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1.2 Electrolyzed water as a green cleaner in food industry 

fllUSTArAAI &.ltJRUTBWN DAN Sfl&
IJIMRSITI PUlRA MAI.USIA 

Cleanliness and hygiene in food production is a high stakes consideration. Nowadays 

everyone depends more or less on packaged foods from newborns to senior citizens. Therefore, 

food manufacturer should provide consumers with safe food products. The majority of food 

industries are using chemical cleaning agent on food contact surfaces of all equipment involved 

at all step of productions. The usual chemical used for cleaning are organic acids, chlorine 

compound and iodophores. 

Green cleaning can be defined as using cleaning methods and medium with environmentally 

friendly ingredients and procedures which are designed to preserve human health and 

environmental quality. The main concern of green cleaning is to avoid using medium which 

contain toxic chemicals which can harm to not only the user but also the environment. The 

pulJ)ose of green cleaning is also to reduce waste. For some homes, using substances such as 

baking soda, vinegars and lemons to clean home surfaces is also considered to be green cleaning. 

Some households prefer using manufactured green cleaning products, however this can only be 

considered as green cleaner if and only if they do not contain harmful chemicals such as 

phosphates, artificial fragrances, and artificial colors. 

The application of electrolyzed water has been used in various food industry and also in 

hospitals. Guentzel and others (2008) has reported the effectiveness of electrolyzed water 

treatment on spinach and lettuce while Yarahmadi and others (2012) reported that the most 

suitable alternative to chlorine for the treatment of leafy greens is AEW. The exposure time of 

fresh vegetables and fruits to AEW plays a key role in reducing the microbial count. 
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1.3 Cleaning in food industry 

Cleaning in food industry is not an easy task. However it is a critical step within food 

production since it the most important step to maintain and guarantee food safety. Understanding 

why we can clean and how detergents and disinfectants work is the key to ensure a safe and 

hygienic manufacturing environment. Most food manufacturers take cleaning very lightly. This 

will effect the environment of the workplace and also effect the quality of the product. 

Levels of cleaning that have to be considered is physically clean, chemically clean and 

microbiologically clean. Physically clean addresses the aesthetic aspect. The surface appears 

clean, but chemical residues, often deliberately left to achieve a particular desired effect, may 

have been allowed to remain and disinfection of the surface has not been considered. The 

chemically clean surface is rendered totally free from any trace of chemical residues and 

microbiologically clean addresses the degree of microbiological contamination (Tamime, 2008). 

During cleaning, cleaning solutions used include various type of detergents, sanitizers 

and disinfectants. The commonly used alkali detergents are Sodium Hydroxide, Potassium 

Hydroxide, sodium Carbonate etc and the acid detergents include Hydrochloric Acid, Nitric 

Acid, Phosphoric Acid and Citric acid. Disinfectants used in the food processing industry include 

oxidizing agents such as hypochlorite, hydrogen peroxide, ozone and per acetic acid. Denaturing 

agents like alcohol based products and non-oxidizing and surface tension diminishing agents and 

enzyme based products are also used (Troller, 1993 ). 
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1.4 Problem Statement 

Previously, the amount of chlorine and current flow generated by the electrolyzing unit is 

far less than the theoretical value. For AcEW, a high concentration of chlorine is needed as it has 

a bactericidal effect making it an efficient cleaner or disinfectant. A high ORP value is required 

as for cleaning because the higher the ORP, the more the oxidation occur thus killing the bacteria 

by stealing the electrons in their DNA, cell membrane and protein. A high pH value is also 

required as certain microbes could not sutvive in extremely low or high pH value. Therefore, it is 

essential to produce a low pH value, high ORP and a high free chlorine in electrolyzed water. 

This can be accomplish through the modification of the existing electrolyzing unit. 

Chemical pollution presents a host of dangers to both humans and wildlife. Toxic 

chemical spills can cause immediate, short-term devastation to the environment and anyone 

exposed to the substances. However, much more insidious is the long-term effects of chemical 

pollution, which can harm those far away from the initial source of contamination and over a 

much longer period. 

Green cleaning is using products and procedures that are safe for the environment and do 

not emit any pollutants when used. Green cleaning is important not only for the environment and 

our planet, but for the health of the general public. Green cleaning products are made to not 

pollute and to be better for the environment. However, it remains important to check each 

product to find the best quality, least hannful product. 
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effectiveness of using electrolyzed water as a sanitizer is still being studied in countries such as 

Japan, China and USA (Aq, Ugiyama, & Sobe, 2005). 
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Figure 2.1: Applications of electrolyzed water at different values of pH in various field 

(Rahman, Khan, & Oh, 2016) 

As shown from the figure, for acidic electrolyzed water (AEW), the pH ranges between 

lees than 1 to 3 is best use for industrial dives and cosmetic use. On the other hand, for alkaline 

electrolyzed water, the pH ranges between more than 10 to 13 is also best for industrial devices 

and also for cleaning purposes. 

