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Abstract 13 

EW has been proposed as a sanitization method for home use to reduce chemical and biological 14 

hazards in fresh products. Most studies have evaluated exposure times of 1 to 10 minutes which 15 

may be too long for processing fresh produce. The aim of this work was to evaluate if short 16 

exposure times (15, 30 or 45 s) to electrolyzed water (EW – 50 ppm of free chlorine) were 17 

enough to significantly reduce Salmonella spp counts and Imidacloprid concentrations in lettuce. 18 

Results showed that EW treatment of 45 s achieved a reduction of 4 log CFU/g in the Salmonella 19 

spp counts and a reduction of 48,57% in Imidacloprid concentrations. As to quality parameters, 20 

neither texture profile nor flavor were affected by the treatment. The fact that only 45 s were 21 

enough to effectively reduced Salmonella spp and Imidacloprid makes the EW treatment an ideal 22 

sanitization method for lettuce in both the industry and the household.  23 
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1. Introduction 25 

Lettuce (Lactuca sativa) is one of the most popular leafy vegetables in the world. The 26 

high consumption levels are associated with the fact that it is low in calories and fat, a good 27 

source of vitamins, protein, dietary fiber and minerals (including iron, calcium, and nitrates), and 28 

it is rich in phytochemicals (Kim, Moon, Tou, Mou, & Waterland, 2016). However, the 29 

consumption of raw lettuce can pose a risk to consumers in terms of food safety, since it can 30 

transport chemical and/or biological contaminants (Pang & Hung, 2016). 31 

The most important chemical contaminants are pesticide residues (Carozza, Li, Wang, 32 

Horel, & Cooper, 2009). The effects of pesticides on human health range from minor disorders 33 

such as nausea, allergies and headaches, to chronic disorders such as neurological ailments, 34 

cancer and reproductive malfunction (Farina, Abdullah, Bibi, & Khalik, 2017; Li, Tai, Liu, Gai, 35 

& Ding, 2014; Qi, Huang, & Hung, 2018). Imidacloprid is a neonicotinoid insecticide that has 36 

been widely used to control pests, particularly in vegetables (Lu, Chang, Palmer, Zhao, & Zhang, 37 

2018). Even though it is considered to be only mildly toxic to humans, numerous reports indicate 38 

it has adverse effects in mammals such as teratogenic, mutagenic, neurotoxic and immunotoxic 39 

ones (Mikolić & Karačonji, 2018). 40 

Regarding biological contaminants, one of the most important pathogens responsible for 41 

foodborne diseases is Salmonella spp (Olaimat & Holley, 2012). This pathogen has been isolated 42 

from lettuce and salads prepared with fresh vegetable products and it has been reported as the 43 

main cause of outbreaks of foodborne diseases (Jeddi et al., 2014; Mattia & Manikonda, 2018; 44 

Sagoo, Little, Ward, Gillespie, & Mitchell, 2003). Salmonella spp usually causes self-limited 45 
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enterocolitis with diarrhea. Bloodstream infection (which is a severe manifestation of the 46 

disease), occurs in approximately 6% of patients with diarrheal enterocolitis (Vugia et al., 2004).  47 

Home processing can reduce pesticide residues and biological contaminants in lettuce by 48 

washing. In this regard, several sanitization methods have been proven to be effective to 49 

eliminate both, pathogenic microorganisms and pesticide residues (Warriner & Namvar, 2013; 50 

Wu, An, Li, Wu, & Pan, 2019). Electrolyzed water (EW) is a promising alternative for food 51 

decontamination due to its cost efficiency, easy of application, effective decontamination and has 52 

no detrimental effects neither on public health nor on the environment (Rahman, Ding, & Oh, 53 

2010). It can be produced with tap water with no added chemicals, other than sodium chloride. 54 

EW is generated by the electrolysis of water containing an electrolyte, such as sodium chloride. 55 

