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REVIEW

Psyllium: a useful functional ingredient in food systems

Mayara Belorio and Manuel G�omez

Food Technology Area, College of Agricultural Engineering, University of Valladolid, Palencia, Spain

ABSTRACT
Psyllium gum is a hydrocolloid found in the husk of seeds from Plantago ovata. Psyllium husk has
been used in traditional medicine in areas of India and China. Its consumption has been shown to
provide nutritional benefits, such as the capacity to reduce the glycaemic index, to minimize the
risk of cardiovascular diseases, to decrease cholesterol and constipation problems and others.
Thus, interest in the incorporation of psyllium in food products is twofold. First, it can be a natural
alternative to the use of other gums and hydrocolloids considered additives. Second, it can be
used to improve the nutritional properties of products in which it is incorporated. However, for
this purpose, it is necessary to add great quantities of psyllium. This review analyses the potential
use of psyllium in distinct food products, considering its advantages and inconveniences as well
as possible solutions for undesired effects. Among the analyzed products there are bakery prod-
ucts and, in particular, gluten-free breads where psyllium has been used as a gluten substitute.
The incorporation of psyllium into dairy products such as yogurts and those derived from fruits,
among others, is also addressed.
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Origin and structure

Seeds from Plantago ovata, also known as psyllium or isab-
gol, have fiber-rich huskwhich is valued for its nutrients and
other properties. This plant is native to the Mediterranean
region and, nowadays, the main global manufacturer of
these seeds is India. There is also a significant production in
Pakistan and Iran, from where the seeds are exported world-
wide. The main importers are the USA, Germany and the
United Kingdom (Golkar, Amooshahi, and Arzani 2017;
Sarkar and Lal 2018).

The first scientific article about psyllium is dated from
1927 and, until nowadays, there are over 1200 articles with
the word psyllium in the subject, according to Web of
Science. From this amount, almost 120 are from before 1995
and they are mainly centered in structural or health aspects.
However, the first study about psyllium published in jour-
nals, Food Science and Technology category, is dated from
1988. Nevertheless, as observed in figure 1, there is an
increasing interest for this topic and the number of articles
published in scientific journals has been growing over the
last years. These studies have deeply analyzed the functional
properties of psyllium and its use in different food products
(Table 1). This was because psyllium improves nutritional
and organoleptic characteristics of these products. These
articles are mostly centered in bakery products, especially in
bread (with or without gluten), but there is also a significant
number of studies about dairy products (Figure 2).

Psyllium is considered a hydrocolloid because of its func-
tional properties, such as solubility and viscosity.
Hydrocolloids are polysaccharides which are composed by

many hydroxyl groups that increase their capacity to bind
water and to generate viscous solutions (Saha and
Bhattacharya 2010). In fact, psyllium viscosity is the respon-
sible for its nutritional benefits, and its high- water absorp-
tion capacity is one of the most important properties for its
use in food elaboration. Health benefits of different fibers
depend on their structure, water absorption capacity and
viscosity growth (Capuano 2017; Fuller et al. 2016;
Padayachee et al. 2017). In general, it is common to use the
term ‘gum’ to name some hydrocolloids. This term is related
to their capacity to disperse in water generating a more vis-
cous solution. Likewise, the term mucilage is associated with
the viscous material found in the seed husk of some plants,
such as the psyllium (Li and Nie 2016).

Different studies found that psyllium is an arabinoxylan
most composed by different monosaccharides, such as xylose
(Xyl), arabinose (Ara), galactose (Gal), rhamnose (Rha), glu-
cose (Glu) and mannose (Man). The different molar ratio
and monosaccharide composition among these polysacchar-
ides can be related to the methods of separation or purifica-
tion that can be used to obtain the psyllium (Zhang et al.
2019). Most of the soluble fiber present in the psyllium husk
is an arabinoxylan similar to those found in most cereals
(Izydorczyk and Biliaderis 1995). In fact, the fiber of psyl-
lium and wheat bran is largely composed of highly branched
arabinoxylans that consist of linear b-D-(1–>4)-linked xylo-
pyranose (Xylp) backbones to which a-L-arabinofuranose
(Araf) units are attached as size residues, via a(1-3) and a(1-
2) linkages. Psyllium fiber has a more complex structure
than wheat bran fiber, with wide variation in the side chains
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and attached substituents at positions O-2 and/or O-3.
These substituents arepredominantly mono-substitution with
a-L-Ara f or b-D-Xyl p, a di-substitution with a-L-Ara f,
and mono-substitution with oligosaccharides consisting of
a-L-Ara f or b-D-Xyl p (Edwards et al. 2003; Fischer et al.
2004). It is possible to distinguish many types of arabinoxy-
lans that are similar in monomeric composition, but vary in
their polymer conformation (Yin, Lin, et al. 2012; Yu et al.
2017). Thus, mucilage, more easily extracted with cold
water, has a high proportion of rhamnose and galacturonic
acid, but a low content of arabinose and xylose compared
with mucilage obtained under extreme conditions (heat and
alkalinity). This cold-extracted mucilage also has a larger
molecular weight and a smaller hydrodynamic radius than
the others (Yu et al. 2017). Nie, Cui, and Xie (2018) and
Zhang et al. (2019) recently presented the last results
obtained for different methods of extraction, purification,
structural identification and biological activities of psyllium
polysaccharides. They also indicated the repeating unit of
psyllium polysaccharides obtained through different methods
of obtention and identification. However, it was highlighted
the lack of studies that analyses psyllium polysaccharides
and the relation between their activity and structure.

