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ABSTRACT: The effect of electrolyzed oxidizing water (EO) and ultrasonic waves (US) on pathogenic
control of fresh turmeric (Curcuma longa L.) were studied. Electrolyzed water was generated by electrolysis
from 5% NacCl solution. The fresh turmeric samples were washed with EO at different concentrations (0, 100,
200, 300 and 400 mg/L residual chlorine). The percentage of reduction of total bacteria, yeast, mold and
Escherichia coli was determined by compact dry plate. It was shown that EO at 300 mg/L significantly
inhibited the cell growth. Then, the samples were washed with combination of EO and US for 10 minutes. It
was shown that combination of EO and US significantly inhibited bacterial growth and EO 200 mg/L with US
at 43 kHz had high value of log reduction when compared with other treatments. Therefore, combination of

EO and US appeared to increasing pathogenic control of fresh turmeric.
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1. INTRODUCTION

Turmeric (Curcuma longa L.) is an edible and
medicinal plant in the family Zingiberaceae, known
as Indian saffron. Turmeric rhizome when dry and
ground provides a yellow and flavorful powder, used
for natural coloring agent in food, cosmetic and
textile. Also flavoring compounds as insect repellent
and medicine. Recently, it has been valued worldwide
as a functional food, due to its health promoting
properties. Turmeric has been used as antioxidant,
digestive, anti-microbial, anti-inflammatory and anti-
carcinogen [1].

Thailand is one of the major exporter countries for
turmeric. [2,3]. However, the main problem of fresh
turmeric is the microbial contamination during
harvest [4]. Naruemon and Dariwan [5] reported that
the contamination of turmeric was due to mold
(40.45%) and Escherichia coli (62.34%). Postharvest
disease control can be done with many methods, such
as chemical disinfection, hot water treatment or
washing with clean water. Washing fresh turmeric
with hot water is recommended in many countries,
such as India [6]. In Thailand, the harvested turmeric
distributed in the markets is washed with clean water
only. Normally, the fungi and bacteria are present in
the packing-house and in the field after harvest.
Moreira [7] reported that the symptoms of rot ginger
(Zingiber officinale Roscoe) rhizomes in Brazil was
due to from Fusarium oxysporum (74%). Recently,
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electrolyzed water (EO) has been reported to have
strong anti-bacterial effects on most pathogenic
bacteria [8]. EO is a powerful bactericidal agent and
is applied in a wide range of fields, including
aquaculture, agriculture and food industry [9] [10].
Buck [11] used EO to treat 22 fungal species and
found that it significantly reduced growth of the thin-
walled fungi (e.g., Botrytis and Monilinia) within 30
seconds. Additionally, it significantly reduces the
growth of the thicker-walled, pigmented fungi,
Curvularia and Helminthosporium within 2 minutes
or less. In addition, Deza [12] found that tomato peel
treated with EO resulted in a decline of bacteria such
as Escherichia coli 0157:H7, Salmonella enteritidis
and Listeria monocytogenes, without any effect on
the environment. Hung [13] reported that EO
treatment on strawberries and broccoli significantly
reduced E. coli 0157:H7. Paola [14] found that
washing lettuce with EO for 5 minutes significantly
inhibited the growth of L. monocytogenes. Guentzel
[15] also found that spraying EO at the surfaces of
food service areas on spinach and lettuce reduced the
growth of microbes. Whangchai [16] found that EO
treatment on tangerine cv. Sai Nam Pung at a free
chlorine concentration of 215 ppm for 120 and 240
seconds completely inhibited the growth and
development of Penicillium digitatum. In addition,
Whangchai [17] found that washing orange with EO
and exposure to ozone gas for 2 hours per day
significantly controlled P. digitatum. US has been
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used in postharvest treatment to reduce decay
incidence and maintain the quality of fruits and
vegetables. The high power ultrasound wash water
decontamination process in the fruit and vegetable
industries is effective to decrease foodborne
outbreaks [18]. Ultrasound treatment has been
reported to be effective in food processing and
preservation, such as clean surfaces, inactivation of

microorganisms and enzymes, disruption of cells [19].

Thus, the objective of this research was to determine
the effect of EO with US on pathogenic control of
fresh turmeric.

2. MATERIALS AND METHODS
2.1 Plant materials

Fresh turmeric (Curcuma Longa L.) was collected
from a commercial turmeric farm in Mae-Tang,
Chiang Mai Province, Thailand and transported to the
Postharvest Physiology Research Laboratory at
Chiang Mai University within 3 hrs. Fresh turmeric
rhizomes (50 gram) were sampled for each replicate.
All the experiments were designed as a Completely
Randomized Design (CRD) and each treatment was
done in triplicate.

