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Standard Error of Mean: SEM.

Abstract
Microbial food safety and quality issues are of great importance in food processing industry. Various antimicrobial agents
including disinfectant used in food processing industry should ensure the quality and microbiological safety of food, also
they should not endanger the health through toxic intermediate products. Ozone molecule is a strong oxidant and effective
agent to destroy microorganisms. The objective of this study is associated with treatment and effect of ozone to reduce
microbial population in raw and dehydrated onion products. Current research focused on determination of the ozone
concentration and contact time to reduce microbial load on raw onion and dehydrated onion products. Microbial load in
terms of TVC, YMC, CC and EC of raw and dehydrated onion products was monitored initially and after ozone treatment. The
average maximum count before and after treatment in terms of Log CFU/g reduction was calculated. Effect of ozone
experimentally carried out at three different concentrations of (0.3, 0.5 and 1 ppm) with respect to three different exposure
times (1, 3 and 5 minutes), for raw onion, DHO, KO, MN, GR and SP independently. For raw onion 1 ppm ozone for 3 minutes
was collectively effective to reduce TVC, YMC, CC, and EC Log CFU/g. For DHO 1ppm ozone for 3 minutes reduced TVC and
CC whereas 0.5 ppm for 5 minute reduced, YMC and EC. For GR, SP, KO and MN, 1 ppm for 3 and 5 minute treatment was
found to be effective for total microbial load reduction.
Key words: Ozone, total microbial load, toxic intermediate, raw onion, dehydrated onion products

Introduction
To reduce the risk of infection associated with raw

fruits and vegetables, washing is one of the most important
steps during processing of food products; it removes soil
and surface microorganisms. However all washing
methods are not equally effective. Chemical sanitizers
have been widely used in food processing industry to
reduce microbial load; still the effect of common sanitizers

on the surface of fruits and vegetables may be limited or
volatile when a large amount of organic matter is present
in the wash water and it is also important they should not
leave any harmful residues (Danyluk and Schaffner, 2011;
Zhuang et al., 1995).

Fruits and vegetables are contaminated by
microorganisms on their surfaces from sources, such as
soil, water, wild animals, birds and insects during the
growing stage. Process involving harvesting, washing,
cutting, packaging and shipping may possibly create
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additional contamination. In addition a large area of cut
surfaces can provide ideal conditions for growth of
microorganisms including food borne pathogens and
spoilage microorganisms (Zhang and Farber, 1996).
Several types of treatment are known to be partially
effective in removing pathogenic organisms from the
surface of whole raw fruits and vegetables or from
contact surfaces during handling (Danyluk and Schaffner,
2011; Zhuang et al., 1995; Brackett, 1988; Zhang et al.,
2009). Each type of disinfectant has its own efficacy to
kill microbial cells; effectiveness depends on the nature
of the cell as well as the characteristics of fruit and
vegetable tissues (Beuchat et al., 2004; Selma et al.,
2008).

Ozone was discovered by the European researcher
C.F. Schonbein in 1839. Ozone is the second powerful
common oxidizing agent. Common methods for ozone
generation by ultraviolet radiation (188 nm wave length)
and corona discharge method for commercial levels are
used (Manley and Niegowski, 1967).

Ozone is used in the food processing industry to reduce
the microbial load from the surface of food product and
extension of its shelf life. Ozone is the most effective
disinfectant to inactivate even a lot of resistant infective
microorganisms like protozoa (e.g. Cryptosporidium
parvum oocysts) wherever standard disinfectants
(chlorine, chemical element dioxides) fail. Treatment of
ozone increases the shelf life of apples and oranges.
Fungal deterioration of black berries and grapes was
decreased by ozonation of the fruits. At the concentration
of 0.03mg/m3 for 120 minutes to deactivate the
Salmonella enteritidis and Staphylococcus aureus,
although Escherichia coli was inactivated after 80
minutes (Uradzinski et al., 2005). Studies have shown
the effective action of ozone towards microorganisms
inducing food decay (P. aeruginosa and Z. bailii), Faecal
contaminants (E. coli and E. faecalis) and pathogens
causing food poisoning, e.g. L. monocytogenes, B.
cereus, S. Typhimurium (Restaino et al., 1995).
Application of ozone in apple and orange juice as
alternative method for thermal pasteurization to control
the population of E. coli O157:H7 and Salmonella sp.
considerably reduced by heat and ozone (Williams et al.,
2005).

