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Abstract 
Celiac Disease is a chronic entheropathy produced by gluten intolerance, more precisely to certain 
proteins called prolamines, which causes atrophy of intestinal villi, malabsorption and clinical 
symptoms that can appear in both childhood and adulthood. This pathogeny, results from the in- 
teraction of genetic, immunologic and environmental factors, which produce the lesions on the 
mucosa of the proximal small intestine. It is important to estimate the maximum gluten content 
that could be present in supposedly “gluten-free” foods, a limit of 20 mg/Kg is admitted. Rice flour, 
sorghum flour, starches, hydrocolloids, soy flour and dairy products are analyzed for carrying out 
the manufacture of gluten-free products, such as bread, noodles and others. 
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1. Introduction to Celiac Disease 
Celiac Disease (CD) is a chronic entheropathy produced by gluten intolerance, more precisely to certain proteins 
called prolamines, which causes atrophy of intestinal villi, malabsorption and clinical symptoms that can appear 
in both childhood and adulthood [1] [2]. It occurs in about 1% of European people [3]. These proteins are found 
in wheat, oat, barley and rye (TACC, in Spanish). The toxic fractions adopt different names, depending on the 
cereal: gliadin in wheat, avidin in oat, secalin in rye and hordein in barley [4] [5]. Prolamins of wheat, barley 
and rye are characterised by high proline content. These proteins, the main constituents of gluten, contain toxic 
sequences that can trigger celiac disease. Huang et al. [6] suggested that a particular peptide, consisting of 33 
aminoacids, including 13 proline residues, is involved in the toxicity. This peptide, the 33-mer, is often used as a 
model in coeliac disease-related studies. 

Celiac disease may be associated with autoimmune diseases. Most celiac patients under risk of developing an 
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autoimmune disease are diagnosed in the early stages of their life and have a family history of autoimmunity. In 
these cases, the gluten-free diet has a protective . Based on this, the celiac disease can be said to be a ge-
netic-based autoimmune enteropathy [8], characterised by variable degrees of damage in the intestinal mucosa. 
This condition appears in genetically susceptible individuals who have been exposed to gluten consumption [9]. 
Medical research has produced an extensive list of epitopes intrinsically present in wheat, rye and barley that are 
recognized by T cells from CD patients [10]. 

Three components are known to interact in the pathogeny: 1) Toxicity of certain cereals: the disorder occurs 
only after prolonged exposition to gluten protein present in wheat, oat, barley and rye, 2) Genetic predisposition: 
about 2% to 5% of first degree relatives suffer symptomatic enteropathy and up to 10% of them present asymp- 
tomatic injures in the small intestine mucosa, 3) Environmental factors: they are likely to affect the occurrence 
of this genetic predisposition [11]. The enzyme tissue transglutaminase (tTG) can play a significant role in the 
celiac disease pathogeny since it may result in a higher proliferative response of cells contributing to mucosa in-
flammation [12]. On the other hand, certain drugs can increase gluten susceptibility in some people with cer- 
tain predisposition to developing the disease, as was observed in patients treated with α interferon [13]. Besides, 
intestinal infections could result in a transitory increase of small intestine permeability, thus inducing the tissue 
transglutaminase release. As shown in recent studies, a high frequency of rotavirus infections can increase the 
risk of celiac disease in genetically predisposed children [14]. 

The immune response to gluten produces villi atrophy, crypt hyperplasia and surface damage in the small in- 
testine. The injury is highest in the proximal portion of the small intestine and extends up to a variable distance 
in a distal sense. This last observation accounts for the variability in the degree of symptoms and signals of ma- 
labsorption between people with gluten sensitive enteropathy. The decrease in the small intestine area and the 
relative increase in immature epithelial cells determine a decreased absorption and digestion capacity [11]. 

In conclusion, the pathogeny results from the interaction of genetic, immunologic and environmental factors 
[15], which produces lesions in the mucosa of the proximal small intestine, thereby leading to the intestinal 
villous atrophy (Figure 1). This, in turn, also causes defects in absorption and use of nutrients such as proteins, 
fats, carbohydrates, mineral salts and vitamins, and may lead to a severe malnutrition condition [16]. 

