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Introduction 
 

Agriculture is one of the strongholds of the 

Indian economy and accounts for 18.5 per cent 

of the country‟s gross domestic product. 

Maize is a coarse grain and now it is being 

accepted as staple diet and its demand is 

increasing year by year. In India, maize is the 

third important cereal crop after rice and 

wheat in terms of area (Anonymous 2011). 

Currently, 49 per cent of maize output is used 

as poultry feed, 25 per cent as food, 13 per 

cent in starch and other industries, 12 per cent 

as animal feed, and 1 per cent as seed. Andhra 

Pradesh, Karnataka and Maharashtra are the 

major maize producing states. The value 

added products from maize which include 

maize starch, liquid glucose, dextrose 

monohydrate, anhydrous dextrose, sorbitol, 

corn gluten etc. During year of 2010-2011, 

maize was cultivated in 167 million hectares 

leading to a production of 860 million tones 

globally. The maize production of India in 

2011-2012 is 21.5 million tones and the area 

under production is 7.18 million hectares and 

yield is 1959 kg/hectares. The market share of 

the Indian snacks is around US$ 3 billion 

(INR 137.4450 billion) with a growth rate of 

around 15-20 %. The unorganized snacks 

market is worth around US$ 1.56 billion (INR 

71.4636 billion) with a 7-8 % growth rate. 

(Anonymous, 2011). The population of human 

being is ever increasing with vigorously 

changing lifestyle. This changing lifestyle is 

accompanied with changing demand, 

changing needs and habits. Major social, 
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economic and demographic changes occurred 

over recent years have had great influence on 

the food we eat, and on where, when and how 

we do so. As a result, the convenience food 

sector has grown by 70% over the past decade, 

creating a huge market. Convenience foods 

are foods which designed to save consumers‟ 

time in the kitchen and reduce costs due to 

spoilage. These foods require minimum 

preparation, typically just heating, and can be 

packaged for a long shelf life with little loss of 

flavor and nutrients over time (Anonymous 

2007). 

 

The RTE foods are prepared by extraction, 

cooking, puffing, flaking, frying, toasting, 

roasting etc. While RTE food products include 

extruded snacks, puffed cereals, popcorn, rice-

flakes, fried fryums, home-made products like 

„papad‟, „kurdai‟, „chakali‟ which may be 

consumed after frying or roasting. The puffing 

process can broadly be classified as the sand 

puffing, salt puffing, air puffing, oil puffing 

and roller puffing as example of atmospheric 

pressure process (Chandrashekar and 

Chattopadhya, 1989) while gun puffing is 

example of pressure drop process (Hoseney, 

1986). The oil puffing adds oil to the puffed 

products. The sand puffing imparts 

contamination of product with sand, while gun 

puffing demands extremely high working 

pressure. The extrusion puffing is highly 

sophisticated and required very high operating 

pressure and temperature. Puffing will ideally 

create an aerated, porous with added benefits 

of dehydration. Air-popped popcorn is 

naturally high in dietary fiber, low in calories 

and fat, and free of sugar and sodium.
 
This can 

make it an attractive snack to people with 

dietary restrictions on the intake of calories, 

fat and/or sodium. Presently available 

technologies for whirling bed hot air puffing is 

accompanied with „batch type‟ process. The 

batch requires to be put into process and then 

after puffing, it needs to be taken out. In order 

to ensure efficient batch processing, the LPG 

Gas system is provided for fast setting of 

required temperature and air velocity. The 

puffing in the „batch‟ process and its removal 

on puffing, leads to increase energy 

requirement and process time per unit input. 

The emphasis will be made to put the raw 

product for puffing and to remove the final 

puffed product without disturbing the ongoing 

airflow rate and air temperature. The raw 

product should be put within whirling zone of 

hot air continuously and on puffing it should 

be taken out in continuous manner. To achieve 

the purpose of continuous input system and 

continuous removal of final product, some 

typical features need to be added in the present 

system. Besides to re-circulate the used air 

still having very high temperature is to be re-

introduced in the heating zone. It will increase 

the thermal efficiency too and reduce total 

heat. There is a need to develop a new and 

continuous method for puffing corn seeds 

which could ensure control of temperature and 

the residence time. At the same time, it will 

turn out a product which will have more 

uniform quality and produced at much faster 

efficiency. Some researcher work on it and 

develop continuous hot air puffing system for 

different product, by considering all the point 

it is decided to develop hot air puffing system 

for corn. The present research work was 

therefore undertaken to evaluate the 

performance of developed hot air puffing 

system. 

