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11.5. CEREALS AND CEREAL 
PRODUCTS 
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The major cereals: wheat, rye, rice, barley, millet and oats.  
 

Wheat and rye: suitable for bread-making. 
 

Cereals are amongst the most important staple foods of mankind.  
 

In industrial countries nutrients provided by bread consumption covers 
- 50% of the daily requirement of carbohydrates, 
- one third of the proteins, 
- 50–60% of vitamin B.  
Also a source of minerals and trace elements. 
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CARBOHYDRATES 
 

Starch 
 

The major storage carbohydrate form of cereals. 
 

Occurs: in the endosperm cells. 
 

Starch granules: 
- Size and form are specific for different cereals.  
- The polysaccharide molecules are radially organized.  

- amorphous layers (mainly amylose)  
- semicrystalline layers (amylopectin)  

- Swelling, gelatinization (characteristic temperature range). 
 

Cereal starches: ~ 25% amylose and ~ 75% amylopectin. 
 

Waxy corns: only amylopectin → swells considerably on heating. 
Other cultivars: rich in amylose → swell only slightly. 
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Other polysaccharides  
 

Primarily constituents of cell walls (in the outer portions of the kernel) – 
low amount in endosperm cells. 
→ their amount in flour increases as the degree of fineness increases.  
Dietary fibre: soluble and insoluble polysaccharides other than starch and 
lignin (from a nutritional and physiological viewpoint). 
Sources: cereals and legumes. 
 
Pentosans 
 

- Rye flour: 6–8% 
- Wheat flour: 1.5–2.5% 
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1. Water soluble pentosans (extractable with water): absorb 15–20 
times more water → form highly viscous solutions. 
- Linear arabinoxylan chain -  D-xylopyranose units (Ws-AX) 
extractable with water.  
- Highly branched arabinogalactan peptide. 

2. Water insoluble pentosanes 
Part of the arabinoxylan is insoluble in water (Wi-AX). 
 

Ws-AX → Increment of  
- the water binding in dough.   
- viscosity → the stability of the gas bubbles. 
 

Wi-AX → unfavourable action. 
- Form physical barriers against the gluten. 
- Destabilize the gas bubbles. 
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Endoxylanases → preferentially hydrolyze Wi-AX → baking result is 
positively influenced. 
 

Endoxylanase inhibitors are present in wheat → inhibit the activity of 
added endoxylanases → microbial enzymes which do not react with 
these inhibitors (molecular engineering).  

Rye: the insoluble portion of pentosans swells extensively in water → 
responsible for the rheological properties of 
dough  
→ the baking behaviour of rye 
→ increases the crumb juiciness and chewability of baked products.  
 

Rye flour: optimum starch-pentosan ratio 16:1  
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β-Glucan 
 

- Barley 3–7%,  
- Oats 3.5–4.9%,  
- Wheat and rye kernels 0.5–2%.  
 
- D-glucopyranose units joined by β-1,3 and β-1,4 linkages, linear 
polysaccharides. 
- Slimy mucous substances. 
- Provide a high viscosity to water solutions.  
Beer production: β-glucans can interfere in wort filtration. 
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PROTEINS 
 

Amino acid composition 
Low lysine and methionine content.  
Met: particularly low in wheat, rye, barley, oats and corn.  
Breeding → attempts to improvement of essential amino acids  
- successful in the case of high-lysine barley and some corn cultivars. 
 
The Osborne fractions of cereals 
Based on the solubility of different proteins. Sequential extraction of a 
flour sample: 
 

1. Albumins: water-soluble. 
2. Globulins: salt-soluble (e. g. 0.4 mol/l NaCl). 
3. Prolamins: 70% aqueous ethanol-soluble. 
4. Glutelins: remained in the flour residue.  
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Glutelins → 60%  aqueous 1-propanol (60 ºC)  
- High-molecular (HMW) sub-fractions subunits – precipitate out. 
- Low-molecular (LMW) subunits – remain in solution.  
 

Albumins and globulins: enzymes are present.  
 

Prolamins and glutelins: storage proteins. 

Fraction Wheat Rye Barley Oats Rice Millet Corn 

Albumins 14.7 44.4 12.1 20.2 10.8 18.2 4.0 
Globulins 7.0 10.2 8.4 11.9 9.7 6.1 2.8 
Prolamins 32.6 20.9 25.0 14.0 2.2 33.9 47.9 
Glutelins 45.7 24.5 54.5 53.9 77.3 41.8 45.3 

Variable levels of Osborne fractions in cereals 



10 

Designations of Osborne-fractions 

Fraction Wheat Rye Oats Barley Corn Rice Millet 

Albumins Leukosin 

Globulins Edestin Avenalin 

Prolamins Gliadin Secalin Avenin Hordein Zein Oryzin Cafirin 

Glutelins Glutenin Secalinin Hordenin Zeanin Oryzenin 

Wheat, rye and barley: similar amino acid composition. 
 