According to clinical manifestations, CD is classified in: 1) Symptomatic or Classical, which includes some 
degree of malabsorption of nutrients and is generally more frequent during childhood, 2) Oligosymptomatic or 
monosymptomatic (or silent), in which the gastrointestinal symptomatology may have low intensity or the pa- 
tient may present non-gastrointestinal symptoms. This type occurs mainly in older children and adults and ap- 
pears in different forms: Potential: it applies to those asymptomatic patients having an increased count of intra- 
epithelial lymphocytes in the jejunal mucosa. Forty one percent of the first degree relatives of celiac people 
would belong to this classification, genetic load and environmental factors such as amount of gluten in the diet 
and recurrent infections being critical factors in the evolution towards more severe forms of enteropathy [17]. 
Latent: it occurs in genetically susceptible individuals, though with no clinical or histological manifestations [1] 
[17]. Silent: it is characterized by the presence of typical histological injures, antibodies transglutaminase and 
 

 
Figure 1. Cross section of the small intestine. Comparison of normal 
and atrophic intestinal villi. 
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specific genotypes in asymptomatic or oligosymptomatic individuals, though with atypical symptomatology [1]. 
Active: it appears with typical symptomatology, malabsorption, chronic diarrhea, steatorrhea or constipation. 
However, there are cases without malabsorption, with even only abdominal specific symptoms [1].  

Since CD symptoms are very varied, people may experience diarrhea and vomits, but also growth delay, ab- 
dominal distension, decalcification, which in turn can lead to spontaneous fractures, changes in tooth enamel, 
recurrent ulcers in the mouth, skin disorders such as dermatitis herpetiformis, neurologic disorders, depression, 
anemia, hemorrhages and reproductive disorders like sterility and repetitive abortions [4].  

In the classical type, gastrointestinal symptoms predominate, mainly in children, and appear after a time of 
exposition to gluten, in breast-fed infants (8 and 24 months of age). Diarrheic, often steatorrheic stools, alternate 
with asymptomatic periods of days to weeks. There is progressive suppression of appetite, resulting in the sub- 
sequent deterioration in the nutritional status. At the onset of the disease, the physical exam does not usually 
show significant signals, the nutritional status appearing then compromised, as well as abdominal distension and 
muscular atrophy. Vomiting or constipation predominates in some cases, which may lead to an erroneous etiol- 
ogy and delayed diagnosis. Personality changes may also occur: the child may gradually become irritable or 
listless. The latter pattern appears at school age and is generally less symptomatic than in the young child; it can 
even be monosymptomatic, as is the case of anemia not responding to iron treatment [18]. 

Patients with severe and non treated disease may develop short stature, delayed puberty, iron and folate defi- 
ciency, with anemia and rickets. The atypical celiac disease is generally observed in older children or adoles- 
cents, who often show no signs of malabsorption. It may also appear with recurrent abdominal pain, aphthous 
stomatitis, arthralgia, changes in tooth enamel and poor school performance [19].  

Without a treatment, symptoms may persist throughout childhood, though they can usually decrease or disap- 
pear completely during adolescence and appear again in the early adulthood, between 30 and 40 years. About 20% of 
affected people are older than 60 years. However, many of them have no history of symptoms, which suggests 
that the celiac disease can develop in adulthood [19]. 

Diarrhea in celiac adults can have a gradual or sudden onset. Pregnancy, gastroenteritis or gastrointestinal 
surgeries could be the trigger for the symptoms development [20]. It is an infrequent situation, representing the 
severe decompensation of the disease. It is characterized by a severe general involvement and profuse diarrhea, 
with intense electrolyte imbalance, where tetany, edema from hypoproteinemia, bleeding disorders due to vita- 
min K deficit and in some cases shock and sensory involvement may occur [18]. Two kinds of symptoms may 
be distinguished: 1) Gastrointestinal symptoms, among which diarrhea, flatulence, weight loss, fatigue and re- 
current abdominal pain may be found. Diarrhea can occur with up to 10 watery (or non watery) stools. Dehydra- 
tion due to electrolyte loss is also possible. The extent of weight loss depends on the severity and extent of the 
disease on the intestinal mucosa and on the patient’s ability to compensate malabsorption by increasing the in-
take. Weakness, laxity and fatigue are related to malnutrition in general. Muscle weakness may be associated 
with potassium loss in feces. Intense abdominal pain is not common, 2) Extraintestinal symptoms; approximate-
ly 50% of patients do not present a clinically significant diarrhea. Manifestations of these symptoms may be: 
Hematopoietic: anemia is the most common presentation due to alteration in iron and folic acid absorption in the 
proximal intestine there can be purple, gastrointestinal, nasal and renal bleeding, by alteration in vitamin K ab- 
sorption. Deformed erythrocytes and splenic atrophy in 50% of patients are also observed [19], Skeletal: osteo- 
penia appears due to calcium and vitamin D malabsorption, as well as by calcium intake decrease as a conse- 
quence, also, of lactose intolerance. Also genre, lack of physical activity and malnutrition can contribute to this 
condition. It responds to gluten-free diet, with gradual bone restoration in two years, for which early treatment is 
essential [1], Neurologic: it occurs in 10% of patients, mainly as cerebellar ataxia (10% - 16%), peripheral neu- 
ropathy (49%), epilepsy, dementia and depression. Depression and psychiatric symptoms are common compli- 
cations in about one third of patients, which could be due mainly to vitamin B6 deficit [1]. There can be night 
blindness, attributable to vitamin A deficiency, and cases of epilepsy and delayed memory [19], Cutaneous: 
there is a frequent association with dermatitis herpetiformis. Papulovesicular and pruritic lesions can improve in 
weeks or months with a gluten-free diet, associated to the use of dapsone. There can also be psoriasis, alopecia 
and aphthous stomatitis [1]. 