 

Materials and Methods 

 

Selection of raw material 

 

Corn kernels of variety “VL Amber popcorn” 

procured from local market were selected for 

present investigation. The typical composition 

of corn was endosperm 82.3%, germ 11.5%, 

bran 5.3% and tip cap 0.8%. The typical 

analysis of corn was moisture 9-15, starch 

61%, protein content 8.5%, fibre 9.5%, oil 4 

% and ash 1.6% dry basis  
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Performance evaluation of the developed 

hot air puffing system 

 

The experimentation on hot air puffing of corn 

was conducted at required terminal velocity 

and by varying puffing air temperatures and 

feed rates as tabulated in Table 1, on the basis 

of preliminary experimentation.  

 

The response parameters observed were 

puffing percentage (%), expansion ratio, 

hardness (g), crispness (number of +ve peaks) 

and sensory evaluation. 

 

Puffing percentage 
 

Puffing percentage is taken as percentage of 

puffed product (Np) out of total product in 

feed sample (Nt).  

 

Puffing percent =  × 100 (5) 

 

Np = Number of puffed grains observed in 

sample, 

 

Nt =Total number of grains in the sample 

 

Expansion ratio 

 

Expansion ratio is the ratio of volume of final 

product after puffing to the volume of raw 

product before puffing 

 

Expansion Ratio =  (6) 

 

Hardness 

 

Hardness is defined as the maximum peak 

force during the first compression cycle (first 

bite).  

 

The hardness value depicts the texture 

perception of the consumer at first bite. It was 

measured using a Texture Analyzer. 

Crispness 

 

Crispness is related to the mechanical 

properties of the crust. Factors that determine 

these properties like the solid matrix i.e. starch 

properties, water content, crust structure, oil 

content.  

 

Sensory evaluation 

 

The sensory evaluation was done on the basis 

of numerical sensory card based on BIS: 6273 

(Part II, 1971) 

 

Results and Discussion 

 

Performance evaluation of puffing machine 
 

The system developed enables variation in 

puffing temperature from 180 to 270°C and air 

velocity from 20 to 30 m/s in puffing column.  

 

Working of developed hot air puffing 

system 

 

The air blower was switched on to allow the 

air circulation in system. Then heaters were 

switched on. Initial 6 heaters were switched on 

which was directly connected to contractor to 

heat the flowing air to 180-200°C temperature. 

Then remaining 3 heaters were put to ON, to 

increase the temperature to required levels for 

testing. It took 5 minutes for reaching 

temperature of 220°C. The temperatures of air 

in puffing chamber were varied by switching 

on the other heaters, one by one. The six 

numbers of switched heaters could achieve 

and stabilize air to temperature of 180 - 200°C 

temperature after 20 minutes. Sequentially 

next three heaters were switched, i.e. total nine 

numbers of heaters on switching could achieve 

temperature of 200–260°C in 35 minutes from 

start. Hence nine numbers of heaters were 

used and required temperature varied between 

180 – 260°C. The air velocity at air inlet of 

puffing chamber was measured using digital 
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anemometer without heating of air. The air 

velocity of air could be varied from 20-30 m/s 

using lever fixed on the periphery of blower. 

However the air velocity was fixed at 24 m/s 

in this study. The hot air puffing system for 

corn works on centrifugal air blower and 

electric heaters arranged typically in chamber. 

The air blower supplied air at atmospheric 

temperature (30°C), at the rate of 0.0912 to 

0.136 m
3
/s. This air was passed over series of 

electric heaters for heating from atmospheric 

temperature (30°C) to puffing temperature 

(180 to 260°C). It takes about 20 minutes for 

initial heating of air, to reach temperature of 

180-200°C. This hot air was used for puffing 

in the puffing chamber. Once air was used, it 

was then recycled through re-circulating pipe 

(which was still hot and at about 170-180°C 

after being utilized) for further heating. The 

puffing chamber is vertical cylinder of 

diameter 76.2 mm, from the bottom of which 

hot air comes in typical manner. The product 

to be puffed was fed through the feed gate that 

works on positive feeding mechanism. The 

typical arrangement made to take, the puffed 

final product, out of the puffing chamber, 

carried the puffed material towards cyclone 

separator. The final product was taken out of 

the process from this cyclone separator and 

waste air (still hot at temperature of about 

170-180°C) was again re-circulated for its 

reuse. 

