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From tradition to innovation in BREAD 

- Volume 
- Softness 
- Taste 
- …. 
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Rosell & Garzon (2015). Chemical  composition of Bakery Products. In Handbook of Food Chemistry.  

Worldwide concept of BREAD 
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Current trends and consumer demands…. 
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Traditional raw materials…. 

Bread 

rye 

maize 

oat 

barley 

rice 

wheat 
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Alternatively…. 

Pea 

Bean 

Lentil 

Chickpea 

Faba 
bean 

quinua 

amaranth 

kañiwa 

chia 

buckwheat 

PROTEINS 
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Sample Blend 
a
  Hardness  Overall Acceptance 

  %  g force 1-10 

Quinoa 0 508 a 7.3 b 

 12.5 461 a 8.0 b 

 25 1013 b 7.5 b 

 50 2815 c 5.5 a 

 100 4249 d 4.5 a 

    

Kañiwa 0 508 a 7.3 c 

 12.5 497 a 7.5 c 

 25 645 a 7.0 c 

 50 3886 b 3.8 b 

 100 nd 0.7 a 

    

Kiwicha 0 508 a 7.3 c 

 12.5 455 a 8.3 d 

 25 454 a 7.3 c 

 50 1520 b 5.8 b 

 100 2599 c 2.0 a 

    

Tarwi 0 508 a 7.3 d 

 12.5 1014 b 6.3 c 

 25 2427 c 3.3 b 

 50 6105 d 1.0 a 

  100 nd 0.3 a 

 1 

Rosell, Cortez, Repo-Carrasco (2009) 

Alternative ingredients  

Pea

Bean

Lentil

Chickpea

Faba 
bean

quinua

amaranth

kañiwa

chia

buckwheat
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Rosell, Cortez, Repo-Carrasco (2009) 

Alternative ingredients  

Pea

Bean

Lentil
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Wheat Flour H. Illucens    A. domestica T. molitor 

Proteins 12.69 ± 0.60a 45.09 ± 0.82b 56.58 ± 0.86d 48.82 ± 0.76c 

NPN - ± - 0.52 ± 0.02a 0.66 ± 0.00b 0.85 ± 0.07c 

Fat 1.19 ± 0.02a 35.82 ± 0.66d 27.08 ± 0.72b 30.69 ± 0.80c 

Ash 0.64 ± 0.01a 4.25 ± 0.00c 4.02 ± 0.01b 4.25 ± 0.01c 

C.H 70.83 ± 0.00d 10.41 ± 0.00c 2.15 ± 0.00a 9.59 ± 0.00b 

Gonzalez CM, Garzon R, Rosell CM, (2018.) Submitted 

Wheat bread H. illucens A. 

domestica 

T. molitor 

Alternative ingredients  
Pea

Bean

Lentil

Chickpea

Faba 
bean

quinua

amaranth

kañiwa

chia

buckwheat
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CEREAL GRAINS 
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Physical processing…. 

extrusion 

milling 
germination 
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Fractionation milling 

Resistant 
starch (%) 

Short 
grain <80 2.30 

80-132 3.80 

132-150 2.25 

150-180 3.68 

>180 2.42 

Long grain <80 2.15 

80-132 2.30 

132-150 2.50 

150-180 2.33 

>180 3.80 
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de la Hera, Gómez, Rosell (2013), Carbohydrate Polymers 
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Fractionation 

de la Hera, Rosell, Gómez (2014), Food Chem 

  
  

C∞ 
(g/100g) 

k (min-1) AUC H90 HI eGI 

Overall 
Mean 

96.55 0.108 48.82 95 96 91 

Particle Size Fine 97.4 a 0.131 b 48.61 a 95 a 95 a 90 a 

Coarse 95.7 a 0.086 a 49.01 a 96 a 96 a 91 a 

Water Content 
(%) 

70 96.5 a 0.085 a 46.99 a 93 a 92 a 87 a 

90 96.4 a 0.120 b 49.41 b 96 b 97 b 92 b 

110 96.7 a 0.120 b 50.05 b 97 b 98 b 93 b 

A) a)        b)   c) 

 
 

B) a)        b)   c) 

 
 

Fine 

Coarse 

70% 90% 110% 
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milling Intensive milling & Fractionation 

