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Abstract. In order to evaluate slightly acidic electrolyzed water (SAEW) and sodium hypochlorite solution,
the washing agents on shelf-life and quality were investigated during 25 days cold storage. The results
showed that the specific maximum peak force of lettuce and carrot significantly increased after treated with
SAEW, while carrot with sodium hypochlorite solution treatment was not significantly (P > 0.05) increased.
Also the shelf-life of lettuce processed with SAEW was prolonged for another 4.5 days. The results indicated
that SAEW technology had stronger decontamination ability than sodium hypochlorite with its conveniences.
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1. Introduction
Due to the disruption of surface cells and the injury of tissues, the fresh-cut vegetables are more
susceptible to microbial spoilage and pathogen contamination than raw materials [1]. Recently, minimally
processed vegetables have become more and more popular, which promote the research on quality of
fresh-cut vegetables, including nutrition, texture and microbiology. The objective of post-harvest washing
attempts to reduce microbial loading and cross-contamination. Chemical methods including compounds of
chlorine and acidic electrolyzed water are usually used for retaining nutrition and sensory, and reducing
microbial loading of the processed vegetable [2].
Acidic electrolyzed water was initially developed in Japan [3] and has been considered as an effective
antimicrobial agent over the last decades. According to the available chlorine content (ACC) and pH, acidic
electrolyzed water was divided into strong acidic electrolyzed water (pH≤2.7，ACC 20~60 mg/kg) and
slightly acidic electrolyzed water (pH 5.0~6.5，ACC 10~30 mg/kg) [4], [5]. Al-Holy and Rasco [6]
demonstrated that acidic electrolyzed water could considerably reduce common foodborne pathogens in fish,
chicken and beef products, like Escherichia coli O157:H7, Salmonella Typhimurium and Listeria
monocytogenes. The antimicrobial effects of acidic electrolyzed water mainly rely on low pH, high oxidation
reduction potential (ORP) and ACC to destroy microbial cell membrane [7].
Slightly acidic electrolyzed water (SAEW) is drawing the attention for its strong antimicrobial activity
[8]. SAEW, also named neutral electrolyzed water or low concentration electrolyzed water, has gained much
more attention because it has strong antimicrobial activity, non-corrosion of processing equipment, less side
effect to human health and environment [1], [8]. The antimicrobial effect of SAEW at low ACC and a near
neutral pH was similar to strong acidic electrolyzed water and sodium hypochlorite solution [5], [7]. Studies
have shown that the bactericidal activity of SAEW is attributed to a high concentration of hypochlorous acid
(HOCl; approximately 95%) [9]. Koide et al [10] indicated that mildly heated SAEW treatment reduced the
total aerobic bacteria by 2.2 log CFU/g compared with tap water and had insignificant differences in
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hardness, ascorbic acid and β-carotene contents of sliced carrots. This study aimed at investigating the effect
of SAEW on reducing microbial loads, quality of fresh-cut vegetables after the experiment and compared
with sodium hypochlorite solution.

2. Materials and Methods
2.1. Sample Preparation
Lettuces and carrots were purchased at Cangyuan road Farmer’s market (Shanghai, China). The samples
were selected only for similar size and color. For lettuce, core and outer of leaves were hand removed and
discarded while the leaves were cut into pieces of 20 ± 1 mm in length with a stainless steel knife. While the
carrots firstly were cut into 10 ± 1 mm wafers, then the slices were put in a mold to shape as cylinders
(diameter: 12 mm). The prepared samples were well mixed and randomly divided into four groups,
respectively.

2.2. Generation of Washing Agents
The sodium hypochlorite solutions were prepared by adding the appropriate volume of a concentrated
solution of sodium hypochlorite (NaClO, Sinopharm Chemical Reagent Co., Ltd, Shanghai, China) to tap
water and the value of pH was adjusted to nearly 5.5 using hydrochloric acid (HCl) [11]. SAEW was
generated using a flow type electrolysis apparatus (Prosperity Prosperous Sanitary Products Co., Ltd,
Shanghai, China). The flow rate of water was 3.5 L/min, the electric current was 1.0 A. The washing agents
of pH and ORP were determined using a pH and ORP meter (Five Easy Mettler-Toledo Instruments Co., Ltd,
Schwerzenbach, Switzerland). Also the ACC was measured using a chlorine test kit (detection limit of free
chlorine: 200 mg/L; HI96771; Hana Instruments, Italy).