Nutritional advantages

The nutritional advantages of psyllium have been discussed
in multiples scientific articles and include its effects on con-
stipation, diarrhea, irritable bowel syndrome (IBS), inflam-
matory bowel disease–ulcerative colitis, colon cancer,
diabetes and hypercholesterolemia. All these topics were
widely discussed in different reviews (Franco et al. 2020;
Zhang et al. 2019; Nie, Cui, and Xie 2018; Warnberg et al.
2009; Singh 2007), as the same as the effects of psyllium
supplementation on body weight (Mofrad et al. 2020). For
this reason, this topic is not deeply analyzed in this review.
Some of these properties are related to the viscous character
of psyllium, as it is established that the consumption of vis-
cous fibers can alter the viscosity of digesta in the gastro-
intestinal tract, thereby inhibiting the absorption of
nutrients, particularly glucose and cholesterol (Dikeman and
Fahey 2006). Some of these properties are briefly discussed
in this section.

In the small bowel, clinically meaningful health benefits
(cholesterol lowering and improved glycaemic control) are
highly correlated with the viscosity of soluble fibers. High-
viscosity fibers (gel-forming fibers such as b-glucan, psyl-
lium and raw guar gum) significantly lower cholesterol and
improve glycaemic control. Non-viscous soluble fibers (inu-
lin, fruit-oligosaccharides and wheat dextrin) and insoluble
fibers (wheat bran) do not provide these viscosity-dependent
health benefits (McRorie and McKeown 2017). In the large
bowel, there are only two mechanisms that promote a laxa-
tive effect. One is the mechanical irritations in the gut that
are promoted by large/coarse insoluble fiber particles (wheat
bran) which stimulate water and mucous secretion. The
second one is the resistance to dehydration generated by the
high water-holding capacity of gel-forming soluble fiber
(psyllium). Both mechanisms require that the fiber resists
fermentation and remains relatively intact throughout the
large bowel (the fiber must be present in stool). These
mechanisms lead to increased stool water content, resulting
in bulky/soft/easy-to-pass stools (McRorie and McKeown
2017). Thus, for the treatment of IBS, a common chronic
gastrointestinal disorder, many physicians recommend that
patients increase their intake of dietary fiber. Nevertheless,
the efficiency of individual fiber types at obtaining these
results varies widely. The generally preferred long-chain,
intermediate viscous, soluble and moderately fermentable
dietary fibers, such as psyllium, generate little gas and conse-
quently do not cause the symptoms related to excessive gas
production. Thus, psyllium is one of the most recommended
fibers for this purpose, and it is both safe and effective at
improving IBS symptoms globally (Bijkerk et al. 2004; El-
Salhy et al. 2017).

Psyllium is one of the most fiber-rich ingredient among
natural products. Together with wheat bran, unlike other
types of fibers, it has a defined role in preventing constipa-
tion (Gelinas 2013). The effect of psyllium is based on its
high water-absorption capacity (as a bulking agent) and gut-
stimulatory potential with a lubricating effect. Thus, psyl-
lium can be a more natural alternative treatment for this
condition than other products which have demonstrated
efficiency, such as polyethylene glycol, tegaserod or lactulose
(Ramkumar and Rao 2005).