After onset of electrolysis, negatively charged ions (OH- and Cl-) move towards the anode where 56 

electrons are released and hypochlorous acid (HOCl), hypochlorite ion (−OCl), hydrochloric acid 57 

(HCl), oxygen gas (O2), and chlorine gas (Cl2) are generated (Hricova, Stephan, & Zweifel, 58 

2008). At a near-neutral pH (pH 6.3–6.5), the predominant chemical species is the highly 59 

biocidal hypochlorous acid species (HOCl) with the oxidation reduction potential (ORP) of the 60 

solution ranging from 800 to 900 mV. The germicidal activity is believed to be due to the 61 

inhibition of enzyme activity essential for microbial growth, damage to the membrane and DNA, 62 

and disturbance of membrane transport functions (S. Rahman, Khan, & Oh, 2016). Regarding 63 

Imidacloprid, it is believed that reactive oxygen species may help in the oxidation of pesticide 64 

residues leading to their reduction (Bhilwadikar, Pounraj, Manivannan, Rastogi, & Negi, 2019). 65 

Most studies have evaluated exposure times of 1 to 10 minutes which may be too long for 66 

processing fresh produce, especially for household washing techniques (Bhilwadikar et al., 2019; 67 

Izumi, 1999; Koseki, Yoshida, Kamitani, & Itoh, 2003; Park, Alexander, Taylor, Costa, & Kang, 68 



4 
 

2008; Venkitanarayanan, Ezeike, Hung, & Doyle, 1999). The aim of this work was to assess the 69 

efficacy of short exposure times to EW in reducing Salmonella counts and Imidacloprid 70 

concentrations in artificially inoculated iceberg lettuce. Likewise, the effects on lettuce quality 71 

parameters and sensory attributes were evaluated.  72 

 73 

2. Materials and methods 74 

2.1. Lettuce samples  75 

Head iceberg lettuce was purchased at a local supermarket and transported refrigerated 76 

(4°C) to the microbiology lab at the INTA Food Technology Institute. Lettuce leaves were cut 77 

aseptically into pieces of 10 g and kept at 4°C until the assays were performed. 78 

2.2. EW treatment 79 

The EW (Envirolife, Argentina) was prepared following manufacturer’s 80 

recommendations. Treatments were performed by immersing 10 g of sample in 100 ml of 81 

working solution of EW with a concentration of 50 ppm of free available chlorine. This 82 

concentration was selected based on previous studies (Guentzel, Liang Lam, Callan, Emmons, & 83 

Dunham, 2008; Izumi, 1999). Three exposure times were evaluated: 15, 30 and 45 s. Control 84 

samples were treated with tap water. After treatment, samples were individually packed in 85 

stomacher bags and kept at 4 ºC until analysis.  86 

2.3. Experiment 1: Efficacy of short exposure times to EW in reducing Salmonella counts 87 

inoculated on lettuce 88 

2.3.1. Bacterial strains and inoculum preparation  89 
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Salmonella strains used in this study were kindly provided by Dr. Pablo Chacana from 90 

the Pathobiology Institute, INTA Castelar, Argentina. The strains were originally isolated at 91 

different stages of the poultry food chain and were identified as S. Enteritidis, S. Typhimurium, 92 

S. Thompson, S. Heidelberg, and S. Schwarzengrund. The strains were kept in frozen culture at -93 

80ºC until subcultures were prepared by inoculating a test tube with 10 ml of Tryptic Soy Broth 94 

(TSB, Oxoid, UK) with a single colony growth in Xylose-Lysine-Desoxycholate agar (XLD, 95 

Oxoid, UK), and individually incubated at 37 °C overnight. Cells were harvested by 96 

centrifugation at 4000 xg for 5 minutes and the pellets were washed twice with phosphate-97 

buffered saline (PBS, pH 7.2, Oxoid), to reach a concentration of approximately 8 log CFU/ml. 98 

Equal volumes of each strain were mixed in order to obtain a pool of Salmonella strains.  99 