Angelidis, Protonotariou S., I. Mandala, C. M. Rosell (2016) 
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Intensive milling & Fractionation 

milling 

Protonotariou S., I. Mandala, C. M. Rosell (2015) 



www.iata.csic.es  

Intensive milling & Fractionation 

milling 

Protonotariou S., I. Mandala, C. M. Rosell (2015) 

Flour 

Sample 

Moisture (%) 
Protein 

(%, db) 

Ash 

(%,db) 

Insoluble 

Fiber (%, 

db) 

Total 

Fiber (%, 

db) 

WWF 11.95 ± 0.00 d 15.00 ± 0.18 a 1.31 ± 0.00 a 9.23 ± 0.11 b 13.01 ± 0.53 a 

WF1 8.57 ± 0.01 c 15.08 ± 0.32 ab 1.31 ± 0.01 a 8.39 ± 0.34 ab 14.25 ± 0.66 b 

WF2 6.64 ± 0.08 a 15.51 ± 0.01 b 1.42 ± 0.00 b 8.89 ± 0.72 ab 14.72 ± 0.16 b 

WF3 7.84 ± 0.05 b 15.22 ± 0.09 ab 1.33 ± 0.02 a 8.39 ± 0.06 ab 14.24 ± 0.04 b 

WF4 6.61 ± 0.01 a 15.30 ± 0.02 ab 1.33 ± 0.00 a 7.82 ± 0.79 a 14.30 ± 0.10 b 
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milling Intensive milling & Fractionation 

Protonotariou S., I. Mandala, C. M. Rosell (2015) 
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Samples D50 (μm) 
Moisture  

(%) 

Protein  

(% w.b.) 

Dietary Fibre  

(% w.b.) 

Carob flour fractions         

FΑ 258.55 (0.68)a 9.39 (0.01)a 14.93 (0.24)a 65.61 (2.34)c 

FΒ 174.73 (0.45)b 8.75 (0.05)a 22.96 (0.74)c 51.80 (2.67)b 

FC 126.37 (2.10)c 9.28 (0.07)a 25.70 (0.03)d 43.46 (1.45)a 

FD 80.36 (6.38)d 9.82 (0.06)b 18.86 (0.09)b 53.25 (1.64)b 

          

Rice /Carob flour blend (85/15)   

Water added for 

breadmaking (% 

flour basis) 

    

MA   150 8.5 10.2 

MB   140 9.7 8.1 

MC   120 10.1 6.9 

MD   130 9.1 8.4 

Commercial GF blends         

C1   80* 2.3 - 

C2   80* 5.5 6.3 

C3   86* 3.5 4.7 

CAROB FLOUR 
milling 

Intensive milling & Fractionation 

Tsatsaragkou K, Kara T, Ritzoulis C, Mandala I, Rosell CM (2017) 
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Sample 

code 

Moisture 

content 
Protein 

Insoluble Dietary 

Fibre 

Total Dietary 

Fibre 
Ash eGI 

Control 58.27 (1.13)b 9.06 (0.05)e 3.28 (0.14)bc 3.79 (0.00)abc 0.54 (0.02)b 119.03 (3.25)e 

BA 65.36 (2.63)de 7.80 (0.00)d 4.58 (1.43)c 6.26 (0.91)c 0.56 (0.03)b 92.34 (1.97)cd 

BB 65.89 (0.27)e 9.79(0.02)f 4.21 (2.02)c 5.79 (0.49)bc 0.71 (0.03)c 104.19 (15.08)d 

BC 61.69 (1.02)c 9.99(0.05)f 2.84 (0.04)bc 4.69 (2.56)abc 0.76 (0.00)c 62.86 (1.87)b 

BD 63.11 (1.13)cd 9.06(0.04)e 3.52 (0.00)bc 3.53 (0.00)abc 0.74 (0.05)c 47.33 (0.10)a 

GF C1 53.30 (1.22)a 2.42(0.13)a 1.66 (0.72)ab 2.02 (2.11)a 0.44 (0.03)a 82.76 (2.64)c 

GF C2 53.77 (0.76)a 4.74(0.03)c 0.36 (0.10)a 5.14 (0.69)bc 1.34 (0.03)d 55.90 (1.13)ab 

GF C3 54.13 (1.98)a 3.07(0.23)b 3.06 (0.01)bc 3.21 (0.80)ab 0.73 (0.04)c 60.85 (4.38)b 

CAROB FLOUR 

 

milling 

Intensive milling & Fractionation 

Tsatsaragkou K, Kara T, Ritzoulis C, Mandala I, Rosell CM (2017) 
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Extrusion extrusion 

