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Abstract

Gluten, the protein responsible for the <uperior viscoelastic properties of refined wheat flour
dough over gluten-free cereals, cau.e. \.cliac disease in people susceptible to gluten-allergy.
Moreover, the sustainability of ucing .vheat flour in baked foods is threatened by its high cost,
especially in countries that dcnesd on imported wheat for their bakery industry. Research has
shown that hydrocolloids <e\ e as gluten replacements in baked foods, in response to these
challenges. Food hyuracolloids are a class of high-molecular weight polysaccharides and
proteins, which serve a< functional ingredients in the food industry that modify the foods'
rheological and textural properties. They function as stabilizers, viscosity modifiers, gelling
agents, water binders, fibres, and inhibitors of ice crystal in foods. Further, food hydrocolloids
have also been reported to possess health-promoting properties, such as lowering of postprandial
blood glucose and plasma cholesterol concentrations, colon cancer prevention, and modulation
of intestinal transit and satiety. They are obtained from plants, animals or microorganisms, and
can be used in their natural or modified forms. The aim of this paper is to review the functional
benefits of natural and modified hydrocolloids as gluten replacements in baked foods,

emphasizing their physicochemical, nutraceutical, and sensorial importance. The application



effects of food hydrocolloids as gluten substitutes in gluten-free baked products' quality were
discussed. Also, some practical approaches to improve the quality of gluten-free baked products,
in response to an increasing consumers' demand and the rising cost of refined wheat flour were
highlighted.

Keywords: Food hydrocolloids; Baked food; Functional importance; Gluten-free food;

Nutraceutical benefits; Sensory quality

1. Introduction

The rising incidence of celiac disease, the cost of refined wheat viu''r, and consumers' quest for
health-promoting foods have necessitated the food industry's ¢ ve'opment of gluten-free (GF)
products [1, 2]. Celiac disease is a life-long immunoglobu'ii. E-raediated enteropathy caused by
consuming gluten-containing foods in genetically sus.c.tiuie people [3, 4]. The only known
effective treatment for celiac disease is a strict life-lonr astinence from gluten-containing foods
[5]. On the other hand, GF products are consiie.ec! safe for celiac disease patients [6]. In
formulating GF products, different ingredier..>, s:'ch as food hydrocolloids (FHs), which mimic
the viscoelastic quality of gluten, are empi>ved as gluten substitutes. The Codex Alimentarius
Commission [7] defined GF product as "“food products containing less than 20 mg/kg gluten”.
GF products were initially intended f)r consumers suffering from gluten-associated disorders
such as celiac disease, wheat alli Jies, non-celiac gluten sensitivity, gluten ataxia, and exercise-
induced anaphylaxis [8]. Howe ‘er, with the rising cost of wheat, the incidence of other nutrition-
related non-communicablz “iscuses, and consumers' demand for healthy foods, GF foods are
now widely embracea [1, Z7. Nevertheless, the production of high-quality GF-baked products
poses a significant chalicnge to the food industry, due to the absence of gluten, which confers
some unique visco-elastic properties to the dough [3]. To overcome this challenge, diverse
ingredients such as flours of GF cereals, and additives that can mimic the visco-elastic properties
of the gluten, such as hydrocolloids are employed in the development of GF products [3, 10].

Food hydrocolloids, also called gums, are a class of high-molecular weight polysaccharides
and proteins, which serve as functional ingredients in the food industry that modify the foods'
rheological and textural properties. They function as stabilizers, viscosity modifiers, gelling
agents, water binders, fibres, and inhibitors of ice crystal in foods [3, 10-12]. Examples of FHs

used to replace gluten in baked foods include agar, acacia, locust bean gum, guar gum, pectin,



tara, xanthan gum and carboxymethylcellulose. These FHs have diverse effects on the GF-baked
products' quality, depending on several factors, such as the FH's charge, molecular weight, and
concentration. For instance, Horstmann et al. [12] incorporated six different hydrocolloids,
namely guar gum, locust bean gum, hydroxypropylmethylcellulose, pectin, xanthan gum, and
sodium alginate, under optimized condition, as gluten replacement in potato starch-based GF
bread. The authors observed an increase the bread volume due to the addition of negatively
charged FH, such as pectin and sodium alginate. They suggested that these negatively charged
FHs produce repulsive forces with the potato starch's negatively charged phosphate groups,
slowing down the starch granules’ pasting and gelatinization. This eect lowers starch viscosity,
leading to a higher bread volume as a result of high gas cell exp2nsion. On the other hand, high-
molecular-weight FHs with a neutral charge, such as locus* . 2an and guar gums, do not produce
such repelling forces. To explain the smaller bread vol..~e cbserved with the addition of these
neutrally-charged high-molecular weight FHs, the autho, - [12] postulated that many hydrogen
bonds were formed with leached amylose, resultine i high viscosity values. Consequently, the
dough elasticity was lowered by these high »2'uec of viscosity, limiting gas cell expansion with a
concomitant smaller bread volume.

