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Summary

Th e most common disease caused by cereal protein ingestion is celiac disease. 
Th is can be treated only by a diet that excludes all foods containing wheat, 
barley, rye and oat proteins. Corn meal (CM) and defatted soybean fl our 
(DSF) blend processed by High Temperature Short Time (HTST) extrusion 
cooking for gluten-free bread production was investigated. Corn meal and 
soybean fl our were extruded in three diff erent proportions (w/w): 100 CM / 0 
DSF; 87.5 CM / 12.5 DSF; 75 CM / 25 DSF. Aft er milling extruded fl our blends 
were combined in a 1:1 mixture with rice fl our for gluten-free bread making. 
Rheological properties of dough (viscosity and water absorption), baking 
characteristics, dough and bread yield, were investigated with or without 
diff erent hydrocolloids addition. Protein content and sensory properties of the 
gluten-free breads were determined. Bread produced with extruded blend of 75 
CM / 25 DSF with addition of guar gum had the biggest volume, the best crumb 
elasticity, soft ness and porosity. All bread samples made of extruded fl ours had 
high protein content (more than 10% db) and good sensory properties. 
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Introduction
Coeliac disease is a chronic disorder resulting from an 

immune reaction to certain cereal proteins. Most toxic for 
coeliacs are wheat proteins: α-, β- and γ– gliadin, low mo-
lecular weight and high molecular weight glutenins, but 
secalin from rye, hordein from barley and avenin from oat 
may also be problematic (Skerritt et al. 1990). In untreated 
coeliac disease the lining of the small intestine is damaged. 
Th e villi, which line the inside of the bowel, are fl attened 
and their normal function to break down and absorb nu-
trients is depleted. Th is leads to defi ciencies in vitamins, 
minerals and sometimes proteins, carbohydrates and fats. 
Th e only eff ective treatment of coeliac disease is a strict 
lifelong gluten-free diet. In Croatia, as well in Europe, 
about 1% of population is aff ected by coeliac disease. In 
recent years the demand for gluten-free products has been 
on the rise; and so interest in gluten-free bread produc-
tion is growing. Currently starch, dairy proteins and hy-
drocolloids are added to naturally gluten-free fl our (such 
as rice and/or corn fl our) to mimic viscoelastic proper-
ties of gluten and to improve structure, sensory attributes 
and shelf-life (Ylimaki et al. 1991; Sanchez et al. 2002; 
Gallagher et al. 2003a; Gallagher et al. 2003b; Gallagher 
et al. 2004; Sivaramakrishnan et al. 2004; Ahlborn et al. 
2005; McCarthy et al. 2005; Schober et al. 2005; Lazaridou 
et al. 2006; Moore et al. 2006). Various hydrocolloids such 
as hydroxypropylmethyl-cellulose, methyl-cellulose, car-
boxymethyl-cellulose, locust bean gum, guar gum, xan-
than, pectin, and β-glucan for gluten-free bread quality 
improvement have been studied (Lazaridou et al. 2006). 
Th e eff ect of enzymes such as transglutaminase (Moore 
et al. 2006) and lipoxygenase (Ribotta et al. 2004) on 
gluten-free bread quality also has been studied. Soybean 
proteins and soybean fl our have been used for fortifi ca-
tion of bakery products to improve their protein quality, 
mechanical behaviour and storage life of bread (Sanhez 
et al. 2004; Mohamed et al. 2006).

Th e aim of this study was to determine the whether 
starch could be replaced with corn meal or corn meal/
soyfl our extrudates in gluten-free bread formulation. Th e 
eff ect of xanthan, guar gum, pectin and cellulose addition 
on gluten-free dough rheology and bread appearance was 
also investigated. 

Materials and methods
Long grain rice (Sunstar overseas LTD, India) was milled 

and sieved; obtained fl our had moisture content 10.8% and 
protein content 7.3%. Corn starch was obtained from the 
market (Agrana Starke GmbH, Austria). Extruded corn 
meal (ECM) and extruded blends of corn meal (CM) and 
defatted soybean fl our (DSF) were purchased from Naše 
klasje, Croatia. ECM had 11.9% moisture content and 8.1% 

of proteins; extruded blend of CM and DSF (87.5: 12.5 w/w) 
(Blend 1) had 8.9% moisture and 11.6% of proteins; and 
extruded blend of CM and DSF (75: 25 w/w) (Blend 2) had 
8.8% moisture and 16.1% of proteins. Other ingredients used 
in bread formulation were skimmed milk powder (Sirela 
d.d., Croatia); sodium caseinate (Danisco Ingredients, 
Denmark); sunfl ower oil (Zvijezda d.d., Croatia); monoglyc-
eride Dimodan 100/B (Danisco Ingredients, Denmark); 
sugar (Viro tvornica šećera d.d., Croatia); salt (Solana 
d.d., Tuzla); fresh yeast Saccharomyces cerevisiae (Kvasac 
d.o.o., Croatia); and hydrocolloids: xanthan, Satiaxane 
CX-911 (Degussa Texturant Systems, Germany); guar 
gum, Emulcoll (Degussa Texturant Systems, Germany); 
pectin, Grinsted LA 410 (Danisco Ingredients, Denmark); 
and microcrystalline cellulose, Avicel (FMC BioPolymer, 
Ireland).

