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Abstract 

Blanching is a heat treatment widely applied in the agro-food sector and particularly important in the 

processing of green vegetables. It increases the shelf life of fruits and canned food. The main objectives 

of blanching are: to inactivate the enzymes, prevent possible deterioration reactions, off-flavours and 

undesirable changes in colour; to reduce microbial load and to soften tissues to obtain products with 

specific texture. There are different types of blanching. Currently, hot water blanching is commercially 

adopted blanching method as it is simple and easy to implement. However, consumes large amount of 

water. In addition, water-soluble nutrients, such as vitamins, flavours, minerals, carbohydrates, sugars, 

and proteins, can leach out into the blanching water. As a further consequence, lowers somewhat the 

mass of vegetables thus process profitability can be affected by overtreatment. To mitigate those 

shortcomings, several novel blanching technologies have been developed and reported, e.g., Microwave 

blanching. It is considered as a dry technique, the volume of wastewater generated could be diminished 

and therefore losses of water-soluble nutrients could be minimized. It allows for efficient heat transfer, 

effectively inactivates deteriorative enzymes, better green colour retention. Microwave-blanched 

vegetables retain nutrients and provides better quality. 

 

Keywords: blanching, microwave, enzyme inactivation, ascorbic acid content, flavor, color and quality 

 

Introduction 

Blanching is an important thermal treatment carried out before several preservation processes 

like drying, canning, freezing, and for the most part determines the product quality (Xiao et al., 

2014) [43]. The main objectives of blanching are: 1) to inactivate the enzymes (such as oxidase, 

POD and polyphenol oxidase, PPO) to prevent attainable deterioration reactions, off-flavours 

and undesirable changes in color (Lago and Norena, 2014) [23]; 2) to reduce microbial load to 

prolong shelf-life (Afoakwa et al., 2013) [1]; 3) to eliminate air within the intracellular space to 

increase the rate of heat and mass transfer and prevent oxidization (Ruiz-Ojeda and Penas, 

2013); [36] and 4) to soften tissues to get product with specific texture (Xiao et al., 2014) [43]. 

Moreover, proper blanching will result in generation of superficial micro-cracks, which may 

enhance moisture transfer throughout drying method (Filho et al., 2016; Wang et al., 2017) [17, 

41]. 

With numerous necessary roles, blanching is widely employed in the food processing industry. 

There are different types of blanching like wet blanching and dry blanching. Currently, hot 

water blanching is the most typical commercially adopted blanching methodology because it is 

easy and simple to implement (Mukherjee and Chattopadhyay, 2007) [28]. In typical hot water 

blanching, product is immersed in hot water (from 70 o to 100o C) for many minutes. The 

blanched samples are drained and cooled before being sent to subsequent process operation. In 

general, after a certain amount of blanching time, blanching water has to be replenished 

because it becomes saturated with nutrients leached from the product. This step not solely 

consumes large amounts of water however additionally causes excessive energy consumption 

(Bingol et al., 2014) [6]. To preserve color of the product and to inactivate microbial activity, 

chemical reagents like sodium sulfite and sodium metabisulfite are usually added to the 

blanching water. This makes it tougher to treat the spent water from the blanching operation. 

Also, water-soluble nutrients, like vitamins, flavours, minerals, carbohydrates, sugars, and 

proteins, will leach out from the plant tissue into the blanching water.  

Commercial blanchers employed in the vegetable canning industry are relatively intensive in 

energy and water consumption. Energy utilization is affected by the instrumentation used and 
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also by the configuration of the following freezing step. 

Moreover, conventional blanching produces waste water that 

reduces the nutritional value of vegetables via leaching of 

soluble compounds, and later increase the pollutant charge 

(Williams et al., 1986) [42]. The rise in demand of minimally 

processed and high-quality product has aroused the 

development of recent technologies that reduces the adverse 

effects of vegetable processing (Picouet et al., 2009; Ramesh 

et al., 2002) [31, 35]. Microwave blanching of vegetables is one 

amongst these technologies that appear to produce a much 

better nutrient retention than alternative conventional methods 

(Gunes and Bayindirli, 1993; Kidmose and Martens, 1999) [18, 

22]. Thus, microwave processing may be an attractive 

alternative because of advantages like lower processing time 

or an improved heating efficiency. Moreover, microwave 

blanching is taken into account as a dry technique, the degree 

of waste generated might be diminished and thus losses of 

soluble nutrients might be reduced (Gunes and Bayindirli, 

1993; Quenzer and Burns, 1981) [18, 33]. 