It has been demonstrated, in many cases, that psyllium
husk plays a key role in lowering serum cholesterol, both in
humans and in animals. That is whypsyllium is being con-
sidered a potential supportive agent in the treatment of
hyperlipidemia (Xing et al. 2017). Psyllium can decrease
total and low-density-lipoprotein (LDL) cholesterol, as it has
been deeply analyzed in several reviews and meta-analyses
(Anderson et al. 2000; Bernstein et al. 2013; Olson et al.
1997; Wei et al. 2009). In addition, it can also reduce the
glycaemic index in both diabetic and non-diabetic patients
(Abutair, Naser, and Hamed 2016; Gibb et al. 2015). This
effect is most evident when psyllium is ingested with food
and not before a meal (Wolever et al. 1991). However, the
consumption of psyllium before bread effectively reduced
the glycaemic response (Munari et al. 1998). It was also
demonstrated that the ingestion of psyllium decreased

Figure 1. Published articles about the use of psyllium in food science and tech-
nology category from the last thirty years. Searching by the word “psyllium” in
the topic of articles related with Food Science and Technology, using the
research tool of Web of Science. The search was made on May 23th of 2020.
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feelings of hunger and energy intake in normal volunteers,
which was related to an increase in the time allowed for
intestinal absorption (Rigaud et al. 1998).

The effects of psyllium ingestion on cholesterol, gly-
caemic index and satiety decrease the risk of metabolic syn-
drome and cardiovascular disease. Therefore, itis
recommended to include psyllium in weight loss diets (Jane,
McKay, and Pal 2019). In fact, it was also observed that
psyllium could improve fat distribution and lipid profiles in
an at-risk population of male adolescents (de Bock et al.
2012). Another effect of its ingestion is the reduction of
blood pressure in hypertensive and obese subjects (Cicero
et al. 2007). Psyllium is one of the most widely used fiber

supplements for these purposes, because it is reasonably
inexpensive and better tolerated than other fiber supple-
ments (Pal and Radavelli-Bagatini 2012). Based in all these
lines of evidence, in the USA, the FDA (Food and Drug
Administration) (2018) allowed the inclusion of a health
claim on products that contain at least 1.7 g of soluble fiber
per reference amount customarily consumed. The text of the
claim says that ‘diets that are low in saturated fat and chol-
esterol and that include soluble fiber from psyllium seed
husk “may” or “might” reduce the risk of heart disease’. It
specifies the daily dietary intake of soluble fiber that is
necessary to reduce the risk of coronary heart disease, which
in this case is a minimum of 7 g of psyllium husk per day.

Table 1. Purpose of psyllium addition in researches about different food products.

Product References

Purpose of use

Rheology Control Anti-staling Effect Fat Replacer Gluten Substitute
Nutritional

Improvement
Sensory

Improvement

Bread Farbo et al. (2020) X
Pejcz et al. (2018) X X
Ray et al. (2018) X
Man et al. (2017) X
Sim, Aziah, and

Cheng (2015)
X

Park, Seib, and
Chung (1997)

X

Gluten-free bread Ziemich�ed et al. (2019) X
Fratelli et al. (2018) X
Aprodu and Banu (2015) X
Collar et al. (2015) X
Mancebo et al. (2015) X
Cappa, Lucisano, and

Mariotti (2013)
X X X

Mariotti et al. (2009) X X
Zandonadi, Assunç~ao-

Botelho, and Coelho-
Ara�ujo (2009)

X X

Haque and Morris (1994) X
Cakes Belorio, Sahag�un, and

Gom�ez (2019)
X

Beikzadeh et al. (2017) X
Beikzadeh et al. (2016) X
Bhise and Kaur (2015) X X

Cookie Zbikowska, Kowalska, and
Pieniowska (2018)

X

Krystyjan et al. (2018) X
Fradinho, Nunes, and

Raymundo (2015)
X

Raymundo, Fradinho, and
Nunes (2014)

X

Dairy Amini, Yousefi, and
Moghari (2018)

X

Bhat, Deva, and
Amin (2018)

X

Dello Staffolo, Sato, and
Cunha (2017)

X

Nami, Haghshenas, and
Khosroushahi (2017)

X X

Yadav et al. (2016) X
Ladjevardi, Gharibzahedi,

and Mousavi (2015)
X

Jams, Jellies Figueroa and
Genovese (2020)

X

Figueroa and
Genovese (2018)

X

Lele et al. (2018) X
Mayonnaise Amiri et al. (2014) X
Pasta Peressini et al. (2020) X X

Foschia et al. (2015a) X
Foschia et al. (2015b) X

Pizza Sen Gupta et al. (2015) X
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The Canadian government authorized the use of a pre-
defined text on the labels of products that contain at least
1.75 g of psyllium, as soluble fiber, per reference amount
and per serving of a stated size (Health Canada 2011). The
text proposed is as follows: ‘[serving size from Nutrition
Facts table in metric or common household measures] of
(Brand name) [name of food] with psyllium supplies/pro-
vides X % of the daily amount of the fibers (7 g) shown to
help reduce/lower cholesterol’.

