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1.1 Overview of ozone 

The demand for new, innovative processing technologies is rapidly increasing as the 

demand from the consumers for fresher, healthier and safe food products continue to 

rise. Ozone has been identified as a powerful sanitizer, safe and environmental friendly 

which may meet the presupposition of the industry, approval of the regulatory agencies 

and acceptance of the consumers (Khadre et al., 2001 ). Ozone is often used in food and 

beverages industries to protect against microorganism and to lengthen the shelf life of 

fruits, vegetables, meat grains and their products. Furthermore, ozone treatment has 

proven to give out satisfied results in terms of maintaining the sensory, nutritional and 

physicochemical characteristics of food (Prabha et al,2015). 

Ozone is a gaseous compound which can be found naturally in our atmosphere and it is 

formed due to lightning or high energy UV radiation (Jakob & Hansen,2005). It is a 

bluish gas with pungent odour. However, ozone is an unstable gas and decomposes very 

quickly in the water (K.hadre et al.,2001). Thus, generation of ozone can be done 

through addition of free oxygen radicals with molecular oxygen that will form tri­

atomic oxygen. Techniques such as corona discharge, UV radiation and electrolysis can 

be used to generate ozone (Prabha., et al., 2015; Nath et al., 2014; Guzel-Seydim et al., 

2004; Xu, 1999). 

According to Guzel -Seydim et al. (2004), when ozone is exposed to food, no residues 

are found since it decomposes quickly. Low concentration of ozone and short time of 

exposure are enough to inactivate bacteria, molds, yeast, parasites and viruses (Kim et 

al., 1999). In addition, Guzel-Seydim et al. (2004) stated that ozone treatment is one of 
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2.1.1 Nutritional Value of Rice Milk 

1000762897 

Rice milk is found to contain the least amount of fat which is in contrast to other non-dairy 

milk. In addition, rice milk also supplies 30 percent of the daily value for bone- building 

calcium per 8-ounce serving (Anonymous, 2018c) Furthermore, it is found that rice milk 

contain only I gram of fat per cup and all of its fat are unsaturated. For those who are 

restricted to consume high fat and cholesterol food, rice milk is the best alternative 

(Anonymous, 2018d). Based on the data of nutritional profile of rice milk (Table I), it is 

found that it is very rich in carbohydrates ranging between 23 and 27 g. 

Table 1 Nutritional profde of rice milk (Source: Vanga, 2017) 

Component EAR Mean SD Median Min Max 
Carboh ydrates(g) 130 25.28 1.7 26 23 27 

Sugars 13.12 2.48 14 10 15.6 
Fibers 35 0 0 0 0 0 
Fats(g) 35 2.33 0.31 2.5 2 2.64 

Saturated 0.16 0.22 0 0 0.48 
MUFA 1.16 0.59 1.5 0.48 1.5 
PUFA 0.83 0.75 0.5 0.3 1.68 

Cholesterol 0 0 0 0 0 
Proteins(g) 55 0.85 0.75 1 0 2 

Minerals( mg) 
Calcium 1100 245.5 149.67 315 22 330 

Iron 6.5 0.13 0.18 0.065 0 0.39 

Phosphorus 600 63 38.19 63 36 90 

Potassium 4700 50 - 50 50 50 

Sodium 1500 72 22.53 65 45 100 

Zinc 9.4 0.75 0.27 0.75 0.56 0.94 

Vitamins 

Vitamin C(mg) 75 0 0 0 0 0 
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2.2 Introduction to ozone 

2.2.1 Physical and Chemical properties of Ozone 

In 1840, According to Manley and Niegowski (1967), Schoebein discovered and 

named a molecule called ozone. It consists of tri-atomic oxygen which was formed 

from addition of a free radical of oxygen with molecular oxygen. The three atoms of 

oxygen in the ozone molecule were arranged at obtuse angle. The ozone has boiling 

point of 111.9 ± 0.3 °C, melting point was 192.5 ± 0.4 °C, critical temperature was 

12.1 °C and the critical pressure is 54.6 atm. Besides that, in room temperature, 

ozone existed as gaseous state and it was partially soluble in water. Next, ozone has 

pungent odour which similar to "fresh air after a thunderstorm'. The ozone exists as 

blue colour gas at ordinary temperature when generated from dried air, but will be 

colourless when generated from high- purity oxygen (Prabha et al,2015) 

2.2.2 Generation of ozone 

Ozone is formed by high energy input that causes diatomic oxygen molecule to split 

into free radical oxygen. Then single oxygen molecule will react with another 

diatomic that will produce triatomic molecule. There are two ways to initiate free 

radical oxygen formation that is through ultraviolet radiation with wavelength of 

188mm and corona discharge which generates ozone. Usually for commercial 

scale, corona discharge is used to generate commercial levels of ozone as illustrated 

in Figure 2.2 (Nath et al., 2014; Guzel-Seydim et al; 2004). 
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4.2Enumeration of Yeast and Mold Count(YMC) 

To study the effect of treatment times of ozone and the concentration of bacteria 

during treatment time, graph in Figure 12 between the logarithm aerobic plate count 

and ozone treatment time was plotted. A lineal correlation between the logarithm of 

aerobic plate count concentration (N) and ozone treatment time. Under the 

experimental condition of this study, inactivation followed a first order kinetic law 

with respect as follows: 

Where; 

dN 
-= -kit
dt 

Or integrating 

Log No=Log N-k1t 

K1=First order inactivation constant 

No=Initial microbial concentration 

From the graph, it can be observed that when the ozone treatment time is 10 minutes, 

the bacteria experienced 0.3-log reduction number. As the ozone treatment time 

increase to 20 minutes, the bacteria experienced 1.64-log reduction number and 

when the ozone treatment increase to 30 minutes, the bacteria experienced 5 log­

reduction number. The value of k for this experiment is 0.1634 which is the gradient 

of the slope and the value of R2
=0.8482. These results indicated a reasonable 

agreement between the experimental and predicted values. 