In Microwave blanching, polar materials absorb microwave 

energy and convert it into heat by dielectric heating caused by 

molecular dipole rotation and agitation of charged ions inside 

a high-frequency alternating electric field (Chandrasekarane 

et al., 2013) [10]. Microwave blanching offers some 

advantages such as volumetric heating, low nutrient loss and 

high-quality products (Bingol et al., 2014) [6]. It was 

determined that compared to steam or hot water blanching, 

microwave blanching resulted in higher antioxidant activity 

and better green color retention of asparagus (Sun et al., 

2007) [40], required shorter processing times and yielded 

higher ascorbic acid retention in green beans (Ruiz-Ojeda and 

Penas, 2013) [36] and enhances antioxidant activity of pepper 

through the formation of derivatives of phenolics during 

blanching. (Dorantes-Alvarez et al., 2011) [14]. 

Here in this review, we are highlighting some relevant aspects 

of blanching and their types, microwave blanching, 

advantages and their effects on quality. 

 

Types of blanching 

Blanching may be categorized into dry and wet blanching 

based on requirement of water for the process (Fig. 1). 

 

 
 

Fig 1: Types of blanching 

 

1. Wet blanching  

When water or steam is used to blanch samples then the 

technique is referred to as wet blanching. Furthermore, based 

on the type of water used, wet blanching again can be 

categorized as hot water blanching, steam blanching and hot 

gas blanching (Fig. 1). 

 

Hot water blanching  

It is performed at temperatures ranging typically from 70º to 

100ºC. Techniques used for hot water blanching are: LTLT 

(low temperature for longer time), HTST (high temperature 

for shorter time) or a combination of both (Agblor and 

Scanlon, 2000) [2]. In typical hot water blanching, products are 

immersed in hot water (from 70º to 100°C) for several 

minutes. The blanched samples are drained and cooled before 

being sent to the next processing operation. This step not only 

consumes large amounts of water but also causes excessive 

energy consumption. (Bingol et al., 2014) [6]. In addition, 

water-soluble nutrients, such as vitamins, flavors, minerals, 

carbohydrates, sugars, and proteins, can leach out from the 

plant tissue into the blanching water. 

 

Steam blanching 

In steam blancher, a product is transported by a chain or belt 

conveyor through a chamber where ‘‘food-grade’’ steam at 

approximately 100°C is directly injected. Steam blanching is 

usually used for cut and small products. It is recommended 

for some vegetables like broccoli, pumpkin, sweet potatoes 

and winter squash. Each steaming and boiling are satisfactory 

methods. Steam blanching, however, takes about 1.5 times 

longer duration than hot water blanching. A combination of 

steam and hot water blanching is also in practice (Sheetal et 

al., 2008) [39].  

 

Hot gas blanching  

In hot gas blanching, combustion of flue gases and steam is 

employed to increase humidity and avoid product 

dehydration. It has the advantage of reducing waste 

production and is equivalent to conventional blanching with 

respect to nutrient retention. However, this usually leads to 

product weight loss. This approach is not presently employed 

in industries and need to be further investigated and optimized 

(Jack et al., 1973) [20].  

There are many disadvantages of wet blanching. It requires 

longer processing time and a large amount of energy. As a 

result, there is a more leaching of minerals, nutrients, 

phytochemicals and flavour. Additionally, wet blanching 

creates high temperature gradients between the centre and the 

surface of the food product increasing chances of “over-

blanching” or “under-blanching.” Also, wet blanching may 

cause undesirable changes in product texture and produce 

effluents with large biological oxygen demand (BOD). In 

order to overcome these disadvantages, dry blanching may be 

an alternative (Castro et al., 2008) [9]. 