The amino acid composition of only the prolamins can be correlated to 
the botanical genealogy of cereals. 
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Celiac disease 
 

Affects infants, adolescents and adults (genetically predisposed persons). 
 

Wheat, rye and barley can cause (the role of oats is uncertain).  
 

Consequences: 
- Loss of villous structure of the intestinal mucosa. 
- Epithelial cells exhibit degenerative changes. 
- Nutrient absorption functions are severly impaired. 
 

The cause of the disease: the prolamin fractions of wheat, 
barley or rye. 
 

Consumption of rice, millet or corn eliminates these proteins from food. 
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Gluten formation 
 

Addition of water to wheat flour → kneading → viscoelastic cohesive 
dough.  
Gluten is responsible for plasticity and dough stability. 
 

Composition of gluten: 
- protein: 90% 
- lipids: 8%.  Form a lipoprotein complex with certain gluten proteins. 
- carbohydrates 2%. Water-insoluble pentosans – hold a significant 
amount of water. 
 

The gluten proteins + associated lipids → responsible for the cohesive 
and viscoelastic flow properties of dough.  
 

Rheological properties  
→ dough gas-holding capacity during leavening, 
→ porous, spongy product with an elastic crumb after baking. 
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Rye and other cereals:  
- Gluten is not formed.  
- Pentosans and some proteins swell after acidification.  
→ Contribute to gas-holding properties. 
→ Effect the baking quality. 
 
Protein components and structure of wheat gluten 
 

The effect of hydrated fractions on the rheological characteristics 
of dough: 
- Wheat prolamins (gliadin): responsible for viscosity. 
- Glutelins: accountable for dough strength and elasticity. 
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Disulfide bonds 
 

- α-Gliadin and γ-gliadin contain only intramolecular disulfide bonds.  
 
- Glutenins: protein aggregates of HMW and LMW subunits, which are 
stabilized by intermolecular disulfide bonds, hydrophobic interactions and 
other forces. 
 
Contribution of individual gluten proteins to the baking quality 
 

- The structure and amount of gluten proteins varies in wheat cultivars → 
varying dough and baking properties. 
- Important feature of gluten: the suitability for forming high molecular 
protein aggregates. 
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Competing processes during the dough preparation and gluten formation 
phase: 
- Chain formation  
- Termination 
 
For high dough and gluten strength: 
 
- Sufficient amount of polymerizable gluten proteins (HMW subunits of 
the x-type, LMW subunits) is required. 
 
- The lowest possible amounts of terminators (low molecular thiol 
compounds, gliadins with an odd number of cysteine residues, HMW 
subunits of the y-type). 
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LIPIDS 
 

Cereal kernels: relatively low levels of lipids. 
Differences - endosperm cells of oats: 6–8%; wheat: 1.6%. 
 

Preferentially stored in the germ → source for oil production . 
In a smaller extent in the aleurone layer. 
 

The fatty acid composition of cereal lipids do not differ significantly. 
Predominates: linoleic acid. 
 

In wheat flour: 1.5–2.5% of lipids (depending on milling extraction rate). 
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Wheat lipids greatly influence baking quality. 
 
- Nonstarch lipid (75% of the total lipid of flour)  

- triacylglycerides, 
- digalactosyl diacylglycerides. 

 - Starch-bound lipids: mostly lysophosphatides. 
 
The rheological dough properties are affected by nonstarch lipids.  
 
Free nonstarch lipids: 90% of the total nonpolar lipids and 20% of the 
total polar lipids.  
 

 free 

 bound lipids 
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Kneading the flour into dough: 
→ The glycolipids become completely bound to gluten. 
→ 70–80% of the other lipids are bound.  
→ The extent of binding of triacylglycerides depends on dough handling 
(intensive oxygen aeration and addition of lipoxygenase).  
 
The binding of lipids increased in the transition of flour to dough. 
 
Polar lipids positively influence: 
- The gas-holding capacity of dough.  
- The baking volume (after passing through a minimum).  
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The effect of free nonstarch lipids on the baking 
quality of defatted wheat flour  

(Morrison, 1976)  

——   lipids (total) 
−◦–◦–  nonpolar lipids  
– •– •– polar lipids 
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Explanations for the positive effect of polar lipids on dough quality: 
 
1. The polar lipids get concentrated in the boundary layer gas/liquid and 
stabilize the gas bubbles against coalescence.  
 
