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Abstract 
Pulses are called as poor man’s meat and forms important constituent of the diet of protein for predominantly 
vegetarian society. About 80% of the pulses are consumed in forms of spilt dhal produced by dehulling of the 
pulses. Dehulling of pulses is difficult operation due to the presence of mucilage layer comprised of protein 
and gums in between the hulls and cotyledon. A substantial amount of avoidable loss take place at all stages 
of milling. Losses vary from 15-20% depending upon the type and quality of grain milled, the process and 
machinery used for milling. For easy milling and to improve milling efficiency, pretreatment of pulses is 
required. The processing of pulses has received limited necessary scientific and technological support unlike 
other agro-processing industries such as rice and wheat. The pulse milling industry and the farmers in 
particular are suffering to a great extent from the loss in terms of broken, powder and low dhal recovery. 
The major problems of pulse processing are low recovery, because units are still running on traditional 
system. In traditional pulse processing unit where pulse pretreatment is a big problem due to batch 
processing nature and thereby results in excessive material handling leading to increased processing 
duration and high energy consumption with low final product recovery and chances of contamination in the 
handling process. At the moment, information related to the modern pretreatment leading to higher product 
recovery will help the pulse processing industry and the farmers as well. The modern pretreatment of pulses 
before milling are mainly chemical and non-chemical in nature. The chemical uses are discouraged these 
days. Therefore, the current paper presents a review of modern non-chemical heat pretreatment of pulses to 
improve dehulling time and dehulling efficiency as well as increased product recovery free from infestations 
during handling with improved dehulled dhal quality. 
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Introduction 
India is producing and consuming many varieties of 
pulses which are important components of the diet of rich 
and poor Indians. Pulses complement cereals to provide 
protein with quality matching that of animal products 
(Mehta and Singh, 1989). To achieve optimum nutritional 
diet the cereals and legumes need to be eaten in an 
approximate ratio of 3:1 i.e. 75 g of rice or wheat and  
25 g of legumes (Narasimha, 1993). India is the largest 
producer, consumer and importer of pulses in the world. 
India accounts for about 33% of world area and about  
22% of world production. The total production of pulses 
in India was 19.27 million tonnes in 2013-2014 (DES, 
DAC). The state of Madhya Pradesh, Uttar Pradesh, 
Rajasthan, Maharashtra and Andhra Pradesh were the 
leading pulse producing states in the same order with 
more than 70% of the production being contributed by 
these states taken together. Among different pulses, the 
leading contributors are chickpea and pigeon pea 
(Reddy, 2004). The major post-harvest operations 
involved in pulse processing are cleaning, grading, 
pretreatment, drying, milling, packaging, handling and 
storage. About 75-80% of total pulses produced in India 
are milled into splits (dhal).  

 
Conversion of pulses into dhal is the third largest food 
processing industry in the country after rice and wheat 
milling industries (Sanjeev Kumar and Agarwal, 2005). 
Removal of seed coat (husk) reduces roughage and  
anti-nutritional elements presents in seed coat, improves 
nutritional values and palatability for consumption of 
pulses in various form. It also improves cooking quality 
and digestibility. Majority of pulse milling is done at 
domestic, cottage and small to medium-scale industries. 
Losses during milling at domestic and cottage levels are 
high about 10-15% (Lal and Prasoon Verma, 2007). 
About 10-25% of pulses are converted into dhal at the 
domestic level and the rest are sold in the market at low 
price for conversion into dhal by organized pulse milling 
industries. The extent of losses that takes place at 
different stages of post-harvest chain differs from grain to 
grain. According to estimate made by different scientists, 
the post-harvest losses in pulses were in the range of  
25-30% (Lal and Prasoon Verma, 2007). The major 
losses are caused at the stages of drying, milling and 
storage. As per estimated of 15 million tons of pulse 
production, 75% i.e., 11.25 million tons goes for milling, 
taking 15% losses into account, 1.69 million tons of 
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produce is lost in milling alone, which if saved by 
adopting improved pre-treatment milling methods and 
machineries. Microwave heating is a technology that is 
being used increasingly in the food industry due to its 
considerable advantages in heat transfer comparing to 
conventional process (Lombrana et al, 2010). 
As compared to conventional heating systems, 
microwave heating system penetrates a food product 
and heating extends throughout the entire food material. 
Microwaves represent the electromagnetic spectrum 
between frequencies of 300 MHz and 300 GHz.  
 