The use of FHs as gluten replacemer.* in food systems also confers some health-promoting
properties, such as lowering of »oswprandial blood glucose and plasma cholesterol
concentrations, colon cancer prev.ontion, and modulation of intestinal transit and satiety, to the
food [1, 11, 13]. These benefi.~ become necessary considering the increasing cases of nutrition-
related non-communicabls isczses, occasioned by nutrition transition among other factors [14,
15]. Nutrition transit.o.> e.z:ains the shift from natural foods to highly processed and energy-
dense foods [14, 16].

From the foregoing, this paper aimed to present a review on the functional benefits of natural
and modified FHs as gluten replacements in baked products, emphasizing the physicochemical,

nutraceutical, and sensorial importance.

2. Cereal flours in baked foods: wheat versus GF cereals

Refined wheat flour is the gold standard for producing baked products such as bread and
biscuits. However, these foods are typically energy-dense, with low levels of essential nutrients
and health-promoting bioactive ingredients [1, 9]. This is because refined flour is produced by

milling only the starchy endosperm, after removing the bran, with its high deposition of



phytochemicals, and the germ. The functional superiority of refined wheat flour over GF cereals'
flours in baked foods is attributed to gluten [1, 9]. However, in addition to causing celiac disease
in susceptible individuals, the sustainability of using refined wheat for baking is challenged by
its high cost in countries that depend on wheat importation for their bakery industry. According
to a recent report by Qu [17], the price of wheat skyrocketed by 31% due to COVID-19-related
factors, such as increased demand, high costs of shipping, and port disruptions. The economic
burden posed by the high cost of wheat has been compounded recently as a result of the Ukraine-
Russian war, as Ukraine is a major wheat exporter, accounting for about 12% of global wheat
exports [18].

In an effort to produce GF products with health-promoting nror.erties, several studies have
focused on formulating baked products with the flour of GF ereils [1, 19-21]. Some GF cereals
that have been used for this purpose include sorghum "o\ 2hum bicolor (L.) Moench), maize
(Zea mays L.), rice (Oryza sativa L.), millets, teff, and .~me pseudocereals, such as amaranth,
quinoa, and buckwheat [8, 22]. Some other studie; .51 reported oats as a GF cereal [23-25], but
the Codex Alimentarius described them as = gicten-containing cereal [26]. The flours of these
GF cereals are either used alone or as a v™aposite for the formulation of GF-baked products
[22]. Nevertheless, the production of hiy.>-quality GF products from these GF cereals poses a big
challenge to the food industry, due to the aosence of gluten [3]. It is well-known that the proteins
in the flours of these GF cereals ~annut form a network and therefore, do not meet the baking
quality requirements [27]. Coi <ey, 'ently, their GF products are characterized by a dense and dry
structure, low volume, pozr 1.:~dth feel and flavour, and high crumb hardness, with an overall

low quality [28].

3. The role of gluten in baked foods

Gluten is the main structure-forming protein present in wheat, barley and rye, which confers
viscoelastic properties to dough and allow gas produced from yeast fermentation to be retained
and oven-rise during baking [27, 29]. It also modulates the final baked products' appearance and
crumb structure [28]. Gliadins and glutenin are the two types of gluten. The former is a
monomeric protein whereas, the latter is polymeric protein. Gluten's primary role in baking is to
confer a viscoelastic property to the dough, which is majorly achieved by the action of gliadins

[30]. However, it has also been documented that the gluten network is formed in the presence of



water and under mechanical work by the combined action of gliadin and glutenin proteins of
wheat [26].

