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Abstract  
Aims: Decontamination procedures are different in each country, as the other applications of disinfection, and standards. The aim of this study was to evaluate the effects of household decontaminations and storage time on the antioxidant activity and microbial load of salad vegetables. 
Instrument & Methods: This analytic-descriptive study was conducted on 4 types of salad vegetables; cucumber, tomato, lettuce, and sweet basil. After washing, samples with storage time of 0 day were analyzed immediately. Other samples were held in 4°C for 3 and 5 days. Five different washing and decontamination methods were compared; water washing, detergent washing, benzalkonium chloride, sequential washing and Kanz disinfecting method. The Ferric Reducing Ability of Plasma assay was used to measure the antioxidant activity. Aerobic mesophyll bacteria and total coliforms were chosen as microbial load index. ANOVA and Tukey post-hoc tests were used to analyze the data. 
Findings: By increasing the storage time, the antioxidant activity of all types of vegetables reduced. There was a significant decrease in antioxidant activity in all types of vegetables using sequential washing method with water, detergent, and benzalkonium chloride and Kanz disinfection method. All washing methods were effective in decontamination for either mesophyll bacteria or total coliforms, except for total coliforms in lettuce. There was no significant difference in microbial load among first 4 methods of washing (p>0.05), but a significant difference was observed in Kanz disinfection method (p<0.05). 
Conclusion: Kanz disinfection is the most effective decontamination method to eliminate microorganisms index, which also reduce the antioxidant activity.  
Keywords  Vegetables [https://www.ncbi.nlm.nih.gov/mesh/68014675];  Antioxidants [https://www.ncbi.nlm.nih.gov/mesh/68000975];  Decontamination [https://www.ncbi.nlm.nih.gov/mesh/68003666];  Colony Count, Microbial [https://www.ncbi.nlm.nih.gov/mesh/68015169];  Detergents [https://www.ncbi.nlm.nih.gov/mesh/68003902] 
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Introduction Fruits and vegetables are valuable resources to provide nutritious materials, e.g. antioxidants, vitamins, minerals, etc., for human body. Moreover, mentioned resources could be potential factors to transfer microorganisms, and emerge of different diseases due to ignoring hygiene regularities and using inappropriate and unhealthy washing procedure [1-4]. Both nutritious and microorganisms are under performed processes on vegetables and fruits. These processes are including irrigation, harvest, transportation, storage, decontamination, drying, etc. [5, 6].  One of the most important mentioned processes is decontamination, which is conducted as a process to eliminate pathogen’s microbial load, delay spoil in fruits and vegetables, and reduce the risk of related diseases [7]. New procedures of decontamination have been considered since usual methods such as decontaminating with chloride and its derivatives were proven to produce adverse by-product compounds [8]. Although, chemical replacements and physical methods were used to reduce pathogen microorganisms in recent reports, the rate of reduction was not favorable (1 to 2 log10 CFU/gr); also, the applications were in the laboratory scale in many of them [1, 9]. New methods are used to decontaminate nutrition materials, fruits, and vegetables in developed countries, but traditional methods such as decontaminating with chloride derivatives or detergents and then washing with drinking water are still used to decontaminate fruits and vegetables in developing countries [10]. These decontamination procedures are carried out mostly according to recommended regularities and standards, and available disinfectants [11].  It seems that household decontaminations are less considered in terms of the effect on nutritious materials, antioxidant content, and microbial load of fruits and vegetables in various surveys. On the other hand, salad vegetables have been studied more in comparison to other vegetables. These materials have been assessed as separate and as group in the studies [12, 13]. Qiang et al. have indicated that the use of all procedures (e.g., chloride, hydrogen peroxide, and ozone) led to significant reduction in antioxidant content; 

