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ABSTRACT 

Celiac disease (CD) is one of the most common diseases related to nutrition affecting consumers 
all over the world. There has been a steady increment in the production of ready-to-eat meat prod-
ucts with rapid changes in dietary habits, urbanization, and globalization.  Despite this increase in 
manufacturing of ready-to-eat meat products, there is still a market demand present for gluten-free 
meat products. Since the only treatment for CD is a lifelong gluten-free diet, an undeniable need 
is present for meeting the nutritive demands of CD sufferers by improving the range of gluten-free 
products with both high nutritive and technological quality.  The present paper overall covers the 
CD and its impacts in connection with the development strategies for gluten-free meat product 
formulations.  
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Introduction  
In the last decades, there has been a rising demand for 
ready-to-eat food products depending on the progress of 
production technologies, globalization, and the 
modernization of everyday life. Coated meat products 
are one of the ready-to-eat foods that are very popular 
and widely consumed in mass consumption areas as well 
as at home. These kinds of products, commonly named 
as “nuggets”, present advantages in terms of short prep-
aration time, high sensory quality and low costs (Dogan 
et al., 2005, de Carvalho et al., 2018). The industrial pro-
duction of nuggets mainly consists of portioning the 
dough that contains meat, fat, and salt; pre-dusting the 
surface of each portion with a dry flour; battering with a 
semi-liquid mixture of flours, starches, eggs, water, 
spices and other ingredients; coating the outer surface 
with flours and/or breadcrumbs and finally deep-fat fry-
ing to stabilize the coating material (Akgün, 2006, 
Gökçe et al., 2016, de Carvalho et al., 2018). Battering 
and coating materials provide many desired characteris-
tics to the product such as appealing appearance, attrac-
tive color, crispness, adhesion and flavor (Jackson, 
2016).   
One of the most common battering and/or coating ingre-
dients in nugget formulations is wheat flour which con-
tains approximately 60% gluten (Jackson et al., 2006). 
Gluten is the main structural protein in wheat flour, 
which’s main protein fractions, glutenin and gliadin, are 
highly responsible for the technological and sensory 
characteristics of many baked products (Gallagher et al., 
2004, Jnawali et al., 2016). Regarding coated meat prod-
ucts, gluten is mentioned to play a key role in holding 
the gases that are formed by the impact of leavening 
agents and thereby creating a porous structure that en-
hance the texture. This underlines the fact that increased 
concentrations of gluten in the coating material could 
improve the crispness and the color of the deep-fat fried 
product (Akgün, 2006). Due to its high fat and water 
binding capacity, gluten also has a considerable applica-
tion potential in the formulation of different meat, 
poultry, and fish products, besides it has a strong ability 
to bind meat pieces in restructured meat products lead-
ing enhancement in sliceability and decrement in cook 
losses (Taşbaş et al., 2016).        
Despite all these highlighted benefits, consumption of 
gluten-containing food products might cause serious 

health issues for some consumers. Celiac disease (CD) 
is one of the most remarkable gluten-related disorders 
that affects approximately 1% of the world population 
(Cui et al., 2017, Gobbetti et al., 2018). Since the only 
treatment for CD is a lifelong gluten-free diet (Gobbetti 
et al., 2018), it is a notable issue to enhance the options 
for gluten-free food products that could meet the de-
mands such as sensory and nutritional quality, as well as 
product costs.  
Although a plenty of gluten-free food products, such as 
bread, pasta, cookies, and cakes are today available in 
the market, there is still a need for gluten-free meat prod-
ucts for consumption of CD sufferers. Within this re-
view, it was objected to emphasize the general impacts 
of CD and its relation to the consumption of coated meat 
products in terms of new strategies to design novel glu-
ten-free formulations.    
A Brief Look at Celiac Disease and Its Impacts  

