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By 

MARYAM PAYKARY 

April 2014 

 

Chairman : Associate Professor Roselina Karim, PhD 
Faculty : Food Science and Technology 

 

Rice (Oryza sativa) is a staple food for nearly one-half of the world population. Its 
production and consumption is mainly concentrated in Asian countries by approximately 
95% of the world’s rice production. This amount of rice contributes to 40-80% of the 
Asian daily diet calories. The total world amount of harvested rice (paddy) was around 
720 million tons in 2011. Broken rice which include chips and brewer’s rice constitutes 
about 1-17% of the total amount of paddy produced depending on the milling process 
and conditions. The brewer’s rice commercial usage, nowadays, is either for making 
wine or feeding livestock. The main goal of this study is to produce an extruded gluten-
free pretzel-like snack for celiac people from brewer’s rice which in turns resulted in 
value adding of brewer’s rice, a low-value by-product of rice milling industry. 
Specifically, this study was conducted to re-optimize the basic materials in rice hard 
pretzel formulation and to improve the textural and physicochemical properties of the 
product by hydrocolloids addition. In the first part of the study, the main effect of seven 
basic materials on textural properties (cutting strength, breaking strength, crunchiness, 
and fracturability), surface color (L a and, b values), dimensional properties (lateral 
expansion, expansion ratio, and specific length), densities (bulk density, particle density, 
and material density), porosities (open porosity, close porosity, and total porosity), water 
reactions (water holding capacity, water solubility index, water absorption index), and 
oil reactions (oil holding capacity, oil absorption index) were studied in an attempt to 
choose the 20% of the most significant influential material to be optimized. Fresh yeast 
and sodium bicarbonate were the most significant factors affecting almost all of the 
properties studied. In the second part of the study, these factors were optimized in the 
new formula. Other formulation materials were fixed in order to obtain the required 
flavor. The result of RSM (Central Composite Design) showed that the best rice hard 
pretzel (optimal D = 47.22%) can be produced by adding 8.05g of fresh yeast and 2.59g 
of sodium bicarbonate for every 500g of brewer’s rice flour. Changes in formulation did 
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not have any significant effect on pretzel surface colour (p>0.05). In the third part of the 
study, xanthan gum and hydroxy propyl methyl cellulose (HPMC) were added to the 
optimized basic formulation obtained from the first part of this study. Addition of soy 
lecithin as emulsifier at a concentration of 2% of the total fat was fixed throughout this 
section. Both the xanthan gum and HPMC were separately applied in a full factorial 
design with added water to determine the most suitable type and levels of hydrocolloid 
for producing the best rice hard pretzel. All the physico-chemical properties of the 
product as mentioned in part two above were evaluated. The HPMC was recommended 
as the most suitable hydrocolloid in this study due to wider application of concentration 
range compared to xanthan gum. The result showed that addition of 4.44-4.95g of  
HPMC and 153.5-178.6g of water for every 500g of brewer’s rice flour produces rice 
hard pretzel with the best textural and physico-chemical properties (p<0.05; optimal 
D=100.0%). The optimal experimental values of all 18 different textural, and physic-
chemical properties are as follows: cutting strength 12.392±0.747N, breaking strength 
0.383±0.008N, crunchiness 14.334±1.528, fracturbility 3.533±0.0458mm, lateral 
expansion 52.11±1.57%, expansion ratio 1.547±0.006, specific length 7.774±0.194, bulk 
density 0.4663±0.0266g/ml, particle density 1.0987±0.0460g/ml, material density 
1.4261±0.0092g/ml, open porosity 57.69±2.50%, close porosity 26.89±0.73%, total 
porosity 68.39±0.68%, WAI 6.3140±0.1087g/g, WSI 7.62±0.28%, WHC 
4.5012±0.2339g/g, OAI 4.91±0.22ml/g, and OHC 0.83±0.04%. the final optimized 
gluten free rice hard pretzel formulation includes 67.633% brewer’s rice flour, 3.219% 
corn starch, 3.246% shortening, 0.034% ammonium bicarbonate, 0.007% soy lecithin , 
0.352% sodium bicarbonate, 0.676% sodium chloride, 1.089% yeast, 0.625% HPMC, 
and 23.119%water. 
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PEMBANGUNAN PRETZEL KERAS BERAS TANPA GLUTEN DARI 

TEPUNG TEMUKUT DENGAN MENGGUNAKAN KAEDAH 
PENYEMPERITAN 

 
Oleh 

 
MARYAM PAYKARY 

 
July 2014 

 
Pengerusi       : Profesor Madya Roselina Karim, PhD 
Fakulti           : Sains dan Teknologi Makanan 
 