Epidemiologic studies have shown that the prevalence of celiac disease has been significantly underestimated 
[21]. Although intestinal biopsia is still the best diagnosis procedure for this disease [22], the use of serologic 
tests to detect antigliadin antibodies has substantially increased the detection of affected individuals. There is a 
worldwide prevalence of 1:3345 by means of clinic diagnosis and of 1:266 by means of serologic screening [21]. 
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Once the disease has been diagnosed, the treatment consists in abandoning the consumption of wheat, oat, 
barley and rye (TACC, in Spanish) for the rest of one’s life; that is, a diet based on TACC-free, or “gluten-free” 
food, must be adopted [23]-[26]. Nowadays, some researchers have raised the idea whether the gluten-free diet 
for celiac patients should be lifetime, for which adult celiac patients, to whom the disease had been detected 
during childhood, were evaluated, to study if a lag period of the disease could occur with a normal diet. A small 
proportion of all celiac patients diagnosed during infancy (probably < 10%) would develop gluten tolerance, 
which could be non permanent and, though remaining asymptomatic, they would require periodic serologic and 
histologic controls. For this small number of patients, it could be said that they do not require a lifetime gluten- 
free diet [26]. Some patients suffer from refractary celiac disease, that is, they do not respond completely to a 
gluten-free diet [27]-[29]. 

The nutritional status of people newly diagnosed with celiac disease depends on the period of time they have 
lived with the disease subdiagnosed, on the extent of injury to the gastrointestinal tract and on the degree of ma- 
labsorption. When they are diagnosed, some patients show a substantial weight loss, anemia and evidence of vi- 
tamin and mineral deficit [21]. Patients showing nutritional deficiencies could, either temporally or during a 
longer period, require supplementation of their diets with vitamins, minerals and proteins to correct deficiencies 
and restore nutrient reserves; recent studies, however, have not considered specifically the efficacy of extra in- 
take of nutrients in the celiac disease treatment [30]. Also patient education and maintenance of a gluten-free di- 
et is of utmost importance. Patients failing to maintain a gluten-free diet reflect misinformation about the restric- 
tive nature of the diet to be followed [30]. The ideal behaviour is for patients, doctors, nutritionists and support 
groups to work together and coordinately so as to appropriately inform recently diagnosed celiac disease patients 
about the diet to follow [30]-[32]. It is fundamental that patients be immediately derived to a nutritionist specia- 
lized in celiac disease to complete the nutritional status evaluation. Such experienced professional can advise 
patients about how complex gluten-free diet is, the adequate supplementation with vitamins and minerals, 
sources of hidden gluten, as well as plan a balanced diet, advise about buying food and reading the product’s la- 
bels, eating out at a restaurant or travelling, counsel about the benefits of physical exercise and the importance 
of joining working groups. Patients need to integrate their gluten-free diet to their school, their work, as well as 
their family life [33]. 

2. Gluten-Free Products 
It is important to estimate the maximum gluten content that could be present in supposedly “gluten-free” foods, 
even at a trace level. According to recent studies, a limit of 20 mg/Kg is admitted [34] [35]. The amount of to- 
lerable gluten was observed to vary among celiac people. Besides, no evidence suggests a definite minimal glu- 
ten amount [36]. 

Despite the advantages of recent methods, the evaluation of food innocuity for celiac patients, based on gluten 
analysis by ELISA test, is not clear. Measurement standardization appears as the most difficult issue to be 
solved in gluten analysis. Although gliadin has been considered the best standard for measuring gluten, it cannot 
be an exact representation of food gluten in all cases since gluten composition varies between cereal species and 
varieties, and gliadin is present only in wheat. Moreover, the technological procedures used by food industry 
produce physical, chemical and enzymatic changes in foods, which can affect gluten solubility [37]. Using glia- 
din standard can also be underestimated on the grounds that it overlooks the glutenin fraction of gluten [38]. 
Glutenin peptides are known to be involved in the activation of certain mechanisms in celiac patients [39]. Be- 
ing very insoluble, glutenins can persist during the transformation processes of foods where gliadins are re- 
moved [40]. Therefore, whether a gluten detection method is able to indicate food toxicity using only a gliadin 
standard is still under discussion [37]. 