 

2. Dry blanching 

Dry blanching is achieved using microwaves (Kalathur et al., 

2013) [21] and high pressure (Matser et al., 2000; Castro et al., 

2008) [25, 9]. It has been reported that dry blanching has many 

advantages over conventional blanching. These primarily 

include lower time required for the inactivation of enzyme 

complexes that cause degradation in quality and little or no 

leaching of vitamins, volatiles, pigments, carbohydrates and 

other water soluble components. 

 

Infrared blanching 

Infrared radiation energy with specific wavelengths penetrates 

the food product and directly heats the water and moisture in 

foods to achieve blanching effect and drying. Water in food 

absorbs heat energy very efficiently in the range of medium 

and far infrared wavelengths with peak wavelengths at 3, 4.7 

and 6 µm (Zhongli and Griffith, 2010) [45]. It is highly 
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effective for energy transfer to food since the medium IR and 

far IR energy does not heat the air and surrounding 

environment. 

 

High pressure (HP) blanching  
It is yet another alternative available for wet blanching 

techniques. It involves high pressure treatment of food 

products, normally contained in heat sealed packages. The 

pressure range is varied between 50 and 700 MPa, depending 

on the product characteristics, but generally between 100 and 

200 MPa is recommended (Castro et al., 2008) [9]. Some high 

pressure blanching procedures also incorporate dipping the 

food product into liquids like citric acid. High pressure 

blanching has shown to be an efficient technique for 

inactivation of enzymes that can cause degradation, as shown 

in the case of inactivation of peach polyphenol oxidase 

enzymes when peach slices were treated with high pressure. 

 

Microwave blanching 

Microwaves are form of electromagnetic radiation with 

wavelengths ranging from about one meter to one millimeter; 

with frequencies between 300 MHz (1m) and 300 GHz 

(1mm). Microwaves are located between radio waves and 

infrared in the electromagnetic spectrum with a wavelength 

range of 1mm–30 cm. (Mudgett, 1986) [26]. Microwave 

frequencies of 915 MHz and 2.45 GHz can be utilized for 

industrial, scientific, and medical applications. 

The importance of blanching is well-known. Research reports 

indicate that microwave blanched vegetables retain nutrients 

better when compared to conventional steam or water 

blanching (Quenzer and Burns, 1981; Muftugil, 1986) [33, 27] 

due to the reduction of leaching losses during blanching. 

Because of its thermal resistance, peroxidase is generally used 

as an indicator enzyme to evaluate the adequacy of blanching 

(Gunes and Bayindirh, 1993) [18].  

The penetration ability of microwaves in foods is restricted. 

For normal wet foods, the penetration depth from one side is 

around 1-2 cm at 2450 MHZ. This suggests that the 

distribution energy inside the food will vary. The control of 

the heating uniformity of microwave process is difficult and is 

seen as the major drawback in its industrial application. A 

very important demand of microwave processing within the 

food industry is that the ability to properly control the heating 

uniformity. The varied factors influencing the heating pattern 

of the product are frequency of microwave processing, 

microwave power and speed of heating, mass of the product, 

mobility of the product within the oven (rotation/non 

rotation), moisture content of the product, density, dielectric 

constant of the product, physical geometry (size, thickness, 

shape), conductivity, and specific heat. These factors are 

mentioned by Schiffmann 1986 [37] and IFT in 1989. 

Continuous microwave heating of food materials has been 

reported to an uneven temperature distribution or native hot 

spots. This has restricted microwave processing of food 

materials. Pulsed microwave heating, intermittently turning 

the magnetron ON and OFF, will improve temperature 

uniformity of microwave-processed foods (Yang and 

Gunasekaran, 1998) [44]. This demands that any study 

associated with microwave processing ought to invariably 

include the study of temperature and absorbed power level 

distribution.  

Several studies on microwave blanching, either severally or 

together with steam or water heating have been reported 

(Ramaswamy and Fakhouri, 1998) [34]. However, these studies 

haven't included the comparison of temperature distribution 

and vitamin retention under pulse microwave blanching. 