According to (Zeng et al., 2010) Traditional disinfectants cannot meet today's demand 

because of its distinct smell, low stability and also toxic debris. Electrolyzed water has the 

potential to be more compelling, less harmful and less costly compared to most traditional 

preservation method. 
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23.2 Relationship between electric potential and electrolysis time in chlorine generation

A rd. t (G w Hsu Lu & Hsu 2016) the electric potential is one of the key factor
cco mg o . . , , , 

of the key factor of high chlorine generation. This is because the electric current will increase as

the cell potential increase, thus increasing the current density. Based on the results, it stated that

as electrolysis time increase chlorine concentration also increase at low electric potential. While

chlorine concentration decreases with high voltage and short electrolysis time. The results also

shown that voltage at 7 .5 V and electrolysis time at 342 minutes, they were able to generate 

10,498 mg Ch /L. 

2.3.3 Relationship between electrode gap and electric current on chlorine generation 

According to (G. W. Hsu & Hsu, 2017) the electrode gap does not bring any significant 

effect on the chlorine generation. However, with the increase of current density and electric 

current, the chlorine concentration also increases. The electric potential increase significantly 

with the decreasing distance between electrode which is the electrode gap. However, in the 

study, the reason electrode gap did not bring any significant effect to the chlorine generation is 

due to constant current mode was chosen for their study. During electrolysis process, electrode 

gap and electric current affected current efficiency. Smaller electrode gap and low electric 

current appears to be more energy efficient for the electrolysis system. 
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Choosing metals with that share the same electrode potential can also minimize 

coITOsion. This is because the smaller or the closer matched the individual potentials, the smaller 

the potential difference therefore the galvanic current will be smaller._ 

Metal 

18/8 stainless steel 
(passive) 

Hastelloy C 

Monet 

Titanium 

Silver 

lnconel 

Nickel 

70/30 cupronickel 

80/20 cupronickel 

90/1 0 cupronickel 

Admiralty brass 

Gunmetal 

85/15 gilding metal 

Copper 

63/37 brass 

�aval brass 

18/8 stainless steel 
(active) 

Carbon steel 

Cast iron 

Aluminum 

Zinc 

St.ady-atate potential, negative to • aaturatec:I calomel half-cell 
(volts) 

0.08 

0.08 

0.08 

0.10 

0.13 

0.17 

0.20 

0.25 

0.27 

0.28 

0.29 

0.31 

0.33 

0.36 

0.36 

0.40 

0.53 

0.61 

0.61 

0.79 

1.03 

Figure 2.3: The Galvanic series based on potential measurement in flowtng seawater at 25° C 

(Ahmad, Z. 2016) 
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2 .4 On target Cleanliness 

2.4.1 Physically 

Theoretically, physically clean can be defined as the surface appears to be clean to the 

eye. However, there may be chemical residue been allowed to remain. Disinfection of the surface 

has not been considered. According to (Rahman et al., 2016) the U.S. Food and Drug 

Administration (FDA 2009) reported a serious problem on improper cleaning and sanitization of 

the tools used in the food industry. Therefore, to ensure food safety, a proper cleaning and 

sanitizing process of these equipment and tools should be optimize. In this context, a novel 

sanitizing agent which is AEW has been employed to reduce the bacterial count on food contact 

surfaces and this has been examined by several researchers (Izumi 1999; Deza and others 2005; 

Deza and others 2007). 

2.4.1 Chemically 

Chemically clean can be defined as the surface is free from any chemical residues. 

Electrolyzed water is made up only of table salt (NaCl) and distilled water therefore it is made in 

an environmentally friendly fashion water (Hri-cova et al 2008). Commercialized cleaners that is 

usually use in food industry to clean equipment have the tendency to cause chemical 

contamination and will harm consumers. This will likely to occur if the equipment still have 

chemical residue after final rinse. Interestingly, over time electrolyzed water will tum into its 

normal form thus it will not harm humans and the environment (Al-Haq et al 2005). Electrolyzed 

water is also proven to be less corrosive compared to commercialized cleaners. Apart from that, 

its shelf life is reduced along with time thus its acidity and alkalinity is also reduced. 
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Table 4.1: Effect of different electrolyzing parameters on physio-chemical of AcEW for 

Titanium as cathode. 

NaCl pH ORP(mV) Free Chlorine Total Chlorine 

Concentration (mg/L) (mg/L) 

(%) 

7.5 minutes 

0.05 4.27 487 0.28 0.33 

0.53 3.32 980 6.10 7.38 

1.00 2.81 982 13.81 14.30 

Table 4.2: Effect of different electrolyzing parameters on physio-chemical of AlEW for Titanium 

as cathode. 

-----

NaCl pH ORP(mV) Free Chlorine Total Chlorine 

Concentration (mg/L) (mg/L) 

(%) 

7.5 minutes 

0.05 8.39 -119 0.04 0.04 

0.53 10.92 -412 0.24 0.25 

1.00 11.55 -521 0.24 0.27 
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Table 4.3: Effect of different electrolyzing parameters on physio-chemical of AcEW for 

Stainless Steel as cathode. 