also, using of chloride disinfectant is the most effective procedure for reducing microbial load [4]. Serea et al. have reported that the storage of vegetables in the freezing conditions is a reducer factor of antioxidant activity in lettuce [14]. Few comprehensive studies have been conducted in terms of household decontamination's effect on antioxidant content and microbial load. Therefore, the aim of this study was to evaluate the effects of household decontaminations and storage time on the antioxidant activity and microbial load of salad vegetables.   
Instrument & Methods This analytic-descriptive study was conducted on 4 types of salad vegetables; cucumber 
(Cucumis sativus), tomato (Solanum 
lycopersicum), lettuce (Lactuca sativa), and sweet basil (Ocimum basilicum). All the samples were purchased from the stores of Tehran, Iran, and were transferred to the laboratory in less than 1 hour. After the washing stage in sampling day, samples with storage time of 0 day were analyzed immediately. Other samples were held in 4°C for 3 and 5 days, and then were analyzed. However, as some studies have reported that microbial load should be assessed immediately after decontamination [3, 7, 8], the effect of time was not surveyed on microbial load.  Five different washing and decontamination methods were compared:  Method 1: Water washing (irrigating for 10min);  Method 2: Detergent washing (2ml of dish soap in 6l of water for 10min of irrigating);  Method 3: Benzalkonium chloride (with concentration of 92ppm and irrigating for 15min);  Method 4: Sequential washing (with water and dish washing liquid, and disinfection by benzalkonium chloride with concentration of 92ppm and irrigating for 15min);  Method 5: Kanz disinfecting (benzalkonium chloride and Cocamidopropyl betaine, with concentration of 110ppm and irrigating for 20min).  One group of vegetables was considered as control (contaminated). Vegetables in this group were analyzed without any washing method. The method and concentration used 
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for decontamination were labeled on the purchased can according to recommended method.  To measure the antioxidant activity, first 20g of each vegetable sample was extracted by 60ml of 99% ethanol (Merck; Germany) and were exposed to laboratory temperature in dark condition. Then, the solution was centrifuged for 15min at 10°C. The obtained solution had antioxidant combinations, which were removed and filtered by Whatman leach paper (No. 1440-125) to obtain light extract.  The FRAP assay (Ferric Reducing Ability of Plasma), which was primarily described by Benzie & Strain [15] and then developed by Guo 
et al. [16] was used to measure the antioxidant activity. 0.1ml of extracted solution was diluted with 0.3ml of double-distilled water. Then, 3ml of FRAP indicator was added to the subsequent solution. After 8min of storage, the solution was used to measure the antioxidant content. This process was performed using spectrophotometry (Perkin Elmer; United States) in 593nm. The solution of spectrophotometer reference was used to measure the antioxidant activity of Trolox as control (Fluka, 98%; UK).  To measure the microbial load, after washing vegetables, 25g of each vegetable was put into plastic bags to eliminate contaminations. To maintain pH in relative neutral condition, 225ml of phosphate buffer was added to each plastic bag and fairly shaken for 1min. This process was repeated for every procedure of washing the vegetables. Afterwards, 10mg of each vegetable sample was removed and put in a blender. The obtained solution was diluted to 100ml using distilled water.  Aerobic mesophyll bacteria and total coliforms were chosen as microbial load index. Deep plating of samples on plate count agar (Merck; Germany) was used to evaluate the aerobic mesophyll population. In this method, 1ml of each sample was cultivated and incubated for 48h at 37°C and emerged colonies were counted. The determination of total coliforms was done by a two-step diagnostic and confirmatory method [17, 18].  After entering data to SPSS 21 software, the ANOVA was used to determine the antioxidant activity. Tukey post-hoc test was used to assess the difference between the trial and control groups.   

Findings Sweet basil and lettuce had higher antioxidant activity than tomato and cucumber. By increasing the storage time, the antioxidant activity of all types of vegetables reduced. In addition, there was no significant change in antioxidant activity amongst washing methods by water, detergent, and decontamination with benzalkonium chloride. Conversely, there was a significant decrease in antioxidant activity in all types of vegetables using sequential washing method with water, detergent, and benzalkonium chloride and Kanz disinfection method. The highest decrease was observed in Kanz disinfection method comparing to other decontamination methods and the control (p<0.05; Figure 1).  
Figure 1) Rate of antioxidant power in vegetables as mmol/l Trolox equivalents per kilogram of fresh weight of antioxidant capacity based on washing method, decontamination procedure used and storage time 

