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Introduction  

Orange (Citrus sinensis L.) is a citrus fruit from the Rutaceae family. Globally, 

oranges contributed to the highest production, accounting for 46.70% (75.57 million 

tons) within the citrus fruits category in a cultivated area of 9.93 million hectares 

(Gonzatto and Santos, 2023). Orange-based products available in the market are jam, 

marmalade, juice, extract, jest, essential oil, flavoured cosmetics, byproducts, and 

extract supplements. Of these, orange juice is one of the important products, gaining 

popularity because of its high nutritional value and characteristic flavors (Pan et al., 

2023). Nevertheless, orange juice is also well-known for containing its rich bioactive 

compounds (polyphenols, flavonoids, carotenoids, and ascorbic acid, respectively). It 

is widely popular owing to its potential health benefits for preventing skin problems, 

cancer, stroke, high blood pressure, cholesterol, and kidney disorders (Kim et al., 

2021; Vavoura et al., 2022).  

In India, orange is an important citrus fruit of the horticultural crops commercially 

cultivated across the tropical and sub-tropical zones of the different states, where 

Maharashtra occupied first in production (Dohale et al., 2024). However, Arunachal 

Pradesh of Northeast (NE) India is a famous state that grows a unique variety of 

mandarin known as Wakro orange (Arunachal mandarin), which accounts for 90% of 

the total citrus fruit production. This variety’s high ascorbic acid content and total 

soluble solids, medium acidity, sweet-sour flavor, abundant juice content, medium-

thick rind, and attractive color are attributed to Arunachal Pradesh's unique agro-

climatic conditions. Wakro orange achieved a geographical indication (GI) tag in 

2014 for its distinctive qualities (Datta et al., 2021). Another cultivar, Malta, is the 

second most cultivated seasonal orange after mandarin, commonly consumed as fresh. 

It is mainly grown in Punjab, Uttarakhand, and Haryana in India (Sharma et al., 

2014). With the growing demand for citrus juice, processing orange juice is crucial to 

making it available to consumers throughout the year. However, processing methods 

are key in determining product quality, safety, and shelf life. It is acknowledged that 

conventional heat-based treatment can increase the shelf life of juice while ensuring 

safety. However, it also causes the loss of beneficial nutrients, colors, and bioactive 

substances (Gómez et al., 2011).  
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Consumers are now looking for scrumptious, wholesome, high-quality, and safe food 

products with a natural taste, flavour, and freshness due to the scientific evidence 

regarding product attributes and health benefits (Abid et al., 2013). Researchers have 

been investigating non-thermal food processing technologies to resolve the quality 

loss issues associated with thermal processing. To combat this, different kinds of non-

thermal technologies, such as ultrasound, pulsed electric field, high-pressure 

processing, pulsed light, cold plasma, and ozone technology, have been employed to 

retain the quality and nutritive value of fruit juices (Abid et al., 2013; Xu et al., 2017; 

Lopes et al., 2023). Cold plasma (CP) technology has been explored for its potential 

applications, such as surface disinfection, pesticide degradation, packaging, alteration 

of food properties, and enzyme and microbial inactivation (Mehta and Yadav, 2022). 

CP can be generated by providing electrical energy to the gas, which ionizes the gases 

between the electrodes at ambient temperature. The "plasma" refers to the fourth state 

of matter, characterised by an ionised gas mixture containing ultraviolet (UV) rays, 

reactive species, both excited and ground states of atoms, free radicals, and electrons 

(Tappi et al., 2014).  

There are many plasma generation sources, including radio frequency (RF), gliding 

arc discharge (GAD), plasma jet, dielectric barrier discharge (DBD), and corona 

discharge, respectively (Zargarchi et al., 2024). However, DBD source CP has been 

frequently used in food processing due to its relative simplicity, flexibility, use of 

different gases, lower gas flow rate, and uniform discharge, respectively (Farooq et 

al., 2023). 

DBD-source atmospheric cold plasma is one of the emerging technologies that has 

been significantly used as an alternative non-thermal technology for fruit juice 

processing (Souza et al., 2023). In most cases, atmospheric gas and pressure are used 

for plasma production because of their high chemical character. Therefore, it is called 

atmospheric cold plasma (ACP) (de Jesús et al., 2022). Several studies have 

investigated the effect of DBD-based ACP on different fruit and vegetable juices, 

such as white grape, apple, pineapple, kiwifruit, carrot, orange, and sugarcane, 

respectively (Liao et al., 2018; Umair et al., 2019; Pankaj et al., 2017; Kumar et al., 

2023; Pipliya, et al., 2023; Xu et al., 2017; Shi et al., 2011; Manzoor et al., 2020). 

