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dan I 0.5% mas1ng dalam peratusan pengurangan. Hasil kajian mencadangkan air 

elektrolisis diguna pada hari yang sama penghasilan untuk mendapat kesan efektif. 
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CHAPTER 1 

INTRODUCTION 

In this chapter, it gives an introduction on the importance of cleaning in food 

industry, problem faced in food industry involve in cleaning of food contact surfaces 

and the implementation of electrolyzed water as a green method cleaning in food 

industry. Electrolyzed water is known as sustainability and green cleaning where it 

properties is safer and less corrosive than chemical cleaning. Daily cleaning is needed 

in the food industry as cleanliness of equipment involve in food contact surfaces is 

important in order to produce safe food product for consumers. Negligence of 

cleanliness of equipment can lead to cross contamination, microbial growth and shorter 

lifecycles for machinery and tools. 

1.1 Cleaning and sanitation in food industry 

Cleaning and sanitation is very crucial in food industry where it is a measure 

to ensure food safety at all stages. Cleaning in term of definition is removal of any dirt 

while sanitation is reducing the number of microbes on the surfaces contact with foods 

at an acceptable level. Purpose of cleaning in food industry involve in a very wide 
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Enterobacteraerogenes and S. aureus on surface of glass, stainless, steel, glazed 

ceramic tile, unglazed ceramic tile and vitreous china surfaces is reduced by 

electrolyzed oxidizing water with pH of2.53, ORP of 1178mV and chlorine of 53mg/I 

(Huang et al., 2008). 

Value of pH from 2.6 to 7.0 and amount of free chlorine exert 2mg/l is shown 

to be effective in eliminating the organisms (Rahman et al., 2016). For electrode 

material, the non-active electrode surface acts only as an electron sink and has no 

interaction with OH-. However, in an active electrode the OH- favourably interacts 

with the electrode surface, resulting in the transformation into a higher oxide surface 

and electrode materials affected the efficiency of chlorine generation (Jeong, Kim, & 

Yoon, 2009). 

2.3.3 Effect ofNaCl concentration 

According to Venkitanarayanan, Ezeike, & Doyle ( 1999), electrolyzed water 

at 3 5 or 45 °C, E.coli O 15 7:H7, S. enteritidis, and L. monocytogenes were more rapidly 

inactivated than at 4 or 23°C. For 2 minutes of exposure to electrolyzed oxidizing 

water, the populations ofE. coli O157:H7 and L. monocytogenes in the treated samples 

is decreasing rapidly. Electrolyzed oxidizing water at 45°C for I minutes of exposures 

can killed completely E. coli O157:H7 by a reduction of approximately 8.0 log 

CPU/ml while for S. enteritidis and L. monocytogenes reduced by approximately 7.0 

log CPU/ml. 

The chlorine concentration values is positively influenced by the concentration 

of electrolyte but not on the types of electrolyte (Rahman et al., 2016). High 

effectiveness of sanitizer properties of EW is at increased electrolyte concentration 
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(Forghani et al., 2015). This may cause by high concentration of electrolyte increase 

the conductivity and result in increasing chlorine production. 

2.3.4 Types of electrodes 

The selection of electrode material is also important in generating chlorine 

concentration where the order of electrode materials arranged in terms of the 

production of active chlorine was found to be as follows: Ti/IrO2> Ti/RuO2> Ti/Pt­

IrO2> BDD > Pt (Rahman et al., 2016).While according to Hsu et al., (2015), pairing 

of titanium as anode and cathodes give a minimum production chlorine in the 

electrolysis process. This is probably because titanium have low electrical 

conductivity. But the production of chlorine increase when the anode chamber is 

replaced with platinum-plated titanium. 

2.4 On target Cleanliness 

2.4.1 Physically 

Physically clean is defined as the surface appears clean, but chemical residues, 

often deliberately left to achieve a particular desired effect, may have been allowed to 

remain. Disinfection of the surface has not been considered. The probability of 

corrosion using electrolyzed water for sanitizing on the surface of equipment is very 

low (Rahman et al., 2010). Electrolyzed water has shown its efficacy in removing dirt 

and grease on food contact surfaces which are cutting board, kitchen utensils and other 

equipment that in contact with food throughout the process (Hricova et al., 2008; 

Izumi, 1999; Park et al., 2002; Rahman et al., 2010, 2016). 
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For the total chlorine test, a 5 ml sample is taken into closed test tube and added 

with 1 spoon of Ch-1 in powder form. Then the sample is shake to 20 seconds for the 

mixture to blend completely. After that, 3 drop of Ch-2 is added to the solution and 

shake again for 20 seconds. After that the solution is let rest for 3 minutes and placed 

into the chlorine meter to take and record the reading for each experiments. It is 

measured using Photometer from Macherey-Nagel, Germany. 

3.3.4 Determination of Dissolved Oxygen (DO). 

Figure 3.7: HI 9147 Dissolved Oxygen Meter 

Dissolved Oxygen is the amount of gaseous oxygen (02) dissolved in the water 

and oxygen dissolves easier in cooler water than warmer water. The concentration of 

dissolved oxygen in water is expressed in parts per million (ppm). Dissolved oxygen 

levels is important for measurement of water quality. In electrolysis process, the 

process creates the oxygen molecules from the water molecule itself. There is no 

limitation and higher value of dissolved oxygen can be achieved. For this study, the 

value of dissolved oxygen is taken before the electrolysis process. After the 

electrolyzed water is produced, the sample at both alkali and acid solution is taken and 
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is compared with the empirical data. This chapter also discuss and compared the 

validatiqn of optimization of electrolyzed water with experimental results. 

4.1 Effects ofNaCl concentration and voltage on the physico-chemical properties. 

Increasing NaCl concentration increased the production of chlorine 1n 

electrolyzed water (Hsu, 2005). The NaCl concentration used in this work are 0.1 % 

(4g), 0.5 % (20g) and 1.0% (40g) that is diluted with distilled water. Three types of 

electrodes (stainless steel, silver, Titanium 920) are used for the electrolysis process 

gives different effect on pH, Oxidation-Reduction Potential (ORP), free chlorine and 

total chlorine. During two chamber electrolysis process, AcEW can be collected at 

anode and AIEW can be collected at cathode. While, one chamber electrolysis process 

will produce only NEW. In this work, Titanium 999 is fixed as cathode. Table 4.1 and 

Table 4.2 shows results for 2 chamber electrolysis, Stainless Steel as anode electrode, 

20 minutes electrolyzing time. For AcEW (Table 4.2), as the concentration of NaCl 

increased, the pH and ORP reduced. While the :free and total chlorine increased. 

Increasing the concentration from 0.1 % to 0.5% has no significant effect. A good 

AcEW with high antimicrobial activity has low pH, high chlorine content and high 

ORP. Contrary to the expected result, the ORP decreased as we increased the N aCI 

concentration. For AcEW, the pH, free chlorine and total chlorine increased when the 

concentration is at 0.5% (20g) and at high voltage (24V). However for AcEW, ORP is 

decreasing probably because NaCl concentration does give any significant effects to 

ORP. A good AIEW which has a cleaner characteristics has high pH, low ORP value 

(negative values). Usually AlEW does not hava nay chlorine content. For AIEW, 

Table 4.2 shows the pH, increased when the NaCl concentration is increased to 

0.5wt%. Then reduced when increased to l .0wt%. While ORP gradually decreased 

when the NaCl concentration increased. In this work, AIEW contains chlorine. 
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