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Abstract

Background: Celiac discase is an autoimmune disorder launched by gluten ingestion in genetically susceptible persons. This component leads to an
inflammation of the small intestine which causes malabsorption of some important nutrients including calcium, iron, folic acid, and liposoluble vitamins.
A gluten-free diet, that is strictly followed by affected patients throughout their whole lives, constitutes the unique effective treatment for celiac disease.
Aims: Several gluten-free cereals, pseudo-cereals, legumes, starches (rice, corn, sorghum, millets, buckwheat, quinoa, teff, chestnuts, chia, potato starch,
peas, etc.), and various gluten substitutes (xanthan and gum guar) were utilized to maintain the physical and sensory properties of gluten-free cereal products.
This review examined recent advances in the formulation of gluten-free cereal-based products using innovative gluten-free flours. Conclusions:
Consequently, this review presents and summarizes recent findings in the improvement of the technological, nutritional, and sensory properties of gluten-
free cereal products. However, the preparation of cereal-based gluten-free products still remains a difficult process. Therefore, the diet must be not only
exempt from gluten but also healthy to avoid nutrient, vitamins, and minerals deficiencies. Thus, a great deal of this review focuses on studying novel and
healthy gluten-free ingredients which should fulfill all quality requirements for bakery and pastry products as well as satisfy the needs of celiac consumers.
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1 Introduction

Celiac disease (CD) is an autoimmune enteropathy induced by
gluten ingestion, affecting about 1% of the world’s population *
2. CD isalso frequent in developing countries, especially in Middle
East and North Africa (MENA) region . Gluten is responsible for
the damage of the small intestine by causing pain and
inflammation 3. Prolamins, components of gluten, are responsible
for this digestive disorder. Prolamins can be found in specific
cereals: wheat, rye, barely, some cultivars of oats and their
derivatives 4 CD is not the unique disease related to gluten
ingestion. In fact, gluten also causes other pathologies grouped
under the term “gluten-related disorders” >. To date, the only cure
for CD is strict adherence to a gluten-free (GF) diet. According to
the Codex Alimentarius ¢, gluten-free foods are dietetic foods that
are made solely from one or more ingredients. These ingredients
do not contain wheat, or manufactured only from one or more
ingredients derived from wheat that has been especially treated to
remove gluten and whose gluten content does not exceed 20
mg/kg in total. There are various challenges in the production of
GF cereal products. First, gluten is responsible for the different
functional characteristics of the dough 7: it is difficult to find
ingredients that can replace gluten to develop GF foods of
acceptable sensory qualities. In addition, the nutritional value of
GF products must be considered too in celiac patients. This
category of patients is exposed to various nutrient deficiencies with
high consumption of saturated fatty acids, simple carbohydrates
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and a deficit in certain nutrients such as dietary fiber, iron,
minerals, and vitamins #°. The objective of this review was to
study different raw materials used to substitute flours containing
gluten in order to offer fortified GF cereal products by focusing
on innovative ingredients leading to the production of GF
biscuits, bread, and pasta. The technological, nutritional and
sensory constraints will also be addressed.

2 Alternative innovative flours used in the
development of GF products

CD is characterized by an infiltration of intraepithelial
lymphocytes in the near side of the small intestine. This can cause
at the final stages of the disease, crypt hyperplasia and atrophy of
villosities. In addition, CD patients produce highly disease-specific
antibodies against deamidated gluten peptides and the enzyme
tissue transglutaminase 2 (TG2) !° (Figure 1). The unique
treatment for CD is a complete eliminating gluten-containing
foods from the diet. In recent years, there has been an increasing
interest on GF foodstuffs. Several attempts have been undertaken
to develop acceptable GF products using variety types of raw
materials such as maize flour and starch, rice flour, buckwheat
flour, sorghum, tubers such as potatoes and cassava. The selection
of GF flours to produce GF bakery products is based on some
considerations, such as accessibility, nutritional intake, and final
product. However, the major attribute is consumer acceptability
based on the organoleptic characteristics of the final product
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(Figure 2). It is well established that GF dietary products are low
in minerals, vitamins, and fiber &, as a result, their nutritional
content is of increasing concern. Indeed, the common nutritional
deficiencies in celiac subjects are B vitamins, vitamin D, iron, zinc,
magnesium, and fiber . Several innovative ingredients have
recently been discovered to address this major nutrient gap in GF
products and make them more acceptable to consumers. These
ingredients are cereal, pseudo-cereal or legume flours (Table 1).
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Figure 1: Adapted simplified pathogenesis of celiac disease % 13

Table 1: Gluten-free (GF) products developed with alternative
flours

References
14

GF Products  Alternative flours used

Cookies Quinoa flour with the addition of pea protein
powder, pumpkin seed protein powder,
coconut flour, aronia powder, carrot powder,
tomatoes powder and ginger powder

Quinoa flakes and flour 15
Sorghum flour and Turkish beans

Rice-maize-pear] millet-sorghum flour blend
Coconut and rice flours

Bread Quinoa and amaranth flour

Hydrothermal treated rice and corn flours 20

Corn, potato and tapioca starches, rice flour 4

Pasta Sorghum- rice- corn flour mixture 2
Rice and white seeded low phytic acid and 2
lectin free bean

Teff flour and bean flour 24

25

Tagliatelle

Cake Fermented soy and lupin powders

Spaghetti Plantain- chickpea- maize flour 26
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Some specific considerations for the development of gluten-free products:

Avoid sources containing gluten. |

Use alternative sources. |

Ensure sensory characteristics.

Guarantee the nutritional value of the GF product.

Consider economic constraints.

Follow food codex guidelines [6]

ANNN I

Figure 2: Some specific considerations for the development of gluten-free
products 7

2.1 Millet flour

Millets are indigenous African cereals that are well adapted to
African semi-arid and sub-tropical agronomic conditions. Millet
invokes nine different species cultivated around the world, and all
of them are small-grained and annual cereal grasses ¥/. Millet flour
is a good source of nutrients, especially fiber, calcium, and other
minerals. Adebiyi er a/. ?® prepared 100% millet flour biscuits using
native pearl, fermented and malted millet flour. The lack of gluten
in pear]l millet flour did not affect the acceptance of cookies by
consumers. On the contrary, the sensory analysis of these biscuits,
based on malted millet flour, revealed a better appreciation of the
aroma, taste, and flavor. However, the use of fermented or native
millet in biscuits generated a perceived unpleasant aroma and a
relatively bitter taste. On the other hand, the fermentation and
malting processes have improved the nutritional characteristics of
the biscuits, promoting an improved amino acid profile, mineral
bioavailability, and high phenolic compounds in the treated
samples. Adebiyi er al # also stated that the fermentation and
malting of millet improves the physicochemical properties of the
resulting flour and biscuit. Sharma er al *° used flour obtained
from sprouted millet seeds to improve the sensory appeal of GF
biscuits. Sprouted flour blends possess a higher protein, total
phenolic content, and antioxidant activity than raw millet flour
blends. Germination displayed a negative effect on the bonding
characteristics while the functional properties were significantly
improved.