The absorption of microwaves by a dielectric material 
results in the microwaves giving up their energy to the 
material, with a consequential rise in temperature. 
The speed of heating of a dielectric material is directly 
proportional to the power output of the microwave 
system. Although a high speed of heating is attainable in 
the microwave field, many food applications require good 
control of the rate at which the foods are heated. 
Very high-speed heating may not allow desirable 
physical and biochemical reactions to occur. A higher 
amount of water in a food increases the dielectric loss 
factor, ε'', which expresses the degree to which an 
externally applied electrical field will be converted to 
heat. The shape of the food material is important in 
obtaining uniformity of heating. Non-uniform shapes 
result in local heating; similarly sharp edges and corners 
cause non-uniform heating. Heating is a consequence of 
interactions between microwave energy and a dielectric 
material. The conversion of microwave heat is expressed 
by the following equation (Linn and Moller, 2003):  
 
P = 2π f E2V ε´´ ε0 
 
Where P = power, E = electrical field strength (V/m),  
V = volume of the material, m3, f´ = frequency (Hz),  
E = relative dielectric constant, ε´´ = Dielectric loss 
factor, ε0 = Permittivity of free space, 8.854 x 10-12 F/m. 
  
Microwave heating technology has been used in pulse 
processing to reduce post-harvest losses during drying, 
milling, cooking and storage. By drying with microwave 
heating technology, a significant reduction of drying time 
with improved quality of the produce is obtained. 
As premilling treatment of microwave heating in milling of 
pulses reduces milling time and increases the milling 
efficiency compared to all traditional methods. Microwave 
cooking, although not convenient for mass cooking, is 
very convenient for cooking small quantities, especially in 
households helps in reducing energy consumption with 
retention of nutrients. Microwave disinfestations are  
non-chemical technique used in storage to heat the 
insects to a lethal temperature because they have high 
moisture content while leaving the drier foodstuff 
unaffected or slightly warm. Several studies are focused 
on the uses of microwave energy for processing of pulse 
steps. Therefore, the present study was undertaken with 
an overall to review use of microwave heating technology 

in processing of pulses to reduce post-harvest losses in 
pulses. Application of microwave heating system with 
respect to pulse processing in detail has been discussed 
and compared with traditional system. 
 
Application of microwave heat system in pulse 
processing  
Microwave drying: A new technology, microwave drying 
seems to have paved the road for potential widespread 
applications because of reducing drying time and 
improved product quality. Industrial adoption of this 
technique, nevertheless, has been slow because of 
some unique engineering problems associated with 
design of microwave drying chambers (Nijhuis et al., 
1996) i.e., heating non-uniformity, stemmed from the 
uneven microwave field distribution in the cavity caused 
by the superposition of the sinusoid microwaves    
(Zhang et al., 2006) and this is an inherent characteristic 
of microwaves. Microwave drying is based on a 
volumetric heating mode facilitated by electromagnetic 
radiation at 915 or 2,450 MHz (Schubert and Regie, 
2006). The responses of a loss food product to dielectric 
heating result in rapid energy coupling into the moisture 
and lead to fast heating and drying. The advantages of 
microwave drying arise from heating the product from 
inside and it leads to develop of internal vapor pressure 
that drives the moisture out of the product with short 
drying time up to 25-90% (Feng et al., 2001) and an 
increase in drying rate of 4-8 times (Brygidyr et al., 1977) 
with improved quality when compared with convective 
drying. The non-uniform of surface temperature of grains 
i.e., barely, canola and wheat dried in a pilot scale 
industrial microwave dryer at five power levels and two 
exposure times. The average surface temperature after 
microwave treatment were between 72.5 to 117.5C, 
65.9 to 97.5C and 73.4 to 108.8C for barely, canola 
and wheat respectively and observed non-uniform drying 
patterns (Manickavasagan et al., 2007). The study was 
conducted to evaluate microwave drying in both 
intermittent and continuous modes (Soysala et al., 2009) 
at two different microwave output powers (597.20 and 
697.87 W) using two identical microwave–convective 
dryers. At the end, it concludes that, using continuous 
microwave–convective drying had the lowest drying time 
among the drying treatments, but it resulted in poor 
quality product while intermittent microwave–convective 
drying gave good product quality comparable to 
convective air drying. The rapid and volumetric heat 
generation of microwaves has been utilized to improve 
conventional drying process; a stand-alone microwave 
drying does not exist. Microwaves are used to assist or 
enhance another drying operation. The most widely used 
is combination of microwave heating with hot air drying 
(Andre et al., 2004). If microwaves are used in the initial 
stage of drying, a rapid heating and evaporation often 
results in porous dried product. More importantly, 
microwaves can be applied in the final drying stage to 
reduce the total drying time and reduced shrinkage 
(Feng et al., 2001).  
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Microwave-assisted vacuum drying is one of the 
successful applications in food dehydration operation, 
and many research efforts have been made over the 
years (Lin et al., 1998). For particulate foods, the 
combination of microwave heating and fluidized bed 
drying, especially with spouted bed has been 
successfully used to dry heat sensitive foods (Feng et al., 
1999).  
 