Methods Day Zero Day 3 Day 5
Sweet basil  Control 54.08±0.89 43.28±1.05 32.75±1.10Water washing 54.87±0.95 43.53±1.27 32.85±1.01Detergent washing 54.34±0.62 42.88±1.52 32.09±2.10Decontaminant 54.12±0.73 42.81±0.98 32.26±0.61Sequential washing 44.25±0.59 35.54±0.78 25.15±0.75Kanz disinfecting 39.18±1.00 30.75±1.34 20.29±0.76
Lettuce  Control 46.49±0.99 40.26±0.62 31.59±0.91Water washing 46.24±0.90 40.98±1.21 31.91±1.07Detergent washing 46.39±0.93 40.89±1.07 31.98±1.92Decontaminant 46.02±1.33 40.71±0.96 31.99±1.57Sequential washing 38.60±0.80 32.08±0.88 21.77±1.13Kanz disinfecting 35.79±0.97 28.53±0.64 18.33±1.24
Tomato  Control 27.87±1.15 24.48±0.49 19.21±0.67Water washing 27.73±1.38 24.76±1.01 19.20±1.09Detergent washing 27.43±1.31 24.09±0.77 19.28±0.74Decontaminant 27.98±1.24 24.55±0.57 19.34±0.59Sequential washing 25.61±0.85 22.13±0.78 16.70±0.79Kanz disinfecting 24.33±0.71 19.33±0.89 13.34±0.76
Cucumber  Control 20.55±0.71 19.66±0.76 16.44±0.57Water washing 20.38±0.84 19.78±0.52 16.31±0.61Detergent washing 20.81±1.26 19.25±0.75 16.37±0.53Decontaminant 20.53±0.68 19.38±0.51 16.16±0.51Sequential washing 19.12±0.31 17.58±0.65 13.44±0.68Kanz disinfecting 17.89±0.25 14.95±0.83 10.91±0.62
 Lettuce and sweet basil had more microbial load than cucumber and tomato in both aerobic mesophyll bacteria and total coliforms. All washing methods were effective in decontamination for either mesophyll bacteria or total coliforms, except for total coliforms in lettuce. The rate of microbial load 
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was decreased by developing washing methods (i.e., from washing with water to decontaminating by Kanz disinfecting method). In addition, the pattern increased in different washings by water, detergent, disinfecting with benzalkonium chloride and sequential decontaminating with water, detergent, and benzalkonium chloride. This increase was more significant in Kanz disinfecting method. There was no significant difference in microbial load among first 4 methods of washing (p>0.05), but a significant difference was observed in Kanz disinfection method (p<0.05; Figure 2).   
Figure 2) Microbial load including population of total aerobic mesophyll and total coliforms microorganisms in vegetables based on washing methods (log10 CFU/gr) 

Methods 
Mesophyll 

bacteria 
Total 

coliforms 
Cucumber  Control 3.70±0.45 3.72±0.71Water washing 1.72±0.01 2.61±0.69Detergent washing 1.51±0.19 2.51±0.54Decontaminant 1.43±0.11 2.48±0.86Sequential washing 1.38±0.25 2.31±0.63Kanz disinfecting 0.11±0.00 0.65±0.01
Tomato  Control 3.81±0.66 3.99±0.59Water washing 1.86±0.16 2.76±0.73Detergent washing 1.52±0.09 2.70±0.66Decontaminant 1.50±0.02 2.52±0.71Sequential washing 1.45±0.03 2.11±0.34Kanz disinfecting 0.12±0.01 1.12±0.03
Lettuce  Control 5.81±0.51 4.63±0.68Water washing 3.88±0.57 3.45±0.49Detergent washing 3.61±0.87 3.58±0.43Decontaminant 3.53±0.76 3.31±0.44Sequential washing 3.46±0.71 3.63±0.53Kanz disinfecting 1.59±0.07 1.65±0.15
Sweet basil  Control 6.88±0.54 5.85±0.81Water washing 4.89±0.39 4.58±0.62Detergent washing 4.63±0.69 4.41±0.74Decontaminant 4.52±0.48 4.22±0.68Sequential washing 4.48±0.52 3.98±0.48Kanz disinfecting 2.64±0.56 2.79±0.31 
Discussion The aim of the present study was to evaluate the effects of washing and decontamination methods on antioxidant activity and microbial load of the salad vegetables. The method used to measure antioxidant activity was the Ferric Reducing Ability of Plasma (FRAP) Assay. In terms of microbial load, after washing and decontamination, the populations of mesophyll bacteria and total coliforms were evaluated as remained microbial load index.  