2.2 Teff flour

Teff or tef, Eragrostis tef, is a monocotyledonous plant species
that belongs to the Poaceae family. Teff flour exhibited high
levels of carbohydrates (66.7%), fibers (9.8%) *' and contain a
complete set of essential amino acids 32. Inglett er al. > developed
blends of teff and oat flours (4:1) for the preparation of
acceptable cookies in terms of color, flavor, and texture.
Moreover, Minarovi¢ovd er al. > studied the effect of teff flour
addition (25, 50, and 75%) to rice muffins on qualitative and
sensory parameters. The inclusion of teff flour up to 50%
provided satisfactory results. Substitution of higher teff flour
levels (75%) had negative effects on qualitative and textural
properties of muffins. Sensory evaluation showed that muffins
incorporated with teff flour at level 25% were the most
acceptable for consumers. Hager er a/. 3 established formulations
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for the generating of egg pasta from oatmeal and teff flours. The
composition analysis showed that regarding fiber and mineral
contents, oat and teff flour samples are nutritionally higher in
comparison with wheat flour samples.

2.3 Moringa flour

Moringa oleiferabelongs to the Moringaceae family. This plant is
universally called the “miracle plant” or “tree of life”. M. oleifera
leaves include important levels of vitamin A, C, and E, besides
significant contents of total phenols, protein, calcium, potassium,
magnesium, iron, manganese, and copper *. Besides the leaves,
the flowers and fruits of M. oleifera contain significant amounts
of carotenoids ¥7. M. olifera seeds ¢ or leaves 3° were utilized as a
fortifying ingredient of the biscuit. Indeed, Kiranawati er al. ¥
used a composite flour of potato starch and Moringa leaves flour
to substitute wheat to produce GF and casein-free staple foods
(cookies and snacks). These authors revealed that the best
composite flour with similar properties to wheat flour is composed
of a ratio potato starch/Moringa leaves flour of 94% / 6%. In
addition, moringa (M. oleifera) seed flour was mixed with acha
(Digitaria exilis) flour in different proportions of 5, 10, 15, 20,
and 25%, to formulate biscuits . It was found that a rate more
than 10% of moringa seed flour caused a decrease in the
appreciation of the biscuit. On the other hand, Bourekoua er a/. #?
evaluated the effect of the addition of Moringa oleifera leaves
powder on the physical, sensory, and antioxidant properties of GF
bread. Moringaleaf powder (MLP) has been included at different
proportions (2.5; 5; 7.5, and 10%) in the production of GF bread.
The results showed a decrease in the specific volume of the bread
with an addition of more than 2.5%. The hardness and chewiness
of bread lightly decreased with 2.5 and 10% of MLP addition,
whereas springiness was not affected. For sensory quality,
consumers preferred control bread and bread with 2.5% of MLP.
The lightness of crumb and crust decreased from 63.37 to 27.59
and from 52.40 to 33.49, respectively as the MLP rate increased.
The total phenolic content of extracts increased from 0.88 to 2.12
GAE/g of dry weight, with the addition of 2.5% of MLP.
Furthermore, the DPPH scavenging activity was enhanced with
the inclusion of MLP. Findings exhibited that gluten-free bread
with a level of 2.5% of moringa leaves powder had the highest
hedonic score.

2.4 Chia flour

The botanical name of chia is Sa/via hispanica L. which belongs to
the Salvia category of the Labiatae family. Chia seed is of great
interest due to its nutritional and functional potentials either in
food or pharmaceutical industries *. Mas er al. * studied the
impact of chia flour to enhance the antioxidant quality of cookies.
Cookies were made using various proportions of chia flour (5, 10,
and 20%); the technological and sensory qualities of the cookies
were evaluated. The addition of 10% of this flour increased
polyphenols content and antioxidant capacity without reducing
technological or sensory properties. So far, few studies have been
conducted on the use of chia seeds in the development of GF
bread. Moreira et al. > and Moreira er al. “° incorporated 2.5% to
7.5% of whole chia seed flour into a GF chestnut paste. Authors
evidenced that the addition of 7.5% chia seed flour improved the
theological properties of the dough, stability, viscosity, and
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elasticity. Steffolani er a/. #7 found that replacing rice flour with
15% of chia flour darkened the GF cereal product, reduced its
specific volume and increased its hardness, while it maintained the
product’s acceptability to consumers. Huerta er al. ¢ substituted
rice and soybean flours with 2.5; 5.0 and 7.5% of chia flour in
order to replace the gum required in this type of bread; bread with
2.5% of chia flour replacement had no significant difference from
the control in terms of specific volume, color, aroma, taste,
texture, and appearance. Sandri er al * optimized a GF bread
recipe with potato starch, rice flour, and chia flour. They
concluded that rice flour mixtures with 5%, 10%, and 14% of
whole chia flour obtained the best sensory results. Furthermore,
corn tortillas with 15% and 20% added chia flour have a reduced
glycemic index with significantly higher levels of protein, fat and
total dietary fiber *°. Moreover, rice-based GF pasta has been
optimized with chia flour and mucilage as a thickener and to
increase their nutritional values °!. Indeed, with a concentration of
10% of mucilage or chia flour, the resulting pasta was more
nutritious compared to samples based on commercial GF
ingredients. Similarly, chia flour has been used in the preparation
of GF noodles based on rice and corn flours at different
percentages (0, 10, 20, and 30%) with and without diacetyl esters
of mono (and di) glycerides tartaric esters 2. These studies showed
that pasta was accepted by consumers with 20% of chia flour in
association with diacetyl tartaric esters of mono (and di) glycerides.