Beras (Oryza sativa) adalah makanan ruji untuk hampir separuh daripada penduduk 
dunia. Pengeluaran dan penggunaan utamanya tertumpu di negara-negara Asia, dengan 
lebih kurang 95% daripada pengeluaran beras didunia serta menyumbang kepada 40-
80% daripada kalori diet harian orang di Asia. Jumlah amaun padi yang dituai (beras) di 
dunia adalah kira-kira 720 juta tan pada tahun 2011. Beras hancur termasuk cip dan 
temukut, adalah lebih kurang 1-17 % daripada jumlah padi bergantung kepada proses 
dan keadaan pengilangan. Buat masa ini, secara komersialnya, temukut digunakan untuk 
membuat wain atau sebagai binatang ternakan. Objektif utama kajian ini adalah untuk 
menghasilkan pretzel keras beras tanpa gluten, suatu makanan ringan tersemprit untuk 
orang yang menghidap seliak, yang mana telah memberi nilai tambah kepada temukut, 
suatu hasil sampingan industri pengilangan beras yang bernilai rendah. Secara 
khususnya, kajian ini telah dijalankan untuk mengoptimumkan bahan-bahan asas untuk 
penghasilan pretzel keras beras menggunakan metodologi respons permukaan (RSM) 
dan untuk memperbaiki sifat-sifat tekstur dan fizikokimia produk dengan penambahan 
hidrokoloid. Dalam bahagian pertama kajian ini, kesan utama tujuh bahan asas terhadap 
pretzel keras  beras (kekuatan pemotongan, kekuatan pemecahan, kegaringan dan 
keretakan), warna permukaan (nilai L, a dan b), ciri-ciri dimensi (pengembangan sisi, 
nisbah pengembangan dan panjang spesifik), ketumpatan (ketumpatan pukal, 
ketumpatan zarah dan ketumpatan bahan), keliangan (keliangan terbuka, keliangan dekat 
dan jumlah keliangan), tindakbalas dengan air (keupayaan memegang air, indeks 
penjerapan air, indeks penyerapan air), dan tindakbalas dengan minyak (keupayaan 
memegang minyak, indeks penyerapan minyak) telah dikaji dalam usaha untuk memilih 
20% bahan yang paling berkesan untuk dioptimumkan. Yis segar dan natrium 
bikarbonat adalah faktor yang paling penting yang  mempengaruhi hampir kesemua 
sifat-sifat yang dikaji. Oleh itu, faktor-faktor ini telah dioptimumkan dalam formulasi 
yang baru. Bahan-bahan formulasi lain ditetapkan untuk mendapatkan perisa yang 
diingini. Hasil RSM (Rekabentuk Komposit Pusat) menunjukkan bahawa formulasi 
yang terbaik boleh dihasilkan dengan menambah 8.05g yis segar dan 2.59g natrium 
bikarbonat bagi setiap 500g tepung temukut ke dalam formulasi (D optimum= 47.22%). 
Perubahan dalam formulasi tidak mempunyai sebarang kesan yang ketara terhadap 
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warna permukaan pretzel keras beras (p>0.05). Dalam bahagian kedua kajian ini, gam 
xanthan dan hidroksi metilselulosa (HPMC) telah ditambah kepada formulasi asas yang 
dioptimumkan di bahagian pertama kajian. Penambahan lesitin soya sebagai pengemulsi 
telah ditetapkan pada kepekatan 2% daripada jumlah lemak di sepanjang bahagian ini. 
Kedua-dua, gam xanthan dan HPMC telah digunakan secara berasingan dalam 
rekabentuk faktorial lengkap dengan penambahan air untuk menentukan jenis dan aras 
hidrokoloid bagi penghasilan pretzel keras beras yang terbaik. Semua sifat-sifat 
fizikokimia pada produk yang disediakan seperti yang dinyatakan di bahagian pertama 
telah dinilai. Keputusan menunjukkan bahawa penambahan 153.5-178.6g HPMC dan 
4.44-4.95g air bagi setiap 500g tepung temukut menghasilkan pretzel keras beras dengan 
sifat tekstur dan fizikokimia yang terbaik (p < 0.05; D optimum= 100.0%). Nilai 
eksperimen optimum semua 18 tekstur yang berbeza, dan sifat-sifat fizik-kimia adalah 
seperti berikut: memotong kekuatan 12,392 ± 0.747N, kekuatan pecah 0.383 ± 0.008N, 
kegaringan 14,334 ± 1.528, fracturbility 3,533 ± 0.0458mm, pengembangan sisi 52,11 ± 
1,57% , nisbah pengembangan 1.547 ± 0.006, panjang khusus 7.774 ± 0.194, berat isi 
0,4663 ± 0.0266g / ml, ketumpatan zarah 1,0987 ± 0.0460g / ml, ketumpatan bahan 
1,4261 ± 0.0092g / ml, keliangan terbuka 57,69 ± 2,50%, keliangan dekat 26.89 ± 
0.73%, jumlah keliangan 68.39 ± 0.68%, WAI 6,3140 ± 0.1087g / g, WSI 7.62 ± 0.28%, 
WHC 4,5012 ± 0.2339g / g, OAI 4.91 ± 0.22ml / g, dan OHC 0.83 ± 0.04%. gluten 
dioptimumkan beras percuma formulasi pretzel keras final meliputi 67,633% tepung bir 
beras, 3,219% pati jagung, 3.246% shortening, 0,034% ammonium bikarbonat, 0.007% 
soya lesitin, 0.352% natrium bikarbonat, 0.676% natrium klorida, 1.089% ragi, 0,625 % 
HPMC, dan 23,119% air. 
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CHAPTER I 

INTRODUCTION 
 

Rice (Oryza sativa), the staple food of nearly one-half of world's population, 
contributes to over 20% of the total calorie intake of man. Its production and 
consumption mainly concentrated in Asian countries by approximately 95% of 
the world’s rice and provide 40-80% of the Asian daily diet calories 
(Bhattacharjee et al., 2002). The rice milling processes produce a byproduct 
known as very small broken rice (also known as chips or brewer's rice). The 
ratio of broken rice to whole grain depends on the process efficiency, ranges 
between 1% to 17% and it has much lower price when compared to the white 
rice (FAO, 2010; Hertrampf & Piedad-Pascual, 2000). The chemical 
composition of brewer’s rice and polished rice is almost the same, except that 
the content of crude fat of brewer’s rice is less than in polished rice and the N-
free extract in brewer’s rice is higher than that in polished rice. This means that 
the majority of brewer’s rice composition is starch (80%) based on dry weight 
(Hertrampf et al., 2000). This characteristic makes brewer’s rice a desirable 
ingredient for production of gluten free products to meet the increase demand 
of those who suffer from celiac disease (Gallagher, 2009). 
 
Celiac disease (CD) is an immune-mediated enteropathy triggered by the 
ingestion of gluten in genetically susceptible individuals. Today, the prevalence 
of CD seems to occur in 1:200 or more of the population (Accomando & 
Cataldo, 2004; Gallagher, 2009). The symptom of CD may be varied and hard 
to define. An infant who is introduced to grain at an early age may show 
symptoms such as diarrhea, constipation, foul-smelling stool, fatigue, slow 
growth pattern, irritability, whereas an older adult frequently presents with 
anemia without apparent reason. At present, the only available treatment for CD 
is a strict gluten-free diet (GFD). Based on Codex Alimentarius requirement, 
gluten free food products must not contains any amount or derivatives of 
ingredients from gluten source and if there is any additional ingredients from 
gluten source, it should not exceed 200 ppm as a total amount of gluten in the 
mixture (Codex-Alimentarius-Commission, 2007; Gallagher, 2009). 
 
Currently, after the lactose intolerance, CD is the most common issue facing 
food industry; therefore gluten free products are currently gaining the highest 
growth in the market (Gallagher, 2009; Kuntz, 2006)  The retail gluten-free food 
market has grown to an estimate of 6.1 billion USD in 2011 and the number of 
new gluten free products offered to the market in the USA was 202 items in 
2004 and it had reached to 636 in 2007. The most demanded products were 
snacks and bakery products with 27% and 15% of whole new products offered 
to the market, respectively (Gallagher, 2009; Mintel, 2012). One major area of 
concern that must be addressed is the high cost of the GFD. The average cost of 
a gluten-free food item compared with its gluten-containing counterpart is five 
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times as great. For instance, wheat cracker in the USA costs $1.63/lb while rice 
cracker is worth $9.12/lb (Gallagher, 2009). 
 
Pretzels, which are a kind of cracker in bakery industry, are a popular snack in 
the USA, Germany and some other European countries (Francis, 2000; Lai & 
Lin, 2007). Pretzels are commonly produced from very stiff dough made from 
low protein soft wheat flour such as soft white winter wheat (Edwards, 2007; 
Lai et al., 2007). Nowadays, extrusion process became very popular for 
production of these products. Extrusion is a process of central importance and 
widespread application in the food industry  (Berk, 2009). The extruder 
geometry, process conditions and ingredient composition interplay to bring 
about various physical, chemical and nutritional modifications of the food 
constituents (Cheftel, 1986). Extrusion is a commonly used process because it 
is a continuous and versatile process. An extruder comprised of a relatively 
compact machine and hence requires little floor-space and labor. In addition, 
the relatively short retention time of product in the extruder resulted in lower 
energy expenditure of extrusion cooking in comparison to other alternative 
processes (Berk, 2009). 
 
