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Abstract Nowadays there are continuously increasing worldwide concerns for
development of alternative microbiocidal inactivation. Advance Oxidation Processes
(AOPs) are considered a highly competitive technology for the elimination of contaminated
microorganism due to their high chemical stability and low biodegradability. The
effectiveness of UV/O; in AOP system combination with Fine bubble technology (FB) for
the reduction of E. coli O157:H7 contaminated on Bird Eye Chilli (Capsicum frutescensL.)
was assesed. A batch-type prototype of the UV/O; and FB generator treatments were
constructed. Consideration the antimicrobial effectiveness of individual technique, the
results indicated that the population of E. coli O157:H7 was reduced as 96.36% within 10
minutes 9 when UV were applied. In case of the O3 applications, the results demonstrated
that O provided 97.18% reduction within 10 min. The application of AOP, UV/O; system,
it can be found that the use of AOP provided 98.62% reduction of E. coli O157:H7. This
finding knowledge indicated that AOP with UV/O; system presented the more
antimicrobial potential than the use of UV or O alone. The studies of FB with or without
AOP on the microorganism elimination were also conducted. FB alone processed
contamination reduction of E. coli O157:H7 at 96.53% reduction. The combination with
AOP demonstrated 98.05% reduction. The use in dynamic assist process, 99.96% reduction
was observed. Furthermore, applying AOP with FB technology in dynamic assist process
did not affect the quality of Bird Eye Chilli after washing process. It was indicated the use
of UV/O3; as AOP combination with FB technology in dynamic assist process could be
applied for microbial contamination reduction on fresh produces.

Keywords: Advance oxidation process, Ultraviolet, Ozone, Fine bubble technology,
Escherichia coli O157:H7, Capsicum frutescens L.

Introduction

The enlarged accepting of the nutritional values of fresh vegetables
let those to be widely consumed around the world (Gomez and Ricketts,
2013; Southon, 2000; Wargovich, 2000). Several researches have been
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reported about the benefits of vegetables such as part of a low fat and high
fiber diet that probably help reducing blood pressure, diabetes, cancer and
manage weight (Gomez and Ricketts, 2013). However, raw fresh vegetables
like other food have been reported in contact with harmful microorganisms
during harvesting, transportation and storage (Burnett and Beuchat, 2001;
Guo et al., 2002; Solomon et al., 2002; Wachtel et al., 2002; Nipa et al.,
2011; Rahman and Noor, 2012; Ahmed et al., 2014; Feroz et al., 2014;
Noor et al., 2014; Chowdhury et al., 2016; Alam et al., 2015; Noor et al.,
2015). Additionally, contamination and growth of microorganisms resulted
to the limitation of safety and shelf life of vegetables (King and Bolin, 1989;
Robbs et al., 1996; Uyttendaele et al., 2009; Fatema et al., 2013) Chilli
(Capsicum sp.), especially Bird Eye Chilli (Capsicum frutescens L.), was
recognized as one of the most consumed Chilli in Thailand is Brid Eye
Chilli, (Capsicum frutescens L.). Conversely, those were often
contaminated by microorganisms on the surface and can cause food
poisoning illness (Joseph et al., 1997).

Postharvest handling such as washing or spraying with sanitizer is
most important procedure in view of the fact that removed, eliminated or
reduced the surface microbiological contaminant (Pasit et al., 2018).
Consequently, several chemical compounds were used to eliminate
microorganisms on vegetables. However, the complete removal of
microorganisms is not achieved (Zhang and Farber, 1996; Niemira, 2007).
Additionally, their antimicrobial seemly lost when those were exposed to air,
light, metals, and organic substances (Abadias et al., 2008). The
requirements to improve both quality and safety of those fresh produces
have driven the innovative processes to accomplish all desirable qualities.
An application of non-thermal disinfection technology by combining ozone
and ultraviolet-C (UV-C), so called Advance Oxidation Process (AOP), was
developed and shown effective in wash water for the fresh-cut vegetable
industry (Selma et al., 2008).

Fine Bubbles (FB) technology was first introduced in 2005. The
different research applications of this technology have been investigated for
many fields (Tsuge, 2014). The diameter of FB is the range of 10-50 pm
(Parmar and Majumder, 2013; Takahashi, 2005). FB have been used to
clean the dirty adhering substances (Akuzawa et al., 2010, Ushida et al.,
2013, lijima and Moriyasu, 2007), to reduce frictional resistance (Sanders et
al., 2006), for long-term storage of fish (Wang et al., 2008), and to
inactivate norovirus (Kozima et al., 2006).