 

Experimentation for selection of 

appropriate process parameters 

 

As discussed in section the experimentation 

with two variables i.e. puffing temperature as 

200, 220, 240 and 260°C and feed rate of 

material as 50 and 100 g/min was conducted.  

 

Effect of process parameters on various 

responses 
 

The puffed samples were collected from 

bottom outlet of cyclone for each set of 

experimentation. These samples were 

evaluated for different response parameters 

like puffing percentage, PP (%); expansion 

ratio, ER; hardness, HD (g); crispness, CSP 

(number of +ve peaks) and sensory evaluation 

as discussed in following sections. The 

changes in responses with changes in 

experimental variables were analyzed using 

ANOVA. 

 

Effect of puffing temperature and feed rate 

on puffing percentage 

 

The effect of puffing temperature and feed 

rate on puffing percentage is shown in Figure 

2. From the figure it could be seen that as the 

puffing temperature and feed rate is increased 

the puffing percentage is decreased. The 

maximum puffing percentage was found to be 

86.51% for 200°C and 100 g/min feed rate.  

 

Similarly the minimum puffing percentage 

was obtained as 79.056% for 260°C puffing 

temperature and 100 g/min feed rate. This may 

be due to the fact that the increased 

temperature causes burning of popcorn in a 

given residential time while increased feed 

rate decreased the chance of exposure of all 

corns to similar puffing conditions, may be 

due to increased crowding.  

 

The standard statistical technique „Analysis of 

variance‟ (ANOVA) was applied to study the 

effect of puffing temperature and feed rate on 

puffing percentage. Critical difference and co-

efficient of variance (CV) were evaluated for 

puffing percentage puffing temperature and 

feed rate has significant effect on puffing 

percentage at 1% level of significance. 

However the interaction of these two variables 

is non-significant. 

 

Effect of puffing temperature and feed rate 

on expansion ratio 

 

The effect of puffing temperature and feed 

rate on expansion ratio is shown in Figure 3. 
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Table.1 Independent variables for optimization of process parameters for hot air puffing of corn 

 

Sr. No. Variables Levels 

1 2 3 4 

1 Puffing air temperature, 
o 

C 200 220 240 260 

2 Feed rate, g/min 50 100  - 

 

Fig.2 Effect of puffing temperature and feed rate on puffing percentage (%) 

 

 
 

Fig.3 Effect of puffing temperature and feed rate on expansion ratio 
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Fig.4 Effect of puffing temperature and feed rate on hardness 

 
 

 
 

Fig.5 Effect of puffing temperature and feed rate on crispness 

 

 
 

Fig.6 Effect of puffing temperature and feed rate on crispness 
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From the Fig. 3 it could be seen that as the 

puffing temperature and feed rate is increased 

the expansion ratio is decreased. The 

maximum expansion ratio was found to be 

13.36 for 200°C and 50 g/min feed rate. 

Similarly the minimum puffing percentage 

was obtained as 8.58 for 260°C puffing 

temperature and 100 g/min feed rate. The 

decreased in expansion ratio with increased 

puffing temperature may be caused due to the 

fact that the increased temperature caused 

over heating of the product. The standard 

statistical technique „Analysis of variance‟ 

(ANOVA) was applied to study the effect of 

puffing temperature and feed rate on 

expansion ratio. Critical difference and co-

efficient of variance (CV) were evaluated for 

expansion ratio, puffing temperature and feed 

rate has significant effect on expansion ratio 

at 1% level of significance. However the 

interaction of these two variables has 

significant effect on expansion ratio at 5% 

level of significance. 