2.3.2. Artificial microbial contamination and treatment procedure 100 

Each sample was spot-inoculated with 100 µl of a mixed-strain suspension to obtain a 101 

final concentration of 7 log CFU/g and left to dry for 30 minutes at room temperature. Non-102 

inoculated samples were included as raw material control. The procedure was performed in a 103 

biological safety cabinet, under sterile conditions. 104 

2.3.3. Microbiological analysis 105 

Samples were transferred into sterile stomacher bags and 90 ml of 0.1% peptone water 106 

(PW, Biokar, France) were added. Immediately after, samples were stomached (easy Mix, AES, 107 

France) for 60 s and serial dilutions were prepared. Salmonella counts were performed in Tryptic 108 

Soy agar (TSA, Biokar, France). All plates (in duplicate) were incubated overnight at 37°C. 109 

2.4. Experiment 2: Efficacy of short exposure times to EW in reducing Imidacloprid 110 

concentrations added on lettuce 111 
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2.4.1.  Preparation of Imidacloprid working solution and calibration standards 112 

Imidacloprid standard was purchased from Sigma-Aldrich (St. Louis, MN). A stock 113 

solution was prepared in acetonitrile at 1 mg/ml. Standards at a concentration of 50, 100, 250, 114 

500, 1000 and 2000 ng/ml were prepared in the matrix blank extract. All standard solutions were 115 

stored at -20 ºC.  116 

2.4.2. Artificial chemical contamination and treatment procedure 117 

An aqueous solution of Imidacloprid was added to lettuce samples by spraying and left to 118 

dry for 15 minutes at room temperature. The final concentration was of 0.7 mg/kg. Samples 119 

without Imidacloprid were included as raw material control. The procedure was performed in a 120 

chemical fume hood. 121 

2.4.3. Sample extraction 122 

The QuEChERS extraction procedure described in AOAC Official Method 2007.01 was 123 

used for sample extraction and cleanup (Anastassiades, Lehotay, Štajnbaher, & Schenk, 2003). 124 

Briefly, a volume of 10 mL of extraction solvent (acetonitrile), 1 g of sodium acetate and 2 g of 125 

magnesium sulfate were added to 5 g of lettuce. The samples were homogenized with an 126 

Ultraturrax (25 basic IKALabor technick, USA) for 3 min, sonicated for 30 min and centrifuged 127 

for 5 min at 1000 xg. A volume of 4 mL of extract was transferred to glass flasks and evaporated 128 

to dryness at 45 °C under a constant current of N2. The samples were suspended in 1 mL of 129 

acetonitrile containing 3% magnesium sulfate, 3% sodium acetate and 1.5% sodium chloride and 130 

were sonicated for 10 min before being centrifuged at 3000 xg for 5 min. The resulting 131 

supernatant was analyzed for pesticides through liquid chromatography/mass spectrometry as 132 

described below.  133 
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2.4.4. Liquid chromatography 134 

Analyses were performed using a Waters Acquity ultra-performance liquid 135 

chromatography (UPLC) apparatus equipped with a single quadrupole mass detector using 136 

XBridge BEH C18 2.5 μm 2.1 × 150 mm column, 0.1% acetic acid in water: methanol at the 137 

following gradient; (95:5) -(95:5) 0–2 min, (95:5) -(80:20) 2–5 min, (80:20) -(20:80) 5–10 min, 138 

(20:80) -(0:100) 10–11 min, (0:100) -(0:100) 11–13 min, (0:100) -(95:5) 13–14 min, (95:5) 14–139 

20 min as the mobile phase. The single ion recording (SIR) model was used in quantification 140 

analysis with the mass-spectrometer ESI positive mode, retention time and abundance of the 141 

confirmation ion (Ion C) m/z: 256 relatives to that of quantification ion (Ion Q) m/z: 175 were 142 

used as identification criteria. 143 

2.5. Experiment 3: Effect of EW on lettuce quality parameters  144 

Quality parameters were assessed on non-contaminated lettuce treated with EW (50ppm) 145 

during 45s, contact time that guaranteed a significant reduction of microbial and chemical 146 

contamination. Chromatic parameters and texture profile were determined by instrumental and 147 

sensory analysis. Flavor also was evaluated by sensory analysis. All determinations were carried 148 

out after 24h of storage and compared with lettuce samples treated with tap water. 149 

