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Abstract: Demand on nuts has been rising globally in recent years due to their good source of 
protein, healthy fats and nutrients hence providing many benefits to the body's health. To provide 
a better quality of nuts during processing, transportation and storage, nuts must be dried 
accordingly to reduce the moisture content, avoid microbial contamination and to avoid post-
harvest losses. A suitable method of drying needs to be used to ensure the drying process occurs 
effectively and give better quality nuts. In this review, microwave drying had been selected due to 
its benefits of consuming less energy, reducing drying time yet providing an enhanced high-quality 
product when combined with other approaches for instance microwave drying with surface 
temperature control, intermittent microwave drying, microwave with ultrasound pre-treatment and 
microwave assisted solvent extraction. However, the drying method is known for its negative 
effects on dried product quality such as rancidity. That is why, the effects of microwave drying 
combined with other approaches on nuts quality attributes such as the drying rate, physicochemical 
properties, total phenolic content, antioxidant activity and sensorial properties of dried nuts have 
been discussed. High microwave power will lead to faster drying rate hence reducing the drying 
time. However, it will lead to higher shrinkage, increment in the total colour change and higher 
rate of rancidification for the dried nuts. In addition, the total phenolic content and antioxidant 
activity of nuts treated with microwave drying will increase in parallel with the increase of 
microwave power. Further study needs to be done regarding the optimizing of microwave drying 
combined with other drying methods to give a better quality of nuts. 
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1. Introduction 
 
Nuts are high in essential amino acids, vitamins, minerals and nutritional fibres and are preferred 
among individuals of all ages. Tree nuts are in high demand due to their well-known health 
advantages, and their global demand has risen in recent years (Cuadrado et al., 2020). However, 
nuts have a short shelf life owing to their high susceptibility to rancidity due to their high 
unsaturated fatty acids and moisture content (Walton et al., 2017). The objectives of this report 
were to discuss the overview of nuts and to review microwave drying mechanisms combined with 
other approaches and the effects of microwave and other approaches on nut quality attributes on 
physicochemical properties, total phenolic content, antioxidant activity and sensorial properties. 
Hence, this report's findings will be useful to food industries that produce dried nuts by providing 
information in terms of the microwave drying treatment that may be used to dry nuts. 
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2. Discussion  
 
2.1. Nuts 
 
Nuts contain vitamins, minerals, healthy fatty acid composition, with low levels of saturated fat 
and high levels of monounsaturated and polyunsaturated fatty acids as well as other bioactive 
components like polyphenols. Drying of nuts is important to minimize the moisture content and 
thus limit microbial growth, and appropriate drying methods must be employed to assure the 
drying process is done properly. Nuts must be dried as soon as possible after harvest to achieve a 
moisture content of less than 6% and a water activity of less than 0.70 at 25°C in order to maximize 
storage life while maintaining their original quality (Giordano et al., 2019).  
 
2.2. Microwave drying mechanism 
 
Microwaves are sources of energy that interact with materials to produce heat as a result of their 
interaction and only heat the materials that are needed. Microwave heating works by converting 
alternating electromagnetic field energy into thermal energy by impacting a material's polar 
molecules. Non-contact heating, volumetric heating, selective heating and accelerated heating are 
several benefits of microwave heating (Zhao et al., 2019). 
 
2.3. Other combination approaches with microwave drying 
 
Food drying efficiency can be significantly enhanced by combining several approaches as this 
combination can be more beneficial compared to capability of each method alone (Junqueira et al., 
2016). Some approaches that are always being combined with microwave drying are temperature-
controlled systems, intermittent microwave drying, microwave with ultrasound pre-treatment and 
microwave solvent extraction method.  
 
2.4. The effects of microwave drying on drying rate of dried nuts 
 
Some factors affecting drying rate are the initial moisture content and the composition of the raw 
material, and temperature used for the drying process. Nuts dried using higher microwave power 
dried faster. This is due to the increment in heat transfer and mass rate when the microwave power 
increases (Jahanbakhshi et al., 2020). 
 
2.5. The effects of microwave drying on physicochemical properties of dried nuts  
 
Moisture content of dried nuts decreases with the increasing drying time and longer duration of 
ultrasound pre-treatment helps to reduce the moisture content of dried nuts. However, microwave 
drying increases the fat content of dried nuts and leads to higher rancidity. Meanwhile, higher 
microwave power leads to a higher amount of shrinkage due to the higher mass transfer that ruins 
the cell structure of dried nuts (Jahanbakhshi et al., 2020). Colour is a significant criterion for 
quality assessment. Higher microwave power will make the colour of dried nuts worsen. In 
addition, ultrasonic-microwave drying shows lower total colour change compared to ultrasonic-
convection drying due to uniform heating in the ultrasonic-microwave dryer (Abbaspour-Gilandeh 
et al., 2019). 
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2.6. The effects of microwave drying on total phenolic content, antioxidant activity and 
sensorial properties of dried nuts 
 

Antioxidant activity and total phenolic content of dried cashews are at the highest when treated 
with the highest microwave power due to the liberation of phenolics by the solvents applied due 
to preheating treatment received (Carvalho et al., 2018). Nuts can be dried using microwave drying 
but with a shorter drying time to avoid the shell of the dried nuts darken. Nevertheless, the taste of 
the dried nuts can still be maintained.  
 
3. Conclusion  
 
Microwave drying combined with other approaches results in a higher drying rate, total phenolic 
content and antioxidant activity. Microwave drying alone, on the other hand, has been shown to 
enhance the fatty acid composition of dried nuts, therefore increasing the rate of rancidity. 
Additionally, due to high shrinkage and total colour change, this method does not produce better 
quality dried nuts in terms of texture and colour. Microwave drying will darken the shell of the 
nuts but the taste will still be maintained. As a result, more research is needed to improve 
microwave drying conditions by combining with other approaches to improve the quality of dried 
nuts. 
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