Ozone is a very pungent gas with strong (highly
reactive) oxidizing properties, it dissolves in water ten
times better than oxygen and its solubility decreases with
respect to water temperature (Gordon, 1995; Holcman
and Domoradzki, 2003).

Ozone is highly unstable in water and decomposes

to oxygen in a very short time. Ozone disinfectant activity
is only marginally affected at a water pH from 6.0 to 8.5.
Ozone is extremely corrosive to equipment and is
dangerous to humans with prolonged exposure at
concentration above 4ppm. Ozone is readily detectable
by human smell at 0.01 to 0.04 ppm. Federal occupational
safety and health administration (OSHA) limits of
exposures specify a 0.1 ppm threshold for continuous
exposure throughout an eight hour period and 0.3 ppm
for a 15 minute period.

The property of ozone to split of third atom of oxygen
makes it very effective in destroying microorganisms. (It
has been proven that ozone destroys viruses inducing
hepatitis A. influenza, A. vesicular stomatitis, and
infectious bovine rhinotracheitis). Ozone damages the
protein and peptidoglycan molecules in cell wall of
bacteria. It has also same effect on destroying various
strains of bacteriophages (Rice et al., 1981).

Bacteriocidal properties of ozone have also been
described in the case of Gram-positive (Listeria
monocytogenes, Staphylococcus, Enterococcus
faecalis) and Gram-negative microorganisms (Yersinia
enterocolitica, Pseudomonas aeruqinosa, Salmonella
typhimurium); in both spores and vegetative cells (Rice
et al., 1981; Guzel-Seydim et al., 2004).

Two major mechanisms have been identified through
which the bactericidal effect of ozone is exerted, (a)
oxidation of sulfhydryl groups and amino acid of enzymes,
peptides and proteins. (b) Oxidizing Poly unsaturated fatty
acids (PUFAS) (Victorin, 1992).

In Gram-negative bacteria, the lipoprotein and
lipopolysaccharide layers are the main sites where ozone
acts, which contribute to increased cell permeability and
results in application its lysis. Ozone acts as an
intracellular oxidant (Khadre et al., 2001; Kim et al.,
1999). Though, ozone is used for disinfection of range of
food products; its application for raw onion and processed
onion products are not yet thoroughly studied in literature.
The study suggests, optimized condition effectively
reduces total microbial load in raw onion and onion
products.

Materials and methods
1. Collection of Samples: Samples of raw onion and

processed onion products such as DHO, KO, MN,
GR and SP were collected from onion dehydration
unit of Jain Irrigation Systems Ltd. Jalgaon, India.
These products were studied for their microbial
profile (TVC, YMC, CC and EC) before and after
treatment of ozone.
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loaded in treatment column (table 1).
6. Microbial analysis of samples after ozone

treatment: Treated sample was collected and
analyzed for   TVC, YMC, CC and EC according to
ISO 4833-1:2003, IS 5403:1999, ISO 4832:1991, ISO
21528-2:2004 respectively.

Statistical Analysis
All experiments were performed ten times in triplicate

sets, the standard error of mean (SEM) for all experiments
were determined. Graph preparation, and log reduction
calculation was performed in excel 2010. Analysis of
variance (ANOVA) was applied to know the level of
significance (p-value) before and after ozone treatment
in different ozone concentration with different times by
Tukey-Kramer multiple comparison test by GraphPad
software (Tukey 1949).

 Total TVC, YMC, CC and EC values were expressed
in log CFU/g for graphical representation.

Results
Raw onion and its products (DHO, KO, MN, GR

and SP) were analyzed in triplicate sets for microbial
load, before and after ozone treatment. Three different
ozone concentrations (0.3, 0.5 and 1 ppm) were selected
for varying exposure time (1, 3 and 5 minutes). TVC,
YMC, CC and EC were expressed in log CFU/g count.
Maximum log CFU/g count along with its reduction it
was decided to select optimum concentration of ozone.
Maximum log CFU/g count was used for further
description and comparison at different ozone
concentration for various time limits then from maximum
log CFU/g values total log reduction at various
concentrations and times were detected, which shown in
table 2 to 7 and fig. 2 to 7.
Effect of ozone on raw onion

Table 2 summarized the effect of ozone on raw onion.
The initial maximum log CFU/g count for TVC was found
to be 8.982 that was reduced to 2.323 log CFU/g at 1
ppm ozone for 3 minutes. In case of CC, the maximum
log CFU/g reduction of 1.724 was obtained with initial
maximum of 6.724 log CFU/g count, after application of
1 ppm of ozone for 3 minutes. For YMC, the initial
maximum log CFU/g count 5.681 was reduced to 1.505
log units and for EC, it is reduced to 2.646 log CFU/g
from initial maximum 6.643 log CFU/g counts at 1 ppm
of ozone for 3 minutes.