2.5 Acorn flour

Acorns (Quercus coccifera L.) belong to the family of Fagaceae.
Since ancient times, acorn fruits are considered as nutritionally
rich products besides of their good medicinal properties. Despite
their long culinary tradition, they have become under-appreciated.
Due to their high starch content, acorns are especially used to
produce flour considered as a good alternative for cereal flour in
many food industry applications *. Torabi e a/. * investigated the
influence of acorn flour (substituted at levels of 0-30% with rice
flour, corn flour, and starch) as a mixture design on chemical,
nutritional, textural, and organoleptic properties of GF biscuits for
celiac patients. The results indicated that moisture, ash, crude
fiber, carbohydrate, antioxidant capacity, and total phenol of GF
biscuits supplemented with acorn flour distinctly increased
compared to the control. The increase of acorn flour decreased
calorie value of GF biscuits; however, it increased the hardness and
penetration energy of samples. Sensory evaluation showed that up
to 20% of inclusion of acorn flour was acceptable. Korus er al.
studied the application of debittered acorn flour as a natural
nutritional enrichment of GF bakery products and evaluated the
effects on rheological properties of the dough, quality, and staling
of the bread. They concluded the importance of debittered acorn
flour’s application in GF baking products. It enriched bread with
protein, minerals, and dietary fiber, but also it had a beneficial
impact due to its technological effects, including structure
enhancement, and sensory improvement.

2.6 Chestnut flour

The chestnut fruit (Castanea sativa Mill.) is part of the Fagaceae
family. Chestnut flour contains high-quality protein with
essential amino acids (4-7 g/100g), a relatively high level of
sugars (20-30 g/100g), starch (50-60 g/100g), dietary fiber (4-10
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g/100g), and low-fat content (2-4 g/100g), mainly unsaturated®.
Paciulli er al. ¥ evaluated the impact of different proportions of
chestnut flour (0, 500, 800, 1000 g/kg) in GF biscuits
formulations. The incorporation of chestnut flour at high levels
(0.8% and 1%) led to a significant hardness of the biscuits while
a replacement of 0.5% of chestnut flour can be considered as the
best compromise between quality and storage stability. On the
other hand, Paciulli er a/ °® enriched two commercial GF
mixtures with 20 g/100 g and 10 g/100 g of chestnut flour to
produce technologically and nutritionally improved breads. The
addition of chestnut flour led to color browning, lower bulk
volume with larger crumb holes and faster staling. They
concluded that only breads with 20 g/100 g of enrichment
showed a significant increase in total, soluble and insoluble
fibers. While Oniszczuk er a/ *° mixed different amounts of
chestnut flour (10, 20, 30, 40, and 50%) with rice and bean
flours to produce innovative GF pasta. In a sample containing
20% or more of chestnut flour, up to 13 amino acids were
detected. In addition, the antioxidant activity, free phenolic acid
content and total polyphenols were positively correlated with the
addition of chestnut flour.

2.7 Tiger nut flour

The tiger nut (Cyperus esculentus) belongs to the Cyperaceae
family. The tiger nut flour is characterized by brown color and
mild flavor. It’s rich in carbohydrates, lipids, fiber, some minerals
(K, P, Ca), and vitamins E and C ®°. Ahmed er a/. °* investigated
the functional properties of GF biscuits following the
incorporation of tiger nut flour. Corn flour was substituted by 10,
20, and 30% of tiger nut flour. The addition of tiger nut flour
resulted in a significant increase in fiber and ash content and a
decrease in protein content. The spread ratio of biscuits increased
substantially by increasing tiger nut flour content. The texture
analysis of biscuits showed that the hardness and resilience values
decreased when the tiger nut flour content in the biscuit
formulation increased. Microscopic observation revealed that tiger
nut biscuits were more porous with a mainly granular structure
compared to the control sample which was compact. A proportion
of 20% addition of tiger nut flour was considered as the better
percentage to produce biscuits with a softer and more airy texture
besides a nutty flavor.

2.8 Coconut flour

Coconut (Cocos nucifera) is a palm species of the Arecaceae
family. Coconut flour, of unique taste and aroma, is a soft flour
obtained from coconut pulp as a by-product during coconut milk
processing. It is an excellent source of vitamins, minerals, healthy
fats, and dietary fibers which might have potential application in

62, Paucean er al '®

baking products and human nutrition
evaluated the addition of blends of rice and coconut flours in GF
cookies formulation in terms of composition and acceptability.
The mixture of coconut and rice flours in different proportions led
to cookies with increased protein, ash, and fat content. Sensory
analysis proved that mixtures of rice and coconut flours can be
successfully introduced into the formulation of GF cookies, giving

products with pleasant flavor and taste.
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2.9 Carob flour

The carob tree (Ceratonia siliqua L.) belongs to the Fabaceae
family. Carob flour is rich in pectin, high-quality soluble fiber, and
sugars in addition to its thickening properties. This flour is a good
alternative to produce viscoelastic dough and high-quality GF
bread . Berk er al.  studied the effect of the use of carob flour
(10%, 20%, and 30%), and the inclusion of different types of
protein (soy protein and whey protein) on the technological
quality of GF cakes (specific volume, hardness). They showed that
cakes prepared with 20% carob flour had the highest specific
volume and the lowest hardness. Moreover, Gularte er al &
showed that substituting 15% of rice flour with carob flour
produced GF bread with enhanced structure and color crumb than
rice bread. However, crumbs were harder, and the specific volume
was lower.

2.10 Lupine flour

Lupine (Lupinus albus) is a legume that can be grown in marginal
agricultural conditions. Lupine flour has high amount of protein
(- 40%) and dietary fiber (- 28%) . Albuja-Vaca er al. ¢
developed a GF pasta by substituting rice flour with lupin flour
(10g/100g -30g/100g) using a mixture-process design. The best
formulation was obtained with 20g/100g lupin flour compared to
the control sample (100% rice flour). This formulation showed an
increase in ash (37.5 g/100g), protein (63.15 g/100g), fat (112.12
g/100g), and fiber (126.66 g/100g). They concluded that partial
substitution of rice flour by lupin flour could be a reliable
alternative for GF products. Furthermore, Maghaydah er al. ©
were interested in producing GF cookies where lupine flour was
employed as the major substitute to wheat flour. Eight flours
blends for the preparation of GF cookies were made, consequently.
The results of the sensory analysis indicated that the overall best
quality of the cookies was obtained for preparations based on 50%
lupin flour and 50% maize starch and those based on 20% lupin
flour, 30% corn flour, 20% rice flour, and 30% corn starch, in
comparison with wheat flour control.