Although CD is the most common gluten-related disor-
der, in fact, there are many different diseases caused by 
gluten consumption including non-celiac gluten sensi-
tivity, dermatitis herpetiformis (Duhring disease), wheat 
allergy, gluten ataxia, and irritable bowel syndrome 
(Sapone et al., 2012, Cui et al., 2017, Gobbetti et al., 
2018). However, within this review, we will mostly fo-
cus on the influences of CD and its connection with the 
diet, in particular with coated meat products. CD (glu-
ten-sensitive enteropathy or coeliac sprue) is a perma-
nent food intolerance induced by gluten present in some 
cereals like wheat, barley and rye (Gallagher et al., 2004, 
Demir and Kılınç, 2016, Foschia et al., 2016, Cui et al., 
2017). Accounts of CD date back to the first century 
A.D. in the medical books of Aretaeus from Cappadocia 
(Farrell and Kelly, 2002). After the Neolithic revolution 
that began in the area surrounding modern Turkey, Iraq, 
and Iran called “Fertile Crescent”, agricultural practices, 
the major living and thereby dietary changes led to the 
appearance of “new” diseases such as CD (Rostami et 
al., 2004). Today it is one of the most common lifelong 
disorders based on nutrition affecting mankind all over 
the world (Lionetti et al., 2015, Demir and Kılınç, 2016).  
Gluten proteins are storage proteins that occur exclu-
sively in the starchy endosperm of the grains and make 
up approximately 70-80% of total grain proteins (Scherf 
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et al., 2016). Gluten proteins have two major groups: the 
ethanol-soluble fraction termed prolamins and the poly-
meric glutenins. When reacted with alcohol, the toxic 
fractions of prolamins, which are called “gliadins” from 
wheat, “secalins” from rye and “hordeins” from barley 
are formed (Ciclitira et al., 2005, Niewinski, 2008). 
These residues are toxic to the small intestinal mucosa 
of patients with CD and cannot be completely digested 
by peptidases from the stomach, pancreas, and intestinal 
brush borders (Ciclitira et al., 2005, Cui et al., 2017). CD 
predominantly affects the mucosa of the upper small in-
testine and is characterized by “villous atrophy” that 
leads a broad flat villi which is associated with maldi-
gestion and malabsorption of nutrients, vitamins, and 
minerals (Niewinski, 2008, Scherf et al., 2016). CD 
commonly appears in early childhood, with sore symp-
toms including chronic diarrhea and failure to thrive, or 
the symptoms can also develop later in life (Foschia et 
al., 2016). The disease can occur at any age with females 
being more commonly affected than males with a sug-
gested ratio of around 2:1 (Scherf et al., 2016). The 
symptoms mainly include abdominal pain, chronic or in-
termittent diarrhea, vomiting, chronic constipation, ab-
dominal distention, weight loss, weakness, severe mal-
nutrition and many other extra-intestinal associations 
that could cause further complications (Niewinski, 
2008, Scherf et al., 2016, Cui et al., 2017). Moreover, 
CD also places patients at greater risk for certain cancers 
(Cui et al., 2017), mycotoxins and major depressive dis-
order (Gobbetti et al., 2018).   
CD is one of the most common genetically based dis-
ease, about 97% of individuals with CD have genetic 
markers on chromosome 6p21, called class-II human 
leukocyte antigen (HLA), specifically HLA-DQ2 and 
HLA-DQ8 (Niewinski, 2008). Although genetic factors 
play an important role in the development of CD, envi-
ronmental factors are also effective. Since the disease 
would not be seen as far as wheat and other gluten-
containing cereals are included in the diet, the incidence 
of CD has increased in societies where wheat has an im-
portant place in nutrition, or in some ethnic groups that 
have changed their dietary habits (Demirçeken, 2011). 
According to Lionetti et al. (2015), the widespread dif-
fusion of CD is not surprising given that its causal fac-
tors show a worldwide distribution. In addition, the 