Some studies have been reported on developing a pilot-scale continuous system for 

decontaminating in-packaged fruits and vegetables (Ziuzina et al., 2016; Ziuzina et 
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al., 2020). From an industrial perspective, a continuous mode of operation is preferred 

for juice processing because it allows for scaling up, which is difficult to attain in a 

batch-type ACP system. 

Research gap 

Limited studies have attempted to use CP treatment on orange juice in terms of 

quality, safety, and shelf-life enhancement. However, the effect of DBD-based ACP 

treatment at varying juice depths and process standardization has not been reported on 

Wakro and Malta cultivars of orange. On the other hand, continuous-type DBD-based 

ACP treatment on orange juice (cv. Wakro) has also not been reported in the literature 

so far. 

Objectives 

This research mainly focuses on exploring the feasibility of DBD-based ACP 

processing of orange juice. To achieve the aim of the present work, the following 

objectives have been addressed: 

1. To standardize the process parameters for atmospheric cold plasma (ACP)-

assisted processing of orange juice from different cultivars.  

2. To model the inactivation kinetics of enzyme (pectin methylesterase) and microbe 

(Escherichia coli) in orange juice during atmospheric cold plasma processing. 

3. To study the shelf life of atmospheric cold plasma (ACP) treated orange juice 

during storage. 

4. To develop a lab-scale continuous system of atmospheric cold plasma (ACP) for 

juice processing and its performance evaluation with orange juice. 

 

 

 

 

 

 

 



CHAPTER 1  

 

 4 
 

Bibliography  

Abid, M., Jabbar, S., Wu, T., Hashim, M. M., Hu, B., Lei, S., Zhang, X., & Zeng, X. 

(2013). Effect of ultrasound on different quality parameters of apple juice. 

Ultrasonics sonochemistry, 20(5), 1182-1187. 

Datta, S., Das, B., Budhauliya, R., Gopalakrishnan, R., Muaka, V., Meghvansi, M. K., 

Vairale, M. G., Rahman, S., Dwivedi, S. K., & Veer, V. (2021). Detection of 

‘ancestral’ western lineage of Citrus tristeza virus virulent genotype in 

declining Arunachal Wakro orange. Tropical Plant Pathology, 46(5), 493-505.  

de Jesús, O., L., Rosa, Ibáñez, A. T. G., Puebla, I. R., Díaz, A. G., Romero, P. G. R., 

Sánchez, J. V., Segundo, C. T., & Valencia, H. M. (2022). Microbiological study 

of the effect of a dielectric barrier discharge interaction on processed orange juices 

exposed to the environment. Food Science and Technology, 42, e02622. 

Dohale, V., Mustafee, N., & Nagarajan, M. (2024). Orange grower's perception of 

drought impacts and strategies for mitigation and adaptation: A study of the 

Vidarbha region in India. International Journal of Disaster Risk Reduction, 105, 

104392. 

Farooq, S., Dar, A. H., Dash, K. K., Srivastava, S., Pandey, V. K., Ayoub, W. S., 

Pandiselvam, R., Manzoor, S. & Kaur, M. (2023). Cold plasma treatment 

advancements in food processing and impact on the physiochemical characteristics 

of food products. Food Science and Biotechnology, 32(5), 621-638.  

Gómez, P. L., Welti-Chanes, J., & Alzamora, S. M. (2011). Hurdle technology in fruit 

processing. Annual Review of Food Science and Technology, 2(1), 447-465.  

Gonzatto, M. P., & Santos, J. S. (2023). Citrus Research-Horticultural and Human 

Health Aspects. IntechOpen.  

Kim, D. S., Lee, S., Park, S. M., Yun, S. H., Gab, H. S., Kim, S. S., & Kim, H. J. 

(2021). Comparative metabolomics analysis of citrus varieties. Foods, 10(11), 

2826.  

Kumar, S., Pipliya, S., & Srivastav, P. P. (2023). Effect of cold plasma processing on 

physicochemical and nutritional quality attributes of kiwifruit juice. Journal of 

Food Science, 88(4), 1533-1552. 



CHAPTER 1  

 

 5 
 

Liao, X., Li, J., Muhammad, A. I., Suo, Y., Chen, S., Ye, X., Liu, D., & Ding, T. 

(2018). Application of a dielectric barrier discharge atmospheric cold plasma 

(Dbd‐Acp) for Eshcerichia coli inactivation in apple juice. Journal of Food 

Science, 83(2), 401-408.  

Lopes, S. J., Sant'Ana, A. S., & Freire, L. (2023). Non-thermal emerging processing 

technologies: mitigation of microorganisms and mycotoxins, sensory and 

nutritional properties maintenance in clean label fruit juices. Food Research 

International, 168, 112727. 