2.2 Preparation of electrolyzed water
EO was generated by electrolysis in a cell with

positively and negatively charged titanium electrodes
separated by a polypropylene membrane. The

electrodes were subjected to a direct current of 8 volts.

A 5% NaCl solution was added into the above system
(Fig. 1). The pH of EO water was recorded with
pH/ion meter. Free—chlorine concentration was
determined by wusing N,N-diethyl-P-phenylene
diamine (DPD) test and oxidation-reduction potential
(ORP) was measured by pH/ ORP meter.

2.3 Preparation of ultrasonic wave

US devices with the input power of 3 watts and 2
frequencies of 43 and 1000 kHz, (Honda Electronics
Company, Toyohashi, Aichi, Japan) were utilized for
3 replications. A polyethylene cylinder reactor, 10 cm
in diameter, equipped with a transducer at the lower
part was used.

2.4 Effect of electrolyzed water on microbial
growth inhibition

Fresh turmeric (50g for each replication) was
immersed in 450 ml of EO at different concentrations
(0, 100, 200, 300 and 400 mg/L residual chlorine) for
10 minutes and then the samples were subjected to
microbiological analysis by putting 25g fresh
turmeric into 225ml sterile 0.1% peptone and
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homogenizing in a stomacher blender for 2 min and
30 second. Serial ten-fold dilution of the homogenate
was done in 0.1% peptone. One milliliter of each
dilution was dropped onto compact dry plate (R-
Biopharm AG Company, Darmstadt, Germany). All
the plates were incubated at 37°C for 24 hr for E. coli
and total plate counts, and incubated at room
temperature (28+2°C) for 72 hr for yeast and mold.

2.5 Effect of electrolyzed water and ultrasonic
wave on microbial growth inhibition

Fresh turmeric (50g) was immersed in 450 ml of
EO at different concentrations (0, 100 and 200 mg/L
residual chlorine) combined with US at 43 and 1000
kHz for 10 minutes. The samples were also
microbiologically analyzed. Fresh turmeric 25g from
each treatment was put into 225ml sterile 0.1%
peptone and homogenized in a stomacher blender for
2 min. and 30 second. Serial ten-fold dilution of the
homogenate was done in 0.1% peptone. One milliliter
of each dilution was dropped onto compact dry plate
(R-Biopharm AG Company, Darmstadt, Germany)
All the plates were incubated at 37°C for 24 hr for E.
coli and total plate counts, and incubated at room
temperature (28+2°C) for 72 hr for yeast and mold.

2.6 Statistical analysis

All the experiments were replicated three times
and evaluated with regression procedure using SPSS
version 17. Differences among treatments were
performed using Duncan’s Multiple Range test (P >
0.05).
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Fig. 1 Schematics of electrolyzed water generator.
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3. RESULTS AND DISCUSSION
3.1 Effect of EO on microbial growth inhibition

The reduction in microbial cells is shown in Fig.
2. EO significantly inhibited the cell growth at 100
mg/L and EO at 300 and 400 mg/L obtained the best
result in the reduction of E. coli by 1.80 and 1.84 log
CFU/qg, respectively (Fig. 3). The total plate count,
also showed that EO at 300 mg/L significantly
inhibited the cell growth by 1.47 log CFU/g when
compared with the control. EO was effective against
bacteria. Tomas-Callejas [21] reported that washing
fresh-cut baby mizuna leaves with EO showed an
inhibitory effect on natural microflora. In another
report, Issa-Zacharia [22] demonstrated that EO
treatment significantly reduced the total aerobic
mesophilic bacteria from Chinese celery, lettuce and
daikon sprouts by > 2.5 log CFU/g. E.coli and
Salmonella spp. were also significantly reduced by >
2.7 log CFU/g and > 2.9 log CFU/g, respectively. EO
has a strong oxidation potential and bactericidal effect
that can be used as a disinfectant. Electrolyzed
oxidizing water (pH < 2.7, ORP > 1100 mV) and the
presence of hypochlorous acid were produced at the
anode side. This solution has a strong oxidation
potential in which oxidation-reduction potential
(ORP) was measured for the oxidation reaction of all
treatments with EO as represented in Table 1. The
highest value of ORP occurred in EO treatment at 400
mg/L. The ORP showed more oxidation efficiency
which promoted the rising of oxidation efficiency by
the concentrations. Suslow [18] reported that an ORP
had the activity to eliminate the pathogens that
promoted the rising of ORP. An ORP at 650-700 mV
reduced the sterilization time of Escherichia coli,
Salmonella sp. and Listeria sp. when compared with
the ORP lower than 485 mV.