common use of refined grains and leavening by chemi-
cal and baker’s yeast agents are some of the examples of 
the most recent trend (Gobbetti et al., 2018).        
In some recent studies, the worldwide prevalence of CD 
has been reported as between 0.3-2% (Lionetti et al., 
2015, Cui et al., 2017), briefly, the overall prevalence 
has been stated as 1% on average (Lionetti et al., 2015, 
Jackson, 2016). Although CD was previously consid-
ered as a typical disease of European origin, later it was 
theorized that the pattern of agriculture spreading could 
explain the higher CD incidence in some western coun-
tries like Ireland (Rostami et al., 2004). Nevertheless, 
the highest reported prevalence is in western Europe and 
in places where Europeans emigrated like North Amer-
ica and Australia. However, it is also found in northwest 
India and may be underdiagnosed in South America, 
North Africa and Asia (Farrell and Kelly, 2002, Lionetti 
et al., 2015). These regional differences may arise from 
variation in HLA or other genetic factors, dietary habits, 
infant feeding practices, gastrointestinal infections, so-
cioeconomic status, hygiene, or other unknown effects 
(Unalp-Arida et al., 2017). Also, it should be noted that 
in Western countries the overall incidence of the disease 
is on the rise, probably due to the environmental 
components (Lionetti et al., 2015) and as reported by 
Cui et al. (2017), the increasing rate doubles every 20 
years.  
The prevalence of CD is commonly explained by the 
“iceberg model” (Gallagher et al., 2004), which is pre-
sented in Figure 1. According to this model, cases which 
have been properly diagnosed make up the visible sec-
tion (S1). The CD sufferers who follow a gluten-free 
diet and show a normal mucosa represent the lower part 
of this section. Under the waterline (finish line of S1), 
there begins the silent section (S2), which is referred to 
undiagnosed patients that have no symptoms or have 
some symptoms not related to CD. The bottom section 
of the iceberg (S3) indicates a small group of person 
with a latent CD that shows a normal mucosa at present 
but carry the potential to develop CD in the future 
(Feighery, 1999, Gallagher et al., 2004). The model 
clearly indicates that the actual prevalence of CD could 
be much higher than is reported due to the big invisible 
areas. Kerpes et al. (2017) also reported that the validity 
of the prevalence value of CD is unclear because of si-
lent forms and low clinical rates of detection.  
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Figure 1. The iceberg model of CD (Feighery, 1999).  

 

Gluten-Free Diet: Challenges and Needs 

The only treatment of CD is to follow a strict and per-
manent lifelong gluten-free diet, which results in com-
plete remission (Feighery, 1999, Jnawali et al., 2016). 
The treatment of CD with a gluten-free diet has positive 
effects on the mucosal histology as it will normalize it 
and the clinical symptoms will ease (Foschia et al., 
2016). Following this diet may seem really easy at the 
first look, however treating the disease in a developing 
country can be extremely difficult due to the challenges 
in its institution and maintenance of adherence (Lionetti 
et al., 2015). Jnawali et al. (2016) notified that a gluten-
free diet not only involves eliminating gluten-containing 
cereals and their products but also requires constant vig-
ilance and a complete change in lifestyle. Even though 
most patients self-report strict dietary gluten adherence, 
a significant number have persistent mucosal damage 2 
years after they started a gluten-free diet (Rubio-Tapia 
et al., 2010). Silvester et al. (2016) assessed the relation-
ship between self-reported adherence to this diet and 
found out that individuals who believe they are follow-
ing a gluten-free diet are not able to correctly identify 