Thus, in this study the efficacy of AOP in combination with FB
Technology on the reduction of Escherichia coli O157:H7 Contaminated on
Bird Eye Chilli (Capsicum frutescens L.) was investigated.
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Materials and Methods
Bird Eye Chilli sample preparation

Fresh bird eye Chilli (Capsicum frutescens L.) was used as models.
The fruits were purchased from the wholesale fresh market in Pathum-Thani,
Thailand. Visibly damaged and wilted portions were discarded. Uniform
fruits were sorted in terms of size and maturity. The samples were washed
with tap water to reduce the soil and debris before being drained and left in
a biological safety cabinet class Il (AstecMicroflow, Bioquell, UK),
followed by packing in polyethylene (PE) plastic bags and storing at 12 +
2 <C. Fruit were subjected to treatments on the day of preparation.

Bacterial culture and inoculation preparation

Pathogenic strains of E. coli O157:H7 were the tested organism.
Culture was obtained from the Department of Medical Science, Ministry of
Public Health, Thailand. E. coli O157:H7 were activated in 50 mL of tryptic
soy broth (Difco, USA.) then incubated at 37 <C for 18 h to obtain the
working inoculum with the final bacterial concentration at 7.0-8.0 Logio
CFU/mL. The artificial contamination was done on prepared bird eye Chilli.
The initial population on the artificially contaminated was 6.0-7.0 Logio
CFU/g (before washing).

Advance Oxidation Process and Fine Bubble generator

Advance oxidation process system in this study was UV-O3 system.
The UV chamber consisted of 4 short wave UVR lamps producing 280 nm
of UV radiation. This chamber was connected with pair type O3 generator
which produced Os via corona discharge reaction. Oxygen was passed
through the ozone generator at 0.03, 0.06, 0.12 and 0.24 L/min. Steering
impeller was installed in order to be a dynamic system. FB was generated
by cavitation method. The schematic illustration of AOP and FBsystem was
presented in Figure 1.

Effect of UV-C on the reduction of E. coli O157:H7 contaminated on Bird
Eye Chilli

The 10 g of ca. 6.0 Log;o CFU/qg artificially contaminated Bird Eye
Chilli samples was placed in sterile mesh sachet. The UV-C radiation
process was performed via distilled water at the intensity of UV-C were
0.72, 1.44, 2.16 and 2.88 kJ/m>. The samples were irradiated at 0, 10, 20, 30,
and 40 min. The fruits were taken at the desired time of interval and placed
in 90 mL of phosphate buffer. Ten fold’s serial dilution was completed. The
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number of E. coli O157:H7 was enumerated on Thin Layer MacConkey
agar (Difco, USA.) and incubated at 37°C for 24 h. The colonies were
counted and reported.
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Figure 1. Schematic illustration of AOP system in combination with FB
technology

Effect of O3 on the reduction of E. coli O157:H7 contaminated on Bird
Eye Chilli

O3 in aqueous phase was prepared using ozone generator described
above with the different oxygen flow rate at 0.03, 0.06, 0.12 and 0.24 L/min.
The exposed ozonisation processes were 0, 10, 20, 30, and 40 min. The
enumeration process had been already described above.

Effect of AOP (UV-O3) on the reduction of E. coli 0157:H7 contaminated
on Bird Eye Chilli

The AOP system used in this study was UV-C in combination with
Ozone solution, distilled water was selected as the washing medium. 10 g of
Bird Eye Chilli in mash sachet were placed under AOP chamber. UV-C
irradiation and ozonisation were applied in the same time via washing
medium at the time of interval as 0, 10, 20, 30, and 40 min. The
enumeration process had been already described above.

Effect of AOP (UV-03) in combination with Fine bubble under dynamic
and statics condition on the reduction of E. coli O157:H7 contaminated
on Bird Eye Chilli

The AOP system was combined with FB generator. Distilled water

was used as washing medium. Dynamic and static system was controlled by
installed steering impeller. Prepared samples were treated under desired
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condition. At the time of interval, treated Bird Eye Chilli was taken to E.
coli O157:H7 enumeration procedure described clearly above.

