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Oz

Taze marul (Lactuca sativa L.) yapraklarimin paketleme dncesi kalite parametreleri,
tasidigr mikrobial yiike bagl olarak degismektedir. Bu ¢aliymanin amaci, taze marul
yvapraklarimin yikanmasinda ozonlanmig su kullaniminin bakterisit etkisini belirlemektir .
Bu amac¢la marul yaprakiar: 0zon jeneratorii ile entegre edilmis bir iinitede yikanmigtir.
Yikanan marul yapraklarinda toplam bakteri, fekal koliform, E.coli, Staphylococcus
aureus, Vibrio spp. sayilart izlenmistir. +4°C’de 13 giin depolanan marul drneklerinde
analizler dogrudan ya da en uygun tarihten hemen énce analiz edilmistir. Uygulamada
kullanilan su orneklerinde pH dl¢iimleri yapimistir. Depolama siirecinin ik kisminda
toplam kabul edilebilir ozelliklerde belirgin bir farkliik gozlenmez iken ilerleyen
giinlerde belirgin kayiplar meydana gelmistir. Yikama islemi ile toplam mikroflora etkin
bir sekilde azalmustir.

Anahtar kelimeler: Ozon, iceberg marul, E. coli, Staphylacoccus aureus, Vibrio spp..

The usage of ozonated water in fresh-cut lettuce disinfection

Abstract

The quality parameters of the pre-packaged iceberg lettuce are affected by microbial
invasions. Aim of this study to determination of disinfection effect of ozonated water in
the washing process of iceberg lettuce leaves. For this purpose lettuce samples were
washed in the commercial foundation integrated with an ozone generator. And than
monitored for total bacteria, fecal coliform, E.coli, Staphylococcus aureus, Vibrio spp.
counts. The analyses were performed after washing in which lettuces were stored at 4°C
for 13 days. The sensory evolution was monitored. Water samples were analysed for
pH. In the first part of the storage process, no significant changes in acceptable
properties were observed. However, a significant decrease was detected in the
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population of microorganisms. Negative changes in sensory properties were detected in
the second half of the storage process.

Keywords: Ozone, iceberg lettuce, E.coli, Staphylacoccus aureus, Vibrio spp..

1. Introduction

Increased demand for healthy nutrition, it also brings the problems of storing these
nutrients in natural and fresh conditions. Fresh vegetables and fruits can provide the
expected benefits in a storage environment where they can maintain the microbiological
and nutritional properties carried under harvest conditions. Especially vegetables cause
many epidemics and diseases due to the microorganisms contaminated from the soil and
water from which they are harvested. It is known that many food pathogen cases
reported with fresh fruits and vegetables can be resolved using effective and practical
sanitation and disinfection methods. Ensuring food safety depends on the use of
effective sanitation and disinfection methods [1-3]. It is targeted that food pathogens
can be completely eliminated or their development stopped completely. The fact that the
washing water used in conventional washing processes of fruits and vegetables does not
contain residual disinfectant also requires a separate sensitivity.

In addition to the microorganisms in the raw material, usage of dirty washing water,
processing and transport equipments as sources of cross contamination, and improper
storage are cause of deterioration in fruit and vegetables. Use of appropriate sanitation
tools and methods can prevent the deterioration of fruit and vegetable quality due to
these possible reasons. Domains of known sanitation means (chlorine, hydrogen
peroxide, acidifiers, etc.) can be restricted. The effectiveness of known sanitation means
is limited due to some properties such as being inactive against spore forms of
microorganisms and being effective at high pH. On the other hand, the fact that residues
and cause some chronic diseases (asthma, cancer, etc.) are among the other negative
effects. The ease of application and protection without damaging the sensory properties
of the product are among the features expected from sanitation materials. Chlorine is
one of the most well-known sanitizers. It has many features mentioned above; is an
important point in widespread use. Some toxic contaminants as much as food safety
also known as a chemical contamination agent pose a risk to food safety. These
substances, which are produced as disintegration or conversion products of disinfectants
used, can cause harm to human health. Trihalomethanes [4-9], also known as chlorine
conversion products, are also included in this group [10-12]. Disinfectant residues or
conversion products should not pose a health risk [13].