2.11 Alfalfa flour

Alfalfa (Medicago sativa L.) is a plant of the Fabaceae family.
When comparing alfalfa seeds to wheat seeds, they contain high
levels of protein, fat, and raw fiber . In an effort to strengthen
nutritional value, GF cookies, using alfalfa seed flour at different
proportions of rice flour substitution (0% as control, 15%, 30%,
and 45%), were produced by Giuberti er al. 7°. The analyses
revealed that the highest levels of alfalfa seed flour substitution (30
and 45%) contributed to formulate GF cookies with higher
content of slow-digesting starch, total dietary fiber, crude proteins,
and resistant starch than the control or the lower substitution
levels (0 and 15%) without altering sensory, technological, and
global attributes of the product.

2.12 Bee pollen flour

Bee pollen is a beckeeping product generally composed of pollen
from flowers of different plant species. The main components of
bee pollen are carbohydrates (13-55%), proteins (10-40%), crude
fibers (0.3-20%), and lipids (1-10%). Conte er al. 7* explored the
use of multi-flower bee pollen (1, 2, 3, 4, and 5%) as a natural and
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functional ingredient in GF bread making. They evaluated its
impact on the physicochemical, technological, and sensory
characteristics of the bread obtained. The increase in pollen
supplementation levels (1% to 5%) significantly improved the
technological properties of bread. Moreover, the overall
acceptability of GF bread enriched with bee pollen between 3%
and 5% was greater than the control. Similarly, Krystyjan er al. 7>
worked on the optimization of GF cookies formulation with the
addition of pollen. Although the supplementation of bee pollen
did not affect fat content of the cookies, it induced a significant
positive influence on the content of carbohydrates, proteins, ash,
fibers, as well as polyphenolic composition and potential
antioxidants. Besides nutritional benefits, cookies enhanced with
bee pollen are marked by higher penetration and darker surface
than the control. However, only up to 5% of pollen was needed
to allow the taste of the cookies to be at the same level as the
control.

2.13 Other fruits and vegetables flours

Recently, the use of fruit and vegetable powder in GF pasta was
emerged as an innovative product. Banana flour, rich in
indigestible carbohydrates, was utilized to provide GF pasta 7> 74,
The inclusion of 30% of pregelatinized green plantain flour or
dried green banana flour gives GF spaghetti with satisfying
cooking quality and high-resistant starch. Mirhosseini er al. 7° used
pumpkin flour or durian seed flour to make GF pasta, where the
inclusion of 25% pumpkin flour in the formulation improved the
color, texture and sensory acceptability of GF pasta.

3 Conclusion

For years, the most alternative flours widely used for producing
GF foods were rice and maize. Thus, avoiding foods containing
gluten in the diet means eliminating the main sources of protein
in the diet and sticking to a high-carbohydrate diet. To overcome
this effect, in recent years, innovative flours such as GF cereal
flours, pseudo-cereals, legumes and fruits are increasingly being
used. Besides these flours and/or starches, additives such as
hydrocolloids, fibers, proteins, and emulsifiers are used. They are
introduced into GF formulations in order to mimic the effect of
gluten and give highly nutritious GF products, satisfying textural
and sensory constraints. Therefore, it is important to do more
research on these ingredients, without neglecting economic
constraints.

Acknowledgments: The authors would like to thank the Ministry of High
Education and Scientific Research of Tunisia for funding this project which is
part of the PAQ-Collabora program. The authors are also grateful to Bizerte’s
competitiveness pole for its collaboration in this project.

Author contribution: W.A. conceived and prepared the review, and undertook
the literature research. D.S. and H.D. contributed to the manuscript editing
and review. L.D. reviewed the manuscript. All authors approved the final
version before submission. All authors have read and agreed to the published

version of the manuscript.

70

Novel ingredients in gluten-free cereal products

References

(1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

Fasano, A., & Catassi, C. (2012). undefined. New England

of  Medicine, 3625), 2419-2426.
https://doi.org/10.1056/nejmep1113994

Leonard, M. M., Sapone, A., Catassi, C., & Fasano, A. (2017).
Celiac disease and Nonceliac gluten sensitivity. JAMA, (7),
647. hteps://doi.org/10.1001/jama.2017.9730

Kaur, M., Sandhu, K. S., Arora, A., & Sharma, A. (2015).
Gluten free biscuits prepared from buckwheat flour by

Journal

incorporation of various gums: Physicochemical and sensory
properties. LWT - Food Science and Technology, 62(1),
628-632. hetps://doi.org/10.1016/j.lwt.2014.02.039

Di Cairano, M., Galgano, F., Tolve, R., Caruso, M. C., &
Condelli, N. (2018). Focus on gluten free biscuits:
Ingredients and issues. Trends in Food Science &
Technology,81,203-212.
https://doi.org/10.1016/j.tifs.2018.09.006

Foschia, M., Horstmann, S., Arendt, E. K., & Zannini, E.
(2016). Nutritional therapy — Facing the gap between
coeliac disease and gluten-free food. International Journal of
Food Microbiology,239,113-124.
https://doi.org/10.1016/j.ijfoodmicro.2016.06.014

Codex Alimentarius. Norme pour les aliments diététiques ou de
régime destinés aux personnes souffrant d’une intolérance
au gluten. CODEX STAN 118-1979. Amendement : 1983
et 2015. Révision : 2008, Adoptée en 1979.

Jnawali, P., Kumar, V., & Tanwar, B. (2016). Celiac disease:
Overview and considerations for development of gluten-free
foods. Food Science and Human Wellness, 5(4), 169-176.
https://doi.org/10.1016/j.fshw.2016.09.003.

Nagash, F., Gani, A., Gani, A., & Masoodi, F. (2017). Gluten-
free baking: Combating the challenges - A review. 7rends in
Food  Science &  Technology, 66, 98-107.
https://doi.org/10.1016/j.tifs.2017.06.004

Vici, G., Belli, L., Biondi, M., & Polzonetti, V. (2016). Gluten
free diet and nutrient deficiencies: A review. Clinical

35(6),1236-1241.
https://doi.org/10.1016/j.clnu.2016.05.002

Voisine, J., & Abadie, V. (2021). Interplay between gluten,

HLA, innate and adaptive immunity orchestrates the

Nutrition,

development of coeliac disease. Frontiers in Immunology,
12. hteps://doi.org/10.3389/fimmu.2021.674313

Rinninella, E., Cintoni, M., Raoul, P., Triarico, S., Dionisi, T.,
Gasbarrini, G. B., Gasbarrini, A., & Mele, M. C. (2021).
The healthy gluten-free diet: Practical tips to prevent
metabolic disorders and nutritional deficiencies in celiac
patients. 12(2), 166-182.
https://doi.org/10.3390/gastroent12020015