Wheat meal-based products are massively consumed by population. Among them, bread and pasta occupy a 
paramount place worldwide [3] [41]. Unfortunately, the gluten-forming proteins are fundamental for the produc- 
tion of a great variety of foods, including pasta, which is generally made from durum wheat. Durum wheat pro- 
teins are characterized by a typical viscoelastic behavior that allows good networking of the matrix and optimal 
dough formation during the mixing and extrusion phases, and are also mostly responsible for the quality 
attributes of cooked pasta [42]. Among cereals considered suitable to be consumed by celiac population we can 
mention corn, rice, sorghum, as well as their starches, which have been studied as potential substitutes of wheat 
in celiac product formulation. 
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Aiming at the production of bread and pasta of acceptable quality, ingredients able to add viscoelastic proper- 
ties to the dough have been incorporated to the formulation. In the case of pasta, they contribute to al dente tex- 
ture after cooking and, in the case of bread, to the retention of the gas produced during fermentation. This latter 
aspect is of utmost importance to form the structure that determines the final texture characteristic of bread. The 
use of hydrocoloids as hydroxypropylmethylcelullose, espina corona gum, xanthic gum, guar gum, gelatine and 
carboxymethylcelullose represents the most adequate alternative to imitate gluten in manufacturing gluten-free 
baked products [43]-[47]. It is worth mentioning that the products so manufactured show a very low protein 
content, so their fortification appears to be essential [25]. 

Given their high lysine content, soy proteins have the highest biological value within plant proteins. They can 
be found as flours, concentrates, isolates and texturized, but are suitable to meet human needs only if they have 
been properly processed.  

On the other hand, researches using cheese whey protein concentrate (WPC) in pasta have been intensified 
[48]. The WPC-enriched end product has a high nutritional value due to the presence of the essential amino ac- 
ids lysine, methionine and tryptophan. It is also considered an ideal supplement, mainly in pasta production, 
since it undergoes minimal denaturation during drying and the amino acid composition of pasta is not affected 
by cooking [49]. 

3. Importance of the Raw Material  
3.1. Rice Flour 
Rice is the main staple food for many countries, providing 20% of the food energy supply in the world. It is not 
only a significant source of energy but a good source of B vitamins (thiamine, riboflavin and niacin). According 
to its amino acid profile, rice has high contents of glutamic and aspartic acids, lysine being the limiting amino 
acid [50]. Due to its low prolamin content and hypoallergenic character, insipid taste, low sodium content and 
high content of easily digestible carbohydrates, it has become a cereal specially suitable not only to prepare glu- 
ten-free food but also special diets [51] [52]. However, it is known that bread made with both rice and any other 
cereal suitable for celiacs rarely has good acceptability. Since they lack viscoelastic properties, that is, those 
properties conferred only by gluten-forming proteins like those present in wheat, the flour of these cereals is in- 
capable of forming continuous phase and dough structure when mixed with water and, consequently, good qual- 
ity breads [53]. In order to achieve this acceptability, it is then necessary that gluten-free breads formulated with 
these cereals have quality characteristics similar to those made with wheat flour [44]. On the other hand, Atha- 
pol et al. [54], working with flours from different rice cultivars in the production of cracker type cookies for ce- 
liac people, found that the products were acceptable, though they tended to a decreased volume and an increased 
hardness due to the storage time of those cultivars. Sivaramakrishnan et al. [55] worked in a series of tests with 
either long or short grain rice, whose flours were then used in bread making with the addition of additives such 
as hydroxypropylmethylcellulose. When comparing the results obtained with wheat flour (100%) and with 
wheat flour/rice flour (50 - 50), they found a significant improvement in the bread making properties and the 
crumb texture quality in the samples obtained with long-grain rice.  