2.3. Microbiological Analysis
To enumerate the microorganisms, 10 g of each sample combined with 90 ml normal saline (0.85 g NaCl
/100 g distilled water) in a sterile stomacher blender bags was homogenized for 120 s at 8 times/SEC by a
homogenizer (Model BM-400HP, Truelab Instruments Co., Ltd, Shanghai, China). Further, the aliquot was
used for various serial dilutions. After decimal dilutions, one mL of suitable dilutions was pour plated on
plate count agar (PCA; Huankai Company, Guangdong, China) and plates were enumerated after incubation
at 37°C for 48 h for obtaining total microbial count [8]. A group of three packaged samples with the same
treatment were considered and analyzed to achieve the results. Plate’s containing 30-300 colony-forming
units (CFU) were selected for counting, and results were expressed as the log of colony forming unit per
gram of samples (log CFU/g). If plates’ CFUs of all dilution degrees was not in the range of 30-300, the
CFUs closer to 30 or 300 was calculated. Detection limit was 1.0 log CFU/g. When no colonies were
detected, an arbitrary value of 0.5 log CFU/g was marked. All samples were analyzed in triplicate.

2.4. Texture Determination
Firmness of lettuce and carrot processed with washing agents was measured with a texture analyzer
(TA-XT Plus, Stable Micro Systems Ltd., Godalming, UK) for shear-compression testing [12]. Trigger force
was 5 g, and the strain rate of penetration was 90%. Pretest speed was set at 2 mm/s, test speed at 1 mm/s
and post-test speed at 2 mm/s. Texture measurements were performed on days 0, 5, 10, 15, 20, 25 with 8
replicates per bag. Maximum peak force was calculated for brittleness. In addition, the leaf of lettuce was
folded into two layers for test.

2.5. Statistical Analysis of Data
Three replicated trials were performed for each experiment. Statistical analysis was analyzed by SAS9.1
(SAS Institute Inc., North Carolina, USA), and the methods for determination of significant difference were
T TEST and ANOVA processing. The value of least significance difference was 0.05, and data were
expressed as mean ±standard deviation (SD).

3. Results and Discussion
3.1. Physicochemical Properties of Washing Agents
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The properties (ACC, pH and ORP) of washing agents (SAEW and sodium hypochlorite solution) used
in this study are presented in Table 1, and the effects of washing agents against fresh-cut vegetables (lettuce
and carrot) were observed in this study. The ACC values for SAEW and sodium hypochlorite were 30.0 ±
1.0 and 28.7 ±1.5, the pH values for SAEW and sodium hypochlorite were 5.65 ± 0.06 and 5.56 ± 0.04. And
there was no significant difference between SAEW and sodium hypochlorite solution for the value of ACC
and pH. However, the value of ORP showed a significant difference between SAEW and sodium
hypochlorite solution, and SAEW showed a higher ORP.
Table 1: Physicochemical properties of washing agents
Washing agents
ACC (ppm)
pH
ORP (mV)
SAEW
30.0 ±1.0a
5.65 ±0.06a
935.0 ±5.0a
sodium hypochlorite solution
28.7 ±1.5a
5.56 ±0.04a
918.3 ±7.6b
Note: Values were the means of three replicated mean ±standard deviation (SD); the different letters in the same row indicated significant differences
(P < 0.05). SAEW means slightly acidic electrolyzed water, ACC means available chlorine content.

