiation.

In air-tight sealed plastic bags, ozone treatment is followed by
carbon dioxide or nitrogen.

Since ozone will not leave any toxic residue, ozone surface
disinfection can apply for products and packing materials
like container, bottles, pouches etc.




Extension of Storage Life With Ozone

Food type EK;F ;liiiﬂn
Fish 50-80%
Poultry 2.5 days
Strawberries and Double
Grapes
Potatoes 6 months

Eggs 8 months

Storage Conditions

With ozone sterilized ice

When soak in ozonated water (3.88
mg/L) 20 min.

Spraying of (2-3 ppm) aqueous ozone
for 5 - 6 hours per day.

3 ppm O3 at 6-14°C and 93-97% RH

0.6 ppm O3 at -0.5°C and 90% RH
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ADVANTAGES OF OZONE

Ozone oxidation is nature friendly process .

Highly effective in cold water, which saves energy &
cost.

Significant reduction in processing time.
Effective against wide range of harmful microorganisms.
Dissolves metallic substances like iron and manganese.

Removes unwanted color, taste, and odor of product.



DISADVANTAGES OF OZONE

J Installation of ozone technology unit is complicated.

J May produce undesirable aldehydes and Kketones by
reacting with certain organics.

Jd Less soluble in water than chlorine; thus special mixing
devices are necessary.

- In light, it may degrades the material.

. The initial investment is more as compared to other
chemicals.



COST ANALYSIS OF OZONE TECHNOLOGY

Est. Annual Cost Comparison
$ 18000

$ 15000

I

Chlorine




CONCLUSIONS

From the above study it is concluded that,
U Ozone is a potent sanitizer with promising applications in the
modern food industry

U It is environment-friendly disinfectant.

U There is a considerable difference (about 10 times less) in
operational cost with the use of ozone as compared to other
chemical sanitizers.

U It is the most likely alternative to chlorine and hydrogen
peroxide etc. in food applications.
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Effect of Ozone Gas on Degradation of Aflatoxin B1 and Aspergillus

Flavus Fungal
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Abstract

Wheat ( Trticum sestivum) is one of the most important agricultural crops. Regquirements, wheat must ba produced
free of hazardous contaminants. However, previous investigetions showed that wheat could be contaminated by
aflatoxins above the limits that may be critical for health. In this study, use of the high oxidising power of azone achieved

degradation of aflatoxin B,. Samples were subjected o ozonation at various azone concantrations (20, 40ppm) anc
exposure tima (3, 10, 15, 20 min). The reduction percentages of aflatoxin B, in artificially contaminated wheat 10 pg/kg
ware 84.1 anc 86.75% after axposures ta 20 and 40 ppm ozone for 20min respectively, and B5.7 and 86 56 % with 20
po/kg afier exposures 20 and 40 ppm azone for 20 min, respectively. The parcentage of inhibition zone from Aspergiius
flavus was 46.4 % to 87 8 % after azonation using concentration 20 ppm far 5 and 20 min respactively. Whils with 40
ppm ozana inhibition zone was 85.6% and 85.6 % with 5 and 20 min respectively. Exposure of strain to 20 ppm ozone
inhibition of product of AFE, percentage of 40.84%, 52.5%, 59.32% and 0.4 % for exposura time 5, 10, 13 and 20 min,
respactively. However, obsarved increass on inhibition of AFB, with topping up ozane dosa to 40 ppm attained 55.2%,
B4%, 74.5% and 77.2% with 5, 10, 15 and 20 min exposure time respactivaly.




Avallable saline a1 hopetjarnal-ofagroalimeniary ro

JAPKET e
. Serderigal G
Jourmal of Agroalimentary Processes and .
. AlpFaiim e nary Procerras asd'
TPd-Timisearag Technologies 2012, I1& (1), 13-1% Tarchinafo s

Evaluation of ozone gas as an anti-aflatoxin B1 in wheat
grains during storage

El-Desouky, T. A'.. Sharoha, A. M. A% A, L El-Desouky®, EI-Mansy, H. A%,
Khavria Naguih'
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Absrracr

Whest (Friticws aestivar] 18 ong al the mosl mporant agricelioal crops. Egyvpl has one of the highes:
whesl per capdla consumplion levels in the world {108 kg'persan/vear). Wheal muost be prodoced free aff
hzzardous conlammants. However, prévious nvestgaiions showed thar wheat could be conlamimated by
aflatoxing above the limis thal may be crscal fior hezlth. In posie=haryes) silegions, crop spoilage, Dungal
prowth, and mycolexin foemation resell from the interaction af several fa2iord in the slorage envingsamenl.