foods that are gluten-free, which suggests ongoing glu-
ten consumption may be occurring. Gobbetti et al. 
(2018) reported that gluten is safe avoidance of its main 
sources like wheat and barley, but especially when pre-
sent as minor ingredients like sausages, instant soups, 
and confectioneries, it becomes very difficult. Thus 
novel approaches for definition and categorization of 
gluten-free food sources and products are needed. As 
mentioned by Foschia et al. (2016), in order to avoid any 
type of contamination, gluten-containing ingredients 
have to be located and manipulated in areas strictly sep-
arated from the gluten-free ones.  
Lionetti et al. (2015) emphasized that today there is nei-
ther an organized sector nor industry for gluten-free 
food products in developing countries and these prod-
ucts are not readily available. Therefore, it is a notable 
point to increase the awareness of the disease in both so-
ciety and governments by improving legislation strate-
gies for gluten labeling, educational applications, and 
periodical free screen tests. The U.S. Food and Drug Ad-
ministration (FDA) issued a final rule in 2013 defining 
the term “gluten-free” for voluntary use in the labeling 
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of foods for the benefit both people with CD and the 
food industry. This rule defines gluten-free as meaning 
that the food is either inherently gluten-free or does not 
contain an ingredient that is: (1) a gluten-containing 
grain (e.g. spelt wheat), (2) derived from a gluten-con-
taining grain that has not been processed to remove glu-
ten (e.g. wheat flour), or (3) derived from a gluten-con-
taining grain that has been processed to remove gluten 
(e.g. wheat starch), if the use of that ingredient results in 
the presence of 20 ppm or more gluten in food. Also, 
any unavoidable presence of gluten in the food must be 
less than 20 ppm (U.S. Food and Drug Administration, 
2018).    
Today the consumers are highly aware of nutrition-re-
lated diseases and would like to improve physical and 
mental well-being besides just satisfying hunger 
(Jnawali et al., 2016). Although CD sufferers have to 
follow a strict gluten-free diet, also some consumers 
without CD prefer to take a gluten-free diet due to some 
health issues, weight management and/or minimizing 
future risk of gastrointestinal diseases (Gobbetti et al., 
2018), also due to the cultural, ecological, civic, histori-
cal or ethnical interest of quality (Foschia et al., 2016). 
In a population-based regional study, it was reported that 
0.7% of participants had CD, while 1.1% of them avoid 
gluten without CD (Unalp-Arida et al., 2017). From 
2013 to 2015, the gluten-free industry enjoyed a growth 
of 136%, leaving behind the awareness of the disease 
(Reilly, 2016). For this reason, the number of consumers 
seeking for gluten-free product options is remarkable 
since both of the groups are in need of that kind of diet 
type. Therefore, it becomes more of an issue to increase 
the high-quality gluten-free product range and to max-
imize the options. In a recent review of Jnawali et al. 
(2016), some specific considerations in the development 
of gluten-free products have been well-described that in-
cludes avoidance of gluten-containing sources (as the 
challenges are underlined above), ensuring sensory 
characteristics and nutritional value of the products, 
meeting the recommended dietary allowances and prod-
uct costs.  
Novel Approaches for Designing Gluten-Free Meat    
Product Formulations  

Consumers with CD have the opportunity to eat certain 
types of gluten-free products that are categorized as nat-
urally occurring gluten-free foods (fruits, vegetables, 