Storage study

The E. coli O157:H7 artificially contaminated Bird Eye Chillies and
the natural contaminated those were washed under AOP system in
combination with FB and in assisted with dynamic condition. The washing
time was 40 min. The washed Bird Eye Chilli was kept in poly ethylene bag
under 4°C for 12 days. The numbers of E. coli O157:H7 were enumerated
with the procedure described above.

Statistical analysis

The data was presented as the average of four replications =standard
deviation (SD). Statistical analysis was carried out using Analysis of Varian
(ANOVA) and the difference between the means was performed with
DMRT at P < 0.05 by using SPSS version 14.0 software.

Results

Efficiency of UV-C on the contamination reduction of E. coliO157:H7
contaminated on Bird Eye Chilli

The effectiveness of UV-C on the contamination reduction of E. coli
O157:H7 contaminated on Bird Eye Chilli was presented in Figure 2.
According to the results, it could be indicated that 71.15% of initial
population was reduced after 40 min treated of UV-C at 0.72 kJ/m? intensity.
The more increasing of UV-C intensity the more reduction was observed.
The use of UV-C at 2.16 and 2.88 kJ/m? presented the reduction of E. coli
0157:H7 on Bird Eye Chilli as 97.30% and 97.91%, respectively.
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Figure 2. Reduction of E. coli O157:H7 contaminated on Bird Eye Chilli
with different intensity of UV-C within 10, 20, 30 and 40 min
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Efficiency of O3 on the contamination reduction of E. coli O157:H7
contaminated on Bird Eye Chilli

The effectiveness of O3 on the contamination reduction of E. coli
0157:H7 contaminated on Bird Eye Chilli was presented in Figure 3. The
results demonstrated that at the oxygen flow rate as 0.03 L/min presented
the 86.51%on the reduction of E. coli O157:H7 contaminated on samples.
In case of oxygen flow rate was increases as 0.06 L/min, the reduction was
detected as 80.12%.. At the oxygen flow rated as 0.12 L/min, the reduction
was 97.18%. However, the antimicrobial property of ozone was decreased
at the oxygen flow rate as 0.24 L/8min.
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Figure 3.Reduction of E. coli O157:H7 contaminated on Bird Eye Chilli

with different flow rate of oxygen through Ozone generator within 10, 20,
30 and 40 min

Efficiency of AOP (UV-O3) on the contamination reduction of E. coli
0157:H7 contaminated on Bird Eye Chilli

The percentage of reduction of E. coli O157:H7 contaminated on Bird
Eye Chilli after treated with AOP (UV-0O3) system (Fig.4). The reduction
was more detected when the intensity of UV-C, oxygen flow rate through
Ozone generator and the exposure time was increased. It could be noticed
that the combination of UV-C at 2.88 kJ/m? with Oxygen flow rate through
the Ozone generator at 0.12 L/min demonstrated the highest antimicrobial
activity. The reduction was 98.62%at 40 min of exposure time.

Efficiency of AOP (UV-O3) in combination with Fine bubble under
dynamic and statics condition on the reduction of E. coli O157:H7
contaminated on Bird Eye Chilli

The number of E. coli O157:H7 after wash with distilled water FB
and distilled water in dynamic system is presented in Table 1. The results
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indicated that the dynamic system presented the less effectiveness compare
with FB. E. coliO157:H7 reduced as 47.52% within 40 min, while FB
presented 96.53 % of reduction at the same exposure time.

The antimicrobial potential of AOP system by using UV-C at intensity
of 2.88 kJ/m? and Ozone was produced by Oxygen at the flow rate of 0.12
L/min in combination with dynamic system and/or FB (Fig.5). The results
demonstrated that 94.37% reduction was detected when AOP in
combination of dynamic system was applied for 40 min., while the
combination of AOP and FB presented 98.05% in reduction of E. coli
O157:H7. In the highest efficiency, 99.96% reduction was obtained when
AOP in combination of FB assisted with dynamics system was applied to
the washing procedure of E. coli 0157:H7 contaminated Bird eye Chilli.
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Figure 4. Reduction of E. coli O157:H7 contaminated on Bird Eye Chilli in
AOP process (UV: a; 0.72 ki/m?, b; 1.44 kI/m?, c; 2.16 kd/m® and d; 2.88
kJ/m?)
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Table 1. Reduction of E. coli O157:H7 contaminated on Bird Eye Chilli
according to FB and dynamic system

% Reduction

Time (min) FB Dynamic system
0 0+£0.0 0+£0.0
10 75.45 4.7 36.90 +32.6
20 86.19 +4.2 42.45 +26.9
30 93.24 +6.0 39.74 £22.7
40 96.53 +0.2 47.52 +38.5
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Figure5. Reduction of E. coli O157:H7 contaminated on Bird Eye Chilli
with different system

10.0

B.0O
6.0
4.0
20 ﬂ
o =
2 4

0.0 I E coli0157:H7

After wash o

[lo

After wash 0

[ Total viable count

Population

10.0

L.