Microwave blanching causes heating of materials that have a 

dielectric medium. Alignment of dielectric materials towards 

the oscillating electromagnetic (EM) field causes heating 

effects. Once a microwavable container with food is placed in 

a microwave oven, the food at the edge of the container heats 

quicker and a temperature gradient develops between the 

Centre and also the edges. 

 

Mechanism  

Dipolar Interaction: Once microwave energy is absorbed, 

polar molecules like water molecules within the food can 

rotate in keeping with the alternating magnetic force field. 

The water molecule is “dipole” with one positively charged 

end and one negatively charged end. Similar to the action of 

magnet, these “dipoles” can orient themselves once they are 

subject to electromagnetic field. The rotation of water 

molecules would generate heat for cooking.  

Ionic Interaction: In addition to the dipole water molecules, 

ionic compounds (i.e. dissolved salts) in food can even be 

accelerated by the electromagnetic field and collided with 

alternative molecules to supply heat. (Ohlsson, 1993) [29]. 

 

Advantages 

Microwave blanching has been assessed over the years in an 

exceedingly sort of fruits and vegetables, and, in general, has 

been found to be superior to conventional blanching 

methods (Kidmose and Martens 1999; Ramesh et al., 2002) 
[22, 35].The main advantage of Microwave blanching system is 

that it is capable of creating heat internally and its bigger 

penetration depth too; attributable to that “retention” of 

thermolabile constituents is improved. Microwave blanching 

resulted in higher antioxidant activity and better green color 

retention (Sun et al., 2007) [40]. It has low nutrient loss and 

high-quality products (Bingol et al., 2014) [6]. Microwave 

blanching needs very little or no water for efficient heat 

transfer in food, it will reduce the amount of nutrients lost 

by leaching as compared with hot water immersion. In a nut 

shell, Microwave blanching considered as one of the most 

effective HTST systems for thermal treatment (Collins and 

McCarty, 1969; Dietrich et al., 1970) [12, 13]. 

 

Food quality  

Quality characteristics of food includes appearance (size, 

shape, colour, gloss, and consistency), texture, and flavor etc. 

It is an important food manufacturing requirement. The colour 

of food is important for its acceptability (Eagerman, 1978) [15] 

and a slight change in the odour of processed food may affect 

the overall quality of the product (Vadivambal and Jayas, 

2007) [11]. The quality changes that can happen during 

microwave blanching are described below. 

 

Effects of microwave blanching on Weight loss 

Weight loss is a serious problem for certain fruits and 

vegetables, which not only reduces the profitability but also 

has some negative effect on the product quality such as poor 

texture, shrinked shape and bad color. Ruiz-Ojeda and Peas 

(2013) [36] compared conventional hot-water and microwave 

blanching of green beans, and found that the water blanching 

had a higher weight loss than microwave blanching and the 

weight loss increased with the increasing of microwave 

power.  

 

Effects of microwave blanching on moisture content 

Muftugil (1986) [27] observed the effect of different types of 
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blanching methods on moisture content of green beans. He 

noticed moisture uptake was less in microwave blanched 

samples than those blanched in water, steam and in the 

convection oven. Begum and Brewer (2001) [4] evaluated the 

effects of microwave blanching on moisture content of 

tomatoes prior to and after frozen storage. The lowest 

moisture content occurred in Microwave blanched tomatoes 

before (92%) and after (86%) frozen storage. After blanching, 

Microwave blanched tomatoes were lowest in moisture 

content. On the other hand, after frozen storage, Microwave 

blanched tomatoes continued to have the lowest moisture 

content followed by Steam blanched, boiling water blanched 

and microwavable blanching in boilable bag. 