Current findings showed an indirect correlation between storage time in fridge with antioxidant activity. Similar results were reported in some previous studies [19, 20]. This is probably resulted from passing the time and the effects of conducted processes. Some studies reported that each growing, process, and ageing of the vegetables might have significant effects on bioactive properties of the vegetables and fruits; also, passing time can have a significant effect on vegetables and fruits [5, 21]. Paradoxically, Kevers et al. have reported that FRAP antioxidant activity in vegetables and fruits is steady by passing the storage time. However, the evaluation of antioxidant was performed without disinfectant during the time [22]. Moreover, antioxidant capacity (total phenolic and antioxidant activity) was stable using different disinfectants in a similar study [23]. It should be noted that the applied methods and fruits for evaluation of antioxidant were different in the aforementioned studies. In terms of storage time's effect, there was a significant association between 5-day storage time and antioxidant decrease. Correspondingly, Ahmed et al. have reported similar results, as the lowest decrease in antioxidant activity was occurred in the first 3 days for tomato [24].  By comparing trial and control groups (without any washing) in first 3 methods (washing with water, decontaminating with detergent and benzalkonium chloride), no significant association was found between decontamination and antioxidant activity decrease. Conversely, in two other methods (washing with water and decontamination with detergent and benzalkonium chloride and Kanz disinfection method), there was a significant association between decontamination and antioxidant activity decrease. In latter two methods, this is probably due to the increase of irrigation and contacting with disinfectant materials for antioxidant activity, as one of the effective factors in antioxidant activity change was described as type and time of disinfectant and contacting with it [25]. In consistence, no significant effect was observed in a study on separate decontamination procedures with water and chloride (by a short contact time) in comparison with the control group [26].  The highest and lowest antioxidant activity belonged to sweet basil and cucumber, 
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respectively. There was no report to compare antioxidant activity of sweet basil and cucumber with, to our knowledge, but in some reports cucumber was introduced as vegetable with least antioxidant power [27]. Some studies reported various antioxidant powers for tomato and lettuce, but their antioxidant level is totally more than cucumber [22]. Antioxidant activity and antioxidant level would be different by changing some parameters relating to the growth and storage of fruits and vegetables, e.g. graying, climate condition, season of production, soil condition, and experiment related conditions (extract method) [22, 28, 30].  Kanz was the most effective decontamination method. The decrease in microbial load was observed to be 2 to 2.5 log10 CFU/g for mesophyll bacteria, with low differences among the first 4 methods. Benzalkonium chloride with the concentration of 0.1mg/ml was used in the study of Velázquez et al. and decreased the microbial load in tomato to 4.2 log10 CFU/g. This additional performance comparing to the present study is probably due to its higher concentration [31]. Furthermore, Tubajika has reported that this disinfectant in concentrations lower than 100ppm could not significantly decrease the growth of Physalospora fungus, but higher concentrations could control the growth of this fungus [32]. Considerable change was observed in decreasing mesophyll bacteria population by means of Kanz disinfecting method. The decrease level was 3.6, 3.7, 4.3, and 4.2 log10 CFU/g for cucumber, tomato, lettuce, and sweet basil, respectively. For total coliforms, the decrease level was ranged from 1.1 to 1.8 in first 4 methods, but in Kanz disinfecting method this value was 3.1, 2.7, 3, and 3 log10 CFU/g for cucumber, tomato, lettuce, and sweet basil, respectively.  For the first 4 methods, it could be noted that benzalkonium chloride and detergent had insignificant effect than potable water, but for sudden decrease in method 5, it could be noted that Cocamidopropyl betaine was probably a synergistic factor for benzalkonium chloride. Similarly, Cho et al. have reported that chlorine dioxide with chloride can promote the power of chloride to inactive microorganisms [33]. In terms of microbial load for different types of vegetables, the microbial load of lettuce and 

sweet basil was more than cucumber and tomato in both mesophyll bacteria and total coliforms. This is probably due to the rough shape and uneven surface of lettuce and sweet basil comparing to cucumber and tomato. In accordance with our results, Velázquez et al. have reported more microbial load for aerobic mesophyll bacteria in lettuce than tomato and a direct association between microbial load and elimination of that with biofilms and uneven surfaces of leafy vegetables [34]. However, based on the type of vegetable, temperature of washing water, irrigation time, and pH, microbial load decrease can change.  The limitation of the present study was the lack of developing a time-concentration model for optimal decontamination using national standards in Iran; nevertheless, surveying of important chemical and microbial factors in decontamination process of high-consumed vegetables could be a power point of this study. The present study suggests the evaluation of consolidated decontamination methods (e.g., physical-chemical) in antioxidant capacity, also designing optimal time-concentration models for chloride and non-chloride disinfectants. 
 

Conclusion Kanz disinfection is the most effective decontamination method to eliminate microorganisms index, which also reduce the antioxidant activity.   
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