In addition to all the nutritional benefits previously men-
tioned, psyllium was shown to prevent colon cancer, espe-
cially when combined with wheat bran (Alabaster et al.
1993). This effect was associated with the fact that colonic
anaerobic fermentation of psyllium yields a considerable
production of short-chain fatty acids, which play an import-
ant role in cancer prevention (Warnberg et al. 2009).
Finally, it is important to mention that psyllium has pre-
biotic effect, such as other arabinoxylans (Slavin 2013).
Nevertheless, this effect depends on the arabinoxylan struc-
ture. Small differences among the arabinoxylans can change
their effect over the microbiota, such as proved with wheat
arabinoxylans (Tuncil et al. 2020). However, considering
psyllium, more studies are needed to analyze the correlation
between psyllium structure and its effect over the
gut microbiota.

Functional properties

The incorporation of fibers or hydrocolloids produces
changes in food formulation. These changes depend on the
functional properties of these ingredients, and some of them
can also explain their nutritional advantages. Psyllium can
be included among the viscous soluble fibers that thicken
when mixed with fluids, such as gums, pectin and b-glucans
(Dikeman and Fahey 2006). The greater water-holding cap-
acity of psyllium is one of its most important characteristics.
It is 10 times greater than that of cellulose obtained by
wheat or bamboo and five times greater than that of apple
fiber (Dello Staffolo, Sato, and Cunha 2017). For this reason,
psyllium behaves similarly to ydrocolloids.

Haque et al. (1993) and Belorio, Marcondes, and Gom�ez
(2020) compared the capacity of psyllium to form a weak
gel with the behavior of xanthan gum. Belorio, Marcondes,
and Gom�ez (2020) showed that gels made with increasing
concentrations of psyllium had similar rheological behavior
than those elaborated with xanthan gum. Guo et al. (2009)
studied the alkaline extracted gel fraction of psyllium poly-
saccharides. It was confirmed that psyllium forms a weak
gel structure after heating, obtaining a fibrillar structure
with values of the elastic modulus (G’) larger than the vis-
cous modulus (G”), which coincides with the research of
Farahnaky et al. (2010) on psyllium gum. Values of G’ char-
acterize the solid behavior of the gel and values of G” evalu-
ate the liquid behavior. These investigators also observed
that values of G’ and G” increased with psyllium gum con-
centration, showing a shear thinning behavior, similar to the
reduction of apparent viscosity with higher frequencies. This
behavior coincides with the research of Yin et al. (2016),
who studied, without previous heating, the rheological prop-
erties of the alkaline-extracted polysaccharide from seeds of
Plantago asiatica. They showed that higher concentrations
of polysaccharide reduced the dependence of the apparent
viscosity on frequency and elevated values of G’. When the
mixes were heated, the apparent viscosity and its depend-
ence of frequency decreased, whereas a minimum reduction
in values of G’ and G” was promoted. Indeed, for a tem-
perature of 60 �C, G” was larger than G’. Nevertheless, the
extraction method of the polysaccharide must be considered,
as it can affect the functionality and structure of the polysac-
charide. Thus, cold-extracted mucilage presents a viscoelastic
fluid response (tg delta > 1) compared with those obtained
in warm or alkaline conditions, which display gel-like behav-
iors (tg delta < 1) (Yu et al. 2017). The same study proved
that G’ and G” of cold-extracted mucilage were highly
dependent on (increased with) the frequency and this effect
was reduced as the force of the extraction increased. G’ val-
ues decreased with increasing temperature and G’ was
accentuated around 70–80 �C, which coincides with the tem-
perature of thermogelation from hydroxypropyl methylcellu-
lose (HPMC), so Haque et al. (1993) proposed their use
combined as a gluten substitute in bakery products.