In recent years, ozone as sanitation agent alternative to chlorine has been used in many
food production [11-15]. Ozone, which is effective against bacteria, viruses, yeast, mold
and protozoa in a wide spectrum is a sanitation tool that has been approved by the U.S.
Food and Drug Administration [15-36]. The profits of ozone treatments (Oz) was
discovered firstly by German chemist Christian Fredrick Schonbein on Switzerland in
1840. The ozone that was used for herbs’s water clarification between 1903-1906 years
on the USA, was began to use for clarification of drinking water in 1940°s [9]. The
ozone applications increased as well as the technologic improvements, easy and low
costly ozone production on 1980’s [8].
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Ozone was considered GRAS (generally recognized as safe) status in 1997 provided
that it was used within the scope of good manufacturing practices [9,14,19]. Although
ozone was used for food processing and water clarifications in Europe [14, 20], FDA
gave permission to ozone applications on American Food Industry in 2001 [8,21,29].
Ozone has been used to applicated for the food industry as a disinfectant or sanitizer in
the US and Europe [9, 31]. But necessary any technical regulations have not been
established in Turkey.

Ozone applications reported good results in disinfection of drinking water in food
industry and broiler farms. Ozone applications also gave promising results in the
decomposition of chemical impurities such as mycotoxins and pesticides in addition to
the results related to the reduction of microbial load. Ozone can be used safely in food
industry with its properties such as not forming dangerous decomposition products and
conversion to oxygen in the application medium. However, 0zone usage may cause
losses of sensorial properties caused by oxygen damage (9,18,26). It is possible to
prevent adverse effects of ozone usage by optimizing product-specific conditions of use.
Many sanitation agents are used to ensure the food safety of fresh cut fruits and
vegetables and their products. Some have been tested in industrial applications and
others have been tested on a laboratory scale. In laboratory experiments, artificial and
controlled contaminated food raw material is immersed in aqueous sanitation solution to
determine the protective effect. The several factors such as concentration of sanitation
agent and duration of antimicrobial action are determined by trials. The results of such
studies vary with vaccination method, selection of test organism, vaccination and
application time, ambient conditions and recovery of test organism [37,38]. However, in
our study, especially in terms of the industry is based on the application of ozone on the
natural microflora was investigated.

The aim of this study was to determine the antimicrobial efficacy of ozonated water
generated by a recirculating ozone reactor (CFG 20) against various bacteria as
pathogens and indicators of fecal contamination on the lettuce. The studies that
investigate the disinfection effects of ozone under controlled conditions, is missing an
important point which can not be observed physical changes in the product. For that
reason we planned our study considering the conditions of production at the plant.

2. Material and methods

2.1. Material

Iceberg lettuce (Lactuca sativa L.) were harvested in Balikesir (Turkey) province.
Lettuce samples were transported to the laboratory (20 km) under cooling conditions (+
4 °C and 70% relative humidity (RH)) and processed without waiting. After removing
of wrapper leaves heads were cutted. 2 kg of lettuce samples divided into the five
bathches for homogeneous sampling. Lettuce leaves were washed with adapted
conditions at 20°C under sanitary conditions. Trials were conducted in 3 repetitions.
Also similar results were obtained each trials.

2.2. Technical equipment

After the outer leaves were removed using knife, the lettuces were indivdually divided
into the washing equipment (custom-made bagy) by two-step process: volume washer
1:2m?, volume washer 2:2 m?, custom production pvc cap. After air was compressed
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using a Max Extra Air Liquide compressor, passed discharge dOs generator (Model
CFG 20) to obtain ozone (Figure 1). Gaseous ozone (3 g h-1) by flow 0.12 nm® h*!
dissolved in a 50 L tank by reverse mixer. A thermal destroyer was used as a neutralizer
(model DOT 1.1, Ozoneo Electronica Iberica) at 550 °C. Ozonated water was directed
by a pump (flow rate of 1 m3 h') carry through a stainless steel plate heat exchanger
(model UFX 6-11, Barriquand, Roanne Cedex, France). The capacity of joined with a
watercooling apparatus was 1.98 kW (model TAE 015 PO, MTA Srl, Conselve,
Italy).In that system ozonated water was recirculated in the washing tank (50 L) by a
circulation pump. The circuit is completed by the second pump which presses water
back into the solution tank. In order to measure the amounts of ozone mixed and
dissolved in water during the process; an amperometric probe and temperature
sompensation sensor were equipped the system (B&C electronics Srl, Carnate, Milano,
Italy). Ozone concentration was measured in two ranges between 0-2 and 0-20 mg L™,
Instant ozone measurement was also monitored spectrophotometrically for control
purposes. Unstable ozone is rapidly decomposed into oxygen by organic compounds,
residual chemicals and other factors in the washing water. The most important point is
to be able to accurately and instantly measure the ozone concentration in the application
tank as a sanitizer. Therefore, inactivation or destruction of microorganisms is
associated with disinfectant concentration (C, mg L) and contact time [t, min]. The
product of these two parameters is called the CT value or dose and expressed in units of
mg L min [39].