In other part of the world, brewer’s rice is widely used in the brewery industries 
for making rice wine (sake) or mixing with barley (FAO, 2010). However, in 
Islamic countries brewer’s rice can be value-added as ingredients for the food 
industry rather than as low grade livestock feed. Accordingly, it can be used for 
production of gluten free products such as pretzel to meet the increase 
consumer demand of these products category and to reduce the cost of 
production by using rice milling process by-products as raw material. In 
achieving the above targets, thus the general and specific objectives of this 
work are outlined below. 

 

The general objective is: 
 To develop a new extruded gluten free rice hard pretzel from brewer’s 

rice, a by-product of rice milling industry. 
 
The specific objectives of this study are: 
1. To identify the most critical ingredients in the basic formulation of 

gluten free rice hard pretzel  
2. To optimize the critical ingredients in the basic formulation for gluten 

free rice hard pretzel using response surface methodology (RSM) 
3. To improve the physicochemical properties of hard rice pretzel by 

addition of hydrocolloids. 
 



© C
OPYRIG

HT U
PM

107 
 

REFERENCES 

Abd El Aty, A. A., Wehaidy, H. R., and Mostafa, F. A. (2014). Optimization of 
inulinase production from low cost substrates using Plackett–Burman and 
Taguchi methods. Carbohydrate Polymers, 102(0), 261-268. 

Accomando, S., and Cataldo, F. (2004). The global village of celiac disease. Digestive 
and Liver Disease, 36(7), 492-498. 

Aguilar-Palazuelos, E., Zazueta-Morales, J. d. J., Harumi, E. N., and Martinez-Bustos, F. 
(2012). Optimization of extrusion process for production of nutritious pellets. 
Food Science and Technology, 32(1), 34-42. 

Ainsworth, P., Ibanoglu, S., Plunkett, A., Ibanoglu, E., and Stojceska, V. (2007). Effect 
of brewers spent grain addition and screw speed on the selected physical and 
nutritional properties of an extruded snack. Journal of Food Engineering, 81(4), 
702-709. 

Akbarian, M., Ghanbarzadeh, B., Ghasemkhani, N., Mehmandoust, F., and Gheisari, E. 
(2013). Optimization of carboxy methyl cellulose-pectin and ascorbic acid based 
edible coating formulations for performance of osmotic dehydration of quince by 
RSM. International Journal of Biosciences (IJB), 3(9), 234-247. 

Altan, A., McCarthy, K. L., and Maskan, M. (2008). Evaluation of snack foods from 
barley–tomato pomace blends by extrusion processing. Journal of Food 
Engineering, 84(2), 231-242. 

Anderson-Cook, C. M. (2008). Optimum Experimental Designs, with SAS. Journal of 
the American Statistical Association, 103(483). 

Andersson, H., Ohgren, C., Johansson, D., Kniola, M., and Stading, M. (2011). 
Extensional flow, viscoelasticity and baking performance of gluten-free zein-
starch doughs supplemented with hydrocolloids. Food Hydrocolloids, 25(6), 
1587-1595. 

Anon. (2002). Hydrocolloids improve shelf-life and moisture retention of shelf-stable 
bagels. Food Technology, 56(50). 

Anton, A. A., Gary Fulcher, R., and Arntfield, S. D. (2009). Physical and nutritional 
impact of fortification of corn starch-based extruded snacks with common bean 
(Phaseolus vulgaris L.) flour: Effects of bean addition and extrusion cooking. 
Food Chemistry, 113(4), 989-996. 

AOAC. (1998). Official Methods of Analysis of AOAC International. Washington DC, 
pp. 

Arendt, E. K., Morrissey, A., Moore, M. M., and Bello, F. D. (2011). Gluten-free breads. 
In E. Arendtand F. Dal Bello (Eds.), Gluten-free Cereal Products and Beverages. 
San Diego: Academic Press, pp. 289-319. 

Arendt, E. K., O’Brien, C. M., Schober, T., Gormley, T. R., and Gallagher, E. (2002). 
Development of gluten-free cereal products. Farm and Food, 12, 21-27. 



© C
OPYRIG

HT U
PM

108 
 

Armero, E., and Collar, C. (1996). Antistaling additive effects on fresh wheat bread 
quality. Food Science and Technology International, 2(5), 323-333. 

Asif, M., Atilhan, S., Attavanich, W., Audenaert, M., Leonard, D. A., Bae, H. J., Bai, J. 
W., Bailey, K. J., Bakhtavoryan, R., and Barman, A. (2011). Chemical and 
Physical Properties of Breakfast Cereals and Snacks Made from Specialty 
Sorghums and Sorghum Bran Using Twin Screw Extruder. Texas A&M 
University, Texas A&M University,(Doctoral dissertation,1/ETD-TAMU-2011-
12-10521). 

Assaad, K., Bernard, D., Elliott, L., and Oates, M. (2009). Method for making hard 
pretzels that effectively absorb seasoning slurry. WO Patent 2,009,009,266. 

Assaad, K. N., Bernard, D. C., Elliott, L. N., Oates, M. A., Assaad, K., Bernard, D., 
Elliott, L., Oates, M., Bernard, D. K., Elliot, L. N., and Oeits, M. A. (2007). 
Forming hard pretzels e.g. pretzel rods involves proximally extruding two linear 
dough strands simultaneously followed by cutting and exposing the dough piece 
to caustic bath; baking the dough piece in oven; and breaking two dough strands. 
US2009017169-A1.  

Badi, S. M., and Hoseney, R. C. (1976). Use of sorghum and pearl millet flours in 
cookies. Cereal Chemistry, 53(5), 733-738. 

Barcenas, M. E., and Rosell, C. M. (2005). Effect of HPMC addition on the 
microstructure, quality and aging of wheat bread. Food Hydrocolloids, 19(6), 
1037-1043. 

Beck, M., Jekle, M., and Becker, T. (2012). Impact of sodium chloride on wheat flour 
dough for yeast-leavened products. II. Baking quality parameters and their 
relationship. Journal of the Science of Food and Agriculture, 92(2), 299-306. 

Berk, Z. (2009). Food Process Engineering and Technology. San Diego: Elsevier. 

Bhattacharjee, P., Singhal, R. S., and Kulkarni, P. R. (2002). Basmati rice: a review. 
International Journal of Food Science & Technology, 37(1), 1-12. 

Bhattacharya, S., and Choudhury, G. S. (1994). Twin-screw extrusion of rice flour: 
Effect of extruder length-to-diameter ratio and barrel temperature on extrusion 
parameters and product characteristics. Journal of Food Processing and 
Preservation, 18(5), 389-406. 

Bierdel, M., and Kohlgruber, K. (2008). Co-rotating Twin-screw Extruders: 
Fundamentals, Technology, and Applications: Carl Hanser Verlag GmbH. 

Bisharat, G. I., Oikonomopoulou, V. P., Panagiotou, N. M., Krokida, M. K., and 
Maroulis, Z. B. (2013). Effect of extrusion conditions on the structural properties 
of corn extrudates enriched with dehydrated vegetables. Food Research 
International, 53(1), 1-14. 

Blain, W. A., and Zabrodsky, J. (1987). Continuous pretzel dough manufacture. 
Washington, DC: U.S. Patent and Trademark Office 

Bower, S. L., Sharrett, M. K., and Plogsted, S. (2006). Celiac Disease a Guide to Living 
with Gluten Intolerance. New York: Demos. 