B.O

&.0

4.0

2

=]

; 1M
4 8 12
Storage day
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Storage study

The total viable count and E. coli O157:H7 contaminated on Bird Eye
Chilli after treated with AOP in combination with FB and dynamic system
assisted stored at 4°Cand room temperature (2722°C) for 12 days (Fig.6).
The results indicated that total viable count and E. coli O157:H7 were
increased when the samples were stored at room temperature. The numbers
were increased from 2.95 to 7.78 Logip CFU/g and 2.65 to 8.06 Logig
CFUlqg, respectively. For the storage at 4°C, total viable count and E. coli
0157:H7 still maintained during the 12 days of storage.

Discussion

In general, the contamination of E. coli O157:H7 can be noticed in
environmental sources of fresh produce farms (Morakotjinda, 2012,
Ontoum, 2010). There was a report mentioned that E. coli O157:H7 has
been frequent pathogenic bacteria identified in contaminated vegetables
(Warriner et al., 2009). Bird Eye Chilli commonly used fresh in cuisine and
washing is the only way for decontamination of fresh those. The use of UV-
C demonstrated the decontamination properties against E. coli O157:H7
contaminated of Bird Eye Chilli. The results were in agreement with Winnie
and Mark (2016) who reported that the use of UV-C demonstrated the
potential to reduce numbers of Salmonella sp. contaminated on tomatoes. In
the agreement results, the antimicrobial properties of UV-C increased when
the irradiation process was increased. The use of UV-C presented the
effectiveness on the decontamination of microorganism contaminated of
surface of fresh produces as a whole or as fresh cut products. UV-C affects
several physiological processes in plant tissues and damages microbial
DNA (Lucht et al., 1998, Koutchma et al., 2009) Lado and Yousef (2002)
described that UV-C light presented the ability to inhibit microbial
contamination through the generation of hydroxyl radicals from water,
which eradicate hydrogen atoms form DNA components. UV at 254 nm
encouraged the formation of pyrimidine dimmers which modified the DNA
helix and blocked microbial cell replication. The destructiveness of cell was
concurred according to the un-repairable of damaged DNA. Erkan et al.
(2001) demonstrated that the zucchini squash slices exposed to UV light for
10 and 20 min. presented the microbial reduction activity and deterioration
during subsequent storage. Similar results were obtained for bell peppers
(Mercier et al., 2001), lettuce (Yaun et al., 2004; Allende and Artés, 2003a;
Allende and Artés, 2003b), apples (Yaun et al., 2004), pear (Schenk et al.,
2008) strawberry (Darvishi et al., 2012; Erkan et al., 2008), broccoli
(Civello et al., 2008), tomato fruits (Charles et al., 2008; Charles et al.,
2009), spinach (Escalona et al., 2010), oyster mushrooms (Ha et al., 2011a;
Ha et al, 2011b) and many other fruits and vegetables. Moreover the study
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of Yaun et al. (2004) indicated that the inoculated Red Delicious apples,
leaf lettuce and tomatoes with Salmonella sp. or Escherichia coli O157:H7
obtained different reductions of microbial populations varying from 2.19
logs for tomatoes inoculated with Salmonella sp. to 3.3 logs for apples
inoculated with E. coli O157:H7 at the hignest intensity of UV-C light as 24
mW/cm?. D’hallewin et al. (1999) demonstrated that melon treated with UV
light had lower populations of aerobic microorganism compared to control
and post-cuttreated pieces.