OZONE

WASHING CASE
GENERATOR " AlR COMPRESS.

&
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Figure 1. Ozone experiment equipment.

2.3.0zone treatment and measurement

The tap water with chlorine content 100 ppm (mg L) was used in the washing process
of lettuce samples. It is considered advantageous that the water is filtered and contains
chlorine. Ozonation was achieved by generator (CFG 20) as detailed in the technical
equipment part. The generator produced 7.2 g ozone per hour, the flow rate was
constant [2 m3h™'] during the study. A final ozone concentration was 3.6 ppm.
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Lettuces were washed at 20 °C with two different solutions: (A) The tap water was used
as a control sample containing 100 ppm of chlorine. (pH 7.3), (B) 3.6 mg L™ min total
ozone dose. The washing time were respectively 2,4,6,8,10 min for ozonated water
except for tap water, for which the time for treatment was the time that was sufficient to
achieve the reported doses (always shorter than 5 min) (Figure 2) [40]. The pH levels
were 7.35, 7.42, 7.57, 7.55, 7.47 in 2, 4, 6, 8, 10 min ozonated water. In our study,
unwashed lettuce samples were not analyzed where the effect of washing processes was
investigated as recommended in other studies [36, 41].

2.4. Packaging

Lettuce samples were packaged in polypropylene bags (165- 120- 57 mm) using with a
vacuum packaging machine (Novac, Sakarya, Turkey). All samples were stored for up
to 13 days at 4 °C and evaluated on day 0 and after 5, 9, and 13 days. Three replicates of
100 g of fresh-cut lettuce were used for each treatment and sampling date.

2.5. Microbial analysis

In order to be a realistic industrial assay, the trials were carried out with environmental
microflora. The mesophilic bacteria and coliforms in fresh-cut lettuce were monitored a
25 g sample of fresh-cut lettuce was homogenized with a 1:10 dilution of sterile 1%
peptone-buffered water (AES Laboratoire, Combourg, France) in sterile 400 Lab
Stomacher bags (Seeward Medical, London, U.K.) by using a Stomacher (IUL
Instrument, Barcelona, Spain] for 90 s.Total aerobic mesophilic bacteria were
enumerated by the standard plate count method using plate count agar [PCA Merck] at
30 (1 °C for 48 h. Coliforms were isolated using Mac Conkey Broth (Merck) at 37 (+
0.5 °C for 48 h) (according to the MPN method). E.coli were generated by Eocin
Methylen Blue Agar (Merck) incubated at 37 °C during 24 h [37]. S. aureus cells were
counted on Baird-Parker Agar (BPA, Merck) incubated at 37° C during 48 h [32].
Vibrio spp. cells were generated on Violet Red Bile Agar (Merck) incubated at 37° C
during 48 h [32]. Microbial analyses were achieved on day 0 and after 5, 9, and 13 days
of storage. All samples were analyzed in duplicate, and each microbial count is the
mean of three samples from three packages. Microbial counts were expressed as log
CFU g of tissue.

2.6. Sensory evaluation

The sensorial properties of lettuce samples on 0, 5, 9 and 13th days of storage were
monitored according to the total acceptability, browning, texture, and aroma by a four
membered expert panel. Tthe appearance features of gloss, freshness, and color
uniformity and intensity was scored on a 9-1 scale, where 9) excellent, 5) acceptable
(limit of marketability), and 1) poor, inedible for evaluating of visual quality. Browning
were evaluated as leaf edge and surface on a 5-1 scale, where 5) severe, 3) moderate,
and 1) no browning. The texture was marked as 5) very firm and turgid, 3) moderately
firm, and 1) very soft. Aroma evaluation points were 5) full typical aroma or flavor, 3)
moderate, and 1) none [39].

