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Electrolyzed Water as a Disinfectant
for Fresh-cut Vegetables
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ABSTRACT
The effect of electrolyzed water on total microbial count was
evaluated on several fresh-cut vegetables. When fresh-cut
carrots, bell peppers, spinach, Japanese radish, and pota-
toes were treated with electrolyzed water (pH 6.8, 20 ppm
available chlorine) by dipping, rinsing, or dipping/blowing, mi-
crobes on all cuts were reduced by 0.6 to 2.6 logs CFU/g.
Rinsing or dipping/blowing were more effective than dipping.
Electrolyzed water containing 50 ppm available chlorine had

food additives in 1991 due to lack of use at that time. Thus, it appears
that use of electrolyzed water would be presently constrained legally.
Hypochlorous acid is present in electrolyzed water, which is gen-
erated from the reaction of &dnd HO in an anode site when NaCl
solution<10% is electrolyzed through a septum. This results in acid
water with pH of 2 to 3. Neutral water at pH 6.8 is generated by
electrolysis of NaCl solution without a septum, because HCI formed
at the anode site neutralizes the NaOH at the cathode site (Hirano and
Ueda, 1997). The objective of this work was to determine the effec-

tiveness of electrolyzed neutral water as a source of hypochlorous

a stronger bactericidal effect than that containing 15 or 30 € _ - !
acid to control microbial populations of fresh-cut vegetables.

ppm chlorine for fresh-cut carrots, spinach, or cucumber.
Electrolyzed water did not affect tissue pH, surface color, or
general appearance of fresh-cut vegetables.
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MATERIALS & METHODS

Plant materials
Carrot Dacus carotav. Koyo), spinachpinacia oleraced. cv.
sunbest), bell peppe€apsicum annuurh. cv. Kagayaki), Japanese
radish Raphanus sativus. cv. aokubi), potatoSolanum tuberosum
INTRODUCTION L. cv. Mayqueen), and cucumbe@ycumis sativus. cv. unknown)
FRESHCUT VEGETABLESARE HIGHLY SUSCEPTIBLETOMICROBIAL  were obtained from a farm or at the Wakayama Wholesale Market.
spoilage, because processing steps by shredders and slicers may pgood processor (Model CQM-62, Toshiba, Tokyo) was used to
principal sites of microbial contamination (Garg et al., 1990) and inngepare carrot slices (35-40 mm dia and 3 mm thick), Japanese radish
tissues are exposed to microbial contamination after cutting (Brackekreds (ca. 1 mm wide, 50 mm long, and 1 mm thick), and cucumber
1987). Bolin et al. (1977) reported that the initial microbial load @fices (25-30 mm dia and 3 mm thick). A knife was used to manually
shredded lettuce influenced the storage life of the product. Chemigiabp bell peppers (ca. 10 mm wide, 10 mm long, and 3 mm thick) and
compounds such as sodium hypochlorite (Bolin et al., 1977; Adamgligk potatoes (ca. 15 mm wide, long, and thick). Scissors were used to
al., 1989; Zhang and Farber, 1996), chlorine dioxide (Zhang aswt medium sized spinach leaves and trim the petiole, leaving a 5-mm
Farber, 1996), sodium bisulfite (Krahn, 1997), sulfur dioxide (Bolistem.
et al., 1977), organic acids (Adams et al., 1989; Zhang and Farber,
1996), calcium chloride (Izumi and Watada, 1994, 1995), and ozdkeneration of electrolyzed water
(Nagashima and Kamoi, 1997) have been shown to reduce microbiaElectrolyzed water (pH 6.8) containing 20 ppm available chlorine
populations on fresh-cut vegetables. A 50 to 125 ppm chlorine sols generated by electrolysis of 2.5% NaCl solution using an electro-
tion has been widely used in the food and dairy industry as a disinfigeed neutral water generator, Ameni Clean (Model FJ-W04F1, Mat-
tant, because the concentration at that level is not abusive to the psaghita Seiko, Osaka). Another generator, Ameni Clean (Model FJ-
uct and the residual chlorine is not at the toxic level (Smith, 1962)w25M1) was used to generate the electrolyzed water (pH 6.8) con-
Sodium hypochlorite is a common food product disinfectant afaining 15, 30, and 50 ppm available chlorine to investigate the effects
effectiveness depends on the concentration, pH, temperature, orgahimncentration of chlorine on disinfection. These generators were
matter, time of exposure, and growth stage of the pathogen (Boyetigo@hected to a water faucet and the electrolyzed water of each chlorine
al., 1993). The effectiveness increases with increasing concentrationcentration was automatically provided at a rate of 4 L/min. Con-
of available chlorine (EI-Kest and Marth, 1988; Adams et al., 198@pntration of available chlorine was confirmed by the sodium thiosul-
but high concentrations may cause product tainting (Adams et flte titration method (Asada et al., 1981).
1989) and sodium residue on the product and equipment (Ritenour
and Crisosto, 1996). Electrolyzed water treatments
When sodium hypochlorite is added to water, it generates hy- A 50-g sample of each fresh-cut vegetable except cucumber was
pochlorous acid (HOCI), which is undissociated. Hypochlorous agi@ated with tap water or electrolyzed water (20 ppm available chlo-
is the active antimicrobial component of hypochlorite solution. Adgine) at room temperature=R3°C) as follows: (a) Contret rinsed in
ing sodium hypochlorite increases pH. The acid dissociates readilyianing tap water at 2 L/min for 4 min; (b) rinsing treatnsensed
hypochlorite ions (OC) at high pH, or chlorine gas (§lat low pH, in running electrolyzed water at 2 L/min for 3 min followed by rinsing
thus the pH must be kept in the range of 6.5 to 7.5 for HOCI to iperunning tap water for 1 min; (c) dipping treatmedtpped in 500
stable (Boyette et al., 1993). Sodium hypochlorite has been appromeidelectrolyzed water for 3 min followed by rinsing in running tap
for use as a food additive by the Japanese Ministry of Health amgker for 1 min; (d) dipping/blowing treatmendipped in 500 mL
Welfare, but hypochlorous acid was deleted from the lists of Japaneig@trolyzed water while simultaneously blowing air at 25 L/min for 3
min, followed by rinsing in running tap water for 1 min, and then
S . ) ) centrifuged for 30 sec to remove surface water. This was used on all
Author Izumi is with the Faculty of Biology-Oriented Science & Technolog% tabl t tri d spi hi hich trif d
Kinki Univ., 930 Nishimitani, Uchita, Naga, Wakayama 649-6493 Japan. getables, except timmed spinach léaves, which were centrituge
for 3 min. A preliminary study indicated that a 3-min disinfectant
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treatment was sufficient to reduce the microbial count. Table 1—Total microbial count and pH of fresh-cut vegetables treated