3.2 Effect of electrolyzed water and ultrasonic
wave on microbial growth inhibition

Combination of EO and US inhibited the bacterial
growth. US significantly inhibited the cell growth at
US 43 kHz and 1000 kHz and obtained the high value
of log reduction of E. coli by 1.69 and 0.63 log CFU/g,
respectively (Fig. 4). The total plate count, also
showed that US at 43 kHz and 1000 kHz significantly
inhibited the cell growth when compared with the
control. Combination of EO and US significantly
inhibited bacterial growth. Fig. 5. shows log
reduction of E. coli after treatment with EO 0 +US 43
kHz, EO 100 +US 43 kHz, EO 200 +US 43 kHz, EO
300+US 43 kHz and EO 400+US 43 kHz by 1.19,
1.15, 1.00,0.45 and 0.54 log CFU/g, respectively.
Meanwhile EO 200 +US 1000 kHz, EO 100 +US
1000 kHz, EO 200 +US 1000 kHz, EO 300 +US 1000
kHz and EO 400 +US 1000 kHz could inhibit the
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growth at 0.93, 0.35, 0.63,0.46 and 0.36 log CFU/qg,
respectively. Hung [13] reported that a combination
of EO and US resulted in a greater reduction of the
bacterial contamination of broccoli. For total plate
count, EO 100 +US 43 kHz gave the best result in log
reduction by 2.14 log CFU/g. For yeast & mold, EO
200 +US 43 kHz obtained the best result in log
reduction by 1.27 log CFU/g. The efficiency of EO
and US combined showed a significant enhanced
control of microbial cells. US destroyed
microorganism by the physical forces of cavitation
which is the mechanical effect responsible for the
destruction of fungal cells [23]. In the same way,
Cao [24] used ultrasound treatment on strawberries at
0, 25, 28, 40 or 59 kHz at 20°C for 10 min, and then
stored at 5°C for 8 days. Hypochlorous acid damages
the microbial cell by oxidizing nucleic acids and
proteins, causing lethal damage [25]. Scouten and
Beuchat [26] reported that combined treatments of
chemical, heat, and ultrasound were effective in
killing Salmonella and E. coli O157:H7 on alfalfa
seeds. The result of this research also suggested that
the application of EO combined with US could
pathogenically control fresh turmeric.

Table 1 Effect of electrolyzed water on pH, and ORP
(mV)

Treatments Parameters
pH ORP (mV)
No washed (NW) . -
Distilled water (DW) 6.68 200
EO 100 mg/L 2.64 224
EO 200 mg/L 2.51 238
EO 300 mg/L 2.50 246
EO 400 mg/L 2.39 250
251 %E. coli
c 2 1 @ATotal count
5 C
53, 15 4 BYeast & Mold
S
S 1
=}
g
205 -
0

NW DW EO 100 EO 200 EO 300 EO 400

Treatments
Fig. 2 Effect of electrolyzed water on microbial
growth inhibition after incubation at 37 °C
for 24 h. *Error bar represented standard
deviations. Values with the same letter on
the same color bars represented no
significant differences (*P>0.05)
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Fig. 3  Effect of electrolyzed water (A) control (no washed: NW) (B) distilled water: DW (C) EO 100 ppm (D)
EO 200 ppm (E) EO 300 ppm (F) EO 400 ppm on growth inhibition of E. coli after incubation at 37 °C

for 24 hr.
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Fig. 4  Effect of ultrasonic wave on microbial growth inhibition after incubation at 37 °C for 24 h. *Error bar
represented standard deviations. Values with the same letter on the same color bars represented no
significant differences (*P>0.05)
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Fig. 5 Effect of electrolyzed water and ultrasonic wave on microbial growth inhibition after incubation at 37 °C
for 24 h. *Error bar represented standard deviations. Values with the same letter on the same color bars
represented no significant differences (*P>0.05)
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4. CONCLUSION

EO significantly inhibited the cell growth and the
application of EO combined with US (EO 200 mg/L
with US at 43 kHz) gave the best inhibition of
microbial cells (E. coli, total plate count, and yeast
and mold). Therefore, EO and US could enhance
pathogenic control of fresh turmeric and applied in
the agriculture and food industry.
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