NaCl pH ORP(mV) Free Chlorine Total Chlorine 

Concentration (mg/L) (mg/L) 

(%) 

7.S minutes

0.05 4.00 458 0.24 0.32 

0.53 3.04 956 3.96 4.16 

1.00 2.94 782 1.53 1.76 

Table 4.4: Effect of different electrolyzing parameters on physio-chemical of AlEW for Stainless 

Steel as cathode. 

------· 

NaCl pH ORP (mV) Free Chlorine Total Chlorine 

Concentration (mg/L) (mg/L) 

(%) 

7.S minutes

0.05 6.89 76 0.11 0.12 

0.S3 10.88 -339 0.15 0.16 

1.00 11.52 -399 0.56 0.58 
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4.4 Effects of electrolysis time on physic-chemical properties. 

The concentration of chlorine increased significantly with time (Huang et al., 2008). For 

this study, different electrolysis time are (5 minutes, 7.5 minutes, 10 minutes). Effect of 

electrolysis time is most significant on the production of chlorine in electrolyzed water where the 

chloride is converted to chlorine after undergo electrolysis process for a certain time inteIVal. 

The trends for the production of chlorine is obseIVed from the table results below for electrode 

Titanium and Stainless Steel. 

Table 4.5 Free and Total Chlorine Content for AcEW Titanium, 5 and 10 minutes 

NaCl Concentration Voltage (V) Free Chlorine Total Chlorine 

(%) (mg/L) (mg/L) 

5 minutes 

0.05 10 0.20 0.21 

0.53 15 2.80 2.09 

1.00 10 1.65 2.26 

10 minutes 

0.05 10 0.13 0.15 

0.53 15 4.57 4.58 

1.00 10 2.08 2.21 
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Table 4.14: Physio-chemical properties of Stainless Steel AcEW at 5, 10, 15 minutes. 

NaCl Voltage Current pH ORP Free Total 

Concentration (V) (A) (mV) Chlorine Chlorine 

(o/o) (mg/L) (mg/L) 

5 minutes 

0.05 10 0.18 5.11 372 0.12 0.19 
0.53 15 2.39 3.47 496 1.96 2.30 

1.00 10 3.01 3.47 475 0.55 0.72 

7.S minutes

0.05 5 0.06 4.61 381 0.16 0.21 

0.53 10 1.28 3.42 583 1.31 1.69 

1.00 15 4.21 2.94 782 1.53 1.76 

10 minutes 

0.05 10 0.16 4.81 358 0.40 0.44 

0.53 15 2.19 3.40 702 2.66 4.75 

1.00 10 1.32 320 438 0.71 0.81 

From the above results, the order for the performance of electrode types is form Stainless 

Steel/ Titanium > Stainless Steel/ Stainless Steel. The value obtained for production of free 

chlorine for Titanium is (13.81mg/L) while for Stainless Steel is (2.66 mg/L). It is expected that 

the ability of electrode to produce higher chlorine content are depending on the value of 

electrical conductivity of electrode. This is because electrode with higher electrical conductivity 

will produce higher chlorine content. This theory is well supported as Titanium has a higher 

electrical conductivity (2.38 x106 !..) compared to Stainless Steel (1.45 x106 !.. ). 
m m 
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Table 4.16 Criteria and limit of the numerical optimization of the responses ofTitaniwn AcEW. 

Responses(s) Goal Lower Limit Upper Limit Lower Upper 

Weight Weight 

pH Minimize 2.77 5.55 1 1 

ORP(mV) Maximize 397 1036 1 1 

Free Maximize 0.13 13.81 1 1 

Chlorine 

(mg/L) 

Table 4.17 Criteria and limit of the numerical optimization of the responses ofTitanium AlEW 

Responses(s) 

pH 

ORP(mV) 

Free 

Chlorine 

(mg/L) 

Goal 

. . 

maximize 

. . . 

m1numze 

. . . 

m1n11ruze 

Lower Limit Upper Limit Lower Upper 

Weight Weight 

5.73 11.56 1 1 

-797 322 1 1 

0.04 0.25 1 1 

The results show that electrode Titanium is selected out of the 2 types of electrode 

material since the free chlorine production is higher compared to Stainless Steel. From the BBD, 

multiple linear regression analyses of the experimental data yielded linear model for predicting 

pH, second order polynomial models for predicting ORP and free chlorine. 
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Table 4.19: List of desirability of the solutions for Titanium AlEW. 

NaCl Voltag Electrolysi pH ORP Free Desira 

Concentratio e s Chlorine bility 

D Time 

0.250 13.460 10.000 11.270 -424.800 0.01 0.770 Selecte 

d 

0.200 14.622 10.000 10.936 -346.812 0.076 0.762 

0.999 9.037 9.999 11.560 -502.611 0.163 0.672 

1.000 7.525 7.325 11.358 -377.08 0.178 0.590 

From the desirability approach obtained for Titanium AcEW, the predicted optimum 

condition for factors variable at 0.25Wl°/4 NaCl concentration, electrolysis time of 10.00 min and 

voltage of 13.46V in order to gain optimum values of responses l 1.27pH, -424.80mV, 0.0lmg/1 

free chlorine. 
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