On the other hand, experiences have been made with gluten-free bread formulations, substituting one part of 
rice flour for pregelatinized rice flour, which led to the conclusion that the functionality of these flours depends 
on the cooking method used [56]. Among cereal cooking methods, extrusion cooking is preferred, since it offers 
a wide range of products with different functionalities depending on the degree of cooking attained [57]. In the 
case of rice, it will depend on the characteristics of the phenotype (amylose content, gelatinization temperature, 
etc) [58]-[60]. The degree of cooking of the extruded flour has been observed to increase with decreasing amy- 
lose content, which shows that the starch structure becomes more susceptible to the modifications caused by ex- 
trusion, a higher damage to the starch granular structure being observed during extrusion. This effect is verified 
through water solubility values and the amylographic characteristics, retrogradation consistency in particular. 
These two properties are inversely related [57] and are good indicators of the degree of cooking which means a 
certain degree of destruction of the crystalline and granular structures. That also means that higher solubility and 
lower retrogradation values correspond to higher cooking degree. Pedrosa Silva and El-Dash, [61] studied the 
behaviour of a gluten-free bread formulation when substituting part of a high amylose rice flour for the same 
flour previously precooked by extrusion, and observed an improvement in the bread quality. Sánchez et al. [24], 
in turn, when analyzing gluten-free bread making, considered the performance of seven rice genotypes whose 
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flours were extruded and compared with the same flours without extrusion. Rice flours were extruded in the la- 
boratory under 15% and 30% moisture levels. Bread making was carried out with the necessary hydration to 
maintain the creamed mixture at a constant consistency. Breads were evaluated by their sensory attributes by 
means of a trained panel. When completely substituting in the formulation the non-waxy rice flour without ex- 
trusion for the same 15% moisture extruded flour, the bread volume improved 22% and the crumb structure 
120%. These attributes, in turn, were significantly better when the substitution involved waxy genotype flours 
extruded both at 15% and 30% moisture, the increase being 41% and 142% for volume and crumb structure, re- 
spectively. Therefore, these waxy genotypes with extrusion treatment turned out to be particularly suitable for 
gluten-free bread making. 

3.2. Sorghum Flour 
Sorghum is a very important cereal in semiarid zones such as Africa (Nigeria, Sudan, Burkina Faso, Ethiopia), 
Asia (India, China), and in some other regions of Central and South America. It is thought that about 40% of the 
world production is intended for human consumption [62] [63]. Even though sorghum is the 5th largest crop 
produced worldwide and has been shown to be safe for people with celiac disease [64], the literature is relatively 
scarce compared to that of corn and rice in exploring sorghum for production of foods for Western markets [65]. 
On the other hand, developed countries are beginning to require sorghum for use in gluten-free foods [66] [67]. 
Sorghum grain colour ranges from white to dark shades of red and brown, through pale yellow, the most com- 
mon colours being white, bronze and brown. The main protein fraction in the grain is prolamin (kafirin), com- 
prising 50% of the protein, followed by glutelin. These proteins are hydrophobic, rich in proline, aspartic acid 
and glutamic acids, with low content in lysine. They can be mainly found in protein bodies and are affected by 
nitrogen fertilization. Glutelins are high molecular weight proteins located mainly in the endosperm protein ma- 
trix. Protein fractions rich in lysine predominate in the germ. 

Keregero and Mtebe [68] have reported that breads made with wheat and sorghum with a maximum of 30% 
sorghum are acceptable. Taylor et al. [66], on the other hand, working with sorghum cultivars with different 
types of endosperm, normal and waxy, found that breads made with normal sorghum were acceptable, whereas 
those obtained with waxy sorghum were unacceptable since they presented big alveoli and unpleasant texture. 
These authors conclude that amylose plays a fundamental role since that retrogradation after cooling is a signifi- 
cant factor in crumb stabilization. 

Schober et al. [62], studied the effect of cultivars working with nine hybrid sorghum cultivars and commercial 
sorghum flour. They used the extrusion process to standardize crumb consistency and a formulation based on 
sorghum flour and corn starch (70/30), salt, sugar and yeast, adding water (95% - 120%) to the sorghum flour/ 
corn starch mixture. Although the bread volume was not affected by the hybrid, important differences were 
found in the crumb structure and texture. Damaged starch amount also affected the crumb structure, so that with 
high damaged starch, the highest hardness grains resulted in lower quality crumb structure. 

Schober et al. [69], reported a formulation with sorghum flour and potato starch (70/30) with 2% hydroxy- 
propylmethylcellulose, to which a 100% water amount with respect to sorghum flour/potato starch was added. 
As process variable, acid pH fermentation was carried out, which decreased the trend to form large holes in the 
crumb [66], in turn, claim that higher levels of water produce a beating instead of dough, which is desirable to 
better dissolve all the particles. Gas bubbles formed during beating and fermentation are surrounded by a liquid 
film stabilizing the interphase, while tensoactive substances like polar liquids, soluble proteins and soluble pen- 
tosans including bread additives, emulsifiers, hydrocolloids or soy protein isolate can stabilize the liquid films 
around the gas bubbles.  

The addition of starches, either pure or pregelatinized, to sorghum flour, also affects bread quality positively 
in the bread making process. This can be simply a dilution effect, that is, endosperm and bran particles in sorg- 
hum flour are diluted by the starch added. Any bran or endosperm particles are considered to disturb starch gel 
uniformity and interfere with the liquid particles around gas bubbles. Consequently, gluten-free breads, contain- 
ing integral cereals, have lower volume than starch-added breads. 