It is known that the presence of calcium ions greatly
influences the rheological properties of psyllium. Thus, Guo
et al. (2009) confirmed that the presence of calcium drastic-
ally increased G’ values from gels because of a denser struc-
ture and thicker strands. In fact, the elimination of calcium
from the polysaccharides obtained from Plantago asiatica L.
promoted a reduction in the intrinsic viscosity, hydro-
dynamic radius and molecular weight (Yin et al. 2015), and
also in the thermic stability (Yin, Nie, et al. 2012). G’ values
of these gels increased in the presence of sodium ions, but
the effect was less pronounced than in presence of calcium
ones (Yin et al. 2016). The influence of calcium on the rheo-
logical properties of psyllium can be of great importance
when it is incorporated into dairy products (Nie, Cui, and
Xie 2018). Rheological properties of psyllium gels can be
affected by other ingredients present in the solution. The
presence of gum Arabic or Z-trim (a corn bio-fiber gum)

Figure 2. Published articles about psyllium in food products from 2016 to
2020. Searching by “psyllium” and each products name (bread, gluten free
bread, dairy, cake, pasta, cookies) in the topic of articles related with Food
Science and Technology, using the research tool of Web of Science. For the
total studies about “psyllium” and “bread” it was discounted those studies
related with “psyllium” and “gluten free bread”. The search was made on May
23th of 2020.
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reduced the viscosity of psyllium gum solutions, while mal-
todextrins or locust bean gum only modified it. However,
the decrease in water holding capacity of psyllium husk was
greater in the presence of LBG (Kale, Yadav, and Hanah
2016). The rheology of psyllium gel is also influenced by
pH. Values of G’ were reduced by acid pH (2.5) and
Farahnaky et al. (2010) attributed this to the fact that psyl-
lium gum is an anionic polysaccharide with a negative
charge from ionized carboxyl groups. The extension and
interaction between molecule chains are induced by electro-
static repulsions and produce intermolecular cross-linking,
which causes gelation. However, electrostatic repulsions and
the interaction between molecules decrease with a reduction
in pH. Another possible explanation for psyllium rheology
behavior is related to reduction of the superficial area from
psyllium particles promoted by acid treatments (Cheng et al.
2009). In fact, the water uptake capacity and the swelling
volume of psyllium are reduced after these treatments, and
so psyllium gels are weaker and less adhesive. Similarly, Li
et al. (2020) observed that the incorporation of ascorbic acid
reduced the apparent viscosity of psyllium solutions, in the
same way as it did with other commercial arabinoxylans.
Nevertheless, rheological properties of psyllium gels do not
present differences in the presence of usual pH from food
formulations (4.7 and 10) or these differences are very lim-
ited (Farahnaky et al. 2010).

It is known that mostly hydrocolloids present interactions
with other food components, such as sugar (Saha and
Bhattacharya 2010), starches (BeMiller 2011) or proteins
(Syrbe, Bauer, and Klostermeyer 1998). However, there are
hardly any articles that study the interactions of psyllium
with these components. Li et al. (2020) showed that the
incorporation of different sugars, up to 4%, did not affect
the apparent viscosity of psyllium solutions. Nevertheless,
there are no studies with the use of higher percentages of
sugars for different food. Regarding the interactions between
psyllium and starch, Belorio, Marcondes, and Gom�ez (2020)
observed a very similar effect to the xanthan gum. The water
absorption capacity of the evaluated mixtures increased,
such as the rheologic values of the gels, but their hardness
decreased. Psyllium is also known to interact with cellulose,
but in a greater extend if the cellulose has been fibrillated
(Ren, Linter, and Foster 2020). A reduction of celluloses
particle size enables this interaction after heating, which
generates more compact structures. In the future, interac-
tions between psyllium and other components should be
studied to improve the understanding of psyllium function-
ality in different food products.

The thickening and gelling properties of psyllium can be
an advantage in some food recipes, but in certain pharma-
ceutical formulations, they can be a problem. A similar
effect to that obtained with acid treatments can be achieved
with enzymatic ones. Yu et al. (2003) reduced the water
absorption capacity of psyllium and the hardness of its gels
by pre-treating them with an enzymatic combination which
included cellulase, hemicellulase, xylanase, arabanase and b-
glucanase activities. They observed a decline in superficial
area and a less coarse surface on psyllium particles after the

enzymatic treatment. Among these enzymes those that act
specifically on xylans are the most effective, but a better
result could be obtained with a combination of them (Yu
and Perret 2003a, 2003b). This enzymatic hydrolysis
changed the functional properties of psyllium, but did not
reduce its hypolipidemic effects (Allen, Bristow, and Yu
2004). Other chemical modifications of psyllium, such as
sulfation, hydroxypropylation and succinylation, also mini-
mized the hardness and adhesiveness of the gels and the
swelling capacity of psyllium, but they increased its bile
acid-binding capacity. This is important because the binding
of bile acids to polymers may enhance their elimination,
which promotes the conversion of cholesterol in the liver to
bile acids. In addition, it may reduce the total plasma and
LDL cholesterol levels and, finally, reduces the risk of car-
diovascular diseases (Niu et al. 2013).