2. The lipid vesicles seal the pores which are formed in the protein films 
on kneading.  
 
Nonpolar lipids generally negatively influence the backing result with 
most varieties of wheat. 
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ENZYMES PLAYING A ROLE IN PROCESSING CEREAL 
PRODUCTS 
 

Amylases 
 

α- and β-amylases in wheat and rye. 
In the presence of yeast their optimum activities are desirable in dough 
making. 
 

- Wheat: activity is minimal in mature kernels. 
 

- Rye: dormancy is not very pronounced. 
Unfavourable harvest conditions (high moisture and temperature) 
→ premature germination (“sprouting”) – not visible externally,  
→ α-amylase activity rises → extensive starch degradation during the 
baking process,  
→ bread faults. 
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Lipases 
 

During flour storage – rise in free fatty acids. 
- Action of wheat lipase – enriched in the bran.  
- Lipases from metabolism of microorganisms present in flour. 
 

Activity in dormant seed is usually low.  
 

Oats – an exception – contain a significant level of lipase. 
 

Disintegration (crushing) of oat kernel → lipase activity increases → 
linoleic acid is released from the acyl lipids → hydroxy fatty acids are 
formed by lipoxygenase and hydroperoxidase enzymes 
Linoleic acid is released → off-flavours. 
 

Heat treatment → all these enzymes are inactivated → quality deterioration 
can be avoided. 
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Phytase 
 

Phytate (inositol-hexaphosphate) content of 
cereals ~1% . 
 

Binds about 70% of the phosphorus in the 
grain.  
 

Occurs mainly in the aleurone layer. 
→ Its amounts in flour depends on the 
extent of grinding.  

phytic acid 
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Partial hydolysis of phytate → inositol-tetra- and -triphosphate. 
 

Desirable from a nutritional physiological point of view.  
 

- Less phosphorylated inositols do not form such stable complexes with 
cations as phytate → the absorption 
of zinc, iron, calcium and magnesium ions is not impeded.  
 

- They still possess the positive nutritive properties of phytate. 

Dough making: a part of phytate is hydrolyzed. 
Phytases: originate in cereals, synthesized by microorganisms (e. g., 
yeast). 
One hour baking process: 85–90% of the phytate is degraded in white 
bread. 
In rye whole grain bread 25–35% is degraded. 
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Lipoxygenases 
 

- In cereals: linoleic acid → 9-hydroperoxy acids.  
- Rye lipoxygenase: linoleic acid → 13-hydroperoxide acids. 
 

Lipoxygenase from wheat belongs to the specifically reacting LOX → 
cooxidizes carotenoids at a slow rate → a loss of yellow colour in pasta 
products. 
Wheat lipoxygenase has to be inactivated during the preparation of 
pasta products. 

Polyphenoloxidases 
 

Preferably occur in the outer layers of the kernels.  
They can cause browning in whole-meal flours. 
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Peroxidase and catalase 
 

Accelerate the nonenzymatic oxidation of ascorbic acid to the dehydro 
form (as heme catalysts) → both enzymes are involved in the action of 
ascorbic acid as an improver. 
 
Glutathione dehydrogenase 
 

Catalyzes the oxidation of glutathione (GSH) in the presence of dehydro-
ascorbic acid as an H-acceptor.  
 

Its activity is relatively high in wheat flour. 
 

All four diastereomeric forms of dehydroascorbic acid are converted, but 
with different velocities.  
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THIOL COMPOUNDS IN WHEAT 
 

1. In the free state 
- glutathione G-SH  localized in the germ and in the aleurone layer → its 
concentration in flour increases with the extraction grade. 
- cysteine C-SH 
 

2. In the oxidized forms 
 G-S-S-G  
 C-S-S-C  
 

3. In the protein bound forms 
 G-S-S-P 
 C-S-S-P  
 

Reduction of G-S-S-P and C-S-S-P → releases G-SH and C-SH. 
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During dough making, G-SH reacts very quickly undergoing disulfide 
interchange with the flour proteins P-S-S-P: 
 
 
 

G-SH + P-S-S-P → G-S-S-P + PSH  

 
High-molecular gluten proteins are cleaved → the viscosity of the dough 
drops.  
Cleavage of intermolecular disulfide bonds → the gluten and the dough 
can weaken. 
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BAKING TESTS 
 
- Baking volume 
- Form 
- Crumb structure and elasticity 
- Taste of the baked product 
  
Performed and evaluated under standard conditions (e. g. 1000 g flour for 
each product). 
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INFLUENCE OF SOME INGREDIENTS ON BAKING 
PROPERTIES 
 

Large-scale automated bakery demands uniform raw materials with 
uniform properties for economic production. 
 