3.3. Starches 
Starch is perhaps the most important natural existing polymer and the greatest source of energy obtained from 
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certain plants. It is found in cereal seeds (corn, wheat, rice, and rye), tubers (potato), roots (cassava, sweet pota- 
to), legume seeds and fruits [70]. 

Starch properties such as amylose and amylopectin content, gelatinization temperature, gel consistency and/or 
texture, thermal properties, etc., allow it being used properly in food industry as stabilizer, filling agent, adhe- 
sive, binder, film former, foam stabilizer, gelifier, humectant and thickener [71]. Starch functional properties, 
such as solubility, water retention capacity, swelling, retrogradation, enzymatic digestibility, emulsifying capac- 
ity, etc. depend mainly on amylose/amylopectin ratio. 

During the hydrothermal treatment, starch undergoes a series of changes that will affect its structure, through 
three important stages: gelatinization, gelification and retrogradation, which result in swelling, hydration, fusion 
and rupture of starch grain [70]. If a starch shows high swelling power and high solubility, it implies a low asso- 
ciation force among granules. The swelling power of cereal starches is more limited than that observed in tuber 
starches. As regards water absorption capacity, it depends directly on the type of starch, being higher in tuber 
starches than in cereal ones, though it also depends on the amylose/amylopectin ratio and the grain size and 
shape. 

Cassava starch gelatinizes approximately at the same temperature as corn starch (62˚C - 73˚C) and the amy- 
lographic peak is reached rapidly, which implies that it is an easily cooked starch. Although the viscosity is in- 
itially high, it falls abruptly with the continuous beating at a temperature above 90˚C, and the gel is not formed 
with the subsequent cooling. The low retrogradation properties of cassava starch can be used in many food 
products. It is resistant to the freezing process, thus decreasing water exudation or sineresis, which causes dough 
structure deterioration. Although it is used mainly as it is, that is, as native starch, it is also modified by means of 
different treatments to improve its properties of consistency, viscosity, stability to pH and temperature changes, 
gelification and dispersion, so that it can be used in different commercial applications [70]. Pérez [72], produced 
pasta with wheat/cassava compound flours, substituting up to 20% wheat flour for cassava flour, and obtaining 
pasta with a good response to cooking test and a satisfactory texture, which was accepted by the evaluation pan- 
el. Besides, the pasta color was superior to that of similar pasta found in the market. 

As regards corn starch, it shows a rapid increase in viscosity after gelatinization, until it reaches a maximum 
point. Viscosity decreases gradually as temperature is kept constant and then it has a very strong increase while 
cooling and retrograding. Native starches show certain limitations for industrial use. Therefore, they are modi- 
fied to improve their functional properties, so that they can be used in a wide range of industrial applications. In 
this way, modified starches become products of higher added value [70]. Pregelatinized starches are useful when 
it is required that the product can be reconstituted in cold water. The starch grain structure is broken when 
cooking the native starch and subsequent drying it in rotatory drums, which allows it being used in fast foods, 
fillings and sauces [70]. 

Sabbatini [73], found a marked difference in dough machinability and sensory evaluation when spaghetti was 
made with native starch and with pregelatinized starch. The integration of components turned out to be difficult 
with the former, which resulted in dry and brittle pasta. Instead, no such problems occurred when using the pre- 
gelatinized starch, with homogeneous, wet and non-sticky dough being obtained, which made the lamination 
process easier. As regards sensory evaluation, spaghetti were scored as soft and with a tendency to fall apart 
when using native corn starch, whereas they were qualified as having a smooth and soft to palate surface, and an 
“al dente” chewiness, when pregelatinized corn starch was used. 

On the other hand Barrios et al. [74], found native starches unable to play a particular role, being then conve- 
nient to modify them so as to develop suitable properties to meet specific purposes, and hence diversify their use 
even more. Aristizábal and Sánchez [70], in turn, stated that starch modification allows enhancing or inhibiting 
properties such as consistency, binding power, stability to pH and temperature changes, as well as improving its 
gelification, dispersion or fluidity. 

3.4. Hydrocolloids 
Making gluten-free pasta is a difficult task, since gluten contributes to form a strong protein network which pre- 
vents the pasta from dissolving during cooking. Though gluten-free flours can be used, they need that the tradi- 
tional manufacturing process be modified [75]. In order to substitute gluten in gluten-free formulations, hydro- 
colloids are used, which are incorporated for a variety of purposes, that is, as gelifiers or to optimize texture and 
water retention in the products [76]-[79]. They are also used as additives with the aim of reproducing the gluten 
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viscoelastic properties [80]. These hydrocolloids contain water soluble polysaccharides with a varied chemical 
structure which confer them certain functional properties so they can be applied appropriately [81]. Sánchez et 
al. [23], developed a formula for gluten-free bread, varying, among other important aspects, the hydrocoloid 
type to be used (Figure 2). They found hydroxypropylmethylcellulose to have the best results, with excellent 
values for bread volume, crumb texture and sensory attributes. 