. . i . . ith tap water or electrolyzed water containing 20 ppm available
To determine if the last rinse in running water reduced the effegs == e 4 by rinsing with running tap water

tiveness of treatment, a 50-g sample from the above lot of sampies

was rinsed with tap water or electrolyzed water (20 ppm available Log,,CFUlg H
chlorine) for 3 min and centrifuged to remove surface water. EachTggtment ¢ Surface©  Macerate' Surface  Whole
the above treatments was replicated three times. Carrot slices
Nontreatment 3.52 4.22 6.12 6.42
b b a a
Concentrations of available chlorine g%r;r% g;c g'fc g'ia g"a‘a
Effectiveness of electrolyzed water with different concentrations pipping 2.6b 3.4¢ 6.1° 6.3
of chlorine was determined. A-50g sample of carrot slices, trimmed Dipping/Blowing 2.0° 3.3 6.1° 6.3
spinach leaves, or cucumber slices was rinsed in running tap watef Oﬁ?rjgt';‘nfnﬁ leaves 4o a3 5o 610
running electrolyzed water containing 15, 30, or 50 ppm available control 300 4.0° 5.0 6.12
chlorine for 4 min. After treatment, carrot and cucumber slices wereRinsing 2.7° 3.0° 5.8 6.0°
. . . i i b b a a
centrifuged for 30 sec and spinach leaves for 3 min. B:Sg:zglmowmg 2 22 e e
Tq determine if the rinse in runn?ng water affected disinfect.aaﬁopped bell peppers ’ ' ' '
activity, a 50-g sample of each was rinsed with tap water for 4 min asNontreatment 4.4 4.9 5.6° 5.8
a control or electrolyzed water containing the highest level of availableContro! 3. 35 5.9¢ 5.9
- . L . Rinsing 2.9° 3.6° 5.82 5.9
chlorine (50 ppm) for 3 min followed by rinsing with tap water for 1 pjning 2.8° 3.3 5.92 5.9°
min. They were then centrifuged as described. The chlorine concenbipping/Blowing 2.8° 3.2 5.8 5.9°
tration of 50 ppm we used was based on results of this preliminé??;”efe r?d'ShtShVEdS i ” - o
experiment. Each treatment was replicated three times. ngt:f;la men 36 3.gp 5,75 6.00
Rinsing 3.3¢ 3.7° 5.7° 6.1%
Analytical determination Dipping 3.50¢ 3.8° 5.7° 6.1
) : N . o b b ab
Microbial counts were made from the surface of a 10-g sample qﬂgfc;pgg‘tggfs"‘””g 33 3.7 5.7 61
of 10-g homogenate of the sample and were expressed gsdtm Nontreatment 5.9 6.22 6.2° 6.2°
ny-forming units (CFU)/g sample. The surface sample was deter-Control 45 5.0° 5.9% 6.1
: ; : ; insing 4.2b 4.8 5.8° 6.12
mined as previously described (Izumi and Watada, 1994) and th‘%ipping 45 46 = g o1
homogenate test was based on the enumeration of microbes after thgpping/Biowing 3.8 4.0 6.0 6.12