Microwave disinfestation: Microwaves are used for 
killing of insects based on dielectric heating of insects 
present in grain, which is a relatively poor conductor of 
electricity and depends upon the electrical properties of 
the material (Hamid et al., 1968; Ikediala et al., 1999; 
Nelson, 1972a; Wang et al., 2003). Microwave Radiation 
(2450 MHz) exposed to mortality of pulse beetle with 
difference in time and power levels to attain 100% insect 
mortality at 100, 80, 60, 40 and 20% power levels  to 
determine viability, germination, cooking and milling 
characteristics of  Chickpea, Pigeon Pea and Green 
Gram was evaluated (Singh et al., 2012). The seed 
viability and germination was affected by microwave 
exposure time and power level and also observed that as 
the power level is decreasing, the germination and 
viability of all the pulses are increasing. The insects in 
the mobile state were observed to move towards the 
surface from inside the nutrient medium during 
microwave exposure. In a mixture of dry food stuffs and 
insects, it is possible to heat the insects to a lethal 
temperature because they have high moisture content 
while leaving the drier foodstuff unaffected or slightly 
warm (Hurlock et al., 1979; Wang and Tang, 2001). 
Insects that infest grain, cereal products, seed and other 
stored products can be controlled through dielectric 
heating by microwave or lower radio frequency energy. 
Raising the temperature of infested materials by any 
means can be used to control insects if the infested 
product can tolerate the temperature levels that are 
necessary to kill the insects (Hurlock et al., 1979). 
  
The experiments conducted by Hamid et al. (1968) in 
samples of wheat and flour to detect and control of  
T. confusum, S. granarius and C. ferrugineus to 
exposure microwaves for 90% mortality of the three 
species. The corresponding exposure time for 90% 
mortality of T. confusum in wheat flour was 37 sec and 
concluded that bulk heating is not feasible when the 
depth is greater than 0.1 m. If wheat is passed in thin 
layers on a conveyor belt, then a satisfactory mortality of 
insects can be achieved in a reasonable time and at a 
reasonable cost, due to the highly effective penetration of 
high frequency and microwave energy, more uniform 
drying as well as efficient insect control was 
simultaneously achieved with the electrical drying 
technique (Boulanger et al., 1969) and find that 
microwave and dielectric heating systems are highly 
efficient and have significant advantages over 
conventional hot air dryers.  
 

Microwave cooking: Microwave heating is gaining 
popularity over conventional heating to its inherent 
advantage of rapidity and convenience and it provides 
better nutrition than any other method of cooking and 
reheating (Decareau, 1992). Microwave cooking resulted 
(El-Adawy, 2002) in greatest retention of all minerals 
followed by autoclaving and boiling in chick pea showed 
reduced anti-nutritional factors and positive effects on 
protein digestibility in other legumes. Microwave oven is 
a multi-utility kitchen appliance that can be used for 
cooking rice. An energy assessment comparison was 
made under normal and controlled methods of cooking, 
with unsoaked and presoaked rice, in a microwave oven 
at various power levels. In controlled cooking, the energy 
consumption substantially reduced (Lakshmi et al., 2007) 
in both unsoaked (14-24%) and presoaked rice  
(12-33%), whereas cooking time marginally increased 
(up to 2 min) compared to normal cooking. Presoaking 
rice resulted in energy savings in normal (5-11%) as well 
as controlled (3-18%) cooking. Although the absorption 
of microwave energy in water was 86-89%, the 
conversion efficiency of electrical to microwave energy 
was only 50%. Ungerminated and germinated legumes 
cooked in microwave oven and analysed for moisture, 
protein, ash, iron, thiamin, ascorbic acid, in vitro protein 
digestibility and starch digestibility (Khatoon and Jamuna 
Prakash, 2006). Results revealed that microwave 
cooking required more water and time than pressure 
cooking. The range of analyzed constituents on dry 
weight basis in ungerminated legumes and germinated 
legumes, respectively, were as follows: protein,  
18.2-23.5 and 19.4-25.7 g, ash, 2.1-2.9 and 2.2-2.9 g, 
iron, 5.4-7.3 and 7.3-10.3 mg, thiamine, 0.10-0.34 and 
0.54-1.83 mg, ascorbic acid, 2.4-3.9 and 3.1-25.6 
mg/100 g. Microwave cooking caused 36-57% reduction 
of ascorbic acid while pressure cooking caused 10-30% 
loss. Microwave heating produced (Anderson and 
Guraya, 2006) only minimal changes in digestibility as 
well as the physical characteristics of heated starches. 
Significant changes in viscosity properties after 
microwave heat treatment were observed for both waxy 
and non-waxy starches, relative to non-treated samples. 
The use of microwave energy reduced cooking time of 
dehulled mung beans when exposed to 600 W power 
levels, 12% M.C., at 2450 MHz frequency for 56 sec 
having the lowest of 4.8 min (Porohit et al., 2013). 
 