2.5.1. Chromatic parameters analysis 150 

The analysis of chromatic parameters was carried out using a Minolta CR-400 151 

colorimeter (Konica Minolta Sensing, Inc. Osaka, Japan) with D–65 light source and a 2° 152 

standard observer angle. A standard white tile was used for the calibration process. Measurement 153 

of lettuce leaf was performed at 5 random locations. Results were expressed as lightness (L*), 154 

intensity of red (+a*)/green (-a*) and intensity of yellow (+b*)/ blue (-b*). The hue angle (h), 155 
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Chroma (C*) and the color difference (ΔE) were calculated using the software of the colorimeter. 156 

All measurements were performed three times.  157 

2.5.2.  Texture profile analysis 158 

The analysis of texture profile was carried out using a texture analyzer Stable Micro 159 

Systems model TA. XT plus (Stable Micro Systems, UK).  The puncture test was performed at a 160 

constant speed of 1 mm/s and using a needle probe (P/2N) with a load cell of 5kg. Three stacked 161 

samples (5 by 5 cm) were placed onto the press holder and were measured at 5 random locations 162 

on each sample, obtaining a total measurement of 15 for each replicate. The peak force, defined 163 

hardness (g) and the area under the curve, defined cut resistance (g.s), were recorded using the 164 

software of the texture analyzer. All experiments were performed three times and compared with 165 

control.  166 

2.5.3. Sensory analysis 167 

Sensory attributes (color, texture and flavor) were evaluated by difference test front 168 

control with blind control. Twenty consumers selected at random evaluated color and texture 169 

(crispness) following the scales presented in Table 1. All samples were assigned random three-170 

digit codes. The color test was carried out in a cabinet with standardized light (Verivide, CAC 171 

120, UK) with D65 illuminant and the visual angle was kept constant during all tests. Samples 172 

were collocated in transparent plastic containers, simulating the presentation of commercial 173 

salads. The texture test was carried out in individual booths with a green light filter. Each 174 

evaluator received 2 circular portions of lettuce of 5 cm in diameter per sample. To determine the 175 

similarity of flavor between the treated and control samples, a triangular similarity test was 176 

carried out with forty-two consumers selected at random. Each evaluator received 3 circular 177 

portions of lettuce of 5 cm in diameter and identified which was the different sample. 178 
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2.6. Experimental design and statistical analysis 179 

Three replicate experiments were conducted with three samples per test in each replicate. 180 

An analysis of variance (One factor-ANOVA) was carried out using the SPSS software package, 181 

version 21 (SPSS Inc., Chicago, Ill., U.S.A.). Sensory analysis data were analyzed by a variance 182 

analysis of two factors (sample and evaluator) that were performed to determine significant 183 

differences between the samples. Significant differences were analyzed by Tukey test (Rogers, 184 

2017). The result of the triangular test was analyzed by comparison with the table made based on 185 

the binomial distribution: "maximum number of correct answers necessary to conclude that two 186 

samples are similarly based on the triangular test”. 187 

 188 

3. Results  189 

3.1. Experiment 1: Efficacy of short exposure times to EW in reducing Salmonella counts 190 

inoculated on lettuce  191 

Salmonella average count in untreated samples was 7.19 log CFU/g. Salmonella average 192 

counts in samples treated with tap water after 15 s was 5.63 log CFU/g, after 30 s was 5.47 log 193 

CFU/g and after 45 s was 5.65 log CFU/g. These results were statistically different from 194 

untreated samples but equal among the different contact times. The average log reduction after 195 

treatment with tap water was 1.6 log CFU/g. Salmonella average counts in samples treated with 196 