homOgenate was macerated in 90 mL of sterile phyS|0|Oglcal Salmﬁeanswith different letters within each fresh-cut vegetable in the same column are

solution (0.85% NacCl-water) with a stomacher (Model 400D, Gunz@pificantly different (p<0.05). )
dControl=rinsing with tap water 4 min; Rinsing=rinsing with electrolyzed water 3 min followed
Tokyo). by rinsing with tap water 1 min; Dipping=dipping in electrolyzed water 3 min followed by

The pH of samples used for microbial analysis was determirf@glng with tap water 1 min: Dipping/Blowing=dipping and blowing air at 25 L/min in
electrolyzed water 3 min followed by rinsing with tap water 1 min.

with a compact pH meter (Model B-113, Horiba, Tokyo). Surfaceotal CFU ontissue surface.
color of samples was measured with a colorimeter (Model NR-30(8t! CFU in tissue macerate.
Nippon Denshoku, Tokyo) and was expressed as hue angle value

(tanlb/a) with trimmed spinach leaves and cucumber slices and (:h_lfol;I 2 Total microbial t of fresh-cut tables rinsed with
0. . . able 2—Total microbial count of fresh-cut vegetables rinsed wi

ma value [(a"' b2) q with carrot S“C_es' . tap water as a control or electrolyzed water containing 20 ppm avail-

Data were subjected to analysis of variance and the Duncadbfe chlorine (E.W.) for 4 min

Multiple Range Test 0.05).

Log,,CFU/g
RESULTS Vegetable Treatment Surface @ Macerate ®

Carrot Control 3.3 3.8
Electrolyzed water treatments EW. 23 i‘g
The total microbial count on the surface or in macerate of nontreaégfach Control 4.2 4.4
fresh-cut vegetables was the lowest with carrot slices and the highest E.W. 1.9 2.6
with diced potatoes, ranging from 3.510 6.2 log CFU/g (Table 1). TEeql Pepper Control 36 42
countwas 0.1 to 1.0 logs greater in the macerate than on the surface o EW. 28 38

fresh-cut vegetables. Rinsing with tap water (control) or electrolyzed _ * *
water (20 ppm available chlorine) reduced the microbial count by abérpanese radish CI‘E’Q/UO' g? 33
0.4 to 1.4 logs or 0.8 to 2.1 logs, respectively, relative to nontreated o x NS
samples. The electrolyzed water treatment reduced the microbial loaddyto Control 45 5.0
0.3 log on the surface of Japanese radish shreds, 0.7 to 1.1 logs in EW. ﬁé "t‘-g

spinach macerate, 0.4 to 0.7 logs on surface and macerate of carrot -

slices, and 0.7 to 0.8 logs on surface and macerate of diced potaffgscry) on fissue surface.