Milling after microwave treatment: The study has been 
carried out on microwave treated black gram on 
improving the dehulling efficiency. Using microwave 
treatment, a maximum dehulling yield of 73.7% and dhal 
yield of 72.7% was achieved as compared to 50.6% and 
47% respectively for control sample. Microwave  
pre-treatment eliminates (Joyner and Yadav, 2013) unit 
operations and thus reduces the total processing time, 
which ultimately results in energy saving. Microwave 
treatment also eliminates the usage of oil which adds to 
the processing cost of the conventional oil pre-treatment 
method.  
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 In addition to that, the microwave treatment also helps in 
reducing the cooking time for dehulled dhal by 
approximately 50% which would be helpful in saving 
cooking energy. The use of microwave energy before  
(Porohit et al., 2013) milling increases dal recovery by 
76.2% at 700 W, 80C in chik peas, 73.7% at 560 W, 
70C in pigeon pea and 76.7%  at 140 W, 40C in green 
gram. 
 
Dielectric properties of grains 
The dielectric properties of grain became very important 
as there was an increase in interest of using microwave 
energy for many unit operations in processing of pulses 
such as drying, pretreatment for milling, insect control, 
seed treatment to improve germination and moisture 
measurement (Nelson, 1992; Chung et al., 2000). 
Dielectric properties data are important in developing 
thermal treatments using microwave (MW) energy  
and is essential in estimating heating uniformity in 
electromagnetic fields. A dielectric property of moist 
granular materials (pulses) depends on frequency, 
moisture content, bulk density and temperature (Nelson, 
1981). The moisture content has the greatest influence 
on the dielectric properties of grain at any frequency. 
The dielectric constant increases with increasing 
moisture content at any given frequency and the 
dielectric constant decreases with increasing frequency. 
The dielectric loss factor is less predictable than the 
dielectric constant and may either increase or decrease 
with frequency or with moisture content, depending upon 
the particular range of frequency or moisture content 
(Nelson, 1981) (Table 1). The dielectric constant and 
loss factor of the legume samples decreased with 
increasing frequency but increased with increasing 
temperature and moisture content (Table 2).  
 

 

 
 

 
 
At low frequencies and high temperatures and moisture 
contents, negative linear correlations were observed 
between the loss factor and frequency, which was mainly 
caused by the ionic conductance.  
 
Effectiveness for uniformity temperature distribution in 
microwave heating: Non-uniform heating is prevalent in 
microwave heating, irrespective of the food product. 
Wide temperature variations were observed within 
heated samples, during microwave heating of different 
kinds of grains, grains, vegetables, ready-to-eat meals, 
meat, and model foods. Researchers have suggested 
some ways to reduce the intensity of uneven heating. 
Microwave heating in combination with conventional 
heating (Fung and Cunningham, 1980) would result in 
more uniform heating of foods and destruction of 
bacteria. The large food components of above 25-30 mm 
thickness should not be placed on top of each other but 
should be placed side by side whereas thin slices should 
be stacked edge to edge and uniform thickness should 
be maintained whenever possible. By controlling the  
food geometry, heating uniformity could be  
improved substantially (Ohlsson and Thorsell, 1984). 
The effectiveness of using metal (Ho and Yam, 1992) 
bands to improve the microwave heating uniformity  an 
effective way of the cylindrical samples under restricted 
conditions and expressed more experimental works are 
needed to describe the effect of metal shielding under 
conditions of food materials with various dielectric 
properties, sizes and geometries. The control of (Buffer, 
1993; Ryynanen and Ohlsson, 1996; Vilayannur et al., 
1998) uneven heating, such as design of the microwave 
oven, manipulation of the heat cycle, ingredient 
formulation, design of the package or combination of all 
these.  