So 1 ppm ozone concentration was found to produce
a significant (P<0.001) reduction in total microbial load if
applied for 3 minutes to raw onion. Fig. 2.

2. Preparation of ozone gas for treatment: Ozone
gas was generated by ozone generator machine
(Ozone Research and Application Pvt. Ltd., Nagpur,
India) 0.3, 0.5, and 1.0 ppm ozone gas was dissolved
in RO water and this water samples was used to
determine the final ozone concentration with help of
ozone test kit (Prerna Lab., Pune, India) and the same
ozone concentration was supplied to treatment
column. (Fig.1)

3. Determination of ozone concentration: Ozone
concentration was determined by ozone test kit as
per manufacturer’s instructions.

4. Sample preparation: 10 kg of total sample weight
was taken out of which 1 kg was used for initial
analysis before treatment for TVC, YMC, CC and
EC. The same sample was loaded in sample holding
(d) part of ozone treatment column (B) as shown in
fig.1.

5. Treatment of samples:  Different ozone
concentrations (0.3, 0.5, 1.0 ppm) was provided for
different time period (1, 3, 5 minutes) and regulated
by flow regulator in ozone generator, for each sample

Fig.1: (A) Ozone generator machine, (B) Ozone treatment
column, (a) Ozone flow regulator knob, (b) ON/OFF
switch, (c) Flow meter, (d) Pipe carrying generated ozone
towards treatment column, (e) Inlet of ozone gas in
column, (f) Area for sample loading, (g) Passage of ozone
gas after treatment, (h) Outlet of ozone gas from column.
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Effect of ozone on dehydrated onion (DHO)
Table 3 summarized effect of ozone on dehydrated

onion (DHO). DHO exposed to 1ppm of ozone for 3
minutes resulted in final log CFU/g  count 1.6021 from

Fig. 2: Raw onion before and after ozone treatment maximum Log CFU/g count. (1) Raw onion TVC before and after ozone
treatment, (2) Raw onion CC before and after ozone treatment, (3) Raw onion YMC before and after ozone treatment, (4)
Raw onion EC before and after ozone treatment.

Table 1: Experimental Design for Ozone treatment of raw and
processed onion products inside treatment column.

Sr. Onion Ozone
no.  Product  Concentration Time (min)

(ppm)
0.3 1 3 5

1 Raw Onion 0.5 1 3 5
1 1 3 5

0.3 1 3 5
2 DHO 0.5 1 3 5

1 1 3 5
0.3 1 3 5

3 KO 0.5 1 3 5
1 1 3 5

0.3 1 3 5
4 MN 0.5 1 3 5

1 1 3 5
0.3 1 3 5

5 GR 0.5 1 3 5
1 1 3 5

0.3 1 3 5
6 SP 0.5 1 3 5

1 1 3 5

Table 2: Microbial count of raw onion initial and after ozone
treatment reduction.

logCFU/ SEM
g count

Maximum initial count (before 8.982 0.012
treatment) TVC
Maximum log reduction, after 2.323 0.030
1 ppm ozone treatment for 3min.
Maximum initial count (before 6.724 0.040
treatment) CC
Maximum log reduction, after 1.724 0.053
1 ppm ozone treatment for 3min.
Maximum initial count (before 5.681 0.040
treatment) YMC
Maximum log reduction, after 1.505 0.114
1 ppm ozone treatment for 3min
Maximum initial count (before 6.643 0.047
treatment) EC
Maximum log reduction, after 2.646 0.046
1 ppm ozone treatment for 3min.



Fig. 3: DHO before and after ozone treatment maximum Log CFU/g count. (1) DHO TVC before and after ozone treatment, (2) DHO
CC before and after ozone treatment, (3) DHO YMC before and after ozone treatment, (4) DHO EC before and after ozone
treatment.

Table 3: Microbial count of DHO initial and after ozone
treatment reduction.

logCFU/ SEM
g count

Maximum initial count (before 5.820 0.054
treatment) TVC
Maximum log reduction, after 1.602 0.056
1 ppm ozone treatment for 3min.
Maximum initial count (before 4.826 0.021
treatment) CC
Maximum log reduction, after 3.826 0.021
1 ppm ozone treatment for 3min.
Maximum initial count (before 4.079 0.030
treatment) YMC
Maximum log reduction, after 0.5 3.079 0.030
ppm ozone treatment for 5min
Maximum initial count (before 4.505 0.042
treatment) EC
Maximum log reduction, after 3.505 0.042
5 ppm ozone treatment for 5min.

