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Role of cold plasma pre-treatment in enhancing the drying of ‘Keitt’ mango
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Abstract

Mango (Mangifera indica L.) is a popular tropical fruit consumed throughout the world. However, 
when untreated before storage, the fruit undergoes progressive undesired changes, which result in 
postharvest losses. A management technique for reducing the above-mentioned undesired changes 
is to dehydrate the fruit by hot air drying, which reduces the water activity in the fruit, thereby 
avoiding the deteriorating process and extending the shelf life. Consequently, this study aimed to 
evaluate the influence of cold plasma pre-treatment prior hot air (at 60°C) drying on the drying 
kinetics of dried ‘Keitt’ mango slices. The drying was performed in a house-designed dehydrator 
with an airflow rate of 49.50 Hz. Results showed a continuous decrease in the moisture ratio of 
dried mango slices over drying time in all the samples until equilibrium after 10 hours. Results 
indicates that cold plasma has a promising potential for use as a pretreatment method in the drying 
of mango as it enhances the drying.
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Résumé

La mangue (Mangifera indica L.) est un fruit tropical populaire consommé dans le monde entier. 
Cependant, lorsqu'il n'est pas traité avant le stockage, le fruit subit des modifications progressives 
indésirables, qui entraînent des pertes après récolte. Une technique de gestion pour réduire les 
changements indésirables mentionnés ci-dessus consiste à déshydrater les fruits par séchage à l'air 
chaud, ce qui réduit l'activité de l'eau dans les fruits, évitant ainsi le processus de détérioration et 
prolongeant la durée de conservation. Par conséquent, cette étude visait à évaluer l'influence du 
prétraitement au plasma froid avant le séchage à l'air chaud (à 60°C) sur la cinétique de séchage 
des tranches de mangue séchées 'Keitt'. Le séchage a été effectué dans un déshydrateur dans une 
maison avec un débit d'air de 49,50 Hz. Les résultats ont montré une diminution continue du taux 
d'humidité des tranches de mangue séchées pendant le temps de séchage dans tous les échantillons 
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jusqu'à l'équilibre après 10 heures. Les résultats indiquent que le plasma froid a un potentiel 
prometteur pour une utilisation comme méthode de prétraitement dans le séchage de la mangue 
car il améliore le séchage.

Mots clés : Séchage convectif, déshydratation, air chaud, Mangifera indica L., teneur en eau

Introduction

Mango (Mangifera indica L.) is a tropical and subtropical fruit belonging to the Anarcadiaceae 
family and is native from southern Asia. Mango fruit has been reported to promote health benefits 
due to its high content of antioxidant (Sivakumar et al., 2011), phytochemicals (Wall‐Medrano 
et al., 2020) and vitamins (Sogi et al., 2012). The fruit contains 80% water, which makes it very 
perishable and subjected to dehydration, change in colour and spoilage (Baldwin et al., 1999). 
Due to its short shelf life, fresh mango fruit consumption is limited as it can spoil within 2-10 days 
after harvest when stored at ambient temperature (Singh and Zaharah, 2011). Mango fruit loss is 
approximately 40-50% in developing countries, including South Africa (Kitinoja and Alhassan, 
2012). Since mango value increases during off-season, its drying can possibly solve the challenge 
of post-harvest losses.
 
Drying is an efficient preservation technique, which can be used to improve mango fruit market 
value and remove its water content (Aghabashlo et al., 2013). Hot air drying is a process involving 
heat and mass transfer. During drying, water is transferred by diffusion, from inside the food 
material to the air-food interface and from the air-food interface to the outside air, simultaneously, 
by convection (Demiray and Tulek, 2014). Additionally, drying removes moisture from the fruit 
up to certain threshold value, which prohibits the growth of microorganisms (Ozkan et al., 2007). 
Drying preserves the flavour and nutritional value of fruit when the moisture content is reduced 
between 10% and 20% (Dennis, 1999). 