50 ppm of EW after 15 s was 4.13 log CFU/g, after 30 s was 4.46 log CFU/g and after 45 s was 197 

3.13 log CFU/g. These results were different from untreated samples and from samples treated 198 

with tap water (P<0.05). Among different exposure times, 15 and 30 s were equal and 45 s was 199 
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different (P< 0.05). The average log reduction after EW treatment for 15 and 30 s was 2.9 logs 200 

CFU/g and after 45 s was 4.06 log CFU/g (Table 2).  201 

3.2. Experiment 2. Efficacy of short exposure times to EW in reducing Imidacloprid 202 

concentrations adde d on lettuce 203 

Imidacloprid average concentration in untreated samples was 0.70 mg/kg. Imidacloprid 204 

average concentration in samples treated with tap water was 0.50 mg/kg after 15 s, 0.46 mg/kg 205 

after 30 s and 0.51 mg/kg after 45 s of exposure. The average reduction after tap water treatment 206 

was 30%. Imidacloprid average concentration in samples treated with 50 ppm of EW was 0.53 207 

mg/kg after 15 s, 0.47 mg/kg after 30s and 0.36 mg/kg after 45 s of exposure. The average 208 

reduction after EW treatment for 15 or 30 s was 29% while after for 45 s was 48.57%. The only 209 

treatment that differed from untreated samples and the rest of the treatments analyzed was EW 210 

treatment with an exposure time of 45 s (P<0.05) (Table 3).  211 

3.3. Experiment 3. Effect of EW on lettuce quality parameters 212 

Figures 1 and 2 show the experimental data of the chromatic parameters and the texture 213 

profile. Lettuce samples treated with EW and tap water did not present significant differences 214 

(P>0.05) on these parameters. The color difference (ΔE) found was 2.46. As to the sensory 215 

attributes, the panelists perceived a slightly lighter color (p<0.05) in samples treated with EW 216 

compared to samples treated with tap water. No significant differences (P>0.05) were found 217 

neither in the texture profile nor in the flavor. 218 

 219 

4. Discussion 220 
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Based on our results, short exposure times of EW were enough to significantly reduce 221 

Salmonella counts. The average Salmonella log reduction after an EW treatment for exposure 222 

times of 15 and 30 s was of 2.90 log CFU/g and, after 45 s it was of 4.06 log CFU/g. Park, 223 

Alexander, Taylor, Costa, & Kang (2008) evaluated the ability of EW (37.5 ppm) to inactivate S. 224 

Typhimurium in lettuce after 15, 30 s, and 1, 3, and 5 min of exposure time and reported log 225 

reductions of 2.90 CFU/g after 30 s and more than 3.41 CFU/g for treatments above 1 min. The 226 

log reductions after 30 s were the same as those reported in the present study but the log 227 

reduction for treatments above 1 min were lower, the difference may be due to the concentration 228 

of free chlorine used in each study (37.5 vs 50 ppm) as well as variability in strain resistance. We 229 

used a pool of 5 native different Salmonella serovars while Park et al. (2008) used 3 reference 230 

strains of S. Typhimurium. Other authors evaluated the effectiveness of EW for longer exposure 231 

times and reported similar or even lower bacterial reductions (Abadias, Usall, Oliveira, Alegre, 232 

& Viñas, 2008; Koseki et al., 2003; Stopforth, Mai, Kottapalli, & Samadpour, 2016). Abadias et 233 

al. (2008) evaluated the bactericidal activity of EW (containing approximately 50 ppm of free 234 

chlorine) against Salmonella on lettuce and reported that exposure times of 1 and 3 min caused 235 

reductions of 1–2 log CFU/g with no significant differences between the exposure times 236 

analyzed. Stopforth et al (2016) evaluated EW (50 ppm) in leafy greens (organic baby lettuces, 237 

organic red and green chard, organic mizuna, organic arugula, organic friseé, and organic 238 

radicchio) and demonstrated that after 60 or 90 s of exposure Salmonella reductions were 2.0 to 239 