Table 4 :Microbial count of KO initial and after ozone treatment
reduction.

logCFU/ SEM
g count

Maximum initial count (before 5.959 0.011
treatment) TVC
Maximum log reduction, after 0.767 0.042
1 ppm ozone treatment for 5min.
Maximum initial count (before 3.806 0.023
treatment) CC
Maximum log reduction, after 2.806 0.023
1 ppm ozone treatment for 3min.
Maximum initial count (before 3.908 0.017
treatment) YMC
Maximum log reduction, after 1 2.898 0.141
ppm ozone treatment for 3min
Maximum initial count (before 3.756 0.024
treatment) EC
Maximum log reduction, after 2.756 0.024
1 ppm ozone treatment for 3min.
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Fig. 4: KO before and after ozone treatment maximum Log CFU/g count. (1) KO TVC before and after ozone treatment, (2) KO CC
before and after ozone treatment, (3) KO YMC before and after ozone treatment, (4) KO EC before and after ozone
treatment.

Table 5: Microbial count of MN initial and after ozone
treatment reduction.

logCFU/ SEM
g count

Maximum initial count (before 6.255 0.034
treatment) TVC
Maximum log reduction, after 1.058 0.450
1 ppm ozone treatment for 3min.
Maximum initial count (before 3.908 0.024
treatment) CC
Maximum log reduction, after 2.908 0.024
0.5 ppm ozone treatment for 3min.
Maximum initial count (before 3.845 0.015
treatment) YMC
Maximum log reduction, after 1 2.000 0.039
ppm ozone treatment for 3min
Maximum initial count (before 3.681 0.030
treatment) EC
Maximum log reduction, after 2.681 0.030
1 ppm ozone treatment for 1min

Table 6 :Microbial count of GR initial and after ozone treatment
reduction.

logCFU/ SEM
g count

Maximum initial count (before 6.279 0.020
treatment) TVC
Maximum log reduction, after 0.952 0.037
1 ppm ozone treatment for 3min.
Maximum initial count (before 4.041 0.022
treatment) CC
Maximum log reduction, after 1.467 0.018
1 ppm ozone treatment for 3min.
Maximum initial count (before 3.964 0.014
treatment) YMC
Maximum log reduction, after 1 1.256 0.031
ppm ozone treatment for 5min
Maximum initial count (before 3.940 0.040
treatment) EC
Maximum log reduction, after 1.207 0.030
1 ppm ozone treatment for 5min
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initial maximum 5.820 log CFU/g in case of TVC. Also
the same 1 ppm for 3 minutes found to produce significant
(P<0.001) reduction in CC initial maximum 4.826 log
CFU/g to log reduction of 3.826.

YMC in dehydrated onion product reduced to 3.079
log CFU/g starting from initial maximum log count 4.079
and for EC maximum log CFU/g reduction 3.505 where
the initial maximum log CFU/g count was 4.505. The
ozone concentration that was effective for reducing YMC
and EC was 0.5 ppm for 5 minutes. Fig. 3.
Effect of ozone on kibbled onion (KO)

For KO 1 ppm ozone concentration for 5 minutes
was significantly (P<0.001) reducing TVC, while 1 ppm
concentration of ozone applied for 3 minutes was more
effective to CC, YMC and EC. table 4 and Fig. 4.
Effect of ozone on Minced dehydrated onion (MN)

Table 5 corresponds to effect of ozone on MN.
Ozone concentration of 1 ppm for 3 minutes was
responsible for maximum log CFU/g reduction in MN on
TVC and YMC to 1.058 and 2.000 respectively. Whereas

Fig. 5: MN before and after ozone treatment maximum Log CFU/g count. (1) MN TVC before and after ozone
treatment, (2) MN CC before and after ozone treatment, (3) MN YMC before and after ozone treatment, (4)
MN EC before and after ozone treatment.