I thos stwdy, wie of czone gas schieved 25 an anbl-aflatoxin B1 m owhest graies doring storaes Wheat
samples were armaficially infected with spores count af Aspergillos Toves ATOC 2E542 sirzin (105, 104,
O3, 102 and 10 spores’kg) and ceomation ar 2 and 40 ppm azome gas for 5, 10, 15 2nd 20 min & room
Lemiparalurs.

W nol shserved any amount of AFB 1 in whaal samples were ceonation for 10, 1% and 20 min with spares
counl of Aspergifiury Toves stram 105 w0 101 (spores’kg). Bul AFB] was formed in samples reated for 5
min al 20 and 40 ppm oeone s with araleally nfected spores cownt 105 and 104 (spores'ki) solely.
While & mm of exposare 10 czone gas were sufficient inhibion production of AFB] with 1the number af
spares fewer than 104 spares’kz.

Keywords: Aflatoam B inkbition; Ozane: dspergiiiuy Toves: storage: whaar
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Effect ofi0zone gas on content ofiStg n artficially

contaminated Wheat grains
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Percentage of reduction AFB1 and Stg in artificially
contaminated wheat (20ug/kg) after ozonation.
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Concentration of AFB; In artificially contaminated

wheat (10ng/kg) after conditioning and ozonation

E Ozonation at 20ppm before conditioning
M Ozonation at 20ppm after conditioning
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Concentration of AFBL1 in artificially contaminated wheat

(20ug/kg) after conditioning and ozonation
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concentration of Stg in artificially contaminated wheat

(10ug/kg) after conditioning and ozonation
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Concentration of Stg in artificially contaminated wheat (20ug/kg)

after conditioning and ozonation
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Part II:
Effect of ozonation on
growth Aspergillus flavus
and AFB1 production
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Innibition of Aspergilius flavus growtn by ozone gas on PDA
media.

inhibition zone with 20 ppm
ozone /20 min

inhibition zone with 40
ppm ozone /5 min

inhibition zone with 40ppm
ozone /20 min

inhibition zone with
20ppm ozone /5 min
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Effect of ozonation on AFB,
production in wheat grains

during storage







Wheat samples artificially infected with spores of
Aspergillus flavus ATCC YA £Y strain (Y +°, 104,
103,102 and 10! spore/kg) were incubated at 28°C
and ozonation at 20 and 40 ppm ozone for 5, 10, 15
and 20 min at room temperature.

We not observed any amount of AFB, in wheat
samples were ozonation at 20 and 40 ppm for 10, 15
and 20 min with spores of Aspergil/lus flavus count
10° to 10? (spore/kg).

AFB, was formed in samples were ozonation for 5 min
at 20 and 40 ppm ozone gas with artificially infected
spores count 10° and 10* (spore/kg)















Thus, fumigation with ozone gas can be a good
method for achieving sanitation and decreasing
Initial microbial load in food storage facilities and
ald In curbing spoilage on a long term. However, it
IS clear from this work that ozone gas exposure
time higher than 5 min would be required to
achieve complete spore kills. These results were In
agreement with other studies.



Part 111;

Effect of ozone gas on chemical
composition of wheat and rheological

properties of dough




Effect of ozonation on chemical

composition of wheat flour

Results indicated that ozonated wheat grain did not
significantly alter the chemical of the wheat flour.
These results were in agreement with other
studies (Ibanoglu, 2001; Paul ef a/., 2005 and
and Sandhu er a/.,, 2011).



Samples Water Arrival time Development Stability time Mixing tolerance Degree of
absorption % ((lly time (min index (B.U weakening (B.U)
(min)
Control (untrated) 319),0) 1,3 2,0 9,5 30) 116)0)
ozonation at 20 ppm 59.0 15 2.0 9.5 30 160
for 5min
ozonation at 20 ppm 59.0 1,5 2.5 12.5 20 160
for 10 min
ozonation at 20 ppm 59.0 2.0 3.0 10.5 30 160
for 15 min
s
ozonation at 20 ppm 59.0 o) 3.0 QS) 20 160
for 20 min
ozonation at 40 ppm 59.0 15 ) 12.5 PA0) 160
for 5min
ozonation at 40 ppm 59.0 1.5 2.5 12.5 20 160
for 10min
ozonation at 40 ppm 59.0 2.0 3.0 10.5 2A0) 160
for 15min
ozonation at 40 ppm 59.0 2.0 2.5 10.5 30 160