Kaukinen, K., Lindfors, K., & Miki, M. (2013). Advances in

the treatment of coeliac disease: An immunopathogenic

Gastroenterology  Insights,

perspective.  Nature Reviews — Gastroenterology &

Heparology, 11(1),36-44.

https://doi.org/10.1038/nrgastro.2013.141

Nor. Afr. J. Food Nutr. Res. 2022; 6 (13): 66-74


https://doi.org/10.1056/nejmcp1113994
https://doi.org/10.1016/j.lwt.2014.02.039
https://doi.org/10.1016/j.tifs.2018.09.006
https://doi.org/10.1016/j.ijfoodmicro.2016.06.014
https://doi.org/10.1016/j.tifs.2017.06.004
https://doi.org/10.1016/j.clnu.2016.05.002
https://doi.org/10.3389/fimmu.2021.674313
https://doi.org/10.3390/gastroent12020015
https://doi.org/10.1038/nrgastro.2013.141

Allouch er al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Kurppa, K., Hietikko, M., Sulic, A., Kaukinen, K., & Lindfors,
K. (2014). Current status of drugs in development for celiac
disease. Expert Opinion on Investigational Drugs,
23(8),1079-1091.
https://doi.org/10.1517/13543784.2014.916274

Susman, I. E., Schimbator, M., Culetu, A., & Popa, M. E.
(2021). Formulation of gluten-free cookies with enhanced
quality and nutritional value. Bulletin of University of
Agricultural Sciences and Veterinary Medicine Cluj-
Napoca. Food Science and Technology, 78(1), 113.
hteps://doi.org/10.15835/buasvmen-£st:2020.0046

Brito, I. L., De Souza, E. L., Felex, S. S., Madruga, M. §,,
Yamashita, F., & Magnani, M. (2014). Nutritional and
sensory characteristics of gluten-free quinoa (Chenopodium

willd)-based
experimental mixture design. Journal of Food Science and
Technology, 5209),5866-5873.
https://doi.org/10.1007/s13197-014-1659-1

Shahzad, S. A., Hussain, S., Mohamed, A. A., Alamri, M. S.,
Qasem, A. A., Ibraheem, M. A., Almaiman, S. A., & EL-
Din, M. F. (2021). Gluten-free cookies from sorghum and

Turkish beans; effect of some non-conventional and

quinoa cookies development using an

commercial hydrocolloids on their technological and
sensory attributes. Food Science and Technology, 41(1),15-
24. heeps://doi.org/10.1590/fst.25419

Rai, S., Kaur, A., & Singh, B. (2011). Quality characteristics of
gluten free cookies prepared from different flour
combinations. Journal of Food Science and Technology,
51(4), 785-789.  https://doi.org/10.1007/s13197-011-
0547-1

Paucean, A., Man, S., Muste, S., & DPop, A. (2016).
Development of gluten free cookies from rice and coconut
flour blends. Bulletin of University of Agricultural Sciences
and Veterinary Medicine Cluj-Napoca. Food Science and
Technology, 73(2),163.
https://doi.org/10.15835/buasvmen-fst: 12311

Machado Alencar, N. M., Steel, C. J., Alvim, 1. D., De Morais,
E. C., & Andre Bolini, H. M. (2015). Addition of quinoa
and amaranth flour in gluten-free breads: Temporal profile
and instrumental analysis. ZW7 - Food Science and
Technology, 62(2), 1011-1018.
hteps://doi.org/10.1016/j.1wt.2015.02.029

Bourekoua, H., Benatallah, L., Zidoune, M. N., & Rosell, C.
M. (2016). Developing gluten free bakery improvers by
hydrothermal treatment of rice and corn flours. LWT, 73,
342-350. https://doi.org/10.1016/j.Iwt.2016.06.032

Kim, M., Yun, Y., & Jeong, Y. (2015). Effects of corn, potato,
and tapioca starches on the quality of gluten-free rice bread.
Food Science and Biotechnology, 24(3), 913-919.
hteps://doi.org/10.1007/s10068-015-0118-8

Ferreira, S. M., De Mello, A. P., De Caldas Rosa dos Anjos, M.,
Kriiger, C. C., Azoubel, P. M., & De Oliveira Alves, M. A.
(2016). Utilization of sorghum, rice, corn flours with potato

starch for the preparation of gluten-free pasta. Food

Nor. Afr. J. Food Nutr. Res. 2022; 6 (13): 66-74

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Novel ingredients in gluten-free cereal products

Chemistry, 191,147-
151.https://doi.org/10.1016/j.foodchem.2015.04.085

Giuberti, G., Gallo, A., Cerioli, C., Fortunati, P., & Masoero,
F. (2015). Cooking quality and starch digestibility of gluten
free pasta using new bean flour. Food Chemistry, 17543-
49. https://doi.org/10.1016/j.foodchem.2014.11.127

Giuberti, G., Gallo, A., Fiorentini, L., Fortunati, P., & Masoero,
F. (2015). In vitro starch digestibility and quality attributes
of gluten free ‘tagliatelle’ prepared with teff flour and
increasing levels of a new developed bean cultivar. Starch -
Stirke, 68(3-4),374-378.
hteps://doi.org/10.1002/star.201500007

Aslan, M., & Bilgicli, N. (2021). Improvement of functional
cake formulation with fermented soy (Glycine Max) and
lupin (Lupinus albus L) powders. /nternational Journal of
Gastronomy  and  Food  Science, 26, 100429.
https://doi.org/10.1016/j.ijgfs.2021.100429

Flores-Silva, P. C., Berrios, J. D., Pan, J., Osorio-Diaz, P., &
Bello-Pérez, L. A. (2014). Gluten-free spaghetti made with
chickpea, unripe plantain and maize flours: Functional and
chemical properties and starch digestibility. /nternational
Journal of Food Science & Technology, 49(9), 1985-1991.
hteps://doi.org/10.1111/ijfs.12529

Nani, A., Belarbi, M., Ksouri-Megdiche, W., Abdoul-Azize, S.,
Benammar, C., Ghiringhelli, F., Hichami, A., & Khan, N.
A. (2015). Effects of polyphenols and lipids from
pennisetum  glaucum grains on T-cell
Modulation of Ca2+ and ERK1/ERK2 signaling. BMC
Complementary and  Alternative  Medicine,  15(1).
https://doi.org/10.1186/s12906-015-0946-3

Adebiyi, J. A., Obadina, A. O., Adebo, O. A., & Kayitesi, E.

