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ABSTRACT 
 

Celiac disease (CD) and diabetic patients require life-long special diets. Accordingly, 

CD is an enteropathy triggered by wheat gluten, thus patients must follow a strict gluten-

free diet avoiding gluten from wheat, rye and barley. On the other hand, diabetic patients 

require low glycemic index foods for a low blood glucose response after consumption. In 

order to face their need, several breads have been formulated and commercialized for 

gluten-free and low glycemic index diets. New developing of these special breads has 

centered on their technological and sensorial properties and few special bread 

formulations have been advocated to meet nutritional requirements for different age 

groups who suffer from CD or diabetes. This becomes a very important issue because 

some nutrients and energy are mostly taken from wheat-based foodstuffs, principally 

bread, in the current western diet. Another concern is that industrialized special breads 

are more expensive and less available at the market than the current wheat-based 

products. Therefore, breads for CD and diabetic patients are a technological and 

nutritional challenge, since they should offer optimum characteristics of functional 

quality and high nutritional value at acceptable costs. In this chapter, trends in special 

bread formulations focusing on their technological properties and some nutritional 

aspects are discussed. 
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INTRODUCTION 
 

The prevalence of autoimmune diseases, including celiac disease (CD) and type 1 

diabetes, has dramatically increased in recent decades. Basically, it may be the by-product of 

past selection of HLA-related predisposing genotypes, DQ2 and DQ8, for increased immune 

responses to combat infections in populations in which agriculture and cereals were 

introduced in the post-Neolithic period [1,2]. As genotypes remain principally the same in a 

population, the current high prevalence of autoimmune diseases is likely related to 

environmental factors. In addition, although type 2 diabetes mellitus is not an autoimmune 

disease as the type 1 is, its actual high prevalence is strongly related to the epidemic of 

overweight and obesity around the world. 

On the other hand, wheat is a staple in many western diets, with different classes of wheat 

bread being the most widely consumed food in several countries. Unfortunately, CD patients 

and diabetes suffers are not able to eat conventional breads. Accordingly, CD is an 

enteropathy triggered by wheat gluten, thus patients must avoid gluten from wheat, barley and 

rye, while diabetic patients require low glycemic index breads for maintaining blood glucose 

control. Therefore, diabetic and CD patients require breads from the called medical foods or 

foods for special nutrition which are among the major trends of the food industry nowadays. 

In this chapter, technological challenges producing low glycemic index and/or gluten-free 

breads and their nutritional importance, are discussed. 

 

 

THE NEED FOR SPECIAL FORMULATED BREADS  

AROUND THE WORLD 
 

Near to 1% of the world-wide population suffers CD [3], while the prevalence of diabetes 

for all age-groups worldwide was estimated to be 2.8% in 2000 and 4.4% in 2030 [4]. These 

diseases are at least partially controlled by dietary therapy which is an indispensable and 

fundamental treatment component. Thus, the consumption of some foods can act as beneficial 

or detrimental factors for patients with CD or diabetes. For instance, fruits, vegetables, non 

refined cereals and high fiber flours are recognized as healthy, while high saturated fatty 

foods, salty or simple sugars-containing foodstuffs, foods with gluten from wheat, rye and 

barley, could be risky.  

Health issues are commonplace in western households and consumers are very concerned 

about risk factors for disease related to foods. As a matter of fact, functional foods and/or 

foods for special nutrition are among the major trends reshaping the food industry in 2011 

and beyond [5]. In order to cover the nutritional requirements for patients with CD and 

diabetes, several special foods have been developed and commercialized. For CD specialties 

it is mandatory to avoid proteins from wheat, rye and barley. In the case of diabetic patients, it 

is recommendable the consumption of low glycemic index foods. Usually, the way to develop 

this kind of product is to firstly focus on the optimization or improvements of the 

technological aspects (texture, shelf-life, sensorial profile, etc) using ―safe‖ or ―more 

convenient‖ ingredients.  