Dough rheology
Viscosity of fl ours, extruded blends and their mixtures 

with sodium caseinate and hydrocolloids addition was 
determined in accordance to ICC Standard Method No. 
126/1 by MicroViscoAmylograph (Brabender, Germany). 
Th e suspension of fl our or extrudate (10 g) in water (105 
ml) was heated on 93 oC at the heating rate 7.5 oC/min and 
cooled down to 50°C. 

Th e water absorption and the eff ect of diff erent hydro-
colloids on dough rheology was investigated by a farino-
graph (Brabender, Germany) according to ICC-Standard 
Method No.115/1. A rice fl our sample (100 g) with addition 
of corn starch, extruded CM, extruded Blend 1 or 2 (100 
g), sodium caseinate (4 g) and supplemented with 1, 2 and 
3% xanthan, guar gum, pectin or cellulose was used. 

Laboratory baking
For laboratory bread making rice fl our was mixed with 

corn starch (Standard sample), extruded corn fl our (Sample 
1), Blend 1 (Sample 3) or Blend 2 (Sample 2) in proportion 
1:1 (w/w). First, milk powder, hydrocolloid, oil, emulsifi er, 
sugar, salt and half of the water were mixed at speed 2 for 
30 seconds by a mixer (Supermix 200, Moulinex, France). 
Th e obtained cream was mixed with the rice fl our, starch 
or extrudates and the rest of the water with dispersed yeast 
in farinograph kneader at 120 rpm for 3 min at 30 °C. Th e 
dough was divided into pieces (80 g), put in bread pan and 
proofed in a cabinet at 33 °C and 80% humidity for 75 min. 
Breads were baked at 210 °C for 20 min aft er short steam-
ing. Four replicates of bread samples were made.

Bread volume (cm3) was determined 60 min aft er 
baking by millet-seed displacement method. Dough yield 
(%) (dough mass expressed in g, prepared from 100 g of 
raw materials) and bread volume yield (%) (bread volume 
in cm3 obtained from 100 g of raw materials) were calcu-
lated (Ćurić et al. 2002). 
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Chemical and sensory analysis
Moisture content of the fi nal products was determined 

following the ICC Standard Method No. 110/1, and pro-
tein content was determined by Kjeldahl procedure (ICC 
Standard Method No. 105/2). Th e conversion factor of ni-
trogen to protein was 6.25 for all samples. All the used 
chemicals were of analytical reagent grade.

Breads were sensory evaluated by panel of fi ve indi-
viduals. Th e parameters were evaluated as recommended 
by Pyler (1973). Th e maximum scores for each parameter 
were: volume 15, crust 15, texture 15, colour 10, crumb 
grain 10, aroma 15, and taste 20.

Results and discussion
Th e determined viscosity of raw materials is shown in 

Figures 1-2. Th e viscosity of extruded materials was low 
as expected but increasing in cooling period which indi-
cated good water binding capacity in bread baking. As the 
amylolitic activity of the fl ours was low it was important 

to have higher concentration of fermentable sugars in the 
formulation.

Th e farinograph curve obtained for the pure rice fl our 
used in this study has shown the water absorption of 60% 
and it was not possible to obtain consistency of 500 BU. 
Th e farinograph curve of rice fl our was improved by corn 
starch addition (standard sample) as indicated in Figure 
3. Furthermore, the hydrocolloids addition improved the 
water absorption and rheological properties. Th e best re-
sults were obtained by adding hydrocolloids to a level of 

Figure 2. Viscosity of standard and sample 1 with guar 
gum addition (3%)

Figure 1. Viscosity of raw materials 
(MicroViscoAmylograph, Brabender)

Figure 5. Farinograph curve of standard sample with guar 
gum addition (3%) water absorption 57%

Figure 3. Farinograph curve of standard sample (rice flour, 
100 g; corn starch, 98 g; sodium caseinate, 2 g; water, 120 g)

Figure 4. Farinograph curve of standard sample with 
xanthan addition (3%); water absorption 56%
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Figure 9. Farinograph curve of sample 1 with xanthan 
addition (3%); water absorption 81%

Figure 6. Farinograph curve of standard sample with 
pectin addition (3%); water absorption 57%

Figure 7. Farinograph curve of standard sample with 
cellulose addition (3%); water absorption 57%

Figure 8. Farinograph curve of sample 1 with guar gum 
addition (3%); water absorption 84%

Figure 13. Farinograph curve of sample 3 with xanthan 
addition (3%); water absorption 90%

Figure 10. Farinograph curve of sample 2 with guar gum 
addition (3%); water absorption 88%

Figure 11. Farinograph curve of sample 2 with xanthan 
addition (3%); water absorption 95%