when compared with water treatment (control). The population ®&*: Nonsignificant or significant(p<0.05)between paired control and electrolyzed water

chopped bell peppers was similar between the treatment and contf8ir*™

Rinsing or dipping/blowing treatments reduced the microbial count slight-

ly more than dipping of carrots, Japanese radish, and potatoes. The

electrolyzed water did not affect the tissue pH, which ranged from 5.Tteased the reduction of microbial count on trimmed spinach leaves

6.4 among the fresh-cut vegetables (Table 1). and chopped bell pepper, and did not have any deleterious effect on
Electrolyzed water treatment by rinsing (20 ppm available chloringgrrot slices or Japanese radish shreds (Tables 1, 2).

without subsequent water washing reduced the microbial population on

the surface of all vegetables except potatoes, and in macerate of spi@atteentrations of available chlorine

leaves and bell peppers relative to water wash only (Table 2). TheThe concentration of available chlorine in electrolyzed water had

reductions in population ranged from 0.4 to 2.3 logs, with the maxgin effect on the microbial population only on the surface of spinach

mum reduction occurring on trimmed spinach leaves. When compaleaives and cucumber slices (Table 3). Total microbial count on the

with non rinsed samples water-rinsed samples after treatment slgface of trimmed spinach leaves was below the detection level (2.4
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Table 3—Total microbial count of fresh-cut vegetables rinsed with
tap water as a control or electrolyzed water containing different

Table 4 —Total microbial count of fresh-cut vegetables rinsed with
tap water for 4 min (Control), electrolyzed water containing 50 ppm

available chlorine for 4 min (E.W.), or electrolyzed water for 3 min
followed by rinsing with tap water for 1 min (E.W.+W.)

concentrations of available chlorine for 4 min

Log,,CFU/g
Log,,CFU/g
Treatment Surface¢  Macerate? Surface color © 0
- Treatment Surface ¢ Macerate ©

Carrot slices

Control 3.52 412 37.62 Carrot slices

15 ppm 3.0° 4.02 35.82 Nonrinsing 4.62 5.32

30 ppm 3.1 3.8 35.62 Control 3.7° 5.02

50 ppm 2.9° 3.82 34.92 E.W. 2.8¢ 4.0°
Trimmed spinach leaves E.W.+W. 2.6° 3.9°

Control 2.92 4.3 102.22 Trimmed spinach leaves

15 ppm <2.4° 2.5° 102.52 Nonrinsing 3.8° 4.12

30 ppm <2.4° 2.5° 104.22 Control 3.0% 3.6%

50 ppm ND 2.7° 101.62 E.W. <2.4° <2.5°
Cucumber slices E.W.+W. <2.4° 2.8°

Control 4.4 4.92 112.52 Cucumber slices

15 ppm 4.12 4.6% 112.0? Nonrinsing 3.92 3.92

30 ppm 4.02 4.82 111.62 Control 3.1° 3.52

50 ppm 3.6° 452 112.22 E.W. <2.4° 2.9°

E.W.+W. <2.4° 2.9°

abMeans with different letters within each fresh-cut vegetable in the same column are
significantly different (p<0.05).

CTotal CFU on tissue surface.

dTotal CFU in tissue macerate.

eHue angle value (tan-1b/a) with spinach and cucumber and chroma value [(a2+b2)0-5] with
carrot.

ND=Not detectable.

a-CMeans with different letters within each fresh-cut vegetable in the same column are
significantly different (p<0.05).

dTotal CFU on tissue surface.

€Total CFU in tissue macerate.