Gluten is also responsible for proofing baked products, such as bread loaves, and improving
the quality of baked products [31]. During the baking process, refined wheat flour, with its
gluten, is hydrated, leading to the formation of a viscous mass. This confers the viscosity,
structure, mixing tolerance, dough, and the ability to hold gas during leavening [32]. Through the
structure formed, gluten can also to enclose flour components, such as fibres and starch granules
[33]. Thus, gluten's absence negatively impacts the dough's rheology and the final product's
quality, as GF doughs are characterized by a reduced elasticity «nd cohesiveness relative to
wheat dough [34]. It is a well-documented that the colour, text.'re, ilveoli structure, and crumb

of baked products depend mainly on the presence and strenqt~ of jluten [5, 35].

4. Food hydrocolloids as gluten replacement in GF-1ak  d foods

Hydrocolloids are class of polysaccharides (water-colut:2, food or modified) or protein with
variable chemical structures, which are respons:b.-- frr their functional features, ability to form
gel when dispersed in water, and applice.or 5 n. the food industry [36-38]. Many functions
(Figure 1) have been attributed to FHs as glu.n replacers in the food industry, either alone or in
conjunction with other components of *he “aod. These include, thickening, gelling, emulsifying,
dispersing, and stabilizing functiorz 321, Apart from their use as gluten substitute, they can also
be used as food additives to imp.ove food attributes, such as shelf-life and flavor [37, 40]. Due to
the diverse functions of hydroco!'oids in food systems, Seisun & Zalesny [41] recently described
them as “essential and cr'tica' ingredients in food”. The inclusion of FHs is the easiest approach
to increase the level of awctary fiber in GF products.
The major FHs are alginates, agar, acacia, cassia tora, gelatin, carrageenan, gellan, locust bean
gum, guar gum, pectin, tara, starches, xanthan, carboxymethylcellulose (CMC), methyl
cellulose/hydroxypropylmethyl cellulose (MC/HPMC), and microcrystalline cellulose (MCC). In
addition to these major FHSs, karaya, tragacanth, konjac, pullulan, tamarind, and scleroglucan are
some less common FHs [41]. There are several reports on the use of these FHs as gluten
substitutes, including xanthan gum, guar gum, hydroxypropylmethyl cellulose (HPMC) [5, 42],
carrageenan, agar, and alginate [43]. The exact intrinsic mechanisms underlying the interactions
between FHs with other food constituents, and between different FHs, are still not fully
understood [44, 45]. However, Naji-Tabasi & Mohebbi [46] pointed out that FHs facilitate starch



granules’ cohesion, enabling the production of GF-baked products, such as bread. Some FHs and

their application in GF-baked products formulation are depicted in Figure 2.
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4.1. Natural food hydrocolloids used in GF-baked foods

Natural FHs have been greatly utilized in the food industry to increase the functionality of
food products like confectionery, beverages, meat and poultry, sauces and dressings [47]. The
classification of natural FHs is based on their chemical structures, behaviors and origins [27].
The different sources of natural FHs include, microbial (e.g. xanthan gum), plant (e.g. starch,
pectin, locust bean gum and carrageenan) and animal (e.g. chitosan) [48]. Depending on the
source, they are classified into different types, including microbial gums, seed gums, exudate
gums, seaweeds gums, mucilage gums, tuber gum, etc [49]. However, plant materials are the
major and less expensive sources of natural FHs [47, 50]. Some .'ant sources of natural FHSs,
their gum type, major polysaccharide constituent and functions are presented in Table 1 [1, 21,
35, 46, 50-85].

Table 1. Some plant sources of natural food hydrocni ~ds, gum type, major polysaccharide

constituent and functions

Plant Gumtype | Major prhisa. ~haride constituent/Function Reference
Sweet detar (Detarium | Seed gum Xylog ‘Iﬁ,thi_ckening and stabilizing agent [1,51-53]
microcarpum)

Bean pod (Brachystegia | Seed gum Xvlog 'ucan/thickening and stabilizing agent [50-52]
eurycoma)

Mahogany (Afzelia africana) Seed gum | “yloglucan/thickening and stabilizing agent [51-53]
Fenugreek (Trigonella foenum- | Seed g'*ﬁ " Galactomannan/thickening, stabilizing, emulsifying and geling | [54-56]
graecum L.) agent

Flaxseed (Linum usitatiissimum) ! T~eu Zum Arabinoxylan/Water binding agent [54, 56]

Cress (Lepidium sativum) See J gum Galactomannan/Thickening and [46, 57-59]

|
| stabilizing agent

Locust bean or carob tree | Seed gum Galactomannan/thickening, stabilizing, emulsifying and geling | [55, 56, 60,