Ozone was discovered by CF Schonbein in 1839 (Rubin, 2001). It was
recommended as a disinfectant for drinking water because of its powerful
ability to destroy microorganisms. The aqueous form is uncomplicated to
handle and is a potent microbicidal solution suitable as a soaking
solution.According to the high concentration of O3 in aqueous solution,
hydroxyl radical and active oxygen produced from the dissociation of ozone,
representation of antimicrobial activity of ozone, was oxidized by ozone
itself, the effectiveness of ozone depended on the critical concentration or
equilibrium concentration of ozone at which the self-oxidation would not be
detected. The results indicated the antimicrobial of O3 in aqueous solution,
so in agreement of the previous research of Nurul and Asgar (2014) who
reported the antimicrobial of O3 using in the production of fresh-cut paprika.

The antimicrobial potential of AOP was higher than the use of UV-C
and O3 alone at the same intensity and Oxygen flow rate. In AOP system,
hydroxyl radical was generated in high amount and reacted with molecule
of water resulting to the high concentration of Hydrogen peroxide that
demonstrated the high oxidation potential and cause the reduction of
microorganism. The recent work showed that AOP system could reduce the
population of E. Coli O157:H7 contaminated on Bird Eye Chilli, the
effectiveness is more than the use of UV-C or Ozone alone. As the previous
study on the potential of fine bubble on the destructive of attached
microorganism on the fresh produce surface, the results were in agreement
with the report from previous study (Klintham et al., 2017).

According to report of Takahashi (2005) on the electrical properties of
fine bubbles, it was designated that the fine bubbles demonstrated a negative
charge on their surface. The zeta potential of fine bubbles in distilled water
was -35 mV (pH 5.8) in approximately. The negative charge on the bubbles
surface possibly will affect on the charge on the microbial cell wall,
therefore fine bubbles expect to drive out bacterial cells attached on produce
surface. The presence of the same charge between the surface of E. coli
0157:H7 (Ukuku and Fett , 2002) and the bubbles showed a little effect on
washing efficacy. The decontamination effect of fine bubble against E. coli
0157:H7 may possibly explain by attenuation of fine bubbles greatly
decreases the hydrogen bonding that result in decreased surface tension
according to the studied of Himuro (2007). Fine bubbles threw in to
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weakening of hydrogen bonding which may delay the attachment of
microorganisms and surface of vegetables.

No studies have ever been conducted on the effect of AOP-FT on the
quality of vegetables and fruits. However, it could be assumed that free
radicals generated through collapsing of air in fine boubble could
decompose phenol dissolved in water solution, and suggested that the same
process could decompose fruit and vegetable organic compounds. The
results of our study indicated that bubbling AOP does not affect the colour
or physical properties of tested model food.

It is concluded AOP (UV-Og3) in combination with FB and dynamic
system assist demonstrated the effectiveness on the reduction of E. coli
0157:H7 contaminated on Bird Eye Chilli. The optimum condition of AOP
system was 2.88 kJ/m? of UV-C and 0.12 L/min Oxygen flow rate through
the ozone generator. The treated those can be stored at 4°C for at least 12
days without alteration.

References

Abadias, M., Usall, J., Oliveira, M., Alegre, I. and Vinas, I., (2008). Efficacy of neutral
electrolyzed water (NEW) for reducing microbial contamination on minimally
processed vegetables. International Journal of Food Microbiology.123:151-158.

Ahmed, T., Urmi, N. J., Munna, M. S., Das, K. K., Acharjee, M., Rahman, M. M and
Rashed, N. (2014). Assessment of microbiological proliferation and in vitro
demonstration of the antimicrobial activity of the commonly available salad
vegetables within Dhaka metropolis, Bangladesh. American Journal of Agriculture
and Forestry. 2:55-60.

Akuzawa, H., Amagai, K., Funatsu, M., Takakusagi, F., Tabei, K. and Noda, Y. (2010).
Study on cleaning of pipe inner wall by micro-bubble flow (In Japanese). Japanese
Journal of Multiphase Flow 24:454-461.

Alam, M.S., Feroz, F., Rahman, H., Das, K. K. and Noor, R. (2015). Microbiological
contamination sources of freshly cultivated vegetables. Nutrition and Food Science
International Journal. 45: 646-58.

Allende, A. and Artés, F. (2003a). UV—C radiation as a novel technique for keeping quality
of fresh processed ‘Lollo Rosso’ lettuce. Food Research International. 36:739-746.

Allende, A. and Arté, F. (2003b). Combined ultraviolet-C and modified atmosphere
packaging treatments for reducing microbial growth of fresh processed lettuce.
Lebensmittel Wissenschaft Technology. 36:779-786.