On the other hand [82], working with varying proportions of corn starch/sorghum flour, water and hydroxy- 
propylmethylcellulose, found the dough quality to depend significantly on the three factors in a linear way. Spe- 
cific volume, in particular, increased significantly with increasing proportions of corn starch/sorghum flour and 
hydroxypropylmethylcellulose. The crumb grain depended significantly on the three factors, their scorings in- 
creasing with corn starch/sorghum flour proportions and decreasing with water addition. Finally, a ratio of 0.55 
corn starch/sorghum flour, 90% water and 3% hydroxypropylmethylcellulose was chosen as the best conditions, 
taking into account the acceptable levels of specific volume and crumb texture, as well as the possibility of using 
the highest proportion of sorghum flour. 

Researches have been found in the literature that report spaghetti manufacture using flour mixtures, such as 
corn flour and rice flour, with the addition of an oat hydrocolloid (β-glucan) called Nutrim-5, which makes it 
possible to produce spaghetti using 50% rice flour, and finding no differences in taste as compared to the control 
(100% corn flour) [83].  

Sabbatini [73], studied the effect of hydrocolloids in the formulation of a premixture for gluten-free noodles 
using as base ingredients: corn starch, cassava starch and rice flour. As regards machinability, guar gum showed 
the best performance, giving a dough easily framed and without stickiness. Regarding texture, guar gum also 
turned out to show the best quality, thus giving cooked noodles the typical characteristic of al dente consistency. 
As shown in Figure 3, these noodles resembled those made with wheat flour to a great extent.  

Kaur et al. [84], studied the effects of glycerolmonoestearate (GMS) on the physicochemical, rheological and 
textural properties of noodles made with corn starch and potato starch. Noodles added with GMS showed longer 
cooking time and lower weight of the cooked noodles. Texture of cooked noodles was slightly softer, though 
with a higher cohesivity than the control ones.  

On the other hand, formulations containing a mixture of 0.5% guar gum, 1% casein and 1% egg white were  
 

 
(a)            (b)           (c)            (d)          (e) 

Figure 2. Gluten-free breads with different types of 2% gums: (a) Guar; (b) 
hydroxypropylmethylcellulose; (c) Xantic; (d) Carboxymethylcellulose; (e) 
Espina Corona. 

 

 
(a)                      (b) 

Figure 3. Noodles: (a) with wheat flour; (b) gluten-free. 
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used. Nonpregelatinized rice semolina was also mixed with pregelatinized rice semolina in different proportions 
(0%, 25%, 50%, 75% and 100%). The effects of gelatinization, gums and proteins on dough rheology were de- 
termined by a rheometer. Data evidenced that, as the proportion of pregelatinized rice semolina increased, the 
dough elasticity increased. However, a smooth and soft to palate texture was not found in samples containing 75 
and 100% of pregelatinized rice. Moreover, it was demonstrated that guar gum and the mix of proteins could be 
used as a stabilizer of the formulation containing 50% of pregelatinized rice semolina [85]. 

Another study was designed to analyze the effects of adding gums, whey protein concentrate, egg powder and 
water to corn and cassava starches in the rheological properties of a non-fermented dough for the manufacture of 
“empanadas” dough. Viscoelastic measurements and texture analysis were carried out. The increase in gum 
content and a decrease in water amount resulted in a more elastic dough. On the other hand, a higher proportion 
of proteins is known to interfere with the formation of the three-dimensional network formed by hydrocolloids, 
which makes the dough less ductile. Formulations containing higher percentages of gums and less water content 
lead to an appropriate behaviour for the industrial production of these doughs [86]. 

3.5. Soy Flour 
The high allergenicity of soya (Glycine max L.) and the associated digestive problems are leading to more re- 
search into alternative protein sources, which may be able to provide gas-holding capacity and bake develop- 
ment. Legumes are important sources of food proteins with high content of lysine, leucine, aspartic acid, glu- 
tamic acid and arginine and they provide well balanced essential amino acid profiles when consumed with ce- 
reals and other foods rich in sulphur containing amino acids and tryptophan. Apart from their nutritional proper- 
ties, legume proteins also possess functional properties that play an important role in food formulation and 
processing [2]. One of their most important properties is solubility, which is affected by pH, heat and other fac- 
tors. Heat treatment denatures soy proteins, thereby decreasing their solubility. Foam-forming and gel-forming 
capacity, under certain conditions, is also some of their attributes [87]. These proteins can be found in flours, 
concentrates, isolates and in texturized products; being suitable to meet human requirements only if correctly 
processed. 