Since starch and gluten protein are basic components to develop bread dough, there is a 

challenge to formulate special breads for CD and diabetic patients. Breads with low glycemic 
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index must replace the proportion of starches of wheat that can be hydrolyzed rapidly. With 

respect to gluten-free breads, they must include some structuring agents that mimic the gluten 

network. 

Special foodstuffs for CD and diabetic patients must contain the required nutrients 

contributed by conventional cereal-based foods. Yeast bread, ready-to-eat cereal, pasta, 

cookies and hot breakfast cereal contribute near to the 33, 46.7, 28.3, 31.4, 27.0 and 43.1% of 

fiber, iron, folate, niacin, rivoflavin and thiamine daily intake in adult population, respectively 

[6]. This data considers the commercially available cereal products that in most of the cases 

are enriched with minerals and vitamins. Thus, flours for special breads need to be enriched 

in the same way that wheat flour does.  

 

 

CELIAC DISEASE AND THE GLUTEN-FREE FOODSTUFFS MARKET 
 

CD is a T-cell mediated enteropathy with a strong HLA association where the immune 

response is directed against deamitated gluten peptides modified by the own transglutaminase 

2 [3]. The disease is characterized by autoantibodies to transglutaminase 2 with extraordinary 

high specificity and sensitivity [7]. In addition, in CD there is an immune response to amino 

acid sequences from prolamins (alcohol-soluble protein fraction) of non-wheat cereals like 

barley and rye [8].  

The only current treatment for CD patients is a long-life gluten-free diet in order to 

normalize the damaged intestinal mucosa and to improve the nutritional status, to reduce the 

risk of other complications [8,9]. The Codex Alimentarius states that a gluten-free product 

should contain no more than 20 ppm, and a special food with reduced gluten content should 

have from 20 to 100 ppm, based on the decision at a national level [10]. 

As CD prevalence increases, the market for gluten-free foodstuffs is booming. Sales of 

gluten-free products increased 74 percent from 2004 to 2009, reaching $2.6-2.9 billion in 

2010. Gluten-free products include chips and pretzels, bagels, cake mixes, cookies and 

crackers, cereal, baking mixes, bread, pasta, pizza crusts, pancake and waffles mixes, even 

beer and frozen selections [11,12].  

In addition to the CD and gluten-intolerant individuals, gluten-free foodstuffs are chosen 

for people that consider it is healthier or helpful for weight loss. Even some people who buy 

these products do not know they are gluten-free [5]. Such products are increasingly being 

regarded by many experts as a healthier way of eating (The Paleolithic Diet), along with the 

vastly popular natural and organic food products.  

In spite of that, gluten-free is getting to be the latest craze in the healthy food markets, 

CD patients are still complaining about availability and high costs of the products, even in 

developed countries. Singh and Whelan [13] found out that the availability of gluten-free 

products is limited and the versions of wheat-based foods were 76 to 518% more costly than 

their standard counterparts in UK. This may impact on compliance to a gluten-free diet.  
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HEALTH AND NUTRITIONAL RISKS OF A GLUTEN-FREE DIET 
 

Despite the benefits of a gluten-free diet on symptoms and complications of CD, different 

negative effects have been found for patients on such a diet. In addition to the obvious wheat-

containing products as breads, pasta or cookies, many industrialized foodstuffs contain gluten 

added as a thickener, binder or bulking agent, as sauces, dressing and emulsified meat 

products. Therefore, the exclusion of breads and all of these foods could affect the nutrient 

intake [13]. As breads, cookies and pasta are the principal energy and protein sources for 

children, the gluten-free alternatives with rice and maize could be not enough to fulfill their 

energy and proteins requirements [14].  

People with CD are at risk from calcium, iron, folates and other minerals deficiency 

because of the previous malabsorption in active CD, as well as the actual low content of 

micronutrients into the alternative flours used in gluten-free formulations [15]. Therefore, it is 

very important to develop gluten-free foodstuffs with high nutritive quality ingredients which 

is a challenge added to that of technological properties. 

There are even more health risks for CD people related to a gluten-free diet. It is well 

recognized that they are not able to eat wheat products neither products made with rye and 

barley. Agreement about oat intake is not complete; some varieties may be potentially 

dangerous to individuals with CD due to that some avenins (prolamins from oat) may prevent 

the complete recovery of the intestinal mucosa [16].  