2.7. Statistical analysis

There were three repetitions per treatment and evaluation period. All data represent the
mean of three replicates. Analysis of variance (ANOVA) followed by Duncan’s
multiple range test with a significance level of p<0.05 was performed using SPSS
(Windows 2000, Statistical Analysis).
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3. Results

The initial load of the total aerobic mesophilic microorganisms in control group was
5.3x10* CFU g! and proliferated approximately 50% to 1.2x10° CFU g ~! within 2 h of
production. The antimicrobial effects of ozonated water and tap water consisting 100
mg.L* of chlorine were determined in washed lettuce samples. Trials were achieved at
room temperature (19 to 21°C). Determined bactericidal activity [log 10 CFU/ml] of
ozonated water on lettuce leaves indicated that Table 1. The live cells of E.coli and
other microorganisms were decreased by washing with ozonated water for 10 min (1-3
logio CFU/mL). The antimicrobial effects of ozone against total viable cells are shown
in Figure 2. When antimicrobial effects of ozone application and chlorine-containing tap
water usage in lettuce samples were compared; there was no significant
difference(p<0.005).
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Figure 2. ¢ Killing of viable cells of total bacteria by ozone in deionized water. m
Killing of viable cells of total bacteria by ozone in deionized water with chlorine.

It was determined that the initial antimicrobial effect of gave better results of the
washing with ozonated water than only in tap water washing with chlorine.1 log unit of
live cell death per ImL occurred in both sample groups on average.

The death rate curves of ozonated and tap water for fecal coliform are shown in Figure
3. A bit difference was observed in terms of gram negative bacteria. More than 2 log
units each of Staphylacoccus spp. and E. coli cells per ml was killed instantaneously
[time zero) after exposure to ozonated water (Figure3, 4, 5). There is no significant
difference (p>0.05) between ozone treatments at 4, 6, 8, 10 min effects on E.coli and
Staphylacoccus spp. death rate.
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Figure 3. ¢ Killing of viable cells of fecal coliform by ozone in deionized water. m
Killing of viable cells of fecal coliform by ozone in deionized water with chlorine.
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Figure 4. ¢ Killing of viable cells of E. coli by ozone in deionized water. m Killing of
viable cells of E.coli by ozone in deionized water with chlorine.
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Figure 5. ¢ Killing of viable cells of Staphylacoccus spp. by ozone in deionized
water. A Killing of viable cells of Staphylacoccus spp. by ozone in deionized water with
chlorine.
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Table 1. Bactericidal activity of Ozonated water during washing of lettuce leaves as
measured by a different time.

Water Surviving population (log10 CFU/mL) on the lettuce leaves
dip solutions Total viable Fecal Coliform E.coli Staphylaccoccus spp.
cells

uw= 3,8.10" 2,710’ 0,9.10° 0,4.10°

T2r 0,1.10° 1,1.10° 0,18.10° 5,3.10°
OW*** 2 min 4710° 2,110° 0,8.10° 6,5.10°
OW*** 4 min 18.10° 2,1.10° 0,6.10° 0,6.10°
OW*** 6 min 1,31.10° 0,092.10° 0,3.10° 0,5.10°
OW*** 8 min 39.10° 0,072.10? 0,2.10° 0,4.10°
OW?*** 10 min 0,9.10° 2,1.10° 0,1.10% 0,3.10°

After all washing processes, no color loss such as darkening, fading, yellowing was
observed in lettuce samples. The visual quality was found to maintain total acceptable
values (Figure 6). But unfortunately, initially obtained promising values were
unprotected during storage and significant decrease in visual quality was observed at the
end of the day 5th.

—e—0. day 5. day *—9. day 13. day

gloss
10

aroma freshness

texture color uniformity

browning intensity

Figure 6. General sensory and visual quality of lettuce samples washed in ozonated
water.

After different washing procedures, tissue losses gradually increased during storage.
There are no significant variation between applications. The crispy tissue was observed
in all samples by day 13.