Table 1. Dielectric properties (dielectric constant and dielectric loss) of insects at 20-25C (Source: Nelson, 1988). 

Adult insect species 
Frequency (GHz) 

0.2 2.4 9.4 20 
ε´ ε´´ ε´ ε´´ ε´ ε´´ ε´ ε´´ 

Sitophilus oryzae 28 12 17 3 17 3 - - 
Leptinotarsa  decemlineata 53 81 38 12 30 16 19 17 
Sarocladium  oryzae 42 28 32 9 25 12 18 13 
Tribolium  castaneum 61 56 47 15 34 19 25 19 
Oryzaephilus   surinamensis 70 68 53 17 40 21 28 22 
Rhyzopertha  dominica 63 55 43 15 34 19 25 18 

Table 2. Dielectric constant and loss of factor of grains at 24C and different moisture contents. 

Grain  M.C (%) 
Frequency (GHz) 

References 10 40 1 5.36 
ε´ ε´´ ε´ ε´´ ε´ ε´´ ε´ ε´´ 

Barely 12.9 12.9 3.2 3.0 0.038     ASAE, 2006 
Rye 12.7   4.0 0.52     ASAE, 2006 
Oats 10.7 2.8 0.2   2.2 0.18   ASAE, 2006 
Sorghum 11.4 4.2 0.38   2.9 0.29   ASAE, 2006 
Wheat 12.5     2.89 0.35 2.66 0.28 Nelson (1973c) 
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The uniform temperatures could be achieved by a 
combination of heating at high power for a short time and 
subsequent holding of the product or heating at low 
power for a longer period of time (Fakhouri and 
Ramaswamy, 1993). Microwave and water blanching of 
corn kernels leads to non-uniformity, but the product 
viability may be commercially lowered compared to water 
or steam blanched product (Boyes et al., 1997). 
The heating on reduced power for longer times and 
shielding the overheated portion with aluminum foil 
resulted in improved surface temperature distributions 
(Goksoy et al., 1999). In case of uneven heating due to 
standing waves, the non-uniformity could be reduced by 
moving with time the nodes of the standing wave which 
are done by metallic stirrers and turntables in domestic 
ovens (Funawatashi and Suzuki, 2003). A device and 
method for uniform heating of food in microwaves was 
designed by Zhang et al. (2004) (US patent No.: 
6,777,655 B2) to reduce the problems of cold spot, 
uneven heating, and splattering of food. Microwave 
heating in combination with air-jet impingement or 
infrared heating decreases the non-uniformity of 
temperature distribution (Datta et al., 2005). 
Pulsed microwave heating resulted in more uniform 
(Gunasekaran and Yang, 2007) temperature distribution 
in the samples than the continuous microwave heating. 
Although researchers have given some solutions based 
on their studies, the results are confined to specific 
conditions and cannot be generalized. 
 
Moisture loss during microwave heating: The moisture 
loss during microwave heating is an important factor 
while designing microwave processes for grain or other 
foods. Uneven heating, such as edge overheating, 
increases the moisture loss (Ni and Datta, 1999). 
The moisture loss for 14% moisture content of  barley, 
rye and oats  heated for 200, 300, 400, and 500 W at  
28 sec exposure time was (0.6, 0.9, 1.2, 1.5), (0.8, 1.2, 
1.7, 2.2) and (1.1, 1.6, 2.3, 3.5) percentage points, 
respectively. The moisture loss of oats increased to 1.9, 
3.2, and 4.5 percentage points as the exposure time was 
increased. As the power and exposure time were 
increased, the moisture loss increased in both cereals 
and oilseed. Analysis of variance shows that moisture 
content, power and exposure time had significant effects 
on the moisture loss. These results indicate that, higher 
the initial moisture content, higher the moisture loss in 
both cereals and oilseed. Comparing the moisture loss in 
barley, rye, oats, and sunflower seeds, the moisture loss 
was highest in oats followed by rye and barley. The 
experiments conducted (Hamid, 1968) to control insects 
using microwave energy and their study showed that the 
moisture content in wheat drops by less than one 
percentage points for exposure times greater than that 
corresponding to total mortality of the three wheat 
insects. The moisture content of wheat was reduced by 
(Vadivambal et al., 2007a) two percentage points, while 
100% mortality of stored-grain insects was achieved 
using microwave energy.  