Pre-treatment is a widely used method prior drying of agri-products aiming to enhance the drying 
process and the quality of the dried products (Marfil et al., 2008; Workneh et al., 2014). Exposure 
of cut mango fruit to air leads to darkening hence the use of pretreatments are recommended to 
prevent the darkening, the non-enzymatic reaction and the oxidation of ascorbic acid, which lead 
to the browning of fruit (Sivasankar, 2009). Hence, the importance of exploring an effective pre-
treatment method for mango slices to improve its drying rate. 

Cold plasma is a non-thermal process characterized by energetic reactive gases and is used in the 
food industry as an alternative method to traditional food preservation (Segura-Ponce et al., 2018). 
The diffusion of the reactive species generated by cold plasma onto the surface of food product 
results in physical and chemical modification. Researchers have explored the use of cold plasma 
as pre-treatment on the drying of chilli pepper and jujube slices and found that the drying rate was 
improved (Zhang et al., 2019; Bao et al., 2021).

Therefore, the aim of the present study was to evaluate the role of cold plasma pretreatment on the 
drying of ‘Keitt’ mango.

Materials and methods

Sample collection. Fresh fully ripe ‘Tommy Atkins’ mango fruit were obtained at commercial 
maturity stage from the local shop (-33º92ʹ37.804ʺS, 18º87ʹ45.250ʺE) in Western Cape, South 
Africa, and transported to the Agricultural Research Council (ARC) Infruitec-Nietvoorbij, Agro-
Processing Pilot Plant, Stellenbosch, South Africa. Fruit of similar colour and size were sorted for 
visual defects. Fruit were washed in tap water, peeled with a sharp sterile stainless steel knife, and 
cut into approximately 8 mm-thick (six) slices. 

Methods

Cold plasma treatment and drying procedure. Mango drying experiments were carried out in 
an in-house designed dehydrator tunnel (assembled in Western Cape, Stellenbosch South Africa) 
at the ARC Agro-Processing Pilot Plant infruitec laboratory using constant air temperature of 60°C 
and airflow rate of 49.50 Hz, 35% RH. Fruit weight was hourly monitored during 10 h using a 
laboratory scale (Labotech Precision Toploader, China). The drying experiments were performed 
six times for each sample and the average data was calculated. All dried samples were cooled to 
room temperature for 15 minutes (Zhang et al., 2019) and packed in airtight glass containers.

Moisture ratio and drying rate. In dry base, the moisture content can be calculated by using the 
different masses obtained after weighing. Therefore, the moisture ratio (MR) was calculated using 
the following equation (1): 

Where M (t) and Mi represent mass of fruit respectively at instant t and initial instant (kg).

Equation (1) was used to determinate the moisture ratio during this experiment. The experiment 
was stopped after 10 h of drying, and the moisture content used for drawing kinetics were the 
mean values of moisture content of six replications. 

The drying rate was calculated from the experimental moisture loss data using following equation:

Where M is the moisture content at a specific time expressed on dry weight basis (kg water 
kg  db−1), Mo is the initial moisture content (kg water kg  db−1).

Statistical analyses. Analysis of variance (ANOVA) was carried out using Statistica software 
(Statistica13.5.0.17 TIBCO, StatSoft Inc., Tulsa, OK, USA). The mean values were tested using 
Fisher’s LSD test at a level of significance of 95%. The data obtained were presented as means ± 
standard error.

Results and discussion

Moisture content profiles of ‘Keitt’ mango fruit. The moisture ratio profiles of the drying of 
fresh ‘Keitt’ mango at 60°C versus drying time with different pre-treatment conditions were 

 