Figure 12. Farinograph curve of sample 3 with guar gum 
addition (3%); water absorption 91%
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3% w/w rice fl our. Th e highest water absorption of stand-
ard sample was obtained by xanthan addition (3% w/w 
rice fl our) followed by pectin, guar gum and cellulose as 
it is shown in Figures 4-7. When the dough was made with 
corn extrudate, Blend 1 or Blend 2 instead of corn starch, 
the water absorption increased signifi cantly (Figures 8-13). 
Blend of rice fl our and corn extrudate had the best rheol-
ogy with guar gum addition (3%, w/w rice fl our) as indi-
cated in Figure 8. Dough with xanthan was too fi rm and 
during mixing it was releasing the water (Figure 9). Dough 
with added pectin or cellulose was too sticky. Th e highest 
elasticity and the shortest development time were obtained 
with xanthan addition in all samples but the dough was 
too fi rm. Th e best improving eff ect of hydrocolloid incor-
poration was actually obtained by guar gum application 
as proven in bread baking.

When extruded fl ours were used the bread volume 
significantly increased. Maximum bread volume was 
achieved with the addition of guar gum as a hydrocolloid. 
Xanthan gum addition resulted in overly fi rm dough and 
low volume breads. Th is is in accordance with study by 
Lazaridou (2006). Also the porosity of those breads was 
non-uniform. Volume yield of breads produced with xan-

than ranged from 232 to 265 cm3/100 g (Table 1) and with 
guar gum from 241 to 344 cm3/100 g of fl our (Table 2). 

Th e sensory analysis of fresh breads performed by pan-
ellists for seven parameters showed the overall accepta-
bility for all bread samples. Scores ranged from 75 to 95 
out of 100 (Table 3-4). Bread sample 2 with added guar 
gum exhibited the best appearance in terms of structure, 
volume and taste, followed by sample 1 and 3, with the 
same hydrocolloid.

In the Table 5 the protein content of bread samples 
produced with guar gum addition is shown. Th e protein 
content was much higher when the extruded CM, Blend 1 
and Blend 2 were used instead of corn starch. Th ose breads 
had protein content higher than 10% db.

Conclusions
All produced gluten-free breads had good sensory 

characteristics. Addition of hydrocolloids such as guar 
gum, xanthan and cellulose can improve mechanical 
structure of gluten-free breads. In this study, guar gum 
addition at 3% w/w rice fl our gave the best improvement 
of dough rheological properties. Extruded corn meal and 
extruded blend of corn meal and defatted soybean fl our 
produced signifi cantly higher bread specifi c volume and 
bread yield. Th ese breads had also the best sensorial at-
tributes. Extruded corn meal or extruded blend of corn 
meal and soybean fl our usage instead of corn starch re-
sulted in increased bread protein content. All gluten-free 
breads produced with extruded materials had very high 
protein content, more than 10% db. Bread sample 2 made 
of Blend 2 and rice fl our (1:1) had the highest protein con-

Parameter Standard Sample 1 Sample 2 

Dough yield, % 190.2 195.3 198.3 
Bread yield, % 149.8 166.7 169.3 
Volume yield, cm3/100 g 232.0 250.2 265.5 

Table 1. Dough and bread yield with xanthan addition (3%)

Parameter Standard Sample 1 Sample 2 Sample 3 

Dough yield, % 181.9 200.8 205.6 205.6 
Bread yield, %  154.1 169.4 171.7 172.2 
Volume yield, 
cm3/100 g 

241.7 294.9 353.8 344.5 

Parameter Standard Sample 1 Sample 2 Sample 3 

Volume 8 11 15 13 
Crust 15 14 13 10 
Colour 10 10 10 10 
Crumb grain 10 10 10 10 
Texture 12 14 15 13 
Aroma 13 15 12 14 
Taste 15 20 20 16 
SUM (max = 100) 83 94 95 86 

Parameter Standard Sample 1 Sample 2 

Volume 7 9 10 
Crust 15 13 10 
Crumb colour 10 10 10 
Crumb grain 10 10 10 
Texture 7 12 13 
Aroma 13 12 10 
Taste 13 16 14 
SUM (max = 100) 75 82 77 

Sample Standard Sample 1 Sample 2 Sample 3 

Proteins (Nx6.25) 
g/g db 

7,84 11,05 13,68 11,68 

Table 2. Dough and bread yield with guar gum addition 
(3%)

Table 3. Sensory evaluation of breads with guar gum 
addition (3%)

Table 4. Sensory evaluation of breads with xanthan 
addition (3%)

Table 5. Protein content of breads produced with guar gum 
addition (3%)
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tent (13.68% db). Extruded corn meal and extruded blend 
of corn meal and defatted soybean fl our can be success-
fully used in a high quality gluten-free bread production. 
Since the production process is direct and simple it could 
help to introduce low-cost industrialized gluten-free fresh 
bakery products. Th e optimal formulation for gluten-free 
bread in production conditions as described was the one 
made of corn meal and defatted soybean fl our extruded 
blend and guar gum (3% w/w rice fl our) demonstrated by 
high volume and bread yield, protein content and sen-
sory mark.
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