Table 7: Microbial count of SP initial and after ozone treatment
reduction.

logCFU/ SEM
g count

Maximum initial count (before 6.556 0.025
treatment) TVC
Maximum log reduction, after 0.645 0.019
1 ppm ozone treatment for 3min.
Maximum initial count (before 4.940 0.040
treatment) CC
Maximum log reduction, after 1.966 0.054
1 ppm ozone treatment for 5min.
Maximum initial count (before 3.881 0.033
treatment) YMC
Maximum log reduction, after 1 0.818 0.039
ppm ozone treatment for 3min
Maximum initial count (before 3.914 0.026
treatment) EC
Maximum log reduction, after 1.552 0.051
1 ppm ozone treatment for 1min

Coliform Count and Enterobacteriaceae Count in Raw Onion and Dehydrated Onion Products 2817



for CC 0.5 ppm ozone for 3 minutes was sufficient for
maximum log CFU/g reduction to 2.908. However 1 ppm
for 1 minutes ozone concentration significantly (P<0.001)
reduced EC. Fig. 5.
Granulated dehydrated onion (GR)

According to table 6 for results of effect of ozone on
granulated dehydrated onion, 0.952 log CFU/g count of
TVC and 1.467 log CFU/g count of coliform were
obtained after treatment of 1 ppm ozone for 3 minutes.
Significant (P<0.001) reduction was found. Also YMC
and EC 1 ppm ozone for 5 minutes, significantly (P<0.001)
reduced maximum log CFU/g count 3.964 and 3.940 to
1.256 and 1.207 log CFU/g respectively. Fig. 6.
Dehydrated Standard powder (SP).

According to table 7 the effect of ozone on SP, 0.645
log CFU/g count of TVC and 0.818 log CFU/g count of
YMC were obtained after treatment of 1 ppm ozone for
3 minutes, significant (P<0.001) reduction was found.
For CC 1 ppm ozone treatment for 5 minutes and for
EC1 ppm ozone treatment for 1 minute, significantly

(P<0.001) reduced maximum log CFU/g count 1.966 and
1.552 log CFU/g respectively. Fig. 7.

Discussion
The results obtained for each product of raw onion

and its dehydrated products were gathered and
summarized in table and figure 2 to 7. The effect of ozone
to reduce microbial load of TVC, YMC, CC and EC was
determined.
Effect of ozone on TVC of raw onion and dehydrated
onion products:

The 1 ppm ozone for 3 minute was found most
effective for reduction of TVC in raw onion with maximum
log reduction of 2.323, whereas the same concentration
responsible for moderately reducing TVC of DHO, MN,
and GR by 1.602, 1.058 and 0.952 log reduction
respectively. 1 ppm for 3 minutes is not sufficentely
reducing TVC of  KO so 5 minutes exposure of 1 ppm
ozone is  required for 0.767 log reduction.

Very few studies have been carried out treatment of
ozone on onion and related produce, but various other

Fig. 6: GR before and after ozone treatment maximum Log CFU/g count. (1) GR TVC before and after ozone
treatment, (2) GR CC before and after ozone treatment, (3) GR YMC before and after ozone treatment, (4)
GR EC before and after ozone treatment.
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food products were studied by number of researchers.
A study carried out by Najafi and Khodaparast, 2009

to check efficacy of ozone to reduce total microbial
population on date fruits; 5 ppm ozone for different time
period (15 to 60 minutes) successfully reduced after longer
exposure time (Najafi and Khodaparast, 2009). Another
study on dried figs by Oztekin et al., 2006 minimum 3 to
5 hours of treatment of 5 ppm ozone was required for
effective reduction of TVC (Oztekin et al., 2006). Even
one hour treatment of 40 ppm ozone exposure exerted
minimal effect on TVC of asparagus, cucumber, green
bean and pepper showing just 0.75, 1.04, 0.38 and 1 log
reduction (Qiang et al., 2005). Alegria et al. (2009)
carried out studies on alternative decontamination
procedures for reduction of total microbial load of carrot
and ozone was effectively reduced total aerobic mesophile
bacteria by 0.41 log reductions. The inconsistent results
are obtained probably due to different kind of produce in
each study.

Effect of ozone on CC of raw onion and dehydrated
onion products

Maximum log reduction of 1.724, 3.826, 2.806 and
1.467 in CC of raw onion, DHO, KO and GR are observed
after treatment of 1 ppm ozone for 3 minutes. CC of
DHO and KO are strongly inactivated. MN CC is
inhibited to 2.908 log reduction after successful exposure
of 0.5 ppm ozone for 3 minutes. Slight increase in
exposure time (1 ppm ozone for 5 minutes) is required to
reduce CC of SP.