Burnett, S. L. and Beuchat, L. R. (2001). Human pathogens associated with raw produce
and unpasteurized juices, and difficulties in contamination. Journal of Industrial
Microbiology and Biotechnology. 27:104-10.

Charles, M. T., Goullet, A. and Arul, J. (2008). Physiological basis of UV-C induced
resistance to Botrytis cinerea in tomato fruit. 1V. Biochemical modification of
structural barriers. Postharvest Biology and Technology. 47:41-53.

Charles, M. T., Tano, K., Asselin, A. and Arul, J. (2009). Physiological basis of UV-C
induced resistance to Botrytis cinerea in tomato fruit. V. Constitutive defense
enzymes and inducible pathogenesis related proteins. Postharvest Biology and
Technology. 51:414-424.

1653



Chowdhury, F. F. K., Acharjee, M. and Noor, R. (2016).Maintenance of environmental
sustainability through microbiological study of pharmaceutical solid wastes.
CLEAN-Soil, Air, Water. 44:309-316.

Civello, P., Chaves, A. and Martiinez, G. (2008). UV-C treatment delays postharvest
senescence in broccoli florets. Postharvest Biology and Technology. 39:204-210.

D’hallewin, G., Schirra, M., Manueddu, E., Piga, A. and Ben-Yehoshua, S. (1999).
Scoparone and scopoletin accumulation and ultraviolet-C induced resistance to
postharvest decay in oranges as influenced by harvest date. Journal of American
Society for Horticultural Sciences. 124:702-707.

Darvishi, S., Fatemi, A. and Davari, K. (2012). Keeping quality of use of fresh "Kurdistan’
strawberry by UV-C radiation. World Applied Sciences Journal. 17:826-831.

Erkan, M., Wang, C. and Krizek, D. T. (2001). UV-C radiation reduces microbial
populations and deterioration in Cucurbita pepo fruit tissue. Environmental and
Experimental Botany. 45:1-9.

Erkan, M., Wang, S. Y. and Wang, C. Y. (2008). Effect of UV treatment on antioxidant
capacity, antioxidant enzyme activity and decay in strawberry fruit. Postharvest
Biology and Technology. 48:163-171.

Escalona, V. H., Aguayo, E., Mart mez-Hern&ndez, G. B. and Artés, F. (2010). UV-C doses
to reduce pathogen and spoilage bacterial growth in vitro and in baby spinach.
Postharvest Biology and Technology. 56:223-231.

Fatema, N., Acharjee, M. and Noor, R. (2013). Microbiological profiling of imported
apples and demonstration of bacterial survival capacity through in vitro challenge
test. American Journal of Microbiological Research. 1:98-104.

Feroz, F., Senjuti, J. S., Tahera, J., Das, K. K. and Noor, R. (2014). Investigation of
microbiological spoilage and demonstration of the anti-bacterial activity of the
major imported fruits within Dhaka Metropolis. Stamford Journal of
Microbiology. 4:1-4.

Gomez, M. I. and Ricketts, K. D. (2013). Food value chain transformations in developing
countries: Selected hypotheses on nutritional implications. Food Policy. 42:139-
50.

Guo, X., van lersel M. W., Chen, J., Brackett, R. E. and Beuchat, L. R. (2002). Evidence of
association of salmonellae with tomato plants grown hydroponically in inoculated
nutrient solution. Applied and Environmental Microbiology. 68:3639-43.

Ha, J. H., Jeong, S. H. and Ha, S. D. (2011a). Synergistic effects of combined disinfecting
treatments using sanitizers and UV to reduce the levels of Staphylococcus aureus
in oyster mushroom. Journal of Korean Society of Applied Biology and
Chemistry. 54: 447-453.

Ha, J. H., Lee, D. U, Auh, J. H. and Ha, S. D. (2011b). Synergistic effects of combined
disinfecting treatments using sanitizers and UV to reduce levels of Bacillus cereus
in oyster mushroom. Journal of Korean Society of Applied Biology and
Chemistry. 54:269-274.

Himuro, S. (2007). A New washing method using microbubbles. Progress in Multiphase
Flow Research. 2:39-45.

lijima, H. and Moriyasu, F. (2007). Ultrasound contrast imaging in pancreatic diseases (In
Japanese). Choonpalgaku 34:313-318.