 

Effect of puffing temperature and feed rate 

on hardness 

 

The effect of puffing temperature and feed 

rate on hardness is shown in Fig. 4. From the 

Fig. 4 it could be seen that as the puffing 

temperature and feed rate is increased the 

hardness is decreased upto 240°C and 

increased thereafter with increase in puffing 

temperature. The maximum hardness was 

found to be 4508.33g for 200°C and 50 g/min 

feed rate. Similarly the minimum hardness 

was obtained as 2116.67 for 240°C puffing 

temperature and 50 g/min feed rate. This may 

be caused due to the fact that the increased 

temperature allowed more puffing, reduced 

moisture and thus reducing hardness while 

further increase in puffing temperature led to 

burning of the material, and thus increase in 

hardness. The standard statistical technique 

„Analysis of variance‟ (ANOVA) was applied 

to study the effect of puffing temperature and 

feed rate on hardness. Critical difference and 

co-efficient of variance (CV) were evaluated 

for hardness, puffing temperature and feed 

rate has significant effect on hardness at 1% 

level of significance. The interaction of these 

two variables has significant effect on 

hardness at 1% level of significance. 

 

Effect of puffing temperature and feed rate 

on crispness 

 

The effect of puffing temperature and feed 

rate on crispness is shown in Fig. 5. There is 

no effect of puffing temperature and feed rate 

on crispness. The maximum crispness was 

found to be 59.7 for 240°C and 50 g/min feed 

rate. Similarly the minimum crispness was 

obtained as 32.3 for 240°C puffing 

temperature and 100 g/min feed rate. The 

standard statistical technique „Analysis of 

variance‟ (ANOVA) was applied to study the 

effect of puffing temperature and feed rate on 

crispness. Critical difference and co-efficient 

of variance (CV) were evaluated for crispness 

puffing temperature has non-significant effect 

on crispness and feed rate has significant 

effect on crispness at 5% level of 

significance. The interaction of these two 

variables has significant effect on crispness at 

1% level of significance. 

 

Effect of puffing temperature and feed rate 

on sensory evaluation 

 

The effect of puffing temperature and feed 

rate on sensory evaluation is shown in Fig. 7. 

From the Fig. 7 it could be seen that as the 

puffing temperature is increased the sensory 

scores is decreased. The maximum sensory 

scores was found to be 8.9 for 200°C and 100 

g/min feed rate. Similarly the minimum 

sensory scores was obtained as 6.5 for 260°C 

puffing temperature and 100 g/min feed rate. 

This may be due to the fact that increased 

puffing temperature might have caused 

burning of the product led to brown colour. 
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The standard statistical technique „Analysis of 

variance‟ (ANOVA) was applied to study the 

effect of puffing temperature and feed rate on 

sensory evaluation. Critical difference and co-

efficient of variance (CV) were evaluated for 

sensory evaluation puffing temperature has 

non-significant effect on sensory evaluation 

and feed rate has significant effect on sensory 

evaluation at 1% level of significance. The 

interaction of these two variables has non-

significant effect on sensory evaluation 

 

The continuous hot air puffing system enables 

continuous feeding of raw material and 

continuous exit of puffed product, hence 

frequent resetting of temperatures and air 

velocities is not required. The continuous hot 

air puffing system reduced requirement of 

energy due to recirculation of used but still 

hot air. The fifty percentage heat load was 

reduced which reduced the processing cost of 

hot air puffed corn. The continuous hot air 

puffing system can be set to any puffing 

temperature from 175 to 300 °C and air 

velocity of 20 to 30 m/s. The optimum 

conditions for puffing of corns were found to 

be puffing temperature of 200 °C and feed 

rate of 100 g/min, i.e. 6 kg/h. 

 

References 

 

Anonymous, (1998). Process description for 

snack food production. SFP- 200-GRH. 

Wenger Manufacturing: Sabetha, US. 

Anonymous, 2004. Source: Ministry of food 

processing India. Annual Report 

MOFPI, GOI. 2004. 

Anonymous, 2008. Indian food market to 

grow two-fold by 2025 

www.ibef.org/artdisplay.aspx?tdy=1&a

rt_id=19844&cat_id=60  

Anonymous, 2008. Maize, corn and its 

products starch, glucose, oil. 

www.niir.org/profiles/profiles/maize-

corn-its-products-starch-glucose-

oil/z,,5b,0,a/index.html 

Anonymous, 2010. Project report of 

“Engineers India Research Institute” 

published. 

(http://www.eiribooksandprojectreports.

com/index.php?route=product/category 

&path=37_64). 