Use in bakery products

The greatest application of psyllium in the food industry is
in bakery products, especially in gluten-free breads. A study
of 228 gluten-free commercial breads, manufactured in dif-
ferent countries, showed that 16% of those products had
psyllium as the main gluten substitute (figure 3), and in
34% it was present in formulations. Psyllium was indicated
to be the fourth most used hydrocolloid, behind only
HPMC, xanthan gum and guar gum (Rom�an, Belorio, and
G�omez 2019). Breads made with wheat flour present a glu-
ten network, which is formed by the proteins in the flour
after they are hydrated and subjected to mechanical work.
This network is responsible for the viscoelastic properties
and extensibility of the dough and for retention of the gas
produced during fermentation. The incorporation of gums
and hydrocolloids as gluten substitutes, to elaborate gluten-
free bread, aims to obtain products with volume and texture
similar to those from wheat breads (Anton and Artfield
2008; Sciarini et al. 2010). Among these substitutes, HPMC
is the most used both in commercial breads and scientific
research, followed by xanthan gum (Masure, Fierens, and
Delcour 2016, Mir et al. 2016; Rom�an, Belorio, and G�omez
2019). HPMC has the advantage of generating breads with
greater volume than other hydrocolloids (Sabanis and Tzia
2011), but these breads have a dryer and more crumbly tex-
ture (Liu et al. 2018). For this reason, its common to com-
bine HPMC with other hydrocolloids with higher water
retention capacities, such as guar or xanthan gums
(Horstmann, Axel, and Arendt 2018).

Psyllium is a natural alternative to other hydrocolloids,
and it has nutritional benefits with similar rheological prop-
erties to xanthan gum, as showed by Haque et al. (1993). As
mentioned earlier, these authors proposed the use of both
HPMC and psyllium, because the G’ of psyllium doughs
decreases at 70–80 �C, which coincides with the thermogela-
tion of HPMC. So, both effects could be compensated dur-
ing baking. However, the use of psyllium in gluten-free
breads is less often studied compared with other hydrocol-
loids, and it is limited to its combination with HPMC
(Haque and Morris 1994; Mancebo et al. 2015) or with other
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gums and fibers (Aprodu and Banu 2015; Cappa, Lucisano,
and Mariotti 2013; Collar et al. 2015; Tubili et al. 2016).
Zandonadi, Assunç~ao-Botelho, and Coelho-Ara�ujo (2009)
produced gluten-free breads with psyllium as a single substi-
tute for gluten and obtained products with good organolep-
tic characteristics, but other technological characteristics,
such as volume or texture, were not measured. Fratelli et al.
(2018) demonstrated the effect of psyllium at reducing the
glycaemic response in gluten-free breads. In general, the
quantity of psyllium used in these studies did not surpass
2%. Fratelli et al. (2018) established an optimum near 2%
for the organoleptic quality of breads and incorporated
almost 17% psyllium to reduce the glycaemic response.
Values of G’ and G” increased when psyllium was added to
gluten-free doughs, due to its greater thickening properties
and water absorption capacity (Collar et al. 2015). As it has
been demonstrated, this effect must be considered, that as
lower are the consistency of these doughs, the higher is the
specific volume of the obtained breads until a certain point
in which doughs are weaker and cannot support their struc-
ture during fermentation or baking (Mancebo et al. 2017).
Fratelli et al. (2018) and Mancebo et al. (2015) demonstrated
that it is necessary to increase the hydration of gluten-free
bread dough, when psyllium is incorporated in the formula-
tion, to achieve better results for volume and a reduction of
hardness in the final breads. Mariotti et al. (2009) proposed
a change in dough hydration through farinograph analysis
while evaluating gluten-free bread doughs with and without
psyllium. They proved that when hydration was changed,
values of G’ became equal, but G” remained higher com-
pared with doughs with psyllium. In any case, the results
about the effect of psyllium on specific volume and texture
of breads depend on whether hydration is modified in each
formulation and how this modification is made. The incorp-
oration of the whole seed (natural or ground) from Plantago
ovata has also been proposed (Ziemich�od, W�ojcik, and
R�ozyło 2019). In this study, final breads presented a lower
specific volume (less than 2 cm3/g in all cases), but the use
of these seeds improved bread texture (smaller hardness,
greater elasticity and cohesiveness).When dough hydration
ncreased, a higher yield was achieved. In this case, they used
5% of seeds, as a proportion of total flour used in the for-
mulation, which was greater than the amount analyzed in
other studies using psyllium husk or psyllium gum.