© C
OPYRIG

HT U
PM

109 
 

Brennan, J. G. (2006). Food Processing Handbook. Weinheim: WILEY-VCH Verlag 
GmbH. 

Burtea, O. (2001). Snack Foods fromFormers and High-Shear Extruders. In E. W. 
Lusasand L. W. Rooney (Eds.), Snack Food Processing. Washington: CRC 
Press, pp. 292-325. 

Cabrera-Chavez, F., Calderon de la Barca, A. M., Islas-Rubio, A. R., Marti, A., 
Marengo, M., Pagani, M. A., Bonomi, F., and Iametti, S. (2012). Molecular 
rearrangements in extrusion processes for the production of amaranth-enriched, 
gluten-free rice pasta. LWT - Food Science and Technology, 47(2), 421-426. 

Carbonell-Barrachina, A. A., Wu, X., Ramirez-Gandolfo, A., Norton, G. J., Burlo, F., 
Deacon, C., and Meharg, A. A. (2012). Inorganic arsenic contents in rice-based 
infant foods from Spain, UK, China and USA. Environmental Pollution, 163, 77-
83. 

Carr, L. G., Rodas, M. A. B., Della Torre, J. C. M., and Tadini, C. C. (2006). Physical, 
textural and sensory characteristics of 7-day frozen part-baked French bread. 
LWT - Food Science and Technology, 39(5), 540-547. 

Case, S., Hamann, D., and Schwartz, S. (1992). Effect of starch gelatinization on 
physical properties of extruded wheat and corn based products. Cereal 
Chemistry, 69(4), 401-404. 

Catassi, C., and Fasano, A. (2008). 1 - Celiac disease. In K. A. Elkeand B. Fabio Dal 
(Eds.), Gluten-Free Cereal Products and Beverages. San Diego: Academic 
Press, pp. 1-28. 

Cauvain, S., and Young, L. (2001). Baking Problems Solved. New York: CRC Press. 

Cheftel, J. C. (1986). Nutritional effects of extrusion-cooking. Food Chemistry, 20(4), 
263-283. 

Cheung, I. W. Y., and Li-Chan, E. C. Y. (2010). Angiotensin-I-converting enzyme 
inhibitory activity and bitterness of enzymatically-produced hydrolysates of 
shrimp (Pandalopsis dispar) processing byproducts investigated by Taguchi 
design. Food Chemistry, 122(4), 1003-1012. 

Chinnaswamy, R., and Hanna, M. (1988). Relationship between amylose content and 
extrusion-expansion properties of com starches. Cereal Chemistry, 65(2), 138-
147. 

Chiu, H.-W., Peng, J.-C., Tsai, S.-J., Tsay, J.-R., and Lui, W.-B. (2013). Process 
optimization by response surface methodology and characteristics investigation 
of corn extrudate fortified with yam (Dioscorea alata L.). Food and Bioprocess 
Technology, 6(6), 1494-1504. 

Chua, H., Zahrah, T., and Aminah, A. (2011). Formulation optimization of canned 
chicken in kacangma herbal soup using Response Surface Methodology. J. Trop. 
Agric. and Fd. Sc, 39(1), 1-9. 

Chung, O. K., and Ohm, J. B. (2000). Cereal lipids. In K. Kulpand J. G. Ponte (Eds.), 
Handbook of Cereal Science and Technology. (2nd ed.). New York: Marcel 
Dekker, pp. 417–477. 



© C
OPYRIG

HT U
PM

110 
 

Codex-Alimentarius-Commission. (2007). Food Labeling Gluten-Free Labeling of 
Foods. 2013, from http://www.fda.gov/OHRMS/DOCKETS/98fr/05n-0279-
npr0001.pdf 

Collar, C. (2003). Significance of viscosity profile of pasted and gelled formulated 
wheat doughs on bread staling. European Food Research and Technology, 
216(6), 505-513. 

Cruz, W. S. (2011). Hydrocolloids in bakery products. In T. R. Laaman (Ed.), 
Hydrocolloids in Food Processing. Iowa: Blackwell Publishing, pp. 51-67. 

Das, H. (2005). Single screw extrusions Food processing operations analysis. New 
Delhi: Asian Books Private Limited, pp. 60-69. 

Das Mohapatra, P. K., Maity, C., Rao, R. S., Pati, B. R., and Mondal, K. C. (2009). 
Tannase production by Bacillus licheniformis KBR6: Optimization of submerged 
culture conditions by Taguchi DOE methodology. Food Research International, 
42(4), 430-435. 

Dehghan-Shoar, Z., Hardacre, A. K., and Brennan, C. S. (2010). The physico-chemical 
characteristics of extruded snacks enriched with tomato lycopene. Food 
Chemistry, 123(4), 1117-1122. 

Delcour, J. A., Joye, I. J., Pareyt, B., Wilderjans, E., Brijs, K., and Lagrain, B. (2012). 
Wheat gluten functionality as a quality determinant in cereal-based food 
products. Annual Review of Food Science and Technology, 3, 469-492. 

Demirkesen, I., Mert, B., Sumnu, G., and Sahin, S. (2010). Rheological properties of 
gluten-free bread formulations. Journal of Food Engineering, 96(2), 295-303. 

Demirkesen, I., Sumnu, G., and Sahin, S. (2013). Image analysis of gluten-free breads 
prepared with chestnut and rice flour and baked in different ovens. Food and 
Bioprocess Technology, 1-10. 

Deshmukh, B., Harfmann, R., Conklin, J., Turowski, M., and Lynch, S. (2007). 
Validation of a size exclusion liquid chromatographic method for determination 
of methylcellulose and hydroxypropyl methylcellulose food gums as soluble 
dietary fiber in food and food product. Food Chemistry, 104(2), 852-857. 

Deshpande, H., and Poshadri, A. (2011). Physical and sensory characteristics of 
extruded snacks prepared from Foxtail millet based composite flours. 
International Food Research Journal, 18(2), 751-756. 

Devi, N. L., Shobha, S., Tang, X., Shaur, S. A., Dogan, H., and Alavi, S. (2011). 
Development of protein-rich sorghum-based expanded snacks using extrusion 
technology. International Journal of Food Properties, 16(2), 263-276. 

Diaz, J. M. R., and Jouppila, K. (2013). Amaranth and quinoa in extruded corn snacks: 
Effect of storage temperature on lipid oxidation. Paper presented at the 
InsideFood Symposium. Leuven, Belgium. 

Ding, Q., Ainsworth, P., Tucker, G., and Marson, H. (2005). The effect of extrusion 
conditions on the physicochemical properties and sensory characteristics of rice-
expanded snacks. Journal of  Food Engineering, 66, 283-289. 



© C
OPYRIG

HT U
PM

111 
 

Edwards, W. P. (2007). The Science of Bakery Products. Cambridge: The Royal Society 
of Chemistry. 

Embuscado, M. E. (2014). Functionalizing Carbohydrates for Food Applications: 
Texturizing and Bioactive/Flavor Delivery Systems. Lancaster: DEStech 
Publications, Inc. 