eggs, unprocessed meat, poultry, and fish) and gluten-
free substitute foods (bread, pasta, cereals, crackers and 
snack foods) in which wheat flour is replaced by a glu-
ten-free ingredient (Taşbaş et al., 2016, Cui et al., 2017). 
In literature, there exists a plenty of studies regarding 
gluten-free production and related quality parameters of 
bakery food products like bread (Lazaridou et al., 2007, 
de la Barca et al., 2010, Hager and Arendt, 2013, 
Martínez and Gómez, 2017, Rinaldi et al., 2017), pasta 
(Giuberti et al., 2015, Sanguinetti et al., 2015, Larrosa et 
al., 2016), cake (Levent and Bilgiçli, 2011, Preichardt et 
al., 2011, Talens et al., 2017), cookies (Rai et al., 2014, 
Brito et al., 2015, Molinari et al., 2018), crackers 
(Radočaj et al., 2014), and also some other foods like 
tarhana (Yalçin et al., 2008, Bilgiçli, 2009), snacks 
(Kahlon et al., 2016) and beer (Kerpes et al., 2017). On 
the other hand, only a limited research data is available 
on developing gluten-free meat product formulations. 
Taşbaş et al. (2016) reported that although unprocessed 
meats are free of gluten, people with CD need to be 
aware of meats and poultry with added ingredients that 
make them into ready-to-cook or processed meat prod-
ucts which may contain gluten. Considering the rising 
trend in production of all kinds of ready-to-eat meat 
products; since wheat flour and its derivatives are the 
most common ingredients used in the formulation of 
these products, there is an irrefutable demand for formu-
lating that kind of products in gluten-free form.  
Wheat flour as a traditional batter ingredient of nuggets 
contains a considerable amount of proteins that are nec-
essary to form elasto-plastic batter (Taşbaş et al., 2016) 
and thus improve technological quality. Jnawali et al. 
(2016) stated that since eliminating wheat from the diet 
would mean the exclusion of a good protein source and 
sticking to a high carbohydrate diet, the protein content 
of the alternate source has to be considered. Since most 
of the gluten-free products are starch-based and thereby 
have low nutritional value, it is very important to enrich 
such products for consumers who are obliged to follow 
a gluten-free diet (Demir and Kılınç, 2016). Also, glu-
ten-free products are mostly known as lacking mineral 
or to have less fortification with micronutrients and fi-
bers compared to wheat-containing products (Gobbetti 
et al., 2018).  Vici et al. (2016) reported that a gluten-
free diet may lead to possible nutrient deficiencies or nu-
trient excess (e.g. saturated fats). For these reasons, the 
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alternative ingredients for gluten replacement should 
present the potential to overcome the nutritive deficien-
cies and simultaneously to increase product yield and 
quality.  
According to Adedeji and Ngadi (2011), incorporation 
of some alternative flours or hydrocolloids in batter for-
mulations of meat products could improve functionality 
and quality as well as cost-effectiveness, which points 
out that it could be possible to develop high-quality meat 
products by using proper gluten-free ingredients. So far, 
some functional ingredients in formulation of coated 
meat products have been used with combination of 
wheat flour to improve overall quality: Dogan et al. 
(2005) reported that soy flour was found to be an effec-
tive ingredient in improving quality of deep-fat fried 
chicken nuggets in terms of crispness and color, while 
both soy and rice flours provided reduced oil absorption. 
Kilincceker and Hepsag (2011) suggested the utilization 
of yellow lentil flour and chickpea flour as the batter ma-
terials of fish balls that improve the yield and sensory 
properties. In another study, it was reported that the ad-
dition of oat flour in breading mixes of chicken meat-
balls positively affected sensory properties and yield 
(Kilincceker 2013). Gökçe et al. (2016) investigated 
some quality characteristics of deep-fat fried chicken 
nuggets formulated with wheat, corn, rye and soy flours. 
They reported that the highest cooking yield was found 
in corn and wheat flour samples, the use of rye flour sig-
nificantly increased the penetrometer values, and incor-
poration of corn flour showed the highest yellowness 
among samples. Kwaw et al. (2017) evaluated different 
single and composite flours from wheat, millet, sor-
ghum, and soybean as breading agents in the deep frying 
of chicken breast. They recorded an increase in fat ab-
sorption in the single cereal coated samples compared to 
the composite flours and found that the samples coated 
with an equal ratio of soybean and sorghum composite 
flour had the highest overall acceptability. As is seen, in 
these studies the incorporation of the ingredients did not 
directly target to replace wheat or to formulate gluten-
free formulations, yet this does not mean that these al-
ternates have not a potential to be used in gluten-free 