Hydrocolloids do not play an important role in gluten-
containing breads as they do in gluten-free breads, but they
can help to improve their final quality. The incorporation of
hydrocolloids allows an increase in dough hydration and
can promote greater stability during fermentation. In add-
ition, it allow better moisture retention during baking and
improve the specific volume of final breads (Rosell, Rojas,
and de Barber 2001). In the same way, hydrocolloids can
reduce moisture loss during storage, preventing staleness
and retarding crumb hardening (Davidou et al. 1996;
Guarda et al. 2004). This anti- staling effect was also
observed in par-baked breads (Barcenas and Rosell 2007). It
is possible to obtain these effects using a small quantity of
hydrocolloids, less than 0.5%, depending on the type of
hydrocolloid used. The use of psyllium with other hydrocol-
loids improved the absorption of the dough and the mixing
time, which produced strongest doughs (Czuchajowska,
Paszczynska, and Pomeranz 1992). The incorporation of
psyllium has also been shown to increase the extensibility
and the gas retention capacity of doughs, similar to xanthan
gum (Farbo et al. 2020). Although, the effects of psyllium
on bread volume are not uniform and depend on the for-
mulation or the type of flour used. Different studies concede
that the use of psyllium promotes breads with greater mois-
ture, less dry during baking,softer texture and less staling
(Czuchajowska, Paszczynska, and Pomeranz 1992; Park,
Seib, and Chung 1997). This effect has also been proven in
steamed breads (Sim, Aziah, and Cheng 2015). However,
Jensen et al. (2015) obtained different results, because psyl-
lium significantly reduced the volume of breads and
increased their hardness. Nevertheless, this study did not
change the hydration of the doughs as function of previous
analyses by farinograph or mixograph, which indicates the
huge importance of this correction, because of the influence
of psyllium over water absorption. In general, studies about
the use of psyllium are limited by its use in small percen-
tages, not greater than 1%. However, it is convenient to use
a greater quantity of psyllium to achieve its nutritional bene-
fits in final products. There are limited studies that show
this property, and it was proven that increasing the percent
incorporation of psyllium (15%), raises the moisture of the
breads by more than 25%, but reduces the specific volume
by 37% (Man et al. 2017). It is important to mention that
the study did not specify the formulation, or the characteris-
tics of the wheat flour used. Pejcz et al. (2018) observed that
the incorporation of 8% of psyllium husk promoted an
increase in bread volume, with no significant difference in
acceptability between these breads and the control. It is
important to notice that they used doughs with a consist-
ency of 300 Brabender FU, which is smaller than other stud-
ies (500 FU). It indicates the necessity of conducting new
studies to prove these differences. More studies are also
required with respect to the correct percentage of psyllium
needed to achieve an effective reduction of the glycaemic
index of breads. Ray et al. (2018) proved that a significant
reduction in rapidly digestible starch. An increase in both
slowly digestible starch and resistant starch was obtained
when 25% of wheat flour was substituted by a combination

Figure 3. Different hydrocolloids used as the main gluten-substitute to elabor-
ate gluten-free commercial breads. Adapted from Rom�an, Belorio, and
G�omez (2019).
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of psyllium, chichpea flour and fenugreek seed powder
(7.5% of the total flour weight)in parotta bread. In the same
way, it has been proven that the incorporation of psyllium
can reduce the glycaemic index of pastas (Peressini et al.
2020). The use of ground psyllium seeds instead of psyllium
husk reduced the volume and final moisture of breads, since
this effect is related to psyllium gum that is found in the
husk. Besides that, psyllium seeds have greater polyphenol
levels and antioxidant capacity, so when using the seeds, it
is possible to improve these factors in the final product
(Pejcz et al. 2018).

The use of 5% psyllium has also been proposed to substi-
tute hydrogenated fat, in the form of canola oil, in pizza
dough enriched with protein (Sen Gupta et al. 2015).
However, this modification decreased the spread ratio and
the organoleptic quality of pizzas. The authors suggested to
improve the formulation with additives (SSL and gluten)
and enzymes (amylases and proteases).