Esa, N., Ling, T., and Peng, L. (2013). By-products of Rice Processing: An Overview of 
Health Benefits and Applications. Journal of Rice Research, 1(107), 2. 

FAO. (2010). Oryza sativa (Rice grain). from 
http://www.fao.org/AG/AGA/AGAP/FRG/AFRIS/Data/312.HTM 

FAOstat. (2013a). FAOstat. http://faostat.fao.org/site/342/default.aspx 

FAOstat. (2013b, 2011). food production and trade.   Retrieved 14/04/2011, 2011, from 
www.FAO.org/crop/statistics 

Feighery, C. F. (1999). Coeliac disease. British Medical Journal, 319, 236–239. 

Fik, M., and Surówka, K. (2002). Effect of prebaking and frozen storage on the sensory 
quality and instrumental texture of bread. Journal of the Science of Food and 
Agriculture, 82(11), 1268-1275. 

Forssell, P., Shamekh, S., Harkonen, H., and Poutanen, K. (1998). Effects of native and 
enzymatically hydrolysed soya and oat lecithins in starch phase transitions and 
bread baking. Journal of the Science of Food and Agriculture, 76(1), 31-38. 

Francis, F. J. (2000). Wiley Encyclopedia of Food Science and Technology (Vol. 1). 
New York: Wiley. 

Freitas, I., Gauterio, G., Rios, D., and Prentice, C. (2011). Functionality of protein 
isolates from Argentine anchovy (Engraulis anchoita) residue obtained using pH 
shift processing. Journal of Food Science and Engineering, 1(5), 374-378. 

Gallagher. (2009). Gluten-Free Food Science and Technology. Dublin: Wiley-
Blackwell. 

Gallagher, E., Gormley, T. R., and Arendt, E. K. (2004). Recent advances in the 
formulation of gluten-free cereal-based products. Trends in Food Science & 
Technology, 15 143–152. 

Gambaro, A., Fiszman, S., Giménez, A., Varela, P., and Salvador, A. (2004). Consumer 
acceptability compared with sensory and instrumental measures of white pan 
bread: sensory shelf-life estimation by survival analysis. Journal of Food 
Science, 69(9), S401-S405. 

Gomez, J. C., Selvaggio, G. S., Viola, M. n., Pizarro, B., la Motta, G., de Barrio, S., 
Castelletto, R., Echeverrı ́a, R., Sugai, E., Vazquez, H., Mauriño, E., and Bai, J. 
C. (2001). Prevalence of celiac disease in Argentina: screening of an adult 
population in the La Plata area. The American Journal of Gastroenterology, 
96(9), 2700-2704. 

Gomez, M., Real, S., Rosell, C., Ronda, F., Blanco, C., and Caballero, P. (2004). 
Functionality of different emulsifiers on the performance of breadmaking and 
wheat bread quality. European Food Research and Technology, 219(2), 145-150. 



© C
OPYRIG

HT U
PM

112 
 

Gormley, T. R. (1987). Fracture testing of cream cracker biscuits. Journal of Food 
Engineering, 6(5), 325-332. 

Gray, J., and Bemiller, J. (2003). Bread staling: molecular basis and control. 
Comprehensive Reviews in Food Science and Food Safety, 2(1), 1-21. 

Groff, E. T. (2002). Perfect Pretzel Production. In E. W. Lusasand L. W. Rooney (Eds.), 
snack foods processing. (2nd ed.). Florida: CRC Press, pp. 375-390. 

Guarda, A., Rosell, C., Benedito, C., and Galotto, M. (2004). Different hydrocolloids as 
bread improvers and antistaling agents. Food Hydrocolloids, 18(2), 241-247. 

Guardeno, L. M., Vazquez-Gutierrez, J. L., Hernando, I., and Quiles, A. (2013). Effect 
of different rice starches, inulin, and soy protein on microstructural, physical, and 
sensory properties of low-fat, gluten, and lactose free white sauces. Czech 
Journal of Food Sciences, 31(6), 575-580. 

Gujral, N., Freeman, H. J., and Thomson, A. B. (2012). Celiac disease: Prevalence, 
diagnosis, pathogenesis and treatment. World Journal of Gastroenterolgy, 
18(42), 6036-6059. 

Hager, A.-S., and Arendt, E. K. (2013). Influence of hydroxypropylmethylcellulose 
(HPMC), xanthan gum and their combination on loaf specific volume, crumb 
hardness and crumb grain characteristics of gluten-free breads based on rice, 
maize, teff and buckwheat. Food Hydrocolloids, 32(1), 195-203. 

Haros, M., Rosell, C., and Benedito, C. (2002). Effect of different carbohydrases on 
fresh bread texture and bread staling. European Food Research and Technology, 
215(5), 425-430. 

He, H., and Hoseney, R. C. (1991). Gas retention of different cereal flours. Cereal 
Chemistry, 68, 334-336. 

Heo, S., Jeon, S., and Lee, S. (2014). Utilization of Lentinus edodes mushroom β-glucan 
to enhance the functional properties of gluten-free rice noodles. LWT-Food 
Science and Technology, 55(2), 627-631. 

Hera, E., dela, Gomez, M., and Rosell, C. M. (2013). Particle size distribution of rice 
flour affecting the starch enzymatic hydrolysis and hydration properties. 
Carbohydrate Polymers. 

Hera, E., dela, Martinez, M., Oliete, B., and Gomez, M. (2012). Influence of flour 
particle size on quality of gluten-free rice cakes. Food and Bioprocess 
Technology, 1-9. 

Hertrampf, J. W., and Piedad-Pascual, F. (2000). Hand-book on Ingredients for 
Aquaculture Feeds. Netherlands: Kluwer Academic Publishers. 

Holtmeier, W., and Caspary, W. (2006). Celiac disease. Orphanet Journal of Rare 
Diseases, 1(1), 3. 

Hoseney, R. C. (1994). Principles of Cereal Science and Technology. Minnesota: 
American Association of Cereal Chemists. 



© C
OPYRIG

HT U
PM

113 
 

Hossain, S., Panozzo, J., Pittock, C., and Ford, R. (2011). Quantitative trait loci analysis 
of seed coat color components for selective breeding in chickpea (Cicer 
arietinum L.). Canadian Journal of Plant Science, 91(1), 49-55. 

Huang, L., and Jianfeng, N. (2010, 9-12 Jan. 2010). Using pareto principle to improve 
efficiency for selection of qos web services. Paper presented at the Consumer 
Communications and Networking Conference (CCNC). 

Huber, G. (2001). Snack Foods from Cooking Extruders. In E. W. Lusasand L. W. 
Rooney (Eds.), Snack Food Processing. (Vol. 1). Washington DC.: CRC Press, 
pp. 326-378. 

Ibanoglu, S., Ainsworth, P., Ozer, E. A., and Plunkett, A. (2006). Physical and sensory 
evaluation of a nutritionally balanced gluten-free extruded snack. Journal of 
Food Engineering, 75(4), 469-472. 