log CFU/g) when rinsed with electrolyzed water containing 15 or &ms in the solution (El-Kest and Marth, 1998) and in salad vegeta-
ppm available chlorine and not detectable when rinsed with 50 ppfes. Adams et al. (1989) recommended that 100 ppm available chlo-
available chlorine. With cucumber slices, chlorine concentration of dife should be adopted as the working concentration because higher
and 30 ppm did not have an effect on reduction of microbes as cdewels could cause product tainting and equipment corrosion. Ritenour
pared to water-rinsed control, but the concentration of 50 ppm a&d Crisosto (1996) later reported that the high concentration of sodi-
duced the count by 0.8 log. The microbial counts in the macerate ofiafl hypochlorite accumulated sodium on the product and equipment to
samples treated with electrolyzed water were similar. levels which could damage the product. The electrolyzed water used
Electrolyzed water did not affect surface color of carrot sliceis, this study had only 50 ppm available chlorine without sodium,
trimmed spinach leaves, or cucumber slices irrespective of availalvlich was only 50% of that suggested as the working chlorine con-
chlorine concentration (Table 3). Rinsing only with water reduced tbentration. Thus the potential problems with high concentration and
microbial count by 0.8 to 0.9 logs on the surface of carrot and cucwsndium residue were not of concern here. We have found that the
ber slices when compared with the unrinsed samples (Table 4). Reftectiveness of electrolyzed water containing 50 ppm chlorine corre-
ing with electrolyzed water with 50 ppm available chlorine furthesponded to that of sodium hypochlorite solution containing 100-150
reduced the microbial population when compared with controls. Wapgrm chlorine with fresh-cut carrot, spinach, cucumber and potatoes
rinse after electrolyzed water treatment did not affect the microb{dhta not shown).
population. The effect of electrolyzed water also was influenced by the type
and style of fresh-cut vegetables, which confirmed reports on hy-
DISCUSSION pochlorite solutions (Garg et al., 1990; Zhang and Farber, 1996). The
MESOPHILICAND PSYCHROTROPHIGGRAM-NEGATIVE RODSARE  effectiveness of electrolyzed water was the greatest with spinach leaves
the predominant microorganisms on fresh-cut vegetables, with thigich had the maximum surface area/unit weight of tissue among the
genusPseudomonalgeing most numerous (Garg et al., 1990; King eested fresh-cut vegetables. The surface area, anatomy and micro-
al., 1991; Babic et al., 1996). Adams et al. (1989) reported thasteucture of the tissues, which differ among vegetables as well as type
standard washing in tap water produced about 90% reduction in wiecuts, would affect the extent of contact of electrolyzed water with
sophilic aerobic bacteriseudomonas sp@nd psychrotrophien-  microorganisms. With chopped bell peppers and diced potatoes, the
terobacteriaceaef lettuce leaf. effectiveness of electrolyzed water was no greater than water rinse
In this study, mesophilic aerobic microorganisms were reducprbbably due to the low chlorine.
more by electrolyzed water treatment than by rinsing with tap water onThe microbicidal effect of electrolyzed water was greater on the
several fresh-cut vegetables. The reduction by electrolyzed water treatface of tissues than in macerate, which indicated that microbes
ment ranged from 0.6 to 2.6 logs CFU/g when compared with nanside of the tissue were more difficult to control. This may occur
treated samples, which was comparable or more effective than othezause the solution could not penetrate into the protective hydro-
chemical disinfectants including sodium hypochlorite (Adams et ghhilic pockets or folds (Adams et al., 1989) or minute cracks of the
1989; Zhang and Farber, 1996). surface (Babic et al., 1996). However, the limited control of microflo-
The degree of reduction was dependent on the method of treatmay be desirable, because Bennik et al. (1996) and Babic et al.
ment, concentration of available chlorine, and type of fresh-cut ve@£997) reported that native microorganisms influenced the inhibitory
tables. Among the 3 electrolyzed water treatments, rinsing or dippieffects of fresh-cut vegetables on growth.isteria monocytogenes
blowing seemed to be more effective than dipping. This may have
been due to greater contact of the product surface with electrolyzed CONCLUSIONS
water by rinsing or dipping/blowing. The dipping/blowing procedurBLECTROLYZEDWATER CONTAINING 15TO 50PPMAVAILABLE CHLO-
helped the sample move around in the water. rine was effective as a disinfectant for fresh-cut vegetables without
In the available chlorine concentration treatments from 15 to BAusing discoloration. The effectiveness appeared to be greater than
ppm, the electrolyzed water containing 50 ppm chlorine had the strdrat reported for other disinfectant chemicals with bench-scale exper-
gest microbicidal effect. Increasing the chlorine concentration in soiitentation. Rinsing of the product with tap water after treatment would
um hypochlorite has resulted in a decreasing number of microorghe-necessary because hypochlorous acid is not approved for use on
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- i insi i i ine. J. Food Prot. 51: 520-524.
fresh-cut products in Japan. However, rinsing with tap water did dﬂ;, N., Churey, J.J. and Splittstoesser, D.F. 1990. Effect of processing conditions on
mic

reduce the effectiveness of electrolyzed water containing 50 ppm avaial;-e roflora of fresh-cut vegetables. J. Food Prot. 53: 701-703.
i i i i i Hirano, H. and Ueda, O. 1997. Characteristic of electrolyzed neutral water and possibil-
able chlorine for reducmg microbial populatlon. ity of the practical use for food hygiene. Shokuhin Kogyo. (Jpn.). 40: 25-35.
Izumi, H. and Watada, A.E. 1994. Calcium treatments affect storage quality of shredded

REFERENCES carrots. J. Food Sci. 59: 106-109.