Joseph, A. O., Sheila, J. M, David, M. A,, John, A. L., Arlene, J. Y., Samuel, L. W.,
Steven, S. and Jeff, M. F. (1997). Assessment of the Microbiological Quality of
Ready-To-Use Vegetables for Health-Care Food Services. Journal of Food
Protection. 60:954-960.

King, A. D. and Bolin, H. R. (1989). Physiological and microbiological storage stability of
minimally processed fruits and vegetables. Food Technology. 43:132-5.

Klintham, P., Tongchitpakdee, S., Chinsirikul, W. and Mahakarnchanakul, W. (2017).
Combination of microbubbles with oxidizing sanitizers to eliminate Escherichia

1654



International Journal of Agricultural Technology 2018 Vol. 14(7): 1643-1656

coli and Salmonella Typhimurium on Thai leafy vegetables. Food Control 77:260-
269.

Koutchma, T., Forney, L. J. and Moraru, C. I. (2009). Ultraviolet Light in Food
Technology: Principles and Applications. CRC Press, Taylor and Francis Group,
Boca Raton, FL, USA. pp. 69-71.

Kozima, H., Mukai, Y., Ransangan, J. and Senoo, S. (2006). Feasibility study of
applications of micro-bubbles for aquaculture. In: Proceedings of the International
Conference on Coastal Oceanography and Sustainable Marina Aquaculture,
Confluence and Synergy. pp. 220-223.

Lado, B. H. and Yousef, A. E. (2002). Alternative food preservation technologies: efficacy
and mechanisms. Microbes and Infection. 4:433-440.

Lucht, L., Blank, G. and Borsa, J. (1998). Recovery of foodborne microorganisms form
potentially lethal radiation damage. Journal of Food Protection. 61:586-590.

Mercier, J., Baja, M., Reddy, B., Corcuff, E. and Arul, J. (2001). Shortwave Ultraviolet
Irradiation for Control of Decay Caused by Botrytis cinerea in Bell Pepper:
Induced Resistance and Germicidal Effects. Journal of the American Society for
Horticultural Sciences. 126:128-133.

Morakotjinda, P. (2012). Risk management of Escherichia coli in sweet basil and
coriander for export. (Ph.D. Thesis). Kasetsart University. Thailand.

Niemira, B. A. (2007). Relative efficacy of sodium hypochlorite wash versus irradiation to
inactivate Escherichia coli O157: H7 internalized in leaves of romaine lettuce and
baby spinach. Journal of Food Protection. 70:2526-2532.

Nipa, M. N., Mazumdar, R. M., Hasan, M. M., Fakruddin, M., Islam, S., Bhuiyan, H. R.
and Astif, I. (2011). Prevalence of multi drug resistant bacteria on raw salad
vegetables sold in major markets of Chittagong city, Bangladesh. Middle-East
Journal of Scientific Research. 10:70-11.

Noor, R., Hasan, M. F. and Rahman, M. M. (2014). Molecular characterization of the
virulent microorganisms along with their drug-resistance traits associated with the
export quality frozen shrimps in Bangladesh. SpringerPlus. 3:469.

Noor, R., Hasan, M. F., Munna, M. S. and Rahman, M. M. (2015). Demonstration of
virulent genes within Listeria and Klebsiella isolates contaminating the export
quality frozen shrimps. International Aquatic Research. 7:157-161.

Nurul, A. A. and Asgar, A. (2014). Reduction of Escherichia coli 0157, Listeria
monocytogenes and Salmonella enteric sv. Typhimurium populations on fresh-cut
bell pepper using gaseous ozone. Food Control. 46:304-311.

Ontoum, W. (2010). The Contamination of Salmonella spp. on Exported Fresh Produce
During Primary Production. ( Master’s Thesis). Kasetsart University. Thailand.

Parmar, R., and Majumder, S. K. (2013). Microbubble generation and microbubble-aided
transport process intensification-A state-of-the-art report. Chemical Engineering
and Processing: Process Intensification. 64:79-97.

Pasit, N., Theeraporn, K., Todsaphon, P., Pokpong, L. and Racha T. (2018). Antimicrobial
Potential of Vapour Phase Acetic Acid in Combination with Ethyl Alcohol against
Salmonella Typhimurium Contaminated on Bird Eye Chilli (Capsicum frutescens
L.). MATEC Web Conference. 192.