The use of 3–20% psyllium was suggested in cookie rec-
ipes (Fradinho, Nunes, and Raymundo 2015; Krystyjan et al.
2018; Raymundo, Fradinho, and Nunes 2014). In general,
the higher the psyllium content in the formula, the greater
the values of G’, G” and dough hardness, which is related to
the thickening power of psyllium. The use of psyllium pro-
duced cookies with higher spread ratio, which may be
related to the competition with gluten for the limited water
available, since a strong gluten decreases cookie expansion
during baking (Pareyt and Delcour 2008). Finally, it was
observed that cookies with psyllium were darker than those
without it, and the results regarding texture were inconsist-
ent. Fradinho, Nunes, and Raymundo (2015) found a clear
increase in the hardness of cookies with up to 9% psyllium
incorporated into the formulation. Raymundo, Fradinho,
and Nunes (2014) confirmed that up to 10% psyllium
incorporation could decrease hardness and they obtained
similar values with higher percentages, respect to the con-
trol. However, Krystyjan et al. (2018) found a reduction in
the hardness of cookies with psyllium. The different formu-
lations or ways to measure the hardness could influence the
attainment of these distinct results, because although all
these studies conducted the penetration test, the probes uti-
lized had different diameters. In contrast to these works,
Zbikowska, Kowalska, and Pieniowska (2018) proposed the
use of psyllium with microcrystalline cellulose to partially
substitute fat in cookie formulations. However, the cookies
presented higher hardness and lower acceptability than the
control. Similar results were found when the same percent-
age of fat (25%) was substituted by wheat flour.

Small percentages (1%) of gums with similar characteris-
tics to psyllium, such as xanthan gum, can improve the
organoleptic properties of cakes and minimize moisture loss
and hardness during storage (G�omez et al. 2007). Studies
about using psyllium in batters are scarce and, in general,
the incorporated air and the specific volume were reduced,
cake crumbs became darker and hardness increased, when
more than 5% of psyllium was used, which may be related
to less expansion during baking (Beikzadeh et al. 2016;
Bhise and Kaur 2015). However, the use of small

percentages (1%), can reduce staleness, similarly as the xan-
than gum (Beikzadeh et al. 2017). Other authors used a mix
of psyllium and water to reduce the oil content in cakes
(Belorio, Sahag�un and G�omez 2019). Although replacing oil
with a combination of psyllium and water reduced the cakes
volume, the sample with 75% of oil replacement had high
acceptability, 6.99 out of 9, while the control cake had a
score of 7.45.Nevertheless, new studies are necessary to
expand the information about how to modify formulations
whilst minimizing negatives changes. It could also be inter-
esting to study the possibility of substituting oil and fat of
these products by using psyllium, since some studies have
proposed the use of other gums with similar properties to
those of psyllium, such as xanthan gum or b-glucan, to
achieve this purpose (Kalinga and Mishra 2009; Lee, Kim,
and Inglett 2005).

Use in other systems

As mentioned earlier, hydrocolloids have been used as fat
substitutes in different food formulations because of their
capacity to retain water (Peng and Yao 2017). In the case of
mayonnaises, the use of different hydrocolloids with similar
properties to those of psyllium, such as xanthan gum, was
proposed to substitute oil in the formulations (Ma and
Barbosa-Canovas 1995; Su et al. 2010). In the same way, the
incorporation of psyllium as oil substitute was proved to be
positive if the correct quantity and percentage substitution
(up to 50%) are used. It was possible to obtain products
with similar rheological properties to the original one, with-
out differences with respect to acceptability (Amiri
et al. 2014).

The addition of 15% psyllium to pastes was evaluated for
its ability to reduce the predicted glycaemic response. A
reduction greater than 50% was achieved, in accordance
with the results obtained for oat bran (Foschia et al. 2015b).
This incorporation resulted in darker pastas and increased
both cooking time and cooking loss, but decreased the
breaking strength, besides improving the absorption of water
during cooking (Foschia et al. 2015a). These changes were
related to some psyllium properties such as its dark color,
and greater water absorption capacity, but also to the lower
content of gluten in pastas. It was possible to use combina-
tions of psyllium with inulin of low polymerization to
achieve pastas with similar fiber percentages whilst minimiz-
ing undesired modifications In this case, the influence of
psyllium over the predicted glycaemic response was reduced.
In contrast, to maintain this effect on the glycaemic
response, it was necessary to use an inulin with a higher
polymerization number,however, the changes in the pasta
were maintained.

Food hydrocolloids are used in a variety of manufactured
dairy products, especially in low-fat ones, as stabilizers and
thickening or gelling agents (Hansen 1994). The use of psyl-
lium in these products has been proposed for specific pur-
poses. In gelled dairy desserts, it was used to improve the
texture of sugar-free products, producing a final texture
similar to that of the reference sample (creamy sensation
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and gelatinous character), but with poor