for 20min







Effect of ozone treatment on extensograph parameters

Sauuples Extensibility E | Resistance to Proportional Dough energy
(m.m) extension (R) number (R/E) :(Cm2)
(B.U.):
Control (untrated) 12y 320 2.7 54
ozonation at 20 ppm for 5min 120 320 2.7 45
ozonation at 20 ppm for 10 115 320 2.8 45
min
ozonation at 20 ppm for 15 110 220) 2.9 42
min
ozonation at 20 ppm for 20 90 20) 3.5 40
min
ozonation at 40 ppm for 5min 110 360 %% 45
ozonation at 40 ppm for 100 360 l X 3.6 45
10min X ]
ozonation at 40 ppm for 80 360 4.8 39
15min
ozonation at 40 ppm for 75 ' 340 5.2 36
20min




Quality of Balady bread made from

ozonated wheat grain




sensory evaluation of balady bread produced from

wheat flour 82%

extraction which obtained after

ozonated wheat grain.
Ozone treatment did not affect crumb distribution,

and se
The results showec

paration of layers.
significant differences In taste

between the samples as compared with control

samples. This is probably due to the odor of ozone

gas, which had a

significant effect with treatments

where there was a decrease score of odor bread, which

In turn played an

Important role in the general

acceptance of the bread product



Control Ozonatedat Ozonated at Ozonatedat Ozonated at Ozonated at Ozonated at Ozonated at Ozonated at
(untreated) 20 ppmfor 20 ppmfor 20 ppmfor 20 ppmfor 40 ppmfor 40 ppmfor 40 ppmfor 40 ppm for
5min 10min 15min 20min 5min 10min 15min 20min

—— Odor (10) ~n@rree OV erall acceptability (100)




Samples Laof Loaf Loaf
Weight (g) Volume (cm?3) Specific volume (cm?/g)

Control (untrated) 118.57+0.23 282.5+0.28 2.38

ozonation at 20 ppm for 5min 111.0+0.50 262.42+0.22 2.36

ozonation at 20 ppm for 10 min 111.93+0.06 299.87+0.58 2.68

ozonation at 20 ppm for 15 min 113.77+0.14 320.58+£0.36 2.82

ozonation at 20 ppm for 20 min 114.33+0.44 303.83+0.60 2.66

ozonation at 40 ppm for 5min

ozonation at 40 ppm for 10min

ozonation at 40 ppm for 15min

ozonation at 40 ppm for 20min




Control Ozonated Ozonated Ozonated Ozonated Ozonated Ozonated Ozonated Ozonated
(untrated) at 20 ppm at 20 ppm at 20 ppm at 20 ppm at 40 ppm at 40 ppm at 40 ppm at 40 ppm
for 5min  for 10 min for 15min for 20min  for 5min  for 10min for 15min for 20min




Part IV
Biological and histopathological
evaluations of using ozone gas In

decontamination of AFB, In wheat
grains
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Effect of ozone treatment on liver
function parameters in rats fed

AFB1l-contaminated diet




AFB1 after AFB1 after
ozonation ozonation
at 20ppm at (40ppm)
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Control (Gl) Fee diet Fee diet AFB1 AFB1+03 AFB1+03
ozonation at ozonation at (20ppm) (40ppm)
20ppm 40ppm




Control (G1) Fee diet Fee diet ARB1 AFB1+03 AFB1+03
ozonationat ozonation at (20ppm) (40ppm)
20ppm 40ppm




Effect of ozone treated on kidneys
function parameters in rats fed
AFB,-contaminated die
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Control Fee diet  Fee diet AFB1  AFB1+O3 AFB1+03
ozonation at ozonation at (20ppm)  (40ppm)
20ppm 40ppm




Control Fee diet Fee diet AFB1 after AFB1 after
ozonation at ozonation at ozonation at ozonation at
20ppm 40ppm (20ppm) (40ppm)




The histopathological study




contaminated

section in liver of rat fed AFB1

diet after ozonation
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Due to the strong desire to reduce the use of
chemicals applied in the food and feed chains,
and considering the nonresidual ozone feature
as an important advantage, the application of
ozone technology in food has been considered
safe and effective by the World Health
Organization (WHO), the Food and Agriculture
Organization (FAO),

and the U.S. Food and Drug administration (WHO,
2007; FDA, 2008).


https://www.researchgate.net/publication/340006372