In spite of maize being a cereal traditionally considered not harmful to CD sufferers, part 

of patients in any population display immunological signs related to maize prolamins. In a 

challenge to rectal mucosa, maize proteins induced an inflammatory reaction in part of the 

studied CD patients [17]. A proportion of other CD patients presented IgA antibodies against 

maize prolamins [18]. In a recent study, we found that alpha zeins A20 and A30 contain 

sequences that may specifically bind to the HLA-DQ2 and DQ8 molecules and been 

recognized by IgA from some CD patients. These sequences are resistant to industrial 

processing and to gastrointestinal proteolysis. It may be clinically relevant and the use of 

maize for gluten-free formulations must be re-evaluated [19].  

 

 

GLUTEN-FREE BREAD CHARACTERISTICS 
 

One of the most consumed foodstuffs in each meal by healthy, CD or other disease 

individuals, is bread. Although different crops have been and are currently used around the 

world for bread-making, nowadays wheat-based bread is the most common. It is because of 

the rheological properties of the dough made with wheat flour and water, which has the best 

characteristics for baking products. The viscoelasticity of wheat gluten is essential to obtain 

the consistency for bread-making [20].  

Different alternative ingredients are used for making gluten-free breads. Rice flour has 

been used extensively by cereal technologist as the main component [21-23], as well as maize 

flour. Rice prolamins (oryzeins) do not induce immune reaction in CD patients [16], while 

maize prolamins (zeins) could be risky, as we discussed previously. Also, other non-cereal 

crops like soy have been included in gluten-free bread formulations improving technological 

and nutritional characteristics [24,25]. Consumers ask for soy inclusion in different foodstuffs 
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because it is regarded by experts as functional food for the reduction of heart disease and 

cancer risk [26]. Furthermore, non-conventional grains as amaranth have been also used for 

gluten-free bread, because of its high protein quality [27]. Thus, amaranth breads have two 

times higher protein content than those breads formulated with rice and/or maize flours [14].  

Among textural problems in gluten-free breads, the staling (firmness increase) is a 

challenge due to the high content of starch in this kind of product [24, 28]. During loaf shelf-

life, the starch retrogrades (changes in the starch related with the staling) causing an increase 

in the firmness. In addition, breads with non-wheat flour decline its acceptability because of 

the compact texture of the crumb and the strong flavor of some components [29]. 

Several gluten-free breads are based on starches from different sources including 

tubercles like potatoes and cassava, looking for the required properties for the formulation 

[30, 31]. Thus, maize starch, rice flour and cassava starch recipes have shown their capability 

to improve bread texture when protein concentrates or isolates are added [31].  

The formation of a broken crust is another problem in gluten-free bread development 

because there is no formation of the viscoelastic protein network similar to gluten that 

supports the expansion of the bread surface. In general, the crust thickness increases as the 

surface gets dehydrated during shelf-life [32]. In gluten-free breads, the surface breaks during 

baking causing the mentioned non-homogeneous crust. Specific volume of gluten-free loaves 

is often low compared with wheat bread [21], but modifying the composition of the recipes it 

may achieve a high volume at the expense of a quick staling [24].  

In order to improve characteristics of gluten-free formulations, some additives have been 

added. Those are commonly macromolecules and synthetic compounds and each of them has 

been used to cover a specific purpose as to avoid the staling, to increase the volume and to 

improve flavor.  

Some hydrocolloids like carboxymethylcellulose sodium alginate, k-carrageenan, 

xanthan and hydroxypropylmethylcellulose (HPMC) are able to reduce the dehydration rate 

of crumb bread [33,3 4]. Xanthan and HPMC have been proved in combination with rice, 

tapioca, egg and milk protein, obtaining a discontinuous matrix together to starch fragments, 

similar to that of gluten [35]. HPMC and water exhibit an interaction in their effect on crumb 

grain structure and the optimized level is nearly 2.2% of the hydrocolloid in the bread to 

obtain a good quality gluten-free loaf [36].  