Isleroglu, H., Dı̇rı̇m, S. N., and Ertekı̇n, F. K. (2009). Gluten-free alternative cereal 
based product formulations and their production technologies. GIDA - Journal of 
Food, 34(1), 29-36. 

Jadhav, M. V., and Annapure, U. S. (2013). Effect of extrusion process parameters and 
particle size of sorghum flour on expanded snacks prepared using different 
varieties of sorghum (Sorghum bicolour L.). Journal of Agricultural Science and 
Technology B, 3, 71-85. 

Jing, Y., and Chi, Y.-J. (2013). Effects of twin-screw extrusion on soluble dietary fibre 
and physicochemical properties of soybean residue. Food Chemistry, 138(2–3), 
884-889. 

Johanningsmeier, S., McFeeters, R. F., Fleming, H. P., and Thompson, R. L. (2007). 
Effects of Leuconostoc mesenteroides starter culture on fermentation of cabbage 
with reduced salt concentrations. Journal of Food Science, 72(5), M166-M172. 

Joshi, S. M. R., Bera, M. B., and Panesar, P. S. (2012). Extrusion Cooking of 
Maize/Spirulina Mixture: Factors Affecting Expanded Product Characteristics 
and Sensory Quality. Journal of Food Processing and Preservation, n/a-n/a. 

Kang, M. Y., Choi, Y. H., and Choi, H. C. (1997). Effects of gums , fats and glutens 
adding on processing and quality of milled rice bread. Korean Journal of Food 
Science and Technology, 29, 700-704. 

Kaushal, P., and Sharma, H. (2014). Effect of incorporating taro (Colocasia esculenta), 
rice (Oryza sativa), and pigeon pea (Cajanus cajan) flour blends on noodle 
properties. International Journal of Food Properties, 17(4), 765-781. 

Kebede, L., Worku, S., Bultosa, G., and Yetneberek1, S. (2010). Effect of extrusion 
operating conditions on the physical and sensory properties of tef (Eragrostis tef 
[Zucc.] Trotter) flour extrudates. EJAST, 1(1), 11. 

Keller, L. C., and Bowles, C. A. (1989). Continuous production of pretzels.    

Kirjoranta, S., Solala, K., Suuronen, J.-P., Penttilä, P., Peura, M., Serimaa, R., 
Tenkanen, M., and Jouppila, K. (2012). Effects of process variables and addition 
of polydextrose and whey protein isolate on the properties of barley extrudates. 
International Journal of Food Science & Technology, 47(6), 1165-1175. 



© C
OPYRIG

HT U
PM

114 
 

Kizis, D., and Siragakis, G. (2011). Detection of allergens in cereals. In L. M. L. 
Nolletand A. J. v. Hengel (Eds.), Food Allergens Analysis Instrumentation and 
Methods. (Vol. 1). New York: Taylor and Francis Group, LLC, pp. 153-176. 

Kohajdova, Z., Karovicova, J., and Schmidt, S. (2009). Significance of Emulsifiers and 
Hydrocolloids in Bakery Industry. Acta Chimica Slovaca, 2(1), 46-61. 

Kuhfeld, W. F. (2009). Marketing research methods in SAS experimental design, choice, 
conjoint, and graphical techniques. from cite Seer: 
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.163.8176 

Kuntz, L. (2006). Gluten-free market poised for growth. 2013, from 
http://www.foodproductdesign.com/ 

Kurzius, K. A. (1975). Process for making pretzels. U.S. 3,876,815. Washington DC: 
U.S. 

Lai, H. M., and Lin, T. C. (2007). Bakery Products: Science and Technology. Carlton: 
Blackwell Publishing. 

Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N., and Biliaderis, C. G. (2007). 
Effects of hydrocolloids on dough rheology and bread quality parameters in 
gluten-free formulations. Journal of Food Engineering, 79(3), 1033-1047. 

Leffler, D., Edwards-George, J., Dennis, M., Schuppan, D., Cook, F., Franko, D., Blom-
Hoffman, J., and Kelly, C. (2008). Factors that influence adherence to a gluten-
free diet in adults with celiac disease. Digestive Diseases and Sciences, 53(6), 
1573-1581. 

Li, W., Li, G., Su, B., Tian, X., and Xu, S. (2013). Effect of Sodium Stearoyl Lactylate 
on Refinement of Crisp Bread and the Microstructure of Dough. Advance 
Journal of Food Science and Technology 5 (6), 682-687. 

Liu, C., Zhang, Y., Liu, W., Wan, J., Wang, W., Wu, L., Zuo, N., Zhou, Y., and Yin, Z. 
(2011). Preparation, physicochemical and texture properties of texturized rice 
produce by Improved Extrusion Cooking Technology. Journal of Cereal Science, 
54(3), 473-480. 

Lusas, E. W., and Rooney, L. W. (2002). Snack Foods Processing. Washington DC: 
CRC Press LLC. 

Maga, J., and Liu, M. (1993). Hopi blue corn extrusion. Developments in Food Science, 
2013, from www.agris.fao.org 

Manley, D. (2005). Biscuit, Cracker and Cookie Recipies for the Food Industry 
Cambridge: Woodhead Publishing Ltd. 

Mariotti, M., Cappa, C., and Lucisano, M. (2013). Gluten-free bread. II. Compressed 
yeast versus gluten-free sourdough. Paper presented at the 3rd International 
Symposium on Gluten-Free Cereal Products and Beverages, Vienna, Austria. 

Maskan, M., and Altan, A. (2012). Advances in food extrusion technology. Boca Raton: 
CRC Press. 

Mastanjevic, K., Jukic, M., UgarciC-Hardi, Z., Kovacevic, D., Kosovic, I., and Koceva 
Komlenic, D. (2013). Use of maize, soy and rice bread crumbs in the formulation 



© C
OPYRIG

HT U
PM

115 
 

of the gluten free meatballs. Paper presented at the 7th International Congress 
Flour-Bread'13, 9th Croatian Congress of Cereal Technologists, Opatija, 
Hrvatska. 

McCarthy, D. F., Gallagher, E., Gormley, T. R., Schober, T. J., and Arendt, E. K. 
(2005). Application of response surface methodology in the development of 
gluten-free bread. Cereal Chemistry Journal, 82(5), 609-615. 

Meng, X., Threinen, D., Hansen, M., and Driedger, D. (2010). Effects of extrusion 
conditions on system parameters and physical properties of a chickpea flour-
based snack. Food Research International, 43(2), 650-658. 

Mintel. (2012). Gluten-free Foods - US - January 2012. from 
http://store.mintel.com/gluten-free-foods-us-january-2012 

Montgomery, D. C., and Runger, G. C. (2011). Applied Statistics and Probability for 
Engineers (5th ed.). Jefferson city: John Wiley & Sons. 

Naik, H., and Sekhon, K. (2011). Influence of defatted soy flour addition on the quality 
and stability of pretzel type product. Journal of Food Science and Technology, 1-
6. 

Neumann, H., and Bruemmer, J. M. (1997). Investigations with the production of gluten 
free bread and roll specialities. Getreide Mehl Brot, 51, 50-55. 

Noorwali, A. (2013). Apply lean and taguchi in different level of variability of food flow 
processing system. Procedia Engineering, 63, 728-734. 