Adams, M.R., Hartley, A.D. and Cox L.J. 1989. Factors affecting the efficacy of washilﬁgandégﬁ gl?gegv%taggoé'géi128.%8(:95}'7%%"1}(%;6;‘?%“3 rto '\21;;;25:1;2nquakty_lpgrczjtlicgrhrrid

procedures used in the production of prepared salads. Food Microbiol. 6: 69-7 f ; . ;
Asada, S., Uchide, S. and Kobayashi, M. 1981. Analysis of available chlorine in bIea%@pgglgg’S'\é'i lgglashﬂ;ﬁgtl)'al flora and storage quality of partially processed lettuce.
ing powder. InQuantitative Analysisp.95-97. Gihodo, Tokyo. (Jpn.). : Y77 ol ; ; . 70.
Babic I, Roy, S., Watada, A.E. and Wergin, W.P. 1996. Changes in microbial populati&i%hn’ T.R.1977. Improving the keeping quality of cut head lettuce. Acta Hort. 62: 79
on fresh cut spinach. Int. J. Food Microbiology 31: 107-109. :
Babic I., Watada, A.E. and Buta J.G. 1997. Growthistieria monocytogenasstricted ated water treatment. Food Preser. Sci. 23: 127-13

g%_ngr\zlf}gg’;croorgansms and other properties of fresh-cut spinach. J. Food R nour M.A. and Crisosto C.H. 1996. Hydrocooler water sanitation in the San Joaquin
: ’ alley stone fruit industry. Central Valley Postharvest Newsletter. 5(1): 15-17.

Bennik, M.H.J., Peppelenbos, H.W., Nguyen-the, C., Carlin, F., Smid, E.J. and Gorg ith. W.L.Jr. 1962. Chemical treatments to reduce ; ;
g : v el 2 5 , W.LJr. . postharvest spoilage of fruits and
L.G.M. 1996. Microbiology of minimally processed, modified-atmosphere pac vegetables. Bot. Rev. 28: 411-445,

Nagashima, T. and Kamoi |. 1997. Sterilization and preservation of vegetables by ozo-
1

aged chicory endive. Postharvest Biol. Technol. 9: 209-221. : i -
Bolin, H.R., Stafford, A.E., King A.D.Jr. and Huxsoll C.C. 1977. Factors affecting tl@rﬁggc’)cs'tgngn':e%rr?ef;’e‘slh'\_ﬁéu{'gv?'e-trgglgge%sogf h\;l?élrgléiso?|sigfeé:ieir]t352?gsnesa
storage stability of shredded lettuce. J. Food Sci. 42: 1319-1321. recei)\//eg 6/30/98: revised 18/16/98' ‘accepted 11/7/98. ’
Boyette, M.D., Ritchie, D.F., Carballo, S.J., Blankenship, S.M. and Sanders, D.C. 148 ’ ’ P :
Chlorination and postharvest disease control. HortTechnolgy 3: 395-400.  thanks to Mr. Hirano and Dr. Kuwana, Matsushita Seiko Co., Inc. for the supply of Ameni Clean.
Brackett, R.E. 1987. Microbiological consequences of minimally processed fruits adjgh thanks to Mr. Kiba, Mr. Hikone and Mr. Hashimoto for assistance and to Dr. A.E. Watada,
vegetables. J. Food Qual. 10: 195-206. USDA-ARS for reading the manuscript.

El-Kest, S.E. and Marth, E.H. 1988. Inactivation_Lgfteria monocytogendsy chlo-

Reprinted from J. Food Sci. 64(3)
©1999 Institute of Food Technologists Volume 64, No. 2, 1999—JOURNAL OF FOOD SCIENCE 539