The hydrocolloids interact with water, reducing its diffusion and stabilizing its presence 

into the food matrix. While neutral hydrocolloids are less soluble, the non-neutral ones are 

more soluble and their hydration kinetics depends on many factors. Xanthan, guar and 

carboxymethylcellulose can achieve their complete hydration in cold water [37] but 

carrageenan, locust bean gum and many alginates, require hot water for complete hydration 

[38]. Interactions between hydrocolloids and water depend firstly on hydrogen bonding and 

then on temperature and pressure in the same way as water cluster formation.  

For conventional bread-making, gluten proteins are the main component which imparts 

the most of the textural properties. For some gluten-free dough, alternative proteins are 

mainly to enrich the nutritional value of the bread [25] or in a least extent, to improve the 

qualities of the loaf [31]. Soy proteins in gluten-free breads enrich the nutritive value and 

avoid coalescence of bubbles in the crumb. These proteins have water-binding and stabilizing 

properties are resistant to disruption at baking temperature [31]. 

Other proteins like those from milk and from maize have been used because they can be 

modified using enzymes [22] or technological processing to mimic the gluten network. 
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However, some CD patients have an immune response against caseins from cows‘ milk [39-

41] and maize prolamins [17-19], as we discussed above. 

On the other hand, proteins and starches can be modified by enzymes. Amylases make 

the dough softer and produce additional fermentable sugar modifying the flavor of the loaf. 

Proteases also origin a soft dough and produce new amino groups which affect color and 

flavor through the Maillard reaction [42]. The addition of starch hydrolyzing enzymes in 

bread-making of gluten-free breads produces a loaf with major volume, reduces the 

amylopectin retrogradation and the bread staling [28].  

The microbial tranglutaminase has been used to retard the staling rate [43] and to form a 

protein network similar to gluten in gluten-free recipes [22]. However, the deamidation of 

glutamine residues induces peptides to be recognized by the immune system of CD patients 

[18,44]. If transglutaminase is used for gluten-free doughs, it needs to be applicable to non-

immunogenic proteins for CD patients as those in rice, amaranth or soybean. 

The oxidizing agents can improve viscoelasticity of dough similarly to the 

transglutaminase effect by the generation of disulfide bonds between protein chains. The most 

used oxidizing agent had been the potassium bromate, but due to the toxicity, it has been 

discontinued [45]. Other compounds such as L-ascorbic acid, an anti-oxidizing agent, have 

been used to improve rheological properties of dough because of its electron-donating 

capacity [46].  

On the other hand, glutathione has been used in rice flours batters to improve its gas-

retaining properties [47]. Glutathione prevents the formation of the disulfide-linked 

macromolecular protein barrier, and confers resistance to the deformation of rice batter. Also, 

glutathione appeared to gelatinize rice starch at lower temperatures. The native disulfide-

linked macromolecular proteins in rice endosperm, forms a barrier and restricts the heat-

induced swelling of rice starch [48]. This barrier affects starch swelling and thus the 

rheological and cooking properties of rice. 

As it has been discussed, gluten-free bread baking is still a challenge. Therefore, some 

studies attempt to modify the immunogenic sequences of gluten to avoid recognition by the 

immune system in CD, maintaining at least part of the gluten properties for baking. 

Modification has been done by sourdough fermentation to hydrolyze the reactive peptides, as 

well as by binding of free amino acids to the lateral chains by transpeptidases and proteases to 

evade the immune recognition. Leszczynska et al. [49], used transglutaminase treatment, 

while Gianfrani et al. [50], reduced immunogenicity by transamidation for binding lysine. 

Also, the immunoreactivity was reduced by binding of methionine to lateral amino groups of 

glutamine residues to form a peptidic bond [51]. More research is needed for the 

technological application of these modified glutens, since there are still some problems for 

mixing doughs [51]. 