Rahman, F. and Noor, R. (2012). Prevalence of pathogenic bacteria in common salad
vegetables of Dhaka metropolis. Bangladesh Journal Botany. 41:159-62.

Robbs, P. G., Bartz, J. A., McFie, G. and Hodge, N. C. (1996). Causes of decay of fresh-
cut celery. Journal Food Science. 61:444 - 448.

Rubin, M. B. (2001). The history of ozone. The sch&nbein period, 1839-1868. Bulletin for
the History of Chemistry. 26:40-56.

Sanders, W. C., Winkel, E. S., Dowling, D. R., Perlin, M. and Ceccio, S. L. (2006). Bubble
friction drag reduction in a high-Reynolds-number flat-plate turbulent boundary
layer. Journal of Fluid Mechanics. 552:353-380.

1655



Schenk, M., Guerrero, S., and Alzamora, S. M. (2008). Response of some microorganisms
to ultraviolet treatment on fresh-cut pear. Food and Bioprocess Technology.
1:384-392.

Selma, M., Allende, A., Lopez-Galvez, F., Conesa, M. A. and Gil, M. I. (2008).
Disinfection Potential of Ozone, Ultraviolet-C and Their Combination in Wash
Water for the Fresh-Cut Vegetable Industry. Food Microbiology. 25:809-814.

Solomon, E. B., Yaron, S. and Matthews, K. R. (2002). Transmission of Escherichia coli
0157:H7 from contaminated manure and irrigation water to lettuce plant tissue
and its subsequent internalization. Applied and Environmental Microbiology.
68:397-400.

Southon, S. (2000). Increased fruit and vegetable consumption within the EU: potential
health benefits. Food Research International. 33:211-7.

Takahashi, M. (2005). Zeta potential of microbubbles in aqueous solutions: Electrical
Properties of the gas-water interface. The Journal of Physical Chemistry B.
109:21858-21864.

Tsuge, H. (2014). Characteristics of microbubbles. In H. Tsuge (Ed.). Micro-and
nanobubbles: Fundamentals and applications Pan Stanford Publishing. pp. 3-10.

Ukuku, D. O. and Fett, W. F. (2002). Relationship of cell surface charge and
hydrophobicity to strength of attachment of bacteria to cantaloupe rind. Journal of
Food Protection. 65:1093-1099.

Ushida, A., Hasegawa, T., Amaki, K. and Narumi, T. (2013). Effect of microbubble
mixtures on the washing rate of surfactant solutions in a swirling flow and an
alternating flow. Tenside Surfactants Detergent. 50:332-338.

Uyttendaele, M., Busschaert, P., Valero, A., Geeraerd, A.H., Vermeulen, A., Jacxsens, L.,
Goh, A., DeLoy, J. F. and van Impe, F. D. (2009). Prevalence and challenge tests
of Listeria monocytogenes in Belgian produced and retailed mayonnaise-based
deli-salads, cooked meat products and smoked fish between 2005 and 2007.
International Journal of Food Microbiology. 133:94-104.

Wachtel, M. R., Whitehand, L. C. and Mandrell, R. E. (2002). Association of Escherichia
coli O157:H7 with preharvest leaf lettuce upon exposure to contaminated
irrigation water. Journal of Food Protection. 65:18-25.

Wang, X., Zhang, H., Yang, F., Wang, Y. and Gao, M. (2008). Long-term storage and
subsequent reactivation of aerobic granules. Bioresource Technology. 99:8304-
8309.

Wargovich, M. J. (2000). Anticancer properties of fruits and vegetables.Horticultural
Science. 35:573-5.

Warriner, K., Huber, A., Namvar, A., Fan, W. and Dunfield, K. (2009). Recent advances in
the microbial safety of fresh fruits and vegetables. Advances in Food and
Nutrition Research. 57:155-208.

Winnie L. and Mark, A. H. (2016). Effectiveness of UV light as a means to reduce
Salmonella contamination on tomatoes and food contact surfaces. Food Control.
66:166-173.

Yaun, B., Sumner, S., Eifert, J. and Marcy, J. (2004). Inhibition of pathogens on fresh
produce by ultraviolet energy. International Journal of Food Microbiology. 90:1-8.

Zhang, S. and Farber, J. M. (1996). The effects of various disinfectants against Listeria

monocytogenes on fresh-cut vegetables. Food Microbiology. 13:311-321.

(Received: 12 September 2018, accepted: 31 October 2018)

1656