Additives: 
- Adjustment of the flour characteristics to match the baking process (e. g. 
shortened dough handling time with low energy input).  
- Used to ensure that the end-product meets existing standards.  
 

Improvement of the quality of weak gluten flour → incorporation of 
ascorbic acid, alkali bromates or enzyme-active soy flour.  
 

→ Increases in dough resistance to extension, mixing tolerance and 
fermentation stability.  
 

→ Baking volume increases and the crumb structure improves. 
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Adding cysteine or proteinases → opposite effects (gluten softening). 
 

Mellowed, softened doughs → biscuits made with little energy input.  
 

Additives affecting the rheological quality of the dough and/or the 
quality of baked products: 
 

- emulsifiers, 
- shortenings, 
- starch syrups,  
- milk, soy flour,  
- salt, 
- α-amylase and proteinase preparations. 
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The effect of ascorbic acid addition on wheat flour 

SH/SS interchange between reduced glutathione and gluten proteins 
starts immediately on dough making → leads to depolimerization of 
gluten protein → weakening of gluten. 
 

½ O2 

2 G-SH 

G-S-S-G 

DHAsc 

Asc 

H2O 

2 P-SH 

P-S-S-P 
GSH-DH 
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Ascorbic acid is oxidized to dehydroascorbic acid by oxigen present in the 
dough (ascorbic acid oxidase, Men+, heme-containing compounds, 
peroxidase, catalase). Intensity of dough mixing → the amount of oxygen 
trapped from the air. 
 

Endogenous glutathione is withdrawn from the SH/SS interchange with 
gluten proteins (glutathione dehydrogenase, GSH-DH). 

2 G-SH 

G-S-S-G 

DHAsc 

Asc 

H2O 

2 P-SH 

P-S-S-P 
GSH-DH 

½ O2 
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The effect of lipoxygenase-active flour addition on wheat flour 
 

Addition enzyme-active soy flour to wheat dough: 
→ Increases the mixing tolerance, improves the rheological properties 
of wheat dough. 
→ May increase the bread volume.  
 

Effective only in the case of high-power mixing in the presence of air.  
 

Other effect: bleaching of the carotenoid pigments of wheat flour. 
White bread – desirable. 
 

More than 1% enzyme-active soy flour → off-flavours. 
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The effect of addition of cysteine 
 

Cysteine → SH/SS interchange with the glutenin fraction  
→ Softening of gluten. 
→ The resistance to extension of the dough decreases. 
→ The extensibility increases. 
→ Decreases in dough development time and dough stability. 
 

Applicable: flours with strong gluten. 
 

In this case with optimum levels of cysteine: 
a favourable increase in baking volume. 
 
Cause: prior to baking, the gas trapped within the dough can develop 
a more spongy dough.  
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The effect of addition of α-amylase 
 

Flours derived from wheat without sprouted grains: 
→ Small amounts of sugars metabolizable by yeast.  
→ The α-amylase activity is very little.  
 

Amylase source: malt flour/microbial preparation  
→ Starch is degraded to fermentable maltose. → Favourable growth of 
yeast. → Provide CO2 needed for dough leavening. 
 

The application of malt is not expedient in the case of flours with weak 
gluten - malt also has proteolytic activity. 
 
Instead of malt: α-amylase preparations from microorganisms. 
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Other effects:  
 

1. Products formed by the activities of α- and β-amylases → reactants 
for nonenzymatic browning reactions (baking).  
→ This favourable effect on aroma and colour of the crust.  
 

2. Delay the aging of the crumb. 

Emulsifiers and shortenings 
 

Flour baking quality - positively correlated to the content of polar lipids. 
Addition of emulsifiers to the dough → improvements in 
- dough properties (gas-holding capacity) 
- baking results (bread volume) 
- freshness and shelf life of the end-product (delay of the aging of the 
crumb).  
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- Crude lecithin 
- mono- and diacylglycerides 
- Derivatized mono- and diacylglycerides (esterification of the OH-
group(s) with acetic, tartaric, lactic, monoacetyl or diacetyl tartaric acid). 
 
Addition of triacylglycerides (shortenings) to the dough  
→ generally reduces the end-product volume. 
 

There are exceptions depending on the wheat variety!  
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