Flour 
Code  

Barrel 
Temperature 

(ºC) 

Feed 
Rate 

(Kg/h) 
Feed Moisture 

Content (%) 

0 - - - 

1 80 275 3.6 

2 120 900 4.4 

3 120 400 15 

4 120 275 21.8 

5 160 500 10 

k (min-1) by first 
order eq. 

k (min-1) by LOS C∞ (%) C∞ (%) by 
LOS 

Resistant 
starch (%) 

0 0.048 0.046 125.00 130.32 6.11 

1 0.103 0.094 292.46 306.15 8.96 

2 0.034 0.034 137.82 142.06 4.50 

3 0.055 0.053 147.10 156.94 5.80 

4 0.049 0.047 147.90 155.73 3.69 

5 0.093 0.088 223.81 255.40 2.29 

Martínez, Rosell, Gómez. (2014) Journal of Food Engineering 
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Extrusion extrusion 

Resistant 
starch (%) 

0f 5.52(0.50) 

0c 5.91(0.86) 

1f 3.29(0.38) 

2f 4.01(0.74) 

3f 2.23(0.36) 

1c 6.10(1.32) 

2c 5.75(0.98) 

3c 2.11(0.51) 

a. 

 
 

b. 
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Martínez, Calviño, Rosell, Gómez (2014) Food Bioprocess Technol. 
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Microwave 

Martínez, Calviño, Rosell, Gómez (2014) Food Bioprocess Technol. 

Corn flour 
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Germination 

Cornejo et al. (2015) Food Chem 

Treatment WBC 

(g/g) 

WHC 

(g/g) 

SV 

(ml/g) 

WAI 

(g/g) 

WSI 

(g/100g) 

SP 

(g/g) 

OAC 

(g/g) 
Brown Rice  1.52±0.03a 1.68±0.14a 3.10±0.00a 11.64±0.21a 0.03±0.00c 12.02±0.23a 1.59±0.01b 

Soaked 1.39±0.04b 1.23±0.05c 3.03±0.06a 9.72±0.31b 0.05±0.01b 10.27±0.35b 1.63±0.02b 
12H GF 1.35±0.02b 1.43±0.07b 3.00±0.00a 9.87±0.22b 0.06±0.01b 10.63±0.52b 1.63±0.07b 
24H GF 1.26±0.04c 1.55±0.18ab 2.43±0.12b 9.95±0.25b 0.05±0.01bc 10.46±0.28b 1.60±0.01b 
48H GF 1.02±0.04d 0.89±0.01d 2.49±0.00b 5.65±0.31c 0.15±0.03a 6.46±0.55c 1.71±0.02a 
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Germination 

Cornejo et al. (2015) Food Chem 

Treatment Moisture 

(g/100g) 

Total Protein 

(g/100g) 

Fat 

(g/100g) 

Carbohydrat

es 

(g/100g) 

Ash 

(g/100g) 

Energy 

(Kcal) 

Free Glucose 

(g/100g) 

Phytic acid 

(g/100g) 

BR  49.77±2.15a 6.03±0.05c 6.96±0.05b 74.19±0.91a 2.85±0.01a 214±9b 0.29±0.02d 1.09±0.05c 

Pre-GBR 50.08±1.40a 6.12±0.04c 6.74±0.04c 74.20±1.01a 2.42±0.03d 213±6b 0.31±0.02d 0.82±0.06a 

12h GBR  50.46±1.72a 8.14±0.21a 6.50±0.06d 72.45±1.18b 2.65±0.04b 210±7b 0.39±0.03c 0.82±0.08a 

24h GBR 49.98±0.75a 8.01±0.08ab 5.58±0.03e 73.74±0.55ab 2.52±0.03c 209±3b 0.52±0.04b 0.95±0.02b 

48h GBR  44.45±1.49b 7.81±0.12b 7.72±0.04a 72.49±0.51b 2.35±0.05e 230±1a 0.97±0.02a 0.81±0.02a 
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Germination 

Cornejo et al. (2015) Food Chem 

BR (*), Pre-GBR (■),12h GBR (▲), 24h GBR (◆),48h GBR (●). 
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Germination 

Cornejo et al. (2015) Food Chem 
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Germination 

Ouazib M, R. Garzón, F Zaidi, C. M. Rosell (2016) 
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Making innovation from a traditional food 

- Volume 
- Softness 
- Taste 
- …. 
 
 

extrusion 
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