Anonymous, 2011. Corny facts 

http://greenthumbfarms.com/corny-facts 

Anonymous, 2011. Recent trends in the India 

food market 

www.business.mapsofindia.com 

Anonymous, 2012. Maize prices rule to 

steady 

http://www.eng.agriinfomedia.com/201

2/01/maize-prices-to-rule-steady-upto-

april.html 

Anonymous, 2012. Maize Wikipedia, the free 

encyclopedia 

en.wikipedia.org/wiki.maize 

Arya, S.S. 1992. Convenience foods-

emerging scenario. Journal of Indian 

Food Industry, 11: 31-41. 

Babar, O.A. 2011. Development of 

continuous hot air puffing system. 

Unpublished M. Tech Thesis, Post-

Harvest Technology Centre, PDKV, 

Akola (MH), India  

Bhashyam, M.K. 1982. Structure of rice grain 

in relation to technological properties, 

Unpublished Ph. D. thesis, university of 

Mysore. India. 

Carriher, O.S. 1891. An expanded collection 

of typical problems in different food 

areas. Food for thought 32 (1). 

Case, S.E., Hamann, D.D. and Schwartz, H. 

G. 1992. Effect of starch gelatinization 

on physical properties of extruded 

wheat and corn based products. Cereal 

Chemistry, 69:401-404. 

Chandrasekhar, P. R. and Chattopadhyay, 

P.K. 1989. Heat transfer during 

fluidized bed puffing of rice grains. 

Journal of Food Process Engineering, 

11:147-157. 

Chattopadhyay, P.K., Pardeshi, I.L. and Nath, 

A. 2004. Deep fat frying characteristics 

http://www.eiribooksandprojectreports.com/index.php?route=product/category%20&path=37_64
http://www.eiribooksandprojectreports.com/index.php?route=product/category%20&path=37_64
http://www.eiribooksandprojectreports.com/index.php?route=product/category%20&path=37_64
http://www.eiribooksandprojectreports.com/index.php?route=product/category%20&path=37_64
http://www.business.mapsofindia.com/


Int.J.Curr.Microbiol.App.Sci (2018) 7(10): 2540-2550 

2548 

 

of fryums and potato flakes. Food and 

bio process engineering. Proceedings of 

International Conference on emerging 

technologies in agricultural and food 

engineering, IIT, Kharagpur, December, 

14-17,2004,pp 389-395. 

Chinnaswamy R. and Bhatacharya K R 

(1983b). Studies on expanded rice, 

physic-chemical basis of varietal 

differences. Journal of food science. 48: 

1600-1603. 

Chinnaswamy, R. and K. R. Bhatacharya, 

(1983a). Studies on expanded rice, 

physico-chemical basis of varietal 

differences. Journal of. Food Science, 

48: 1604-1608. 

Danilo, Majia. 2003. Post-Harvest Operation, 

Food and Agriculture Organisation of 

the United Nations (FAO). 

Fast, R.B. and Caldwell, E.F. 1990. Breakfast 

cereals and how they are made. 

American Associations‟ Cereal 

Chemistry. St Paul, Minnesota, U.S.A. 

Gamble, M. H., Rice, P. J. Selman, D. 1987. 

Relationship between oil uptake and 

moisture loss during frying of potato 

slices from Record U.K. tubers. 

International Journal of Food Science 

Technology 1987; 22:233-241. 

Gokmen, Sabri. 2004. Effects of moisture 

content and popping method on popping 

characteristics of popcorn. Journal of 

Food Engineering 65: 357–362. 

Graziella, C.A., Denise G. A., Patrıcia M. A., 

Fernanda, E. X. M. and Kil J. P. 

Influence of osmotic dehydration and 

high temperature short time processes 

on dried sweet potato (Ipomoea batatas 

Lam.). Journal of Food Engineering 84: 

375–382. 

Hailand, W.K., Sillivan, J.F., Konstance, R.P., 

Craig, J. C., Cording J. J. and Aceto, 

N.C. 1977. A continuous explosion 

puffing system. Journal of Food 

Technology, 31(11):32. 

Heymann, H. 2000. Effect of Process 

Conditions on the Physical and Sensory 

Properties of Extruded Oat-Corn Puff. 

Journal of Food Science 65: 1253–1259 

Hoseney, R. C. 1986. Breakfast cereals. 

Principles of Cereal Science and 

Technology. American Associations‟ 

Cereal Chemistry. St Paul, Minnesota, 

U.S.A. 