(Ceratonia siliqua) agent 61]
Balangu (Lallemantia royleana) | Seed gum Arabinogalactan/stabilizing and thickening agent [62, 63]
Basil (Ocimum bacilicum) Seed gum Glucomannan and  xylan/thickening, stabilizing and | [64, 65]

emulsifying agent

Butternut  squash  (Cucurbita | Seed gum Mannose, glucose, and galactose (galactomannan)/thickening, | [66, 67]

moschata) seed stabilizing and emulsifying agent
Charota (Cassia tora) Seed gum Galactomannan/viscous-enhancing and water-binding agent [56, 68]
Guar (Cyamposis | Seed gum Galactomannan/thickening, stabilizing, emulsifying and geling | [55, 56, 69]

tetragonolobus) agent

Okra (Abelmoschus esculentus | Mucilage Pectin/thickening and stabilizing agent [54, 70]




L) gum

Psyllium (Plantago psyllium) Mucilage Arabinoxylan/thickening and gelling agent [21,71,72]
gum

Mustard (Brassica juncea L.) | Mucilage Pectic polysaccharides/ thickening, stabilizing and texturizing | [73-75]

seed gum agent

Tamarind (Tamarindus indica | Mucilage Xyloglucan/thickening, [53, 55, 56,

L) qum gelling, stabilizing, and binding agent 76]

Acacia (Acacia nilotica Linn. | Exudate Arabinogalactan/binding agent [77-79]

and Acacia senegal) gum

Tragacanth (Astragalus | Exudate Arabinogalactan/stabilizing, thickening and emulsifying agent | [80-82]

gummifer) gum

Karaya (Sterculia species) Exudate Rhamnogalacturonans/stabilizing, t+:-%en.~g and emulsifying | [68, 83]
gum agent

Konjac (Amorphophallus | Tuber gum | Glucomannan/thickening, stat liziny and gelling agent [35, 55]

konjac)

Salep (Orchis anatolica) Tuber gum | Glucomannan/thickenir gTsuﬁlizing and gelling agent [84, 85]

Due to their availability and affordability, natural FF's ware considered a cheaper alternative to
replace gluten than modified FHs [50]. In this nciex:, some studies have reported their use as
gluten replacement in baked products. Soul~.i «t a.. [86] reported using xanthan gum to formulate
a GF biscuit from a rice-chickpea flour blen. Naji-Tabasi & Mohebbi [46] also baked GF bread
with a composite of rice flour, corn flui'r, and corn starch added with cress seed gum and
xanthan gum at 1% (W/W) level. In a sti.dy reported by Irondi et al. [50], GF bread was baked
with whole pearl millet flour Fle.ded with Brachystegia eurycoma flour. In a related study,
Irondi et al. [1] produced GF u.ead from sweet detar (Detarium microcarpum) and whole pearl
millet flour. Filipcev et 8. |20 also reported the use of psyllium in buckwheat/carob GF bread.
Psyllium was also repor.~ay used with chickpea for the formulation of GF bread by Santos et al.
[21] alongside with cassava starch and rice flour. Okra powder, which was reported to contain
mucilage, mainly pectin [87] has also been used for baking GF bread [88]. There have also been
reports on the use of natural FHs of animal origin in baking. Lieke et al. [89] and Marina et al.
[90] reported that whey protein was used for GF bread. A combination of different natural FHs
(guar gum, gum acacia, gum tragacanth, and xanthan) added to buckwheat flour was also used in
baking a GF biscuit Maninder et al. [91]. Furthermore, GF cake based on fava bean was baked
by Ejet et al. [92] using galactomannan and xanthan gum. In a similar report, an infant biscuit

was produced from rice-chickpea flour by incorporating locust bean and xanthan gum [93].

4.2. Modified food hydrocolloids used in GF-baked foods



Modified food hydrocolloids are another form of FHs used as gluten substitutes in GF-baked
foods. They are produced either through natural hydrocolloid derivatization and selective
chemical modification [94] or by physical and enzymatic treatments [41]. The most commonly
used modified FHs include methylcellulose (MC), carboxymethylcellulose (CMC),
hydroxypropyl methylcellulose (HPMC) and hydroxyethyl cellulose (HEC) [95]. They are
cellulose derivatives (cellulose ethers) obtained via chemical modification [48, 95]. Among these
modified FHs, HPMC is the most used and has been credited to be the most favourable
hydrocolloid in GF bread production [34]. It is produced by reacting both methylchloride and
propylene oxide with alkali cellulose [96].