A study by Najafi et al. (2009) proposed that 1 hr.
ozone treatment at 5 ppm could be used for reducing
coliform of date fruits. Another study was conducted by
Zorlugenc et al. (2008) on Influence of gaseous ozone
with ozonated water on microbial flora in dried figs. 13.8
ppm of gaseous ozone for 7.5 to 30 minutes found
effectively decreasing coliforms by 0.46 to 1.84 log. While
Oztekin et al. (2006) successfully inactivated all coliforms
from dried figs after 3 hr. treatment of 5 ppm ozone.
Studies on shelf life extension of fresh cut lettuce by

Fig. 7: SP before and after ozone treatment maximum Log CFU/g count. (1) SP TVC before and after ozone
treatment, (2) SP CC before and after ozone treatment, (3) SP YMC before and after ozone treatment, (4) SP
EC before and after ozone treatment.
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Beltran et al. (2005) using efficient treatment of ozone
at 10 ppm 3.2 log reduction of coliform count were
achieved. Two separate studies on watercress to check
impact of ozone in foods using 0.3 ppm ozone containing
water for 3 minutes resulted in 0.4 log cycles (Alexandre
et al., 2011) and 1.7 log cycles reduction of total coliforms
(Alexandre et al., 2011).
Effect of ozone on Yeast and Mold count (YMC) of
raw onion and dehydrated onion products

Ozone is significantly effective against YMC for all
onion products. 1 ppm ozone treatment for 3 minutes is
most effective in achieving maximum log reduction of
1.505, 2.898, 2.000 and 0.818 for Raw Onion, KO, MN
and SP. Whereas 0.5 ppm for 5 minutes is sufficient to
reduce YMC by 3.079 in DHO. GR only required 5
minutes exposure of 1 ppm ozone.

Patil et al. (Patil et al., 2011) reported the
effectiveness of ozone (33 to 40 ppm for 8 minutes) for
the extension of shelf life of apple juice restricting the
growth of Saccharomyces cerevisiae. Exposure of 1, 3
and 5 ppm of ozone for 15, 30, 45 and 60 minutes for
dates fruit successfully reduced YMC (Najafi and
Khodaparast, 2009). Zorlugenc et al. (2008) found
decrease in YMC by 0.16-2.09 and 0.59 log respectively
using 13.8 ppm ozone for 7.5 to 30 minutes (Alegria et
al., 2009).

YMC on dried figs were efficiently reduced by 1.33
and 1.73 log respectively after washing with 1.7 ppm
ozone containing water (Zorlugenc et al., 2008). About 1
to 10 ppm ozone for 5 to 10 minutes in ozone reactor
inactivated all YMC from strawberries and lettuce with
0.78 log and 0.99 log respectively (Wei et al., 2007).
Alegria et al. (2009) carried out studies on alternative
decontamination procedures for reduction of total
microbial load of carrot and ozone was effectively reduced
YMC by 0.6 to 0.7 log reductions.
Effect of ozone on EC of raw onion and dehydrated
onion products

EC was reduced significantly to 2.646, 2.756 in raw
onion and KO respectively, after 1 ppm ozone treatment
for 3 minutes. The same concentration (1 ppm) of ozone
is effective against EC of MN (2.681 log reduction in 1
minute), GR (1.207 log reduction in 5 minutes) and SP
(1.552 log reduction in 1 minute). EC of DHO is reduced
by 3.505 log for the treatment of 0.5 ppm ozone for 5
minutes.

Olmez et al. (2009) conducted experiments on effect
of 0.5-4.5 ppm ozone for 0.5-3.5 minutes and concluded
that water containing ozone at 2 ppm for 2 minutes was
found to be optimum processing condition for lettuce
disinfection. EC decreased to 1.5 log. Whereas Wang et
al. (2004) found 5 minutes washing time required to reduce

EC with ozonated water.

Conclusion
The use of gaseous ozone decreased the total

microbial load of raw onion and its dehydrated products
that is essential step to meet the safety aspects of
processed food products. Therefore, ozone causes
effective control agent for raw and processed onion foods.

The ozone treatment was effective in restricting
growth of microbes in terms of TVC, CC, YMC and EC.
Maximally, 1 ppm ozone exposure for 3 minutes was
overall treatment of choice for most of products. On an
average ozone concentration of 0.5 ppm-1 ppm was
effectively controlling microbes within the time period of
1-5 minutes. This study concludes that very low ozone
concentration and less exposure time as compared to
preveous studies, is sufficient to treat various onion
products.

Our results confirm the hypothesis that ozone in
gaseous condition performs best disinfectant by restricting
microbial population and thereby improving the product
quality.
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