Manzoor, M. F., Ahmad, N., Ahmed, Z., Siddique, R., Mehmood, A., Usman, M., & 

Zeng, X. A. (2020). Effect of dielectric barrier discharge plasma, ultra‐sonication, 

and thermal processing on the rheological and functional properties of sugarcane 

juice. Journal of Food Science, 85(11), 3823-3832.  

Mehta, D., & Yadav, S. K. (2022). Recent advances in cold plasma technology for 

food processing. Food Engineering Reviews, 14(4), 555-578. 

Pan, X., Bi, S., Lao, F., & Wu, J. (2023). Factors affecting aroma compounds in orange 

juice and their sensory perception: A review. Food Research International, 169, 

112835.  

Pankaj, S. K., Wan, Z., Colonna, W., & Keener, K. M. (2017). Effect of high voltage 

atmospheric cold plasma on white grape juice quality. Journal of the Science of 

Food and Agriculture, 97(12), 4016-4021.  

Pipliya, S., Kumar, S., & Srivastav, P. P. (2023). Effect of dielectric barrier discharge 

nonthermal plasma treatment on physicochemical, nutritional, and phytochemical 

quality attributes of pineapple [Ananas comosus (L.)] juice. Journal of Food 

Science, 88(11), 4403-4423. 

Sharma, S. K., Juyal, S., Rao, V. K., Yadav, V. K., & Dixit, A. K. (2014). Reduction 

of non-enzymatic browning of orange juice and semi-concentrates by removal of 

reaction substrate. Journal of Food Science and Technology, 51, 1302-1309.  

Shi, X. M., Zhang, G. J., Wu, X. L., Li, Y. X., Ma, Y., & Shao, X. J. (2011). Effect of 

low-temperature plasma on microorganism inactivation and quality of freshly 

squeezed orange juice. IEEE Transactions on Plasma Science, 39(7), 1591-1597. 



CHAPTER 1  

 

 6 
 

Souza, D. V. S., Melo, M. F., Ambrósio, M. M. Q., Alves, C., Melo, N. J. A., Costa, L. 

L., & Morais, P. L. D. (2023). Effect of plasma and heat treatments on orange juice 

quality. Brazilian Journal of Biology, 83, e272709.  

Tappi, S., Berardinelli, A., Ragni, L., Dalla Rosa, M., Guarnieri, A., & Rocculi, P. 

(2014). Atmospheric gas plasma treatment of fresh-cut apples. Innovative Food 

Science & Emerging Technologies, 21, 114-122. 

Umair, M., Jabbar, S., Nasiru, M. M., Sultana, T., Senan, A. M., Awad, F. N., Hong, 

Z., & Zhang, J. (2019). Exploring the potential of high-voltage electric field cold 

plasma (HVCP) using a dielectric barrier discharge (DBD) as a plasma source on 

the quality parameters of carrot juice. Antibiotics, 8(4), 235, 1-18.   

Vavoura, M. V., Karabagias, I. K., Kosma, I. S., Badeka, A. V., & Kontominas, M. G. 

(2022). Characterization and Differentiation of Fresh Orange Juice Variety Based 

on Conventional Physicochemical Parameters, Flavonoids, and Volatile 

Compounds Using Chemometrics. Molecules, 27(19), 6166.  

Xu, L., Garner, A. L., Tao, B., & Keener, K. M. (2017). Microbial inactivation and 

quality changes in orange juice treated by high voltage atmospheric cold 

plasma. Food and Bioprocess Technology, 10, 1778-1791. 

Zargarchi, S., Hornbacher, J., Afifi, S. M., Saremnezhad, S., Günal‐Köroğlu, D., 

Capanoglu, E., & Esatbeyoglu, T. (2024). Exploring the impact of cold plasma 

treatment on the antioxidant capacity, ascorbic acid, phenolic profile, and 

bioaccessibility of fruits and fruit juices. Food Frontiers, 5(3), 1108-1125. 

Ziuzina, D., Misra, N. N., Cullen, P. J., Keener, K. M., Mosnier, J. P., Vilaró, I., 

Gaston, E., & Bourke, P. (2016). Demonstrating the potential of industrial scale in-

package atmospheric cold plasma for decontamination of cherry tomatoes. Plasma 

Medicine, 6(3-4), 397-412.  

Ziuzina, D., Misra, N. N., Han, L., Cullen, P. J., Moiseev, T., Mosnier, J. P., K. 

Keener, Gaston, E., Vilaró, I., & Bourke, P. (2020). Investigation of a large gap 

cold plasma reactor for continuous in-package decontamination of fresh 

strawberries and spinach. Innovative Food Science & Emerging Technologies, 59, 

102229.  