Some factors, such as cost [97], manufacturing process [98' ard supply and demand [51],
limit the use of modified FHs in the baking process. .dowa2ver, like natural FHs, many
researchers have applied modified FHs as gluten substi*.*= . baked products. Recently, Tabrizi
et al. [99] used HPMC in baking GF bread. Furthermni. Sadeghnia et al. [100] used CMC to
produce GF bread. In another study, sodium-CM’_ *ves blended with whole pearl millet flour at
two proportions (1.5% and 3% basis) to pro:'ced GF bread [1, 50]. HPMC and CMC were used
by Baldino et al. [101] to bake rice and buc:~ vheat GF bread. Some other studies which reported
the use of modified FHs for baking prou:'cts include Hager & Arendt [102], Ronda et al. [103],
Liu et al. [104], and Belorio & Gome. "10:0].

5. Functional benefits of natiirai >nd modified hydrocolloids in GF-baked foods
The functional benefits, including physicochemical, nutraceutical, and sensorial importance,
of natural and modifiec hyrocolloids in GF-baked foods (Figure 3) are presented in the

following sections.
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5.1. Physicochemical importance of natural and modif'eu “ydrocolloids in GF-baked foods

The use of FHs (natural and modified) in baked 5F nroducts has been reported to be of
physicochemical importance in products. The FF.s b mimicking the viscoelastic properties of
gluten, affect the physicochemical properti_s 2t GF flours and their products such as bread [1,
50], cake [92], and biscuit [106]. The . idition of Brachystegia eurycoma and Detarium
microcarpum flour (underutilized legimc sources of hydrocolloids) in pearl millets flour was
reported to improve the physicochemical and pasting properties of the resulting GF flour [1, 50].
FHs increase dough stability by ircreasing viscosity, coalescence and flocculation [107]. Also,
the potential of FHs to increase ‘/i1scosity has made it to be credited with the potential to improve
dough development, gas reietiun and quality of GF bread [108].

In the study of Mai:~tu et al. [109], HPMC inclusion limited bread crumb's water loss,
diffusion, starch and pruein macromolecules interactions. It also reduced the staling kinetics of
the GF bread during storage. Other studies have also shown that FHs are vital in formulating GF-
baked products during dough formation, battering, baking or in the final products. Other
functional importance include modifying dough behaviour, improving the internal structure,
increasing the porosity and reducing strength and extension of the 3D network of the baked
product [101]. They also increase water absorption of GF dough and products [110-112], which
may be due to the hydroxyl groups in FHs structures [113]. However, some studies affirmed that
adding FHs increased the hardness of GF products. In this regard, Shahzad et al. [114] concluded

that both commercial and non-conventional FHs (xanthan gum, gum Arabic, fenugreek, cress



seed, okra, and flaxseed) caused an increase in the hardness of GF cookies made from Turkish
bean and sorghum flours. In addition, two other studies [115, 116] demonstrated that the
inclusion of guar and xanthan gums in millet flour, and xanthan gum in GF flour brought about
an increased hardness. The increased hardness of the GF product due to FHs addition has been
ascribed to the hydrocolloids' propensity to bind substantial free water [114]. Gul et al. [116]
attributed the increased hardness of GF product arising from xanthan gum inclusion to the
"extremely branched structure of the xanthan™ that enables it to interact easily with other
constituents to form associations. Furthermore, Shahzad et al. [114] demonstrated that the
addition of non-conventional (fenugreek, cress seed, okra, flaxsee) and commercial (xanthan
gum) FHs resulted in a decrease in the pasting temperature ¢ Ti.rkish bean flour-based and
sorghum flour-based blends. In the same study, they deduc.d tf at the water activity, moisture,
and fibre contents of GF cookies made from the hydroce::~u substituted blends increased.

Some studies have also reported that adding FHs deci.ases the specific volume of GF-baked
products, such as cookies, cakes, and breads. Ost( rriann-Porcel et al. [117] documented that the
specific volume of GF cookies decreased ~< e okara flour substitution level increased. In
another study, Yildiz & Dogan [118] rep.*ed a decrease in the specific volume of GF cake
formulated with a blend of chestnut flou, and potato starch. This decrease in specific volume has
been attributed to the capacity of fiorss to influence gas retention and structure, thereby
hampering the dough [119]. Furti.»rmure, addition of xanthan gum resulted in a decrease in the
volume of GF bread [102] anc Gi™ flat bread [120]. This decrease in the GF breads was ascribed
to the xanthan gum's thick2-nu. > effect, leading to a reduction in gases diffusion in air cells when

baking, thereby disruuu.ng 2 expansion of gas [121].

