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Abstract

green gram in sub-tropical climate. Optimization of machine parameters using response surface methodology (RSM) 
greatly overcomes the numbers of experimental trials generally undertaken apart from maximizing the output of the 
system.  
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Introduction

Pulses along with cereals play a vital role in human 
nutrition (Tiwari et al. ) and also regarded as 

green gram (Vigna radiata L. Wilczek) is an important 
pulse crops in India which is well known for their 
nutritional and functional value (Gowen et al.

and contain health-promoting phytochemicals (Berrios 
et al.

minerals like folate and iron as well as antioxidants and 
only very small amounts of fat. 
pulse production is consumed in form of dal or powder 

(Chacko et al.
dal by various methods/ processes. The recovery of dal 

and techniques adopted by the millers such as methods 
of pre-treatment and milling machinery used (Sahay 

digestibility of grain legumes. Rewetting/ oil treatments 
and drying is done to loosen portions of husk sticking 
after repeated rolling. To facilitate dehusking and splitting 
of pulses alternate wetting and drying method is used. To 
obtain complete dehusking of the grains a large number 
of abrasive forces is applied in this case as a result high 
losses occur in the form of broken and powder for proper 

removal of husk. Premilling treatments are given to affect 
the gums present in-between seed coats and cotyledon in 

breakage and (d) improve the quality of split. 

Various workers have tried different premilling 
treatments to loosen the hull. There are two approaches 

the dry method of milling is used throughout the Indian 
subcontinent for milling of pigeon pea because the quality 
of splits obtained from wet milling is poor (Kurien & 

seed size and different pre-treatments on splitting and 
dehulling of lentil (Lens culinaris) and reported that 

content. Kurien et al
pigeon pea can be rendered easier by prolonged soaking 
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uncooked and tough even with prolonged boiling. The 

et al

abrasive dehulling device and reported that seed size was 
the most important factor affecting the dehulling process. 
Oil application is traditionally practiced and is still in 
vogue (Narasimha et al.,  Chemical treatment 

hydroxide or acetic acid has been tried in lieu of vegetable 
oil. These studies revealed that the removal of the hull 
was made easier by treatment with mustard oil as well as 
with sirka o C for 

(Krishnamurthy et al., 
solution sodium bicarbonate on the dehulling of pigeon 

et al.,

premilling treatment performance and quality of resultant 
dhal are limited. Tiwari et al  

o C drying temperature. 

pigeon pea to obtain maximum recovery. Mangaraj et al

The 

broken and powdered particles and in the case of pigeon 

for powder (Singh et al ). 

part of
pulses are transported to mainland (India) through ship 
for processing whereas the same pulses after processing 

status of post-harvest processing is very low because of 

C which harbours microbial loads at 
the harvested/ stored products compared to other parts of 
the country. As the Islands to home to most of the south 

sun drying is practiced the traditional method is not only 
weather dependent but also it requires a large drying yard 
to match with the milling capacity. As a result it takes 

are also quite high in the traditional method of milling of 

respect to effect of sun drying and oil as a pretrement on 
the milling characteristics of green gram. 

Material and methods

Fresh green grams were procured from local market 

gram was taken in vessel and oil was applied at required 

and was mixed manually. These oil treated samples were 

procedure (Table
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Table 1:  Coded level of independent variables used in the experiments




  

     

     
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Milling procedure

mill. The machine consists of four units viz. dehulling 

motor for complete operation. The horizontal cone type 
abrasive roller is provided for dehulling of grain with 
the provision of inlet and outlet control. Out of dehulled 

and come out through cyclone separator. The remainder 
mixture fall down by gravity on the reciprocating sieve 
unit provided with two sieves. The upper sieve separates 
grain with gota and lower separates dal. The brokens are 
collected below sieves on pan. The grain with gota is fed 
to the screw conveyor where either oil or water can be 

be splitted by an elevator after water treatment and drying.  

dehusked and husked grains and were tabulated as whole 

studied in triplicates.

equation

                   (2)

Where Wg
Wuh is th th is 

fp is the weight of 
br is the weight of brokens and Wpo is 

the weight of powder.