(2017). Comparison of nutritional quality and sensory

activation:

acceptability of biscuits obtained from native, fermented,
and malted pear] millet (pennisetum glaucum) flour. Food
Chemistry, 232,210-217.
https://doi.org/10.1016/j.foodchem.2017.04.020

Adebiyi, J. A., Obadina, A. O., Mulaba-Bafubiandi, A. F.,
Adebo, O. A., & Kayitesi, E. (2016). Effect of fermentation
and malting on the microstructure and selected
physicochemical properties of pearl millet (penniserum
glaucum) flour and biscuit. Journal of Cereal Science, 70,
132-139. https://doi.org/10.1016/j.jcs.2016.05.026

Sharma, S., Saxena, D. C., & Riar, C. S. (2016). Nutritional,
sensory and in-vitro antioxidant characteristics of gluten free
cookies prepared from flour blends of minor millets. Journal
of Cereal Science, 72, 153-161.
https://doi.org/10.1016/j.jcs.2016.10.012

Zhu, F. (2018). Chemical composition and food uses of teff
(Eragrostis  tef). Food Chemistry, 239, 402-415.
hteps://doi.org/10.1016/j.foodchem.2017.06.101

Abebe, W., Collar, C., & Ronda, F. (2015). Impact of variety
type and particle size distribution on starch enzymatic

and functional of tef flours.

hydrolysis properties

71


https://doi.org/10.1517/13543784.2014.916274
https://doi.org/10.15835/buasvmcn-fst:2020.0046
https://doi.org/10.1007/s13197-014-1659-1
https://doi.org/10.1590/fst.25419
https://doi.org/10.1007/s13197-011-0547-1
https://doi.org/10.1007/s13197-011-0547-1
https://doi.org/10.15835/buasvmcn-fst:12311
https://doi.org/10.1016/j.lwt.2015.02.029
https://doi.org/10.1016/j.lwt.2016.06.032
https://doi.org/10.1007/s10068-015-0118-8
https://doi.org/10.1016/j.foodchem.2015.04.085
https://doi.org/10.1016/j.foodchem.2014.11.127
https://doi.org/10.1002/star.201500007
https://doi.org/10.1016/j.ijgfs.2021.100429
https://doi.org/10.1111/ijfs.12529
https://doi.org/10.1186/s12906-015-0946-3
https://doi.org/10.1016/j.foodchem.2017.04.020
https://doi.org/10.1016/j.jcs.2016.05.026
https://doi.org/10.1016/j.jcs.2016.10.012
https://doi.org/10.1016/j.foodchem.2017.06.101

Allouch er al.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

72

Carbohydrate Polymers, 115, 260-268.
hteps://doi.org/10.1016/j.carbpol.2014.08.080

Inglett, G. E., Chen, D., & Liu, S. X. (2016). Physical properties
of gluten free sugar cookies containing teff and functional
oat products. Journal of Food Research, 5(3), 72.
https://doi.org/10.5539/jfr.v5n3p72

Minarovicovd, L., Laukovd, M., Karovi¢ov4, J., Kohajdovd, Z.,
& Kepicovd, V. (2019). Gluten-free rice muffins enriched
with teff flour. Potravinarstvo Slovak Journal of Food
Sciences, 13(1), 187-193. https://doi.org/10.5219/1045

Hager, A., Wolter, A., Czerny, M., Bez, J., Zannini, E., Arendt,
E. K., & Czerny, M. (2012). Investigation of product
quality, sensory profile and ultrastructure of breads made
from a range of commercial gluten-free flours compared to
their wheat counterparts. European Food Rescarch and
Technology, 235(2), 333-344,
https://doi.org/10.1007/s00217-012-1763-2

Hekmat, S., Morgan, K., Soltani, M., & Gough, R. (2015).
Sensory evaluation of locally-grown fruit purees and inulin
fibre on probiotic yogurt in Mwanza, Tanzania and the
Microbial Analysis of Probiotic Yogurt Fortified with
Moringa oleifera. Journal of Health, Population, and
Nutrition, 33(1), 60-67.

Saini, R. K., Shetty, N. P., & Giridhar, P. (2014). Carotenoid
content in vegetative and reproductive parts of commercially
grown moringa oleifera Lam. cultivars from India by LC—
APCI-MS. European Food Research and Technology,
2386), 971-978. https://doi.org/10.1007/s00217-014-
2174-3

Sodipo, M. A., Oluwamukomi, M. O., Oderinde, Z. A., &
Awolu, O. O. (2021). Nutritional evaluation of unripe
plantain, moringa seed and defatted sesame seed cookies.
International  Journal —of Food Studies, 72-81.
hteps://doi.org/10.7455/ijfs/10.51.2021.26

Manaois, R.V., Morales, A.V., & Abilgos-Ramos, R.G. (2013).
Acceptability, shelf life and nutritional quality of moringa-
supplemented rice crackers. Philippine Journal of Crop
Science 38(2), 1-8.

Kiranawati, T. M., Wibowotomo, B., & Nurjanah, N. (2020).
Moringa leaves flour and Tengger potato flour as composite
flour for GFCEF diets. Proceedings of the 2™ International
Conference on Social, Applied Science, and Technology in

(ICONHOMECS 2019).
https://doi.org/10.2991/assehr.k.200218.018

Ayo, ]., & Gidado, F. (2018). Physicochemical, phytochemical

and sensory evaluation of acha-carrot flours blend biscuit.

Home Economics

Current Journal of Applied Science and Technology,
25(5),1-15. https://doi.org/10.9734/cjast/2017/38142
Bourekoua, H., Rézylo, R., Gawlik-Dziki, U., Benatallah, L.,
Zidoune, M. N., & Dziki, D. (2017). Evaluation of
physical, sensorial, and antioxidant properties of gluten-free
bread enriched with moringa Oleifera leaf powder.
European Food Research and Technology, 244(2), 189-

195. https://doi.org/10.1007/s00217-017-2942-y

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Novel ingredients in gluten-free cereal products

Muiioz, L. A., Cobos, A., Diaz, O., & Aguilera, J. M. (2013).
Chia seed (Salvia hispanica): An ancient grain and a new
functional food. Food Reviews International, 29(4), 394-
408. https://doi.org/10.1080/87559129.2013.818014

Lucini Mas, A., Brigante, F. 1., Salvucci, E., Pigni, N. B,,
Martinez, M. L., Ribotta, P., Wunderlin, D. A., & Baroni,
M. V. (2020). Defatted chia flour as functional ingredient
in sweet cookies. How do processing, simulated
gastrointestinal digestion and colonic fermentation affect its
antioxidant properties? Food Chemistry, 316, 126279.
hteps://doi.org/10.1016/j.foodchem.2020.126279