Further, hydrocolloids' anti-staling effects on GF-baked products have been reported. Filipcev
and his colleagues [10] affirmed that psyllium inclusion displayed an effective anti-staling effect
on GF bread formulated with buckwheat and carob flour composite. In a related study, the
addition of psyllium husk powder at 2.86%, 7.14%, and 17.14% levels in rice flour-based GF
bread formulations resulted in a delay in bread staling [13]. The researchers observed that
17.14% psyllium husk powder incorporation caused longest bread staling delay and improved
the bread structure. Also, Wronkowska et al. [122] reported a delayed staling of GF bread, when
buckwheat was supplemented with commercial corn starch, potato starch and pectin. This delay

in staling was ascribed to the formation of complexes between the emulsifiers and amylose,



thereby limiting the swelling leaching and subsequent retrogradation of starch [122]. The anti-
staling effects of hydrocolloids are related to their water-retaining capacity, limiting water
redistribution within starchy matrices [123]. For instance, some researchers affirmed that the
effects of psyllium on the quality of GF bread depend on the level of water, psyllium-water
interaction, as well as its strong complexes-forming capacity with proteins in the system via
ionic and non-ionic bonding. Thus, the GF bread dough strength and crumb texture are affected
[10, 124, 125].

5.2. Nutraceutical benefits of natural and modified food hydrocciloids in GF-baked foods

Besides their physicochemical importance, FHs confer .itioceutical/health-promoting
properties to GF-baked food [126]. These health-promziny properties include immune
regulation, weight management, lowering postprandial h oou yglucose and plasma cholesterol
concentrations, colon cancer prevention, and cardiov:iscu'ar disease prevention. Other health
benefits associated with FHs are insulinaemic ans. giycemic control in type 2 diabetes,
osteoporosis risk reduction, and modulation of *n.-stitial transit and satiety [1, 11, 13, 38, 127].
These nutraceutical benefits of FHs have 'eel auwibuted mainly to their chemical composition
[11]. Irondi et al. [1] showed that the inciu-ion of sweet detar flour (a natural hydrocolloid
source) at 1.5% level in whole pear' min'sts GF flour led to a stronger inhibition of starch-
digesting enzymes (a-amylase ans «-g'ucosidase) activity of the blend, relative to the native
(pearl millets) flour. Further, Lit ev ~l. [112] demonstrated that HPMC, CMC, xanthan gum, and
apple pectin addition significatly decreased the level of rapidly digestible starch and the
estimated glycemic incex ot potato flour-based GF bread relative to control bread.
Hydrocolloids' ability to .~duce GF products' glycemic index has been ascribed to their tendency
to form a layer surrounding starch granules, thereby decelerating their hydrolysis by starch-
hydrolyzing enzymes (a-amylase and a-glucosidase). Consequently, this diminishes the level of
absorbable monosaccharides [112, 128].

The nutraceutical benefits of FHs in GF-baked products are not limited to the above reports, as
their addition also affects other health-promoting properties of the GF products. The work of
Shahzad et al. [114] affirmed that the inclusion of cress seed gum led to a higher antioxidant
activity in GF cookies made from Turkish bean and sorghum flours. Similarly, a novel GF bread
comprising corn starch, pectin, and potato starch, enriched with flaxseed oil cake extract was
reported to have an improved antioxidant capacity than the control [129]. Furthermore, Mishra et



al. [130] by using psyllium gum in baking GF bread reported that psyllium gum, due to its
bulking effect, rendered laxative effect. This can help in alleviating osteoporosis risk, render
bowel function [131], prevent colon cancer, coronary heart diseases, type 2 diabetes [19], as well
as constipation.

FHs serve as a source of dietary fibre in GF products [96]. In this regard, a recent report by
Ronie et al. [2] indicated that Bario rice (red-pigmented) flour-based GF bread containing 30%
potato starch had a higher fibre level than the counterpart wheat bread. The high level of dietary
fibre and their role as prebiotics in GF-baked products promote a healthy gastrointestinal tract.
The intake of certain FHs could enhance the growth of healtii-rromoting bacteria such as
lactobacillus and bifido, thereby regulating the intestinal bc~ter.al flora composition. The
concomitant increase in the fermentative activity of thes. imastinal bacterial flora and the
production of short-chain fatty acid [132] could faci'::~te their associated cell proliferation,

angiogenesis, and apoptosis-modulatory effects [38].