Experimental design

The variables chosen for milling experiments were oil 
concentration and drying time.  The variable levels were 
selected on the basis of preliminary drying experiments. 

evident from  The experiments were conducted in 
a randomised order to minimise the effect of unexpected 
variability in the observed responses due to extraneous 

central point were based on the results of preliminary trials. 

. Five repeated experiments were 
conducted at the central points of the coded variables to 

developed regression equation between the responses and 
independent variables (
methodology (RSM) was used to determine the relative 
contributions of oil concentration and drying time to 

RSM is it reduces the number of experiments needed to 
evaluate multiple parameters and their interactions. The 

tted to each of the response variables (Yk).
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ki kii and bkij

i
2 represent the independent variables.

Table 2. Combination of treatments with two variable second-order RSM design





































   








   








   








   








   








   








   








   








   








   








   








   








   

Analysis of Data

Response surface analysis was applied to the 
experimental data  the second-order 
polynomial response  

Regression analysis and analysis of variance (ANOVA) 

corresponding R2

were carried out using a commercial statistical package 

MN). The adequacies of the models were determined 
2

of determination) analysis as outlined by Lee et al
and Weng et al

predictor is discarded. Response surfaces were generated 
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and the corresponding numerical optimization was 
performed.

Optimization Technique

multiple responses. The desired goals for each factor and 
response were chosen which are already discussed in the 
optimization of dal mill.

Results and discussion 

control where green gram was not treated with oil but 

dried at different drying time. It was estimated that this 

Husk percentage was estimated by carefully removing the 
husk and the germ part was separated from cotyledons 
by using a sharp knife and it was found while milling the 
germ portion and the husk was removed in case of whole 
dehusked grains and also in case of dehusked splits. From 

one of the important steps for proper dehusking of green 
gram. Analysis of variance showed that all the models 

2). 
 2

responses.

(in actual units)
Dependent parameters

F-Value
Variables
model -- --
Constant
Oil concentration 

2

2
2

R2 -- --
R2

adj

drying time and the quadratic term of oil concentration 

2). Figure  shows that 

then gradually decreased.  The reason may be the effect 
of high oil concentration which resulted in decrease of 
frictional rersistance of the sample inside emery roller 
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increasing dehulling time beyond 2.47 days was because 
of more broken and powder formation. Low value of R2

suggests that the dehulling loss is also affected by other 

The second-order polynomial equation for pigeon pea 
as follows 

Dal recovery

It was observed from ANOVA (Table 2) that both 

 

drying time and then gradually decreased. The reason 
may be the effect of high drying time which make the 
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sample more brittle causing formation more broken and 
powder. 

The second-order polynomial equation for pigeon pea 
as follows 

of green gram was carried out to characterise hulling 

importance were given to each dependent and independent 
parameters.

Table 3. optimization of factors (oil concentration and drying time)
    

    

    

    

    

   

    

Table 4  Solution for optimum conditions
Solution 

no.
Oil percent-

age
Drying 

time Broken Powder H.E D.R Desirability

0.766
2  0.746

From Table 4 the result indicated that for the optimum 

as well as dal recovery. The milling experiment results 
were in close agreement with the dal recovery and 

developed models were compared with the work carried 
et 

al et al et al
Zhang et al et al
found to be comparable. The dal recovery and milling 
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et al et al

recovery was less owing to crack formations owing to sun 
dried samples. 

Conclusions

problems in the processing as seed coat is tightly bound 
with that of cotyledons with gums and mucilages.  Oil 
application helped in easy removal of husk and excess 
concentration of oil added to the extra cost and change 
in color of dehusked grains. The result indicated that for 

2.47 days of drying helps in recovering higher hulling 

which make the sample more brittle causing formation 
more broken and powder. The reason may be the effect 
of high drying time which make the sample more brittle 
causing formation more broken and powder. The broken 

and powder were found during the experiomentation.  

less than tabular values which indicate that the regression 
equation obtained through RSM are in close agreement 
with the experimental values.  Further studies are needed 

of different oils and use of mechanical dryer for getting 
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