Moreira, R., Chenlo, F., & Torres, M. (2012). Effect of
shortenings on the rheology of gluten-free doughs: Study of

olive and sunflower oils.
Journal  of  Texture  Studies, 43(5), 375-383.
hteps://doi.org/10.1111/j.1745-4603.2012.00348.x

Moreira, R., Chenlo, F., & Torres, M. (2013). Effect of chia

(Sativa hispanica L.) and hydrocolloids on the rheology of

chestnut flour with chia flour,

gluten-free doughs based on chestnut flour. ZW7T - Food

and 50(1), 160-166.
hteps://doi.org/10.1016/j.1wt.2012.06.008

Steffolani, E., De la Hera, E., Pérez, G., & Gémez, M. (2014).
Effect of Chia (S alvia hispanica L) Addition on the Quality
of Gluten-Free Bread. Journal of Food Quality, 375), 309-
317. hteps://doi.org/10.1111/jfq.12098

Huerta, K. D., Alves, J. D., Silva, A. F., Kubota, E. H., & Rosa,
C. S. (2016). Sensory response and physical characteristics

Science Technology,

of gluten-free and gum-free bread with chia flour. Food

and  Technology, 36(suppl 1), 15-18.
https://doi.org/10.1590/1678-457x.0032

Sandri, L. T., Santos, F. G., Fratelli, C., & Capriles, V. D.

(2017). Development of gluten-free bread formulations

Science

containing whole chia flour with acceptable sensory
properties. Food Science & Nutrition, 5(5), 1021-1028.
hteps://doi.org/10.1002/£sn3.495

Rendén-Villalobos, R., Ortiz-Sinchez, A., Solorza-Feria, J., &
Trujillo-Herndndez, C. (2012).

physicochemical, nutritional and sensorial evaluation of

Formulation,

corn tortillas supplemented with chia seed (Salvia hispanica
L.). Czech Journal of Food Sciences, 30 (2), 118-125.
https://doi.org/10.17221/393/2010-cjfs

Menga, V., Amato, M., Phillips, T. D., Angelino, D., Morreale,
F., & Fares, C. (2017). Gluten-free pasta incorporating chia
(Salvia hispanica L.) as thickening agent: An approach to
naturally improve the nutritional profile and the in vitro
carbohydrate digestibility. Food Chemistry, 221, 1954-
1961. https://doi.org/10.1016/j.foodchem.2016.11.151

Levent, H. (2017). Effect of partial substitution of gluten-free
flour mixtures with chia (Salvia hispanica L.) flour on
quality of gluten-free noodles. Journal of Food Science and
Technology, 54(7),1971-1978.
hteps://doi.org/10.1007/s13197-017-2633-5

Szablowska, E., & Tanska, M. (2020). Acorn flour properties
depending on the production method and laboratory baking

Nor. Afr. J. Food Nutr. Res. 2022; 6 (13): 66-74


https://doi.org/10.1016/j.carbpol.2014.08.080
https://doi.org/10.5539/jfr.v5n3p72
https://doi.org/10.5219/1045
https://doi.org/10.1007/s00217-012-1763-2
https://doi.org/10.1007/s00217-014-2174-3
https://doi.org/10.1007/s00217-014-2174-3
https://doi.org/10.7455/ijfs/10.si.2021.a6
https://doi.org/10.2991/assehr.k.200218.018
https://doi.org/10.9734/cjast/2017/38142
https://doi.org/10.1007/s00217-017-2942-y
https://doi.org/10.1080/87559129.2013.818014
https://doi.org/10.1016/j.foodchem.2020.126279
https://doi.org/10.1111/j.1745-4603.2012.00348.x
https://doi.org/10.1016/j.lwt.2012.06.008
https://doi.org/10.1111/jfq.12098
https://doi.org/10.1590/1678-457x.0032
https://doi.org/10.1002/fsn3.495
https://doi.org/10.17221/393/2010-cjfs
https://doi.org/10.1016/j.foodchem.2016.11.151
https://doi.org/10.1007/s13197-017-2633-5

Allouch er al.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

test results: A review. Comprehensive Reviews in Food
Science  and  Food  Safer,  20(1),  980-1008.
hteps://doi.org/10.1111/1541-4337.12683

Toraby, S., Mohtarami, F., & Dabbagh Mazhary, M. R. (2020).
The influence of acorn flour on physico-chemical and
sensory properties of gluten free biscuits. Food Science and

97), 171-181.
https://doi.org/10.29252/fsct.16.97.171

Korus, J., Witczak, M., Ziobro, R., & Juszczak, L. (2015). The

influence of acorn flour on rheological properties of gluten-

Technology, 16

free dough and physical characteristics of the bread.
European Food Research and Technology, 240(6), 1135-
1143. https://doi.org/10.1007/500217-015-2417-y
Dall'Asta, C., Cirlini, M., Morini, E., Rinaldi, M., Ganino, T.,
& Chiavaro, E. (2013). Effect of

supplementation on physico-chemical properties and
1YY phy: prop:

chestnut  flour
volatiles in bread making. LWT - Food Science and
Technology, 53(1), 233-239.
https://doi.org/10.1016/j.lwt.2013.02.025

Paciulli, M., Rinaldi, M., Cavazza, A., Ganino, T., Rodolfi, M.,
Chiancone, B., & Chiavaro, E. (2018). Effect of chestnut
flour supplementation on physico-chemical properties and
oxidative stability of gluten-free biscuits during storage.
LWT, 98, 451-457.
hteps://doi.org/10.1016/j.1wt.2018.09.002

Paciulli, M., Rinaldi, M., Cirlini, M., Scazzina, F., & Chiavaro,
E. (2016). Chestnut flour addition in commercial gluten-
free bread: A shelflife study. LWZ, 70, 88-95.
hteps://doi.org/10.1016/j.1wt.2016.02.034

Oniszczuk, Widelska, Wojtowicz, Oniszczuk, Wojtunik-
Kulesza, Dib, & Matwijczuk. (2019). Content of phenolic
compounds and antioxidant activity of new gluten-free
pasta with the addition of chestnut flour. Molecules, 24(14),
2623. https://doi.org/10.3390/molecules24142623

Sénchez-Zapata, E., Ferndndez-Lépez, J., & Angel Pérez-
Alvarez, ]J.

commercialization: Health aspects, composition, properties,

(2012). Tiger nut (Cyperus esculentus)

and food applications. Comprehensive Reviews in Food

and  Food  Safety, 11(4),  366-377.
https://doi.org/10.1111/j.1541-4337.2012.00190.x

Ahmed, Zahra S Abozed, Safaa S Negm, MS. (2014).
Nutritional value and sensory profile of gluten-free tiger nut
enriched biscuit. World Journal of Dairy & Food Sciences,

Science

92), 127-134.
Ramaswamy, Lalitha. (2014). Coconut flour-a low
carbohydrate, gluten free flour: a review article.