 

Effects of microwave blanching on enzyme activities 

Many methods (boiling water, steam, microwave) have been 

shown to inactivate peroxidase in a variety of vegetables 

(Begum and Brewer, 2001) [5]. Microwave blanching 

effectively inactivates deteriorative enzymes. According to 

Ramesh et al., (2002) [35] when three vegetables, spinach, 

carrot, and bell peppers were blanched conventionally in 

water and using pulsed microwave at 95 ±2 ºC. Minimum 

adequate blanch time for 90% of the initial value of 

peroxidase enzyme inactivation was considered. The 

blanching times for this were different for different 

vegetables. They were comparable for microwave and water 

blanching of carrots and bell peppers, but were significantly 

different for a leafy vegetable such as spinach. As the pulsed 

microwave blanching was adopted restricting the temperature 

to less than 98ºC, the enzyme inactivation was slower as 

compared to that of water blanched or continuous (where the 

magnetron was ON throughout the blanching process) 

microwave blanched samples. When water blanching and 

pulsed microwave blanching results are compared, it is 

evident that, it takes a longer time for inactivation of enzyme 

in pulsed microwave heating. Ruiz-Ojeda and Penas, (2013) 
[36], found that the activity of PPO and POD of blanched 

samples decreased with increasing microwave power. 

 

Effects of microwave blanching on vitamin C or ascorbic 

acid content 

In vegetables, ascorbic acid is one of the most heat labile 

nutrients; it is water soluble, pH-, light and heat-sensitive and 

readily oxidizable by the naturally occurring enzyme system, 

ascorbic acid oxidase (Campbell et al., 1958; Brewer et al., 

1994) [8, 7]. It is demonstrated that snow peas that were 

microwave blanched (MW) and those microwave blanched in 

a heat-sealed bag (MWB) retained more ascorbic acid than 

did unblanched snow peas or those blanched using 

conventional methods (Begum and Brewer, 2001) [4]. 

Muftugil, (1986) [27] compared both hot water and microwave 

blanching methods based on their effect on the retention of 

ascorbic acid in green beans. Microwave blanched samples 

showed better retention in ascorbic acid as compared with hot 

water blanched samples. Furthermore, superior retention of 

ascorbic acid in microwave blanched frozen spinach over hot 

water blanched sample has been reported (Ponne et al., 1994) 
[32]. Such higher retention rates of ascorbic acid are more 

likely due to blanching in minimal water for a reduced time 

using microwaves. 

 

Effects of microwave blanching on flavor 
Schnepf and Driskell (1994) [38] found that microwave cooked 

peas had more intense flavor scores than did boiled peas. It 

has been reported that microwave blanching in a bag resulted 

in umami flavor equivalent to peas that were steam or boiling 

water-blanched (Lin and brewer, 2005) [24]. 

  

Effects of microwave blanching on colour  

Eheart and Gott (1964) [16] reported complete retention of the 

carotene in carrots heated in water in a conventional oven, 

and in a microwave oven with or without water. Although 

total carotene content does not change as vegetables are 

heated in water, there is a shift in the visual color: orange 

carrots may become more yellow, and red tomatoes may 

become orange-red (Penfield and Campbell, 1990) [30]. 

According to study conducted by Lin and Brewer (2005) 

microwave-blanched peas were adequate to or a lot of 

inexperienced than peas blanched by different ways, and that 

they attended to be darker than conventionally blanched peas. 

On comparing, microwave blanching to steam or hot water 

blanching, microwave blanching resulted in better green 

colour retention of asparagus (Sun et al., 2007) [40].  

 

Effects of microwave blanching on sensory quality  

Begum and Brewer (2001) [4] results imply that blanching 

snow peas in a very heat-sealable microwave bag, before 

frozen storage, produces a product of equivalent sensory 

quality and superior organic process quality compared with a 

lot of typical blanching ways. 

 

Conclusion 

The importance of blanching is well-known. It increases the 

shelf life of the food by decreasing the microbial load and 

lowering the concentration of enzymes that causes 

degradation Blanching has its own merits and demerits. Wet 

blanching lowers the nutritional value because of leaching. 

So, dry blanching like microwave blanching can be a better 

alternative to wet blanching. It needs very little or no water 

for efficient heat transfer in food. It was observed that it 

resulted in higher antioxidant activity and better green color 

retention. Furthermore, it required shorter processing times 

and yielded higher ascorbic acid retention. It could be 

concluded that vegetables blanched with microwave energy 

were more nutritious and of better quality than those heated to 

the same temperature by conventional water blanching. 
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