Nyombaire, G., Siddiq, M., and Dolan, K. D. (2011). Physico-chemical and sensory 
quality of extruded light red kidney bean (Phaseolus vulgaris L.) porridge. LWT 
- Food Science and Technology, 44(7), 1597-1602. 

Oke, M. O., Awonorin, S. O., Sanni, L. O., Asiedu, R., and Aiyedun, P. O. (2013). Efect 
of extrusion variables on extrudates properties of water yam flour – a response 
surface analysis. Journal of Food Processing and Preservation, 37(5), 456-473. 

Osen, R., Toelstede, S., Wild, F., Eisner, P., and Schweiggert-Weisz, U. (2014). High 
moisture extrusion cooking of pea protein isolates: Raw material characteristics, 
extruder responses, and texture properties. Journal of Food Engineering, 127(0), 
67-74. 

Oztop, M. H., Sahin, S., and Sumnu, G. (2007). Optimization of microwave frying of 
potato slices by using Taguchi technique. Journal of Food Engineering, 79(1), 
83-91. 

Pan, Y., Zhu, Z., Huang, Z., Wang, H., Liang, Y., Wang, K., Lei, Q., and Liang, M. 
(2009). Characterisation and free radical scavenging activities of novel red 
pigment from Osmanthus fragrans’ seeds. Food Chemistry, 112(4), 909-913. 

Paradiso, V. M., Summo, C., Pasqualone, A., and Caponio, F. (2009). Evaluation of 
different natural antioxidants as affecting volatile lipid oxidation products related 
to off-flavours in corn flakes. Food Chemistry, 113(2), 543-549. 



© C
OPYRIG

HT U
PM

116 
 

Park, S. J., Ha, K.-Y., and Shin, M. (2012). Properties and qualities of rice flours and 
gluten-free cupcakes made with higher-yield rice varieties in Korea. Food 
Science and Biotechnology, 21(2), 365-372. 

Paykary, M., Karim, R., Aghazadeh, M., and Kazemi, M. (2012). Gluten-Free Extruded 
Products: A Review. Paper presented at the International Conference on 
Agricultural and Food Engineering for Life (Cafei2012). Putrajaya, Malaysia. 

Perez-Quirce, S., Collar, C., and Ronda, F. (2013). Significance of healthy viscous 
dietary fibres on the performance of gluten-free rice-based formulated breads. 
International Journal of Food Science & Technology. 

Pisesookbunterng, W., and D’appolonia, B. (1983). Bread staling studies. I. Effect of 
surfactants on moisture migration from crumb to crust and firmness value of 
bread crumb. Cereal Chemistry, 60, 298-300. 

Potter, R., Stojceska, V., and Plunkett, A. (2013). The use of fruit powders in extruded 
snacks suitable for children's diets. LWT - Food Science and Technology, 51(2), 
537-544. 

Rampersad, R., Badrie, N., and Comissiong, E. (2003). Physico-chemical and sensory 
characteristics of flavored snacks from extruded cassava/pigeonpea flour. 
Journal of Food Science, 68(1), 363-367. 

Ratanatriwong, P., Nammakuna, N., Thanasukarn, P., and Suwansri, S. (2011). Effect of 
Protein Addition on Qualities of Gluten-Free Rice Crackers. Paper presented at 
the 12th Asean Food Conference 2011. Bangkok, Thailand. 

Raymond, N., Heap, J., and Case, S. (2006). The gluten-free diet: An update for health 
professionals. Practical Gastroenterology, 30(9), 67-92. 

Rosefl, C. M., and Marco, C. (2011). Rice. In E. Arendt, F. Dal Belloand S. Iametti 
(Eds.), Gluten-free cereal products and beverages. Access Online via Elsevier, 
pp. 81-100. 

Rosell, C. M. (2003). The nutritional enhancement of wheat flour. In S. P. Cauvain 
(Ed.), Bread Making Improving Quality. Cambridge: CRC Press, pp. 253-269. 

Rosell, C. M., Rojas, J. A., and Benedito, C. (2001). Influence of hydrocolloids on 
dough rheology and bread quality. Food Hydrocolloids, 15(1), 75-81. 

Sahin, S., and Sumnu, S. G. (2006). Physical Properties of Foods. New York: Springer. 

Saito, F., Nishiyama, I., and Hyodo, T. (2012). Cutting strength - A new indicator for the 
mechanical strength of materials. Materials Letters, 66(1), 144-146. 

Salmanowicz, B. P., and Nowak, J. (2009). Diversity of monomeric prolamins in 
triticale cultivars determined by capillary zone electrophoresis. Journal of 
Agricultural and Food Chemistry, 57(6), 2119-2125. 

Sanchez, H. D., Osella, C. A., and de la Torre, M. A. (2002). Optimization of gluten-free 
bread prepared from corn starch, rice flour, and cassava starch. Journal of Food 
Science, 67(1), 416-419. 

Sarkar, N., and Walker, L. (1995). Hydration-dehydration properties of methylcellulose 
and hydroxypropylmethylcellulose. Carbohydrate Polymers, 27(3), 177-185. 



© C
OPYRIG

HT U
PM

117 
 

Schober, T., O'Brien, C., McCarthy, D., Darnedde, A., and Arendt, E. (2003). Influence 
of gluten-free flour mixes and fat powders on the quality of gluten-free biscuits. 
European Food Research and Technology, 216(5), 369-376. 

Schober, T. J. (2009). Gluten-free specialty breads and confectionery products. In E. 
Gallagher (Ed.), Gluten-Free Food Science and Technology. Oxford: Wiley-
Blackwell, pp. 130-180. 

Sciarini, L. S., Ribotta, P. D., León, A. E., and Pérez, G. T. (2010). Effect of 
hydrocolloids on gluten-free batter properties and bread quality. International 
Journal of Food Science & Technology, 45(11), 2306-2312. 

Seetharaman, K. (2006). Pretzel production and quality control. In Y. H. Hui (Ed.), 
Bakary Products Science and Technology. Victoria: Blackwell Publishing, pp. 
575. 

Seetharaman, K., Yao, N., and Groff, T. (2002). Quality assurance for hard pretzel 
production. Cereal Foods World, 47(8), 361-364. 

Segura, M. E., Matos, Sanz Taberner, T., Fiszman, S., and Rosell, C. M. (2012). 
Development and quality of rice flour-based gluten-free muffins. CSIC: Instituto 
de Agroquímicay Tecnología de Alimentos (IATA). 

Selomulyo, V. O., and Zhou, W. (2007). Frozen bread dough: Effects of freezing storage 
and dough improvers. Journal of Cereal Science, 45(1), 1-17. 

Senadeera, W., Dandamrongrak, R., and Young, G. (2011). Experimental investigation 
on extruded snack products from rice and mung bean: Optimization of 
parameters. Paper presented at the Proceedings of the 5th Nordic Drying 
Conference (NDC 2011), Norwegian University of Science and Technology. 

Seth, D., Badwaik, L. S., and Ganapathy, V. (2013). Effect of feed composition, 
moisture content and extrusion temperature on extrudate characteristics of yam-
corn-rice based snack food. Journal of Food Science and Technology, 1-9. 