3.2. Effects of Washing Agents on Total Microbial Populations of Lettuce and Carrot during
Chilled Storage
Changes of washing agents on total microbial populations for lettuce and carrot during chilled storage
are shown in Fig. 1. All microbial growth curves were four periods, including lag phase, generation growth
phase, stable stage and deadline phase. After treatment, the microbial load of lettuce was higher than carrot’s.
The initial contaminating bacteria count of lettuce was more than carrot, and the data was not shown. For
lettuce, microbial load of samples processed with SAEW was lower than that of sodium hypochlorite, which
can be attributed to the high ORP value of SAEW. The oxidation reduction potential (ORP) of SAEW is
relatively high, and the ORP of solutions was an indicator of its ability to oxidize or reduce [6]. The optimum
ORP value for growth of aerobic microorganisms is +200 to +800 mV, the favored range for growth of
anaerobic microorganisms is -30 to -550 mV, and the optimal range for growth of most facultative anaerobes
is +200 and -250 mV (Jay et al., 2005). The ORP of washing agents was more than 900 mV, and had
significant difference (P<0.05), which accounted for the less microbial loads after treated with SAEW
compared with sodium hypochlorite. Since the ORP played an important role in killing microorganisms. The
mechanisms of SAEW on inactivating bacteria were included inactivating an enzyme of the bacterium [13]
and improving the bacterial membrane permeability [14]. Thus, these effects could cause the rise of
conductivities and the rapid leakages of intracellular content, including DNA, K+, and protein. Sodium
hypochlorite can be used as a disinfectant, while it is difficult to adjust the pH and ACC. The great advantage
of SAEW to sodium hypochlorite is the produced SAEW with a stable pH and ACC [13].

Fig. 1: Changes of washing agents on total microbial populations for fresh-cut vegetables (lettuce and carrot) treated
with SAEW and sodium hypochlorite solution during chilled storage. LS means lettuce washed by SAEW, LH means
lettuce washed by sodium hypochlorite, CS means carrot washed by SAEW, CH means carrot washed by sodium
hypochlorite.
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The microbial growth of carrot showed a similar trend. Shelf-life is defined as the total microbial loads
of fresh-cut vegetables increased by 5 log CFU/g [15]. During 4℃ refrigerator storage, shelf-life of lettuce
processed with SAEW and sodium hypochlorite were about 13.5 and 9.0 days, respectively; While the
shelf-life of carrot were 13.0 and 12.0 days, respectively. Generally, the microbial population > 7 log CFU/g
on foods is considered to represent the initial stage of spoilage [15]. Thus, after chilled storage for 20 days,
samples treated with washing agents would start spoilage phase.

3.3. Effects of Washing Agents on Texture of Lettuce and Carrot during Chilled Storage
In this study, textures of fresh-cut lettuce and carrot after washed with SAEW and sodium hypochlorite
solution during chilled storage are shown in Fig. 2 and Fig. 3. The texture was designed to mimic the
chewing motion. For lettuce, in all samples, specific maximum peak force significantly increased after
treated with SAEW and sodium hypochlorite solution, and the maximum value exhibited in day 15. For
carrot, specific maximum peak force significantly increased after treated with SAEW, while it not
significantly increased after treated with sodium hypochlorite. The results indicated that the increase in
firmness was because of dehydration and the onset of lignifications during storage [12]. In addition, fresh-cut
vegetables (lettuce and carrot) treated with SAEW and sodium hypochlorite exhibited significant difference.
It was likely that samples processed by SAEW had stronger permeability than that of washed with sodium
hypochlorite.

Fig. 2: The texture of fresh-cut lettuce treated with SAEW and sodium hypochlorite solution during chilled storage. LS
means lettuce washed by SAEW, LH means lettuce washed by sodium hypochlorite solution; the lowcase letters a, b
means the texture had significant difference with time passing (P < 0.05); the capital letters A, B means the texture had
significant difference between washing with SAEW and sodium hypochlorite solution (P < 0.05).

Fig. 3: The texture of fresh-cut carrot treated with SAEW and sodium hypochlorite solution during chilled storage. CS
means carrot washed by SAEW, CH means carrot washed by sodium hypochlorite solution; the lowcase letters a, b
means the texture had significant difference with time passing (P < 0.05); the capital letters A, B means the texture had
significant difference between washing with SAEW and sodium hypochlorite solution (P < 0.05).
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4. Conclusion
In conclusion, the results of this research revealed that SAEW can be used as an alternative washing
agents for reducing microbial load and extending shelf-life in some degree. SAEW as a promising washing
agent, provided an environmentally effective approach on the processing of fresh-cut vegetables for its
antimicrobial activity, non-corrosion of processing equipment, less side effect to human health and
environment [1], [8], and required further research.
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