International Journal of Ayurvedic and Herbal Medicine,
1), 1426-14306.

Smith, B., Bean, S., Herald, T., & Aramouni, F. (2012). Effect
of HPMC on the quality of wheat-free bread made from
carob germ flour-starch mixtures. Journal of Food Science,
776), C684-C689.htps://doi.org/10.1111/j.1750-
3841.2012.02739.x

Nor. Afr. J. Food Nutr. Res. 2022; 6 (13): 66-74

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Novel ingredients in gluten-free cereal products

Berk, Eda Sumnu, Gulum Sahin, Serpil. (2017). Usage of carob
bean flour in gluten free cakes. Chemical Engineering
Transactions, 57, 1909-1914.

Gularte, M. A., De la Hera, E., Gémez, M., & Rosell, C. M.
(2012). Effect of different fibers on batter and gluten-free
layer cake properties. LWT - Food Science and Technology,
48(2), 209-214. https://doi.org/10.1016/j.Iwt.2012.03.015

Guemes-Ver, N., Martinez-H, J., F. Hernand, J., Yanez-Fern, J.,
& Totosaus, A. (2012).

composition and protein digestibility, carotenoids, Tanins

Comparison of chemical

and alkaloids content of wild Lupinus varieties flour.
Pakistan ~ Journal of Nutrition, 11(8), 774-780.
https://doi.org/10.3923/pjn.2012.774.780

Albuja-Vaca, D., Yépez, C., Vernaza, M. G., & Navarrete, D.
(2020).

formulation based on rice and lupine bean flour (Lupinus

Gluten-free pasta: Development of a new
Mutabilis) using a mixture-process design. Food Science
and Technology, 40(2),408-414.
https://doi.org/10.1590/fst.02319

Maghaydah, S., Abdul-hussain, S., Ajo, R., Tawalbeh, Y., &
Elsahoryi, N. (2013). Effect of lupine flour on baking
characteristics of gluten free cookies. Advance Journal of
Food  Science and  Technology, 5(5), 600-605.
hteps://doi.org/10.19026/ajfst.5.3134

Ullah, F., Ahmad, S., Wahab, S., Zeb, A., Khan Khattak, M.,
Khan, S., & Kang, M. (2016). Quality evaluation of biscuits
supplemented with alfalfa seed flour. Foods, 5(4), 68.
hteps://doi.org/10.3390/foods5040068

Giuberti, G., Rocchetti, G., Sigolo, S., Fortunati, P., Lucini, L.,
& Gallo, A. (2018). Exploitation of alfalfa seed (Medicago
sativa L.) flour into gluten-free rice cookies: Nutritional,
antioxidant and quality characteristics. Food Chemistry,
239, 679-687.
hteps://doi.org/10.1016/j.foodchem.2017.07.004

Conte, P., Del Caro, A., Balestra, F., Piga, A., & Fadda, C.
(2018). Bee pollen as a functional ingredient in gluten-free
bread: A physical-chemical, technological and sensory
approach. LWT, 90, 1-7.
https://doi.org/10.1016/j.lwt.2017.12.002

Krystyjan, M., Gumul, D., Ziobro, R., & Korus, A. (2015). The
fortification of biscuits with bee pollen and its effect on
physicochemical and antioxidant properties in biscuits.
LWT - Food Science and Technology, 63(1), 640-646.
https://doi.org/10.1016/j.lwt.2015.03.075

Zandonadi, R. P., Botelho, R. B., Gandolfi, L., Ginani, J. S.,
Montenegro, F. M., & Pratesi, R. (2012). Green banana
pasta: An alternative for gluten-free diets. Journal of the
Academy of Nutrition and Dietetics, 112(7), 1068-1072.
https://doi.org/10.1016/j.jand.2012.04.002

Radoi, Petru Bogdan Alexa, Ersilia Radulov, Isidora Morvay,
Atilla Mihai, Cristiana Sorina Stroe Trasca, Teodor-Ioan
Trasca, TI. (2015). Total phenolic, cinnamic acids and
selected microelements in gluten free pasta fortified with
banana. Revista de Chimie, 66(8), 1162-1165.

73


https://doi.org/10.1111/1541-4337.12683
https://doi.org/10.29252/fsct.16.97.171
https://doi.org/10.1007/s00217-015-2417-y
https://doi.org/10.1016/j.lwt.2013.02.025
https://doi.org/10.1016/j.lwt.2018.09.002
https://doi.org/10.1016/j.lwt.2016.02.034
https://doi.org/10.3390/molecules24142623
https://doi.org/10.1111/j.1541-4337.2012.00190.x
https://doi.org/10.1111/j.1750-3841.2012.02739.x
https://doi.org/10.1111/j.1750-3841.2012.02739.x
https://doi.org/10.1016/j.lwt.2012.03.015
https://doi.org/10.3923/pjn.2012.774.780
https://doi.org/10.1590/fst.02319
https://doi.org/10.19026/ajfst.5.3134
https://doi.org/10.3390/foods5040068
https://doi.org/10.1016/j.foodchem.2017.07.004
https://doi.org/10.1016/j.lwt.2017.12.002
https://doi.org/10.1016/j.lwt.2015.03.075
https://doi.org/10.1016/j.jand.2012.04.002

Allouch er al. Novel ingredients in gluten-free cereal products

[75] Mirhosseini, H., Abdul Rashid, N. F., Tabatabaece Amid, B., undefined. LWT - Food Science and Technology, 63(1), 184-
Cheong, K. W., Kazemi, M., & Zulkurnain, M. (2015). 190. https://doi.org/10.1016/j.lwt.2015.03.078

Cite this article as: Allouch, W, Sfayhi, D., Doggui, L. & Debbabi, H. (2022). An overview on the incorporation of novel ingredients on nutritional, textural,
and organoleptic properties of gluten-free cereal products. The North African Journal of Food and Nutrition Research, 6(13): 66-74.
https://doi.org/10.51745/najfnr.6.13.66-74

© 2022 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third-party material
in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

74 Nor. Afr. J. Food Nutr. Res. 2022; 6 (13): 66-74


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.51745/najfnr.6.13.66-74
https://doi.org/10.1016/j.lwt.2015.03.078