Singh, B., Bajaj, M., Kaur, A., Sharma, S., and Sidhu, J. (1993). Studies on the 
development of high-protein biscuits from composite flours. Plant Foods for 
Human Nutrition, 43(2), 181-189. 

Singkhornart, S., Edou-ondo, S., and Ryu, G.-H. (2014). Influence of germination and 
extrusion with CO2 injection on physicochemical properties of wheat extrudates. 
Food Chemistry, 143, 122-131. 

Skocilas, J., Zitny, R., and Sestak, J. (2010). Starch foam expansion in a closed mold. 
Food and Bioprocess Technology, 3(4), 615-619. 

Stampfli, L., and Nersten, B. (1995). Emulsifiers in bread making. Food Chemistry, 
52(2), 353-360. 

Stevens, M., and Covas, J. (1995). Extruder Principles and Operations. Great Britain: 
Cambridge University Press. 

Stojceska, V., Ainsworth, P., Plunkett, A., Ibanoglu, E., and Ibanoglu, S. (2008). 
Cauliflower by-products as a new source of dietary fibre, antioxidants and 



© C
OPYRIG

HT U
PM

118 
 

proteins in cereal based ready-to-eat expanded snacks. Journal of Food 
Engineering, 87(4), 554-563. 

Stojceska, V., Ainsworth, P., Plunkett, A., and Ibanoglu, S. (2009). The effect of 
extrusion cooking using different water feed rates on the quality of ready-to-eat 
snacks made from food by-products. Food Chemistry, 114(1), 226-232. 

Stojceska, V., Ainsworth, P., Plunkett, A., and Ibanoglu, S. (2010). The advantage of 
using extrusion processing for increasing dietary fibre level in gluten-free 
products. Food Chemistry, 121(1), 156-164. 

Suknark, K., Phillips, R., and Chinnan, M. (1997). Physical properties of directly 
expanded extrudates formulated from partially defatted peanut flour and different 
types of starch. Food Research International, 30(8), 575-583. 

Sumnu, G., Koksel, F., Sahin, S., Basman, A., and Meda, V. (2010). The effects of 
xanthan and guar gums on staling of gluten-free rice cakes baked in different 
ovens. International Journal of Food Science & Technology, 45(1), 87-93. 

Sworn, G., and SAS, D. F. (2009). Xanthan gum. In G. O. Phillipsand P. A. Williams 
(Eds.), Handbook of hydrocolloids. (2nd ed., Vol. 1). Washington DC: CRC 
Press, pp. 186-203. 

Syahrullail, S., Zubil, B., Azwadi, C., and Ridzuan, M. (2011). Experimental evaluation 
of palm oil as lubricant in cold forward extrusion process. International Journal 
of Mechanical Sciences, 53(7), 549-555. 

Tamaki, M., Kurita, S., Toyomaru, M., and Tsuchiya, T. (2007). Hardness distribution 
and endosperm structure on polishing characteristics of brewer's rice kernels. 
Plant Production Science, 10(4), 481-487. 

Tan, B., Norhaizan, M., Suhaniza, H., Lai, C., Norazalina, S., and Roselina, K. (2013). 
Antioxidant properties and antiproliferative effect of brewers' rice extract 
(temukut) on selected cancer cell lines. International Food Research Journal, 
20(5), 2117-2124. 

Torres, M. D., Fradinho, P., Raymundo, A., and Sousa, I. (2013). Thermorheological 
and textural behaviour of gluten-free gels obtained from chestnut and rice flours. 
Food and Bioprocess Technology, 1-12. 

Tyagi, S. K., Manikantan, M. R., Oberoi, H. S., and Kaur, G. (2007). Effect of mustard 
flour incorporation on nutritional, textural and organoleptic characteristics of 
biscuits. Journal of Food Engineering, 80(4), 1043-1050. 

Van Haften, J., and Patterson, C. (1979). Journal of Animal Oil Chemistry, 56, 831-835. 

Vega, C., Ubbink, J., and van der Linden, E. (2012). The Kitchen as Laboratory: 
Reflections on the Science of Food and Cooking. Vancouver: Columbia 
University Press. 

Viswanathan, M., Yassine, A., and Clarke, J. (2011). Sustainable product and market 
development for subsistence marketplaces: creating educational initiatives in 
radically different contexts. Journal of Product Innovation Management, 28(4), 
558-569. 



© C
OPYRIG

HT U
PM

119 
 

Walsh, L. P. (1993). Method for making hard pretzels. US5,238,693. Patent and 
Trademark Office. USA 

Wang, J., An, H., Jin, Z., Xie, Z., Zhuang, H., and Kim, J. (1999). Emulsifiers and 
thickeners on extrusion-cooked instant rice product. Journal of Food Science and 
Technology, 1-12. 

Williams, P. A., and Phillips, G. O. (2009). Introduction to food hydrocolloids. In G. O. 
Phillipsand P. A. Williams (Eds.), Handbook of Hydrocolloids. (2nd ed.). 
Washington DC: CRC Press, pp. 1-22. 

Yao, N. (2004). Hard Pretzel Characterization and Process Optimization. The 
Pennsylvania State University, USA,(PhD dissertation,3157708). 

Yao, N., Floros, J. D., and Seetharaman, K. (2005). Identification of important 
production variables affecting hard pretzel quality. Journal of Food Quality, 
28(3), 222-244. 

Yao, N., Floros, J. D., and Seetharaman, K. (2007). Optimisation of hard pretzel 
production. International Journal of Food Science & Technology, 42(3), 269-
280. 

Yao, N., Owusu-Apenten, R., Zhu, L., and Seetharaman, K. (2006). Effect of alkali 
dipping on dough and final product quality. Journal of Food Science, 71(3), 209-
215. 

Zaghian, S., Shokri, D., and Emtiazi, G. (2012). Co-production of a UV-stable 
bacteriocin-like inhibitory substance (BLIS) and indole-3-acetic acid hormone 
(IAA) and their optimization by Taguchi design in Bacillus pumilus. Annals of 
Microbiology, 62(3), 1189-1197. 

Zambrano-Zaragoza, M., Gutierrez-Cortez, E., Jimenez-Vieyra, M., Gallardo-Navarro, 
Y., Cornejo-Villegas, M., and Quintanar-Guerrero, D. (2013). Effects of 
extrusion process in snacks of oats–nixtamalized corn pericarp mixtures on 
dietary fiber content and functional properties. CyTA-Journal of Food(11), 38-
45. 

Ziaiifar, A. M., Courtois, F., and Trystram, G. (2010). Porosity Development and Its 
Effect on Oil Uptake During Frying Process. Journal of Food Process 
Engineering 33, 191-212. 

Zou, L., and Akoh, C. C. (2013). Characterization and optimization of physical and 
oxidative stability of structured lipid-based infant formula emulsion: effects of 
emulsifiers and biopolymer thickeners. Food Chemistry, 141.(3), 2486-2494. 

 


	DEVELOPMENT OF EXTRUDED GLUTEN FREE HARDPRETZEL FROM BREWER’S RICE
	Abstract
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