 

 

PROCESSING OF GLUTEN-FREE BREADS 
 

Overall, the aim of the additives in gluten-free breads is either to improve protein 

network formation or to increase the water absorption by proteins and starch. However, these 

properties can also be modified by processing as sourdough fermentation where pH 
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decreases, improving gas retention, activation of endogenous flour proteases and prevention 

of odd fermentation and spoilage [52, 53]. 

On the other hand, the application of high hydrostatic pressure creates new structures and 

textures by modifying functional properties of proteins and starches. In general, the effect of 

hydrostatic pressure is dependent on the applied pressure, treatment time and temperature, 

concentration and type of starch and protein as well as moisture content of the samples. 

Hydrostatic pressure treatment results in starch gelatinization which can have positive effects 

on bread quality since it improves moisture retention and texture and accordingly, increases 

volume and enhances the shelf-life of baked goods [54, 55].  

 

 

DIABETES AND THE LOW GLYCEMIC INDEX FOODSTUFFS  
 

Diabetes mellitus is a group of metabolic diseases characterized by the high sugar content 

in the patients‘ blood. This condition is maintained either because the body does not produce 

enough insulin or because cells do not respond to the insulin that is produced. Thus, 

according to the American Diabetes Association, there are four types of diabetes: type 1 

diabetes that results from the body's failure to produce insulin; type 2 diabetes results from 

insulin resistance in a condition in which cells fail to use insulin properly; the gestational 

diabetes (high blood glucose level during pregnancy) and other specific types of diabetes due 

to other causes [56]. 

Type 1 and type 2 diabetes therapies have been a special challenge for western societies, 

since their food patterns include frequent intake of refined high glycemic index foods, such as 

white bread, potatoes, corn chips, rice, breakfast cereals and sugary drinks, to mention some. 

Dietary patterns characterized by high consumption of fruit and vegetables, whole grains, 

fish, and poultry, and by decreased consumption of red meat, processed foods, sugar-

sweetened beverages, and starchy foods may retard the progression of type 2 diabetes [57, 

58]. In patients with type 1 diabetes, any attempt to intensify the hypoglycemic treatment to 

improve blood glucose control would result almost inevitably in an increased risk of 

hypoglycemia. By contrast, by increasing the consumption of low-glycemic index and fiber-

rich foods, it is possible to improve blood glucose control and at the same time reduce the 

incidence of hypoglycemic events [59]. 

Reduction of the glycemic response to foods, via either reduced glycemic index or 

reduced glycemic load has been proposed as a dietary means to help combat diabetes 

mellitus, coronary heart disease and help control body weight [60]. Glycemic index describes 

the blood glucose response following consumption of a carbohydrate-containing test food 

relative to a carbohydrate-containing reference food, typically glucose or white bread. Since 

the amount and type of carbohydrate are needed to predict blood-glucose responses to a meal, 

a glycemic load obtained by multiplying the glycemic index value of a food by the amount of 

carbohydrate per portion was established, expressed as a percentage.  

Conventional high carbohydrate diets, even when based on whole grain foods, increase 

post-prandial glycemia and insulinemia. Hence, modern carbohydrate staples, including 

potatoes, breads, breakfast cereals, and other processed cereal foods, have a high glycemic 

index, even when high in fiber. Because of their slower rates of digestion and absorption, low 

glycemic index carbohydrate foods can increase satiety, reduce hunger, and/or lower 
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subsequent voluntary food intake. Conversely, high glycemic index meals have been 

associated with appetite stimulation and higher energy intake [61].  

An increasing body of evidence suggests that a low-glycemic-index diet has a therapeutic 

as well as a preventive potential in relation to the insulin resistance syndrome and lipid 

oxidation [62,63]. Such diets have also been reported to improve the serum lipid profile, 

reduce C-reactive protein concentrations, and aid in weight control [64]. The implementation 

of a low-glycemic index diet, however, will require an extended list of low-glycemic index 

foods to be available on the market. A particular challenge in western societies is the 

development of low-glycemic index bread, due to that it is generally high as well as its intake 

frequency [62]. 

The need for the testing of glycemic index local foods is critical to the practical 

application of low glycemic index diets. On the other hand, frequency of consumption of 

processed foods in our westernized society, calls for the need of low glycemic index foods 

tailoring. 