𝑀𝑀𝑜𝑜𝑖𝑖𝑠𝑠𝑡𝑡𝑢𝑢𝑟𝑟𝑒𝑒 𝑅𝑅𝑎𝑎𝑡𝑡𝑖𝑖𝑜𝑜 𝑀𝑀 𝑡𝑡
𝑀𝑀𝑖𝑖

             (1) 
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𝑀𝑀𝑂𝑂

             (2) 
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presented in Figure 1. The moisture of mango fruit was significantly (p < 0.05) influenced by the 
pre-treatments and the drying duration. As shown in Figure 1, moisture ratio of mango samples 
decreased continuously over drying time from 0 to 9 h in all the samples treated with cold plasma 
5 min (from 9.94 to 3.06% d.b.), cold plasma 10 min (from 10.86 to 2.76% d.b.) and from 0 
to 10h the untreated (control) sample (from 7.9 to 2.12% d.b.). This implies that cold plasma 
treatment accelerates the drying rate of mango samples to a certain extent. Similar patterns were 
observed with jujube slice where cold plasma pretreatment for a short period before drying caused 
evaporation of water thus accelerating the drying Bao et al. (2021). During the drying process, the 
heat was transferred from the surface of mango slices towards the inner part of the fruit, which 
increased the vapor pressure. Furthermore, water molecules were migrated towards the surface 
of the mango slices causing the decline observed in the moisture ratio of treated and untreated 
samples. In summary, the moisture ratio of dehydrated ‘Keitt’ mango slices at 60ºC within 10 h 
decreased continuously due to the evaporation of moisture from the surface of the sample during 
convective drying. 

Drying rate. Figure 2 represents the drying rate versus moisture content of ‘Keitt’ mango slices 
untreated and pre-treated with cold plasma pretreatments at the drying temperatures of 60°C. The 
drying rate showed a rapid increase from 0 to 3 h in all samples treated with cold plasma 5 min 
(from 1 to 0.56 g/h), cold plasma 10 min (from 1 to 0.50 g/h) and the untreated (control) sample 
(from 1 to 0.56 g/h). From 2h to 9h, the drying rate showed a continuous decrease as the time 
period progresses in samples treated with cold plasma 5 min (from 1 to 0.31 g/h), cold plasma 
10 min (from 1 to 0.25 g/h) and 2-10h for the untreated (control) sample (from 1 to 0.27 g/h). 
Cold plasma pre-treatments used prior to drying were found to slowly increase the drying rate 

 

Untreated control: y = -0,5497x + 6,9384 R² = 0,8706

Cold plasma 5 min: y = -0,762x + 8,934 R² = 0,8683

Cold plasma 10 min: y = -0,8913x + 9,546 R² = 0,8455
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Figure 1.  Combined moisture ratio of untreated control mangoes cv. ‘Keitt’ and pre-treated with cold 
plasma for 5 minutes, 10 minutes and dehydrated at 60°C

of mango slices when compared to the untreated (control) samples. Similar results have been 
shown in earlier studies for drying of jujube slices pretreated with cold plasma for 15 s on each 
side and dried at 60°C (Bao et al., 2021). Previous authors such as Zhao et al. (2019) attributed 
the changes in drying rate to the internal moisture diffusion efficiency. Furthermore, Zhang et al. 
(2019) observed that chili pepper pretreated with cold plasma prior drying, dried faster than the 
untreated ones. This was explained by the micro-holes generated by the reactive species produced 
during the application of cold plasma treatment, which facilitate moisture transfer during drying 
process. Moreover, Bao et al. (2021) reported that cold plasma pretreatment of jujube fruit prior 
drying leads to a change in the surface microstructure. In conclusion, these results point out that 
pretreatments have a slight effect on the drying rate of 'Keitt' mango slices.

 

Untreated control: y = -0,0696x + 0,8783
R² = 0,8706

Cold plasma 5 min: y = -0,0767x + 0,8988
R² = 0,8683

Cold plasma 10 min: y = -0,0821x + 0,879
R² = 0,8455
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Figure 2. Combined drying rate of untreated control mangoes cv. 'Keitt' and pre-treated with cold 
plasma for 5 minutes, 10 minutes and dehydrated at 60°C

Conclusion

Mango slices cv. 'Keitt' were pretreated with cold plasma and dehydrated with hot air at 60°C 
and the moisture content of the slices were evaluated during the drying processes. Cold plasma 
is efficient in enhancing the drying rate of mango slices cv. 'Keitt' during hot air drying at 60°C. 
The results of this study showed that cold plasma treatment has potential for use as a pretreatment 
method in the drying of mango.
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