2.5 log CFU/g, with no significant difference between the two exposure times analyzed. Koseki 240 

et al. (2003) examined the influence of the inoculation method, spot inoculation site, and 241 

inoculation size on the efficacy of EW (40 ppm) against Salmonella inoculated on lettuce and 242 

reported that the inoculation method and the site of inoculation affected EW effectiveness. After 243 
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1 min of exposure time, the samples inoculated with the dip method resulted in a 1 log CFU/g 244 

reduction of Salmonella populations, samples inoculated by spot inoculation of the inner surface 245 

of the lettuce leaf reduced approximately 2.5 log CFU/g while the spot inoculation of the outer 246 

surface of the lettuce leaf resulted in approximately 4.6 log CFU/g. We used spot inoculation, 247 

Abadias et al. (2008) used dip inoculation and Stopforth et al. (2016) used spray inoculation, 248 

none made distinctions between leaf surface sites method. Based on Koseki et al. (2003) 249 

findings, the lower reduction reported by Abadias et al. (2008) could be due to the inoculation 250 

method. The lower reduction reported by Stopforth et al. (2016) could be related with the food 251 

matrix evaluated as well as the inoculation method. Regardless of the specific log reductions 252 

estimated by each one of the authors, in general it was observed that only slight differences were 253 

observed with longer treatment times.  254 

As to the effectiveness of short exposure times to EW (50 ppm) in reducing Imidacloprid 255 

concentration in lettuce, we demonstrated that 45 s were enough to reduce its concentration in 256 

48%. To the best of our knowledge, there are no other studies that had assessed the effectiveness 257 

of EW in reducing Imidacloprid in lettuce. However, there is a study that evaluated the 258 

effectiveness of EW in reducing the presence of other pesticides. Qi et al. (2018) demonstrated 259 

that after 15 min of exposure to EW (120 ppm) it was removed up to 59.2, 66.5 and 37.1% of 260 

diazinon; 43.8, 50.0 and 31.5% of cyprodinil; 85.7 73.0 and 49.4% of phosmet from spinach, 261 

snap beans and grapes, respectively. The EW treatment evaluated in the present study not only 262 

achieved similar reductions than those achieved for other pesticides but also achieved them in a 263 

shorter period of time and with a lower concentration of free available chlorine (50 ppm/45 s vs 264 

120 ppm/15 min). In another study it has been assessed the efficacy of different strategies to 265 

reduce the contamination with Imidacloprid from fresh products. Abdullah et al. (2016) 266 
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measured the residual levels of Imidacloprid in spinach after applying different washing 267 

treatments and reported that a reduction of 47-50% was observed after dipping the sample for 10 268 

min at 30±5 ∘C in the following solutions: 4% of acetic acid, 4% of citric acid and 6% of 269 

hydrogen peroxide. Based on these findings, the EW treatment that was the object of the present 270 

study, not only achieved reductions in the concentration of Imidacloprid similar to other washing 271 

solutions, but also achieved them in a shorter period of time (45 s vs 10 min). The fact that short 272 

exposure times were as effective as longer exposure times in reducing not only a biological 273 

contaminant, such as Salmonella, but also a chemical contaminant, such as Imidacloprid, in 274 

lettuce makes the EW treatment an ideal sanitization method for both the industry and the 275 

household, which are always pressed for time. Likewise, short exposure times are essential to 276 

preserve the nutritional content and general appearance of lettuce. 277 

As to quality parameters, the experimental data of the instrumental measurements of the 278 

chromatic parameters and the texture profile showed that EW treatment did not cause a negative 279 

impact on the lettuce quality. Several authors reported similar results (Izumi, 1999; Qi et al., 280 

2018; Yang, Swem, & Li, 2003). Regarding the color difference, depending on its value can be 281 

estimated as not noticeable (0 to 0.5), slightly noticeable (0.5 to 1.5), noticeable (1.5 to 3.0), well 282 

visible (3.0 to 6.0), and great (6.0 to 12.0) (González-Cebrino, Durán, Delgado-Adámez, 283 