meat products. In addition, so far various sources as glu-
ten replacers have been suggested for general use in the 
formulation of different food products. Demirçeken 
(2011) stated that rice and corn are the main sources 
which do not contain toxic prolamine and can safely be 
consumed in the diet of celiac patients. Some minor ce-
reals such as teff, millets, and Jungle rice, and some leg-
umes such as chickpea, lentil, and soybeans have been 
mentioned by Jnawali et al. (2016) and Gobbetti et al. 
(2018) as gluten alternatives carrying potential nutritive 
benefits. Besides, in the near past, a comprehensive list 
was also presented by Niewinski (2008), who stressed 
some other gluten-free ingredients like buckwheat, oats 
(uncontaminated), sago and sorghum flour. Quinoa, a 
type of pseudo-cereal, has been suggested as a good al-
ternative for CD patients since it contains high biologi-
cal valued proteins, low-glycemic indexed carbohy-
drates, fitosteroids, w-3 and w-6 fatty acids, micro-nu-
tritional and bioactive compounds (Demir and Kılınç, 
2016). Oat, another functional source that contains pro-
teins, essential amino acids, and various antioxidants, is 
tolerated by almost all CD sufferers, although oat intol-
erance has been described (Ciclitira et al., 2005, 
Smulders et al., 2018). Smulders et al. (2018) reported 
that the prolamine storage protein called “avenin” in oat 
does not contain any of the known CD epitopes from 
gluten of wheat, barley, and rye, and long-term food 
studies confirm the safety of oats for CD patients. Some 
other gluten-free sources that can be used for developing 
food products for CD sufferers include nuts (e.g. al-
monds, hazelnuts, walnut), seeds (e.g. flax seeds, chia 
seeds, pumpkin seeds) and tubers (e.g. arrowroot, tapi-
oca, potato) (Jnawali et al., 2016). As a result, all these 
ingredients could be counted as potential alternatives for 
wheat flour and alike materials to be further incorpo-
rated into gluten-free meat product formulations. In ad-
dition to the replacement of wheat flour and other glu-
ten-containing ingredients by these types of alternatives, 
Gobbetti et al. (2018) also mentioned some recent ap-
proaches in gluten-free diet such as pre-digestion of di-
etary gluten, treatments of prebiotics that are capable of 
hydrolyzing gluten, degradation of wheat flour by use of 
sourdough and production of genetically modified 
wheat.      
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Table 1. The studies on the formulation of gluten-free meat products   

Product 
Gluten-free     

ingredient(s) 
Highlights Reference 

Chicken nugget Rice flour 
Value was added to the products by utilizing rice flour in 
the production of gluten-free products without diminishing 
sensory quality as well as lipid reduction through baking. 

Jackson et al. (2006) 

Chicken nugget Sorghum flour 

Use of sorghum flour significantly increased the product 
yield, texture and dietary fiber content. It was concluded 
that 5% sorghum flour is optimum to prepare gluten-free 
nuggets in terms of sensory quality. 

Devatkal et al. (2011) 

Kibbeh Pearl millet flour 

Kibbeh prepared with millet flour presented good oxida-
tion stability. Baked kibbehs with millet flour presented 
good acceptability and did not differ from the samples with 
wheat flour in terms of appearance, texture, and flavor.  

Brasil et al. (2015) 

Chicken nugget Pecans 
The pecans did not have a significant effect on moisture 
content, batter adhesion, or consumer acceptability while 
nuggets made with pecans had a higher lipid content. 

Jackson (2016) 

Chicken nugget 

Gluten-free 
wheat flour in 

combination with 
cellulose, egg 
powder, whey 

powder or pectin 

The addition of whey powder in the formulation was re-
sulted in decreased oil uptake, increased pick up and water 
holding capacity. Lipid oxidation was decreased in the 
samples manufactured with wheat flour or whey powder. 
The results showed that 2% whey powder can be used in 
gluten-free nugget manufacture without posing any quality 
problems. 

Taşbaş et al. (2016) 

Chicken nugget 

Amaranth flakes 
with soy oil, 

eggs, oregano or 
basil 

All of the formulations had similar yields. The samples 
with soy oil showed the highest lipid, carbohydrate, and 
mineral content and had a better acceptance for all evalu-
ated sensory attributes. 

de Carvalho et al. (2018) 

Chicken nugget 

Rice flour (RF), 
chickpea flour 
(CF), oat fiber 
(OF) or Jerusa-
lem artichoke 
powder (JAP) 

Utilization of OF and JAP decreased moisture, RF and OF 
increased protein, JAP decreased fat and OF decreased car-
bohydrate content of the samples. Samples with OF and 
JAP was effective to provide an equivalent cooking yield 
to wheat flour samples. JAP samples had the lowest oil ab-
sorption among treatments.  

Öztürk et al. (2018) 

Fish patty 
Rice, corn, ama-
ranth or quinoa 

flours 

Flours addition affected proximate composition increasing 
carbohydrates, total fat and mineral content compared to 
control. No differences were found in the aroma of prod-
ucts. Addition of rice flour increased juiciness and tender-
ness whereas taste, overall acceptance and buying intention 
were higher in control patty, followed by patties made with 
corn flour. 