Juliano, B. 0. and Sakurai, J. 1985. 

Miscellaneous rice products. In: Rice: 

Chemistry and Technology, 2nd Edn, 

American Associations‟ Cereal Chem., 

St Paul, Minnesota, U.S.A. 

Kambale, R.B. 2011. Development of hot air 

puffing system for Amaranth seeds. 

Unpublished M. Tech Thesis, Post-

Harvest Technology Centre, IIT, 

Kharagpur (W.B.), India – 721 302. 

Karababa, Ersan. 2004. Physical properties of 

popcorn kernels Journal of Food 

Engineering, 72: 100–107.  

Karve, M., Tikekar, R. 2007. Development of 

a continuous method for puffing 

Amaranth seeds. Journal of Food 

Process Engineering 32: 265–277. 

Kent N.L. and Evers A.D. 1994. Technology 

of cereals: an introduction for students 

of food science and agriculture, 4
th

 ed. 

Pergamon Press, Oxford, England 

Khodke, S.U. 2002. Freeze-thaw-dehydration 

technology for the production of instant 

potato cubes. Unpublished Ph.D. 

Thesis, Post-Harvest Technology 

Centre, IIT, Kharagpur (W.B.), India – 

721 302. 

Korian, Mikhali. 2012. Hot-air popcorn 

machine especially with a seasoning 

coater. United States Patent 8276504 

Maisont, S. and Narkrugsa, W. 2009. Effects 

of some physicochemical properties of 

paddy rice varieties on puffing qualities 

by microwave. Kasetsart J. (Nat. Sci) 

43(3): 566-575. 

Manual of Methods of Analysis of Foods 

2005. Beverages, Sugar and Sugar 



Int.J.Curr.Microbiol.App.Sci (2018) 7(10): 2540-2550 

2549 

 

Products, and Confectionery Products, 

Directorate General of Health Services, 

Ministry of Health and Family Welfare, 

GOI, New Delhi, 2005. 

Mariotti, M., Alamprese, C., Pagani, M.A. 

and Lucisano M. 2005 Effect of puffing 

on ultrastructure and physical 

characteristics of cereal grains and 

flours. Journal of Cereal Science, 43: 

47–56. 

McGill EA. 1980. The chemistry of frying. 

Bakers Digest 1980; June: 38-42. 

Mudahar, G.S., Toledo R.T. and Jen J.J. 1989. 

Optimization of carrot dehydration 

process using response surface 

methodology. Journal of Food science, 

54: 714-719. 

Mukherjee, S. 1997. Studies on HTST 

whirling bed dehydration technology for 

the production of RTE puffed potato 

cubes, Unpublished Ph.D. thesis, Post-

Harvest Technology Centre, IIT, 

Kharagpur (W.B.), India– 721 302. 

Murthy, K. Venkatesh, Das, Amit. K. and 

Raghavarao, K.S.M.S. 2006. 

Department of Food Engineering, 

Central Food Technology Research 

Instiitute, Mysore. 

Nath, A. 2006. Study on Process Technology 

for Production of Potato Based Ready-

to-Eat Snacks Unpublished Ph.D. 

thesis, Post-Harvest Technology Centre, 

IIT, Kharagpur (W.B.), India– 721 302. 

Nath, A., Chattopadhyay P.K. and Majumdar, 

G.C. 2007. High temperature short time 

(HTST) air puffed ready-to-eat (RTE) 

potato snacks: Process parameter 

optimization, Journal of Food 

Engineering 80: 770–780. 

Pardeshi, I. L. and Chattopadhyay, P.K. 2008. 

Hot Air Puffing Kinetics for Soy-

fortified Wheat-base Ready-to-Eat 

(RTE) Snacks, Food Bioprocess 

Technol. 

Pardeshi, I.L. 2009. Development of cereal 

based ready-to-eat snack foods, 

Unpublished Ph.D. Thesis, Post-Harvest 

Technology Centre, IIT, Kharagpur 

(W.B.), India– 721 302. 

Ranganna, S. 2002. Handbook of Analysis 

and Quality Control for Fruits and 

Vegetable Products, Tata McGraw Hill 

Publishing Co. Ltd., New Delhi. 