4. Discussion

Previous studies have declared that chlorine, ozone and chlorine-ozone pairs cause a
decrease of 1.1 - 2.5 log units in aerobic place counts and shelf life of commercial
lettuce salads 16, 20 and 25 days. shelf life of commercial lettuce salads increased 16,
20 and 25 days, respectively [27, 28]. On the other hand, no successful results were
obtained in pear decay [32] and lettuce leaves inoculated with Pseudomonas fluorescens
[42, 43].
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The purposes of the washing treatment on the commercial lettuce products are removing
soil and other remains, reducing microbial load, limiting the reconstruction of browning
and lowering product temperature. After broke and washing with chlorinated water
steps (50-200 mg / L free chlorine) leaves were rinsed tap water. However, under the
operating conditions in industrial application, the use of ozonated water is becoming
widespread. In order to limit the use of chlorine and to reduce microbial load in the
washing of cutted lettuce leaves the use of chlorinated and then ozonated water
constitutes an alternative washing procedure. In this procedure, many factors, such as
the target microorganism, the attachment and interaction of this group of
microorganisms to the plant surface, determine the effectiveness of this method used to
reduce the charge of the microorganism. Baur et. al. [2004] were declared that washing
with ozonated water was more effective on reduction of Enterobacteriaceae species
than mesophiles and Pseudomonas [36]. Our results are similar to these researchers.
Vibrio was not found on the samples after treatment with ozone [p < 0.05] in 2 min. The
reduction in living viable cells of E.coli O157:H7 and L. monocytogenes were decreased
on lettuce leaves over than 2.49 log units was reported by Park et al. (2001) [37]. In
general, most bacteria, except where sudden death occurs showed effective two-phase
death curves when effective ozone levels were reduced in the presence of chlorine
(Figure 3). Although washing treatment by ozonated water with ClO, and thyme oil
showed slight effect on microorganisms whereas drop-inoculated samples [27]. The
effectiveness of sanitizing agents depend on the method of inoculation, lettuce
incubation time, population size and multiple washing treatment [45]. The use of neutral
electrolyzed water has been reported to cause significant reductions (S. typhimurium, E.
coli, and L. monocytogenes population up to 2 log units) in surface microflora in lettuce
samples and increased wash efficiency with 300 ppm of chlorine were recorded [46].
Guentzel et. al. (2008) has reported that the biocidal activity of near-neutral electrolyzed
water (EW) at 25°C on cultures of Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Listeria monocytogenes, and Enterococcus faecalis [48]. In
another study, oxidized water (2 - 5+0 - 8) x 10-3 mmol1— 10—, 0 -5+ 0 -2 mmol |
— 1 H20) treatment (60 min at 30°C) under acidic conditions (pH 4 - 30 £ 0 - 20)
resulted in reduction of surfce E.coli population (more than 3 log CFU ml™) [1].
Ozonated water usage in lettuce washing process has been suggested as an alternative
method [39, 48]. Sanitizers used in many industrial vegetables such as spinach, leek,
asparagus and cabbage to reduce soil-borne microorganisms are important for food
safety. It has been reported meaningful results about ozonated water usage in washing
step of watercress, spinach, coriander, and celery seeds for reduction in population of
Listeria monocytogenes NCTC 7973 and Escherichia coli P36 [49].

Ozone, with the advantages of rapid conversion to oxygen and has no residue, can be
safely used as a sanitizing agent for washing green leafy vegetables.

Its protective effect against many known microorganisms (bacteria, cysts of protozoa,
viruses, and fungal spores) shows that it is more effective than hypochlorite [50].
Identical to previous findings, ozonated water has shown a protective effect against
many pathogens on environmental microflora of lettuce leaves [39].

As a conclusion, the comparison was made according to washing in ozonated water
process in 5 different time (2, 4, 6, 8, 10 min), sensory results did not show significant
differences ([p>0.05). In analogy with the findings of other studies [36] washing in
ozonated water did not show the expected effect literally while reducing the number of

136



SAVAS E.

microorganisms. In this case, the effect of ozone is thought to results from research on
the environmental microflora. A wide variety of pathogens are present in the natural
microflora in the lettuces which brought to the factory from post-harvest to be
processed, the efficiency of the washing operation is determined by remove of the
microflora. If conditions such as discharged time, the flow quantity, concentration are
optimized, ozone can be used as a disinfectant in the cleaning of lettuce actively.
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