Based on both tests, it is found that ozone managed to inactivate bacteria faster 
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4.3.3 Total Soluble Solid 

Total soluble solid (TSS) is used to determine the solid concentration of a 

sucrose containing solution. The unit for this quantitativemeasurement is 0Brix. 

It usually being measured by a device called digital handheld refractometer. 

The coefficient of determination (R2) of the model is 0.6. This indicated a 

worthwhile agreement between the experimental and predicted values. An 

ANOV A for TSS determination shows that independent variables (treatment 

time) has no significant (p > 0.05) effect on total soluble solid content in rice milk 

sample. This observation can be supported by a result from an experiment 

conducted by Zhang et al. (2005) that found that no significant decrease in total 

soluble solid were found when celery was treated with water that contain ozone. 

As a comparison with thermal pasteurization, Shikha et al. (2014) reported that 

low calorie milks that were exposed to pasteurization with temperature 75°C for 

15 seconds and 1 l 6°C for 15 minutes soowed significant differences of total 

soluble which assume due to hydrolysis of the component of the milk. Hence, 

ozone has shown to have a positive impact toward retaining the sugar 

concentration inside food product compared to pasteurization as it does not have 

any significant effect towards total soluble solid. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

Conclusion 

As a conclusion, gaseous ozone has been proven to be able to inactivate both APC 

and YMC in brown rice milk to a minimum of 5-log reduction. It was also shown 

that ozone treatment will reduce APC to 5-log reduction faster when compared to 

YMC. Furthermore, it was shown that ozone treatment can significantly affect (p 

< 0.05) total colour difference but no significant (p > 0.05) effect has been detected 

on pH and TSS. Overall, the results showed that ozone treatment has big potentials 

to be exploited to preserve liquid food products. 

5.1 Recommendation for Future Work 

Direct exposure of ozone treatment is suitable to preserve the quality of rice milk 

as it is one of the non-thermal processing technologies that has the potentials as 

an alternative to pasteurization. Although ozone technology is still expensive to 

be implemented in liquid food industries, maybe in the near future, with the help of 

food engineers, non-thennal experts and fabricators, food industry will move fotwwd 

45 

@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



@
 C

OPYRIG
HT U

PM



Kim J.G., Yousef A.E., Dave S. (1999). Application of ozone for enhancing the microbiological safety 

and quality of foods: a review. J Food Protect. 62(9): l 071-1087. 

Melendez-Martinez, A.J., I.M Vicario, and F.J. Heredia 2007. "Review: Analysis of Carotenoids in 

Orange Juice.
,, 

Journal of Food Composition and Analysis 20 (7):638-49 

Nebel, C. 1975. "Ozone Decolorization of Secondary DyeLaden Effluents". Paper presented at the 

Second Symposium on Ozone Technology, International Ozone Association, Pan American Group, 

Scottsdale, AZ, USA 

Padma, M., P.V.K. Jagannadarao, L. Edukondalu, G. Ravibabu and Apama, K. 2018. PhysicoChemical 

Analysis of Mille Prepared from Broken Rice. 

Rice, R.G., Robson, C.M., Miller, G.W., Hill, A.G., 1981.Uses of ozone in drinking water treatment. J. 

Am. WaterWorlcs Ass. 73 (1), 4457 

Scott ,D,B,M.& Lesher, E.C.(1963). Effect of Ozone on Survival and Penneabilitiy of Escherichia Coli. J 

Bacteriol, 567-76. 

Steenstrup, L.D& Floros, J.D.(2004). Inactivation of E.coli O157:H7 in Apple Cider by Ozone at Various 

Temperature and Concentrations. J Food Proc Preserv, 28, 103-116 

Tiwari B.K., O' Donnell C.P., Brunton N.P., Cullen P.J. (2009). Degradation kinetics of tomato juice 

quality parameters by ozonation. Int J Food Sci Technol. 44(6): 1199-1205. 

Tiwari B.K., O'Donnell C.P., Muthukumarappan K., Cullen P.J. (2009). Anthocyanin and colour 

degradation in ozone treated blackberry juice. lnnov Food Sci Emerg Technol. 10(1): 70-75. 

Tiwari B.K.,O'Donnell C.P., Patras A., Brunton N., Cullen P.J. (2009). Anthocyanins and color 

degradation in ozonated grape juice. Food Chem Toxicol. 47(11): 2824-2829. 

Tiwari, B.K., O'Donnell, C.P., Muthukumarappan, K., Cullen, P.J., 2009a Anthocyanin and color 

degradation in ozone treated blackberry juice. Innovative Food Sci. Emerg. Technol. 10 (1), 7075. 

USEPA (1999) Alternative disinfectants and oxidants guidance manual. US Environmental Protection 

Agency, Office of Water, Washington, D.C. 

Williams, R. C., Sumner, S.S.,& Golden, D. A.(2004). Survival of Escherichia coli O157:H7 and 

salmonella in apple cider and orange juice as affected by ozone and treatment 

temperature,67(11 ),2381-2386 

Zhang L, Lu Z, Yu Z and Gao X (2005). Preservation of fresh-cut celery by treatment of ozonated water. 

Food Control, 16: 279-283. 

Zoutman D, Shannon M, Mandel A (2011) Effectiveness of a novel ozone-based system for the rapid 

high-level disinfection of health care spaces and surfaces. Am J Infect Control 39: 873-879. 

48 

@
 C

OPYRIG
HT U

PM


	Project Paper Bachelor Vector Page Template
	lp fk 2019 5