Saimanohar, R., Vetrimani, R., Leelavathi, 

K., Rao, P.H., Prabhuand T.R., Prakash, 

V. 2005. Process for the preparation of 

a high protein nutritious baked snack 

food. US Patent, 12pp, 2005208191 A1 

20050922. 

Saputra, D., Payne F.A. and Carnelius, P.L. 

1991. Puffing of dehydrating green bell 

pepper with carbon dioxide, Trans, 

ASAE 34(2): 475-480. 

Segnini, S.F., Pedresch, and Dejmek, P. 2004. 

Volume Measurement Method of Potato 

Chips. International Journal of Food 

Properties, 7 (1):37-44. 

Shimoni, E., Dirks E.M. and Labuza H.G. 

2002. The Relation between Final 

Popped Volume of Popcorn and 

Thermal–Physical Parameters, 

Lebensm.-Wiss. u.-Technol. 35: 93– 98.  

Singh, J.K., Azeem, Z. and Singh, S.S. 

2003.Comparative studies on extruded 

snack foods with khesari dhal and 

chickpea flours. Journal of Food 

Science and Technology. 40(3), 333–

336. 

Singh, K. K., Sahay, K. M., Mohini, M. 

Dange and Patel, S. 2007. Development 

of process technology for preparation of 

ready to- eat-puffed potato cubes. 

Journal of Agricultural Engineering. 44 

(2). 

Soylu, Suleyman, Tekkanat, Alper. 2007. 

Interactions amongst kernel properties 

and expansion volume in various 

popcorn genotypes. Journal of Food 

Engineering 80: 336–341. 

Srinivas, T. and Desikachar, H.S. 1973. 

Factors affecting the puffing quality of 



Int.J.Curr.Microbiol.App.Sci (2018) 7(10): 2540-2550 

2550 

 

paddy. Journal of Science, Food and 

Agriculture, 24: 883-891. 

Srinivas, T., Lakshmi, T.K. and Desikachar, 

H.S. 1974. Varietal differences in 

puffing quality of paddy. Journal of 

science, food and agriculture, 11: 134-

135. 

Sullivan, J.F., Konstance, R.P., Haliland, 

W.K. and Craig, J.Jr. 1981. Carrot 

dehydration optimization process 

studies on the explosiry of on puffing 

process. Journal of Food Science, 

46(5):1537-1542. 

Sweley, C., Meyer, C., Rose, J. and Jackson, 

S. 2012. Effects of hybrid, environment, 

oil addition, and microwave wattage on 

popped popcorn morphology. Journal 

of Cereal Science, 56: 276-281.  

Ufheil, G. and Escher, F. 1996. Dynamics of 

oil uptake during deep-fat frying of 

potato slices. Food Science and 

Technology, 29(7): 640-644. 

Varela, G. and Ruiz-Roso B. 1992. Some 

effects of deep frying on dietary fat 

intake. Nutritional Revolution, 50 (9): 

256-262. 

Varela, G., Bender, A.E. and Morton, I.D. 

1988. Frying of foods. Ellis Horwood 

Ltd., Chichester, UK. 

Varnalis A.I., Brennan, J.G. and MacDougall 

D.B. 2001. A proposed mechanism of 

high temperature puffing of potato. Part 

II. Influence of blanching and initial 

drying on the permeability of the 

partially dried layer to water vapour. J. 

of Food engineering, 48: 369-378. 

Varnalis, A.I., Brennan, J.G., MacDougall, 

D.B. and Gilmour, S.G. 2004. 

Optimization of high temperature of 

puffing of potato cubes using response 

surface methodology. Journal of Food 

Engineering, 61: 153-163. 

Zapotoczny, Piotr, Markowski, Marek., 

Majewska, Katarzyna., Ratajski, 

Arkadiusz., and Konopko Henryk. 

2006. Effect of temperature on the 

physical, functional, and mechanical 

characteristics of hot-air-puffed 

amaranth seeds Journal of Food 

Engineering, 76: 469–47 

  

How to cite this article:  

 

Madhuri Dahiwale, P.S. Champawat and Jain, S.K. 2018. Performance of Hot Air Puffing 

System for Corn. Int.J.Curr.Microbiol.App.Sci. 7(10): 2540-2550.  

doi: https://doi.org/10.20546/ijcmas.2018.710.295  
 

 

https://doi.org/10.20546/ijcmas.2018.710.295