Contador, & Ramírez, 2013; Kaushik, Kaur, Rao, & Mishra, 2014). In our work, the color 284 

difference between samples treated with EW and tap water was 2.46, so the color change could 285 

be considered noticeable. In the sensory analysis, the panelists perceived this color change as a 286 

slightly lighter color. This suggested that EW treatment for 45 s did not cause an important 287 

discoloration on lettuce. As to the texture profile and flavor, they were not significantly affected 288 
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(P>0.05) by EW treatment. Therefore, we considered that EW treatment for 45 s would not 289 

affect the acceptability of the final product.  290 

 291 

5. Conclusions 292 

Results showed that at least 45 s of exposure time to EW are required to significantly 293 

reduce both Salmonella spp counts and Imidacloprid concentrations, achieving a reduction of 4 294 

log CFU/g in the Salmonella spp counts and a reduction of 48.57% in Imidacloprid 295 

concentrations. As to quality parameters, neither texture profile nor flavor were affected by the 296 

treatment. Regarding the sensory analysis of color, although a slight difference was found 297 

between the treated and control samples, we considered that the acceptability of the product 298 

would not be affected. Therefore, the use of EW for 45 s is an effective alternative to reduce 299 

Salmonella spp and Imidacloprid, improving product safety without negatively affecting the 300 

quality of the lettuce.   301 
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Table 1. Scale used for the sensory panel in order to evaluate the sensory attributes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Attribute Scale 

Color -3 much clearer 

-2 pretty clear 

-1 slightly clearer 

0 Same color as the reference 

+1 slightly darker 

+2 pretty darker 

+3 much darker 

Crispness -3 much less crispy 

-2 rather less crispy 

-1 slightly less crispy 

0 just as crunchy as the 
reference 

+1 slightly more crispy 

+2 quite crunchy 

+3 much more crispy 



Table 2. Salmonella spp counts in Tryptic Soy agar (TSA) observed in samples treated 

with tap water and electrolyzed water (EW) for 15, 30 and 45 s.  

EW treatment 

(ppm) 

Exposure times 

 (s) 

TSA count 

 (log CFU/g) 

Logarithmic reduction 

(log CFU/g) 

0 0 7.19 (0.29) a - 

0 15 5.63 (0.46) b 1,56 

0 30 5.47 (0.40) b 1,72 

0 45 5.65 (0.60) b 1,54 

50 15 4.13 (0.60) c 3,06 

50 30 4.46 (0.47) c 2,73 

50 45 3.13 (0.61) d 4,06 
Results are expressed as mean (SD); n=9 per treatment. a, b, c Interventions with no common letter differed significantly (p < 0.05; one-

way ANOVA). 

EW concentration was 50 ppm of free available chlorine 



 
Table 3. Imidacloprid concentrations observed in samples treated with tap water and 

electrolyzed water (EW) for 15, 30 and 45 s. 

EW treatment 

(ppm) 

Exposure time 

(s) 

Imidacloprid Concentration 

(mg/kg) 

Reduction 

(%) 

0 0 0.70 (0.05) a - 

0 15 0.50 (0.10) ab 28.57 

0 30 0.46 (0.07) ab 34.29 

0 45 0.51 (0.04) b 27.14 

50 15 0.53 (0.05) b 24.28 

50 30 0.47 (0.09) ab 32.85 

50 45 0.36 (0.11) c 48.57 
Results are expressed as mean; N=9 per treatment. a, b, c Interventions with no common letter differed significantly (p < 0.05; one-way 

ANOVA). 

EW concentration was 50 ppm of free available chlorine 







HIGHLIGHTS 

1. Salmonella spp counts in lettuce were reduced after 45 s of EW treatment.  

2. Imidacloprid concentrations in lettuce were reduced after 45 s of EW treatment. 

3. Lettuce quality parameters were not affected after 45 s of EW treatment.  

4. EW treatment for 45 s significantly improved lettuce safety.   
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