 

 

HEALTH AND NUTRITIONAL ADVANTAGE OF  

LOW GLYCEMIC INDEX DIETS  
 

Unlike high protein, low carbohydrate (Atkins-style), or very high carbohydrate diets 

with their potential for adverse effects, no safety concerns surround low glycemic index diets. 

In children and adults with diabetes, these diets improve glycosylated hemoglobin levels 

without increasing LDL-C or the risk of hypoglycemia. In healthy pregnant women, low 

glycemic index diets reduce the risk of large gestational age without increasing the number of 

small gestational age infants. Low glycemic index diets may be more behaviorally sustainable 

because they do not restrict fat or carbohydrate, or specific food groups [61]. 

 

 

GLYCEMIC INDEX IN BAKING PRODUCTS 
 

The glycemic index in breads is strongly related to their resistant starches content. The 

definition of resistant starch is ―starch that is not digested by the small intestine system and 

goes through the ileocecal valve into the cecum‖ [65]. These kinds of starches have been 

conventionally divided in three types. Type 1 starches are kept into structures, for example, 

by entrapment by dietary fiber, proteins or lipids. Type 2 starches are those in crystallized 

form that need a previous gelatinization to be enzymatically hydrolyzed. Type 3 starches are 

retrograded starches that change their conformation according to treatment [66].  

 

 

TRENDS IN THE PRODUCTION OF LOW GLYCEMIC INDEX BREAD 
 

To reduce the glycemic index it is necessary to reduce the concentration of glucose and 

non-resistant starches. Thus, the most frequent way to reduce wheat-bread glycemic index has 

been the incorporation of dietary fiber from whole grains or the inclusion of other grains with 

resistant starches into the formulation [67-69]. However, the technological challenge is to 
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preserve taste and texture of breads made with refined flours. Commonly, high-fiber breads 

have lower specific volumes than their counterparts made with refined flours. Thus, the 

optimization of high-fiber breads recipes has been the preferred way of food technologists to 

solve this problem.  

A larger technological challenge is to convert gluten-free breads into low glycemic index 

breads. Since celiac disease is associated with a high incidence of type 1-diabetes [70,71], 

patients should maintain good glycemic control besides the following of gluten-free diet. 

Unfortunately, the common gluten-free foods induce an increased glucose response compared 

with wheat-based breads [72]. 

Recent advances on low glycemic index bread development include using a sourdough 

leavening technique. Acids produced during sourdough fermentation could improve glucose 

disposal, delaying gastric emptying or suppressing enzymatic activity [73]. Besides the 

improving effect in glycemic indexes, the sourdough fermentation improves flavor, structure 

and stability of baking products [74]. Also, this kind of fermentation increases the nutritional 

quality of foods. The use of whole grains flours provide a good source of minerals, however, 

its bioavailability may be limited by the presence of phytates due to its chelating capacity 

[75]. In this sense, phytase action is accelerated in the acidic medium like that produced in 

sourdough fermentation [76], improving the bioavailability of minerals.  

Another way to produce low glycemic index breads is to use resistant starches into 

recipes. Short chains of amylopectin and non-crystalline amylose are preferentially digested. 

Thus, by retrogradation and disbranching of starches, they can be converted into slowly 

digestible and low glycemic index starch [77]. Then, the next step is the introduction of these 

modified starches in an optimized bread formulation.  
 

 

CONCLUSION 
 

The increased prevalence of diseases that can be at least partially controlled with special 

diets, calls for the development of food products with special characteristics. Gluten-free and 

low glycemic index breads are the most required goods among special foodstuffs. The 

formulation using appropriated ingredients has been the most explored way to develop this 

kind of bread. However, in the case of gluten-free baking products, there are recent 

applications such as processing modification and the reduction of immunoreactivity of wheat 

gluten proteins by enzymatic modification. On its side, the modification of starches to obtain 

low glycemic index breads is a promising tool for food technology. Finally, the nutritional 

requirements of the population to whom special breads are directed have not been but must be 

a crucial scope in food technology for bread-making.  
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