Higher moisture loss in oats at all the power levels and 
exposure times may be because more water may be 
held in the husk of oats, which is lost faster during 
heating. Possibly because of the higher moisture loss, 
the temperature of the oats is lower than the rye. 
 
Current status and further usage of microwave heat 
treatment in pulse processing 
At current status, microwave heating technology is used 
for pasteurization and sterilization for effectively 
destroying pathogenic microorganisms and significantly 
reducing processing time without serious damage in 
overall quality of liquid food as compared to traditional 
methods (Feng et al., 2012). The use of microwave 
heating for food processing applications such as 
blanching, cooking and baking has a great effect on the 
preservation of nutritional quality of food. The effect of 
microwave energy on wheat and the physical, chemical 
and baking properties of dried wheat were studied by 
various researchers. They reported that the total protein 
content was not affected even by heating to 91C in a 
microwave dryer, but germination and wet gluten content 
were progressively affected by temperatures above 60 
and 66C respectively (Campana et al., 993).  
They concluded that protein content was not affected, 
but the functionality of gluten was altered gradually with 
increasing exposure time. Microwave drying did not alter 
the protein content as measured by the Kjeldahl’s 
method (Velu et al., 2006). Some structural changes in 
the starch and protein were noticed and there was a 
temperature difference of about 70C between a hot and 
cool region, within a sample of barley treated with 
microwave energy (Vadivambal et al., 2007b).  
 
At current status, conventional processing methods are 
ineffective for reduction or removal of anti-nutritional 
factors, microwave heating treatment is possible 
alternative and additional processing technique for 
reducing both heat stable and heat labile anti nutrients. 
Microwave heat increased duration seems to be effective 
in activating anti nutrients such as phytic acid, hydrogen 
cyanide, total oxalate, trypsin inhibitor activity and 
oligosaccharides. In chickpea, pigeon pea and green 
gram, the mortality of insect’s increases as the 
microwave exposure time elongated and decreases 
when microwave exposure time reduced (Singh et al., 
2012). Seed viability and germination of chickpea, pigeon 
pea and green gram was affected by microwave 
exposure time and power level at 5% level of significance 
and concludes power level decreases the germination 
and seed viability of all pulses. Dehulling process called 
as primary processing, converts the whole seed of 
pulses into dhal. It is most important operation of  
post-harvest handling of pulses, and hence plays an 
important role in processing and utilization of pulses in 
the daily diets of the people. Pretreatment influences the 
dehulling process and consequently the dhal yield. 
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Different milling methods i.e., dry and wet milling, CFTRI 
method, Pantnagar process (chemical and enzymatic 
process), CIAE method. By using different dehulling 
methods with pre-treatment an amount of 20-25% of 
milling losses takes place because, the pulse milling 
industry is running with batch processing, involves 
excessive material handling and lot of dust is generated 
inside the mill which can be reduced by introducing 
continuous type processing system. This review 
introduces by using continuous microwave heating 
system at different power levels as pre-treatment before 
dehulling of pulses helps in reducing dehulling time, 
increases dehulling efficiency, reduces cooking time, less 
energy consumption, improves nutritional quality and 
also uses as non-chemical alternative for post-harvest 
insect control in dried agricultural commodities. 
 
Conclusion 
The successful application of microwave heating 
technology in pulse processing has been discussed in 
the present review. The applications of microwave 
heating in pulse processing such as grain drying, 
cooking, microwave–assisted extraction, disinfestation 
has a great effect on the quality parameters and also 
extends storage life. Furthermore, microwave heating 
could significantly requires less energy consumption  
for cooking, drying than conventional methods. 
Processing of pulses requires pretreatments such as 
heat treatment, pretreatments confer some nutritional 
benefits. Consumer and environmental concerns over 
the use of traditional methods during pulse processing 
and has generated interest in non-chemical alternatives. 
In these days, the potential of continuous flow microwave 
heating methods at commercial scale are trying as 
pretreatment technique for dehulling of pulses because 
pulse processing industries are still running under batch 
processing. 
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