The 70/30 corn/soybean ratio is being used in different places of the world for flour mixtures, as a result of 
computerized programs that determine an optimum composition based on the amino acid content of different 
sources. Considering that the so-called “social interest foods” point at a food product of high nutritional value 
that can be used in traditional dishes without creating new food habits, this requirement is met by this type of 
flours. 

Soybean is a very nutritious legume containing a high percentage of high quality proteins (about 37%), with 
almost all the essential amino acids but one, methionine. Weight for weight, soy contains twice the proteins of 
meat, four times the egg protein and twelve times the milk protein. It also has 18% of unsaturated fats, vitamin 
A, E and K, and those of the B group (thiamine, riboflavin and niacin). It contains a large amount of minerals 
like phosphorus, calcium, magnesium, iron and copper, and is one of the richest sources of lecithin, essential for 
living cells, since it emulsifies cholesterol and helps in the assimilation of vitamins. 

3.6. Dairy Products 
About 90% of milk used in the cheese industry is eliminated as whey, which retains 55% of total milk ingredi- 
ents such as lactose, soluble proteins, lipids and mineral salts. A significant portion of this residue is discarded 
as effluent, which raises a serious environmental issue since it affects the soil structure, leading to a decreased 
culture yield and depleting the dissolved oxygen in the waterways [88]. 

The use of dairy powder in gluten-free baked product formulations has resulted in improved volume as well 
as better appearance and sensory aspects of the loaves; the most used ingredients in gluten-free baked product 
formulations are caseinates, skim milk powder, dry protein concentrate and milk protein isolate [89]. 

Whey protein concentrate (WPC) is a by-product of cheese making, where the insoluble proteins composing 
the main product are separated from the soluble ones, which form the whey, with about 90% of water. By means 
of techniques such as ultrafiltration, this whey becomes whey protein concentrate, which is used by several food 
industries [90]. Both, cheese whey concentrates and isolates, have from 35% to 90% protein [91], and are used 
as ingredients in foods due to some of their functional properties [90]. 

As regards whey protein quality, it is known to be closely related to its nutritional and functional properties. 
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Nutritional properties are determined by an adequate amino acid composition and balance, since several of them 
are essential ones, like lysine and tryptophan, and it also has sulfur amino acids, which give them a very high 
biological value. Functional properties, on the other hand, are those that confer foods some distinctive characte- 
ristics of appearance, texture, taste, and so on, when using whey as ingredient. The functional properties of the 
different protein wheys, concentrates and isolates are countless: emulsifying capacity, substitution of milk fat in 
diet products, solubility, aeration, colour and taste development, water binder, viscosity and solubility, among 
others [92].  

WPC containing 35% protein are used as skim milk substitutes in the manufacture of yoghurt, processed 
cheeses, drinks, sauces, ice cream, spaghetti, cookies, bakery products and infant formulations, due to the excel- 
lent functional properties of their proteins and their nutritional benefits [91]. 

Sánchez et al. [26], working with soy flour and milk powder in variable amounts, found that a gluten-free 
bread can be prepared incorporating 7.5% of soy flour and 7.8% of milk powder, thus increasing its protein 
content from 1% to 7.3% with a minimum alteration of its sensory characteristics. 

Sabbatini [73], carried out noodles protein fortification by incorporating ingredients rich in proteins of high 
biological value, which, apart from increasing the total protein content, also allowed improving the food essen- 
tial amino acid composition. Aiming at improving the nutritional value of gluten-free noodles, they added com- 
mercial soy flour (Low Fat Soy Flour-LFSF) and whey protein concentrate (WPC) to the formulation during the 
fortification step. The simultaneous consumption of cereals and oilseeds in the same food increases protein qual- 
ity due to the amino acid complementation [93]. As regards solid loss during cooking, in all cases it was found 
to be much higher with the addition of LFSF than with WPC. When comparing this parameter in wheat flour- 
based noodles (2.3%) with the gluten-free ones fortified with 10% WPC and 10% LFSF (1.87%), solid loss was 
observed to be higher, in average, for wheat based noodles. The same stands for the optimum cooking time, 
since solid loss for control noodles turned out to be 0.4%, whereas the figure was 8.5% for gluten-free formula-
tion. Considering noodles texture evaluation, both WPC and LFSF produced a consistency increase in noodles 
when increasing the proportion in which they were added to the premixture, thus leading to a good texture even 
in high percentages. This fact coincides with that of Del Nobile et al. [94], who found that increasing the protein 
content of pasta resulted in a higher firmness. As regards taste, the noodles proved acceptable from the sensory 
viewpoint when WPC and LFSF were added simultaneously, in the same proportions, to the base mixture. Con- 
versely, taste lost acceptability when the soybean flour proportion was higher than that of whey protein concen- 
trate.  
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