5.3. Sensorial importance of natural and modif:e.' nvirocolloids in GF-baked foods

By modifying their rheological characteristics, FHs impart the sensory qualities of baked
products [38]. Furthermore, the interaction L>tween protein and sugar during baking results in
the Maillard reaction and its products fari:ation, with an attendant colour change [119]. Hence,
achieving a desirable sensorial acczptaci'ity remains a big challenge when developing GF-baked
products [133]. However, desp.te «ansumers' preference for refined wheat products [9], their
acceptance of GF products mcde from GF cereals has been linked to the health benefits
associated with GF prod icts [1]. In this context, the effect of FHs on the sensory qualities of
baked products has been .2ported by several studies. Thejasri et al. [106] investigated the sensory
characteristics of GF biscuit formulated with foxtail millet (Setaria italica) and quinoa
(Chenopodium quinoa Willd.) incorporated with guar and xanthan gums. They concluded that
adding guar and xanthan gums at 1% significantly improved the sensorial attributes of both
foxtail millet and quinoa biscuits [106]. In a related study, Kaur et al. [134] reported that adding
xanthan gum to buckwheat flour biscuits significantly improved the biscuits' colour, texture,
taste, and overall acceptability. Further, adding galactomann and xanthan gum enhanced the
sensory qualities of fava (Phaseolus lunatus) bean-based GF cakes [92]. Detarium microcarpum
and Brachystegia eurycoma flours were also reported to improve the sensory attributes of whole
pearl millets-based GF bread [1, 50].



The sensory qualities of a GF bread formulated by substituting rice flour for sweet potato flour
and using 2% CMC were comparable to those without the addition CMC [135]. In another study,
the partial replacement of 6% each of rice flour and starch with amaranth in rice flour: corn
starch and rice flour: tapioca-based flat bread improved the colour of the bread [136]. Further,
Shahzad et al. [114] investigated the influence of some non-conventional (fenugreek, cress seed,
okra, flaxseed) and commercial (xanthan gum and gum Arabic) hydrocolloids on the sensory
qualities of GF cookies made from Turkish beans and sorghum. They demonstrated that cookies
containing okra and gum Arabic at a 5% substitution level had a similar acceptability score as the
control (plain flour of Turkish beans and sorghum). A GF breau made from Bario rice (red-
pigmented) added with potato starch in the proportions of 70% «1d 0% for rice flour and potato
starch, respectively, was adjudged to have high sensory scures .n colour, flavour, texture, and

overall acceptability [2].

6. Conclusion and future perspective

Food hydrocolloids have been extensively usza 2c gluten replacement in GF-baked products,
targeting consumers susceptible to glutra a.lergy, due to their capacity to mimic gluten's
viscoelastic quality. They are derived f-om pla.it, animal, and microbial sources and may be used
in natural or modified forms. Fooc 1 ‘diocolloids improve the textural, rheological, dough
handling properties, and gas retent.u,> 01 GF dough, extend the shelf-life and enhance the overall
quality of GF-baked products. Also, they render nutraceutical benefits such as antioxidant
activity, lowering of postrran.ial blood glucose and plasma cholesterol concentrations,
modulation of intestinal trar sit and satiety, promotion of a healthy gastrointestinal tract by
enhancing the growth of r»alth-promoting bacterial and colon cancer prevention.

GF-baked products are believed to be of much lower nutritional quality, as they lack some
essential nutrients, such as minerals and vitamins [57]. Therefore, future research can target
improving the nutritional quality of GF products, possibly by using the flour of GF legumes,
either alone or blended with that of a cereal or pseudo-cereal. The GF products' formulation can
also be optimized using a product development software, such as the Design Expert.
Furthermore, various forecasts and market reports are of the opinion that the value of FHs in the
global FHs market will increase by 50% in the next ten years [47]. This is expected to increase
the prices of FHs and GF-baked products, which may be further exacerbated by the high cost of
producing modified FHs. Therefore, research efforts can be intensified in exploring the more



readily available and affordable natural FHs in the formulation of GF-baked products, to cushion

the effect of a possible price rise on the food industry and consumers of GF-baked products.
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