Romero et al. (2018) 

https://doi.org/10.3153/FH19026


 
 

 

 

 

  Food and Health 5(4), 253-264 (2019)  •  https://doi.org/10.3153/FH19026          Review Article 

260 

Getting back to the main idea, some key highlights of 
recent studies on gluten-free meat products are summa-
rized in Table 1. As well as the general potential of the 
alternative ingredients has been emphasized above, it 
could be seen that some of these ingredients have been 
already used in the formulation of different kinds of 
meat products. In the studies, gluten-free meat products 
have been formulated with some ingredients such as glu-
ten-free wheat flour itself, rice flour, sorghum flour, pe-
cans, amaranth flakes, chickpea flour, oat fiber, and Je-
rusalem artichoke powder, as wheat flour replacers. It 
was recorded that most of these ingredients were able to 
increase product yield in terms of cook loss and adhe-
sion ratios without negatively affecting sensory quality, 
to improve nutritional value, and to retard lipid oxida-
tion, meaning that these compounds could present mul-
tifunctional benefits on overall quality.  Jackson et al. 
(2006) reported that rice-based products can be used to 
reduce the fat content of deep-fried, battered chicken be-
cause rice flour batter absorbs less oil than wheat flour 
batter due to chemical differences between proteins and 
thus prevents products against lipid oxidation. Sorghum 
flour was mentioned to be a good source of dietary fiber 
as a non-glutinous flour that could be used in the scope 
of making gluten-free meat products (Devatkal et al., 
2011). Jackson (2016) stressed that pecans can be used 
as an ingredient in breaded chicken nuggets with its high 
dietary fiber content, nutritive features, and health ben-
efits. In another study, it was suggested that the combi-
nation of gluten-free wheat flour and whey protein can 
be a suitable alternative to produce good-quality gluten-
free coated chicken products (Taşbaş et al. 2016). de 
Carvalho et al. (2018) stated that amaranth (Amaran-
thus) grains have emerged as an attractive raw material 
to replace wheat in the development of products for ce-
liac individuals, with a high content of high biological 
quality protein, minerals, and vitamins. Öztürk et al. 
(2018) recommended that especially dietary fiber 
sources could supply to formulate gluten-free poultry 
products that have equivalent cooking characteristics to 
standard gluten-containing products, meanwhile im-
proving health profile. Except for coated meat products, 
some non-glutinous flours have been also mentioned to 
improve nutritive, sensory and technological quality of 
different gluten-free meat products like fish patties 
(Romero et al., 2018) and kibbeh (Brasil et al., 2015). 

Consequently, overall data indicated that the utilization 
of alternative gluten-free natural sources in the 
formulation of meat products presents the opportunity to 
produce high-quality and nutritive products, as well as 
to decrease product costs.  

Conclusion 
CD is effective on approximately 1% of the world 
population and showing a steadily increasing trend. 
Also, the real prevalence is thought to be much higher 
due to the silent forms in the iceberg. Today the only 
available and accepted solution for CD is a strict and 
permanent gluten-free diet. Besides, it is a fact that not 
only celiac patients but also those who would like to 
consume gluten-free products prefer this diet. However, 
currently, most of the gluten-free products in the market 
are mentioned to have low nutritional value and overall 
quality. At the same time, the labeling and classification 
practices are insufficient as well as some consumers 
could barely obey the rules of the gluten-free diet. 
Therefore, it is a fact that there is still a gap between 
gluten-free products and quality. Secondly, although 
some bakery foods are already available in the market, 
there are only a few options present for the gluten-free 
meat products. Since meat is one of the main sources of 
proteins and essential nutrients in the diet, the lack of 
meat and meat products may cause serious deficiencies. 
Accordingly, the development of novel strategies in 
meat products for consumers with gluten sensitivity is 
important to increase the consumption of such products 
in the diet of these individuals. In particular, increasing 
the variety of gluten-free ready-to-eat meat products like 
nuggets, sausages, and meatballs is necessary for espe-
cially adolescents and children who mostly prefer to 
consume that kind of products and whom self-adherence 
is much lower than adults. In addition, future studies are 
needed to formulate new gluten-free meat products by 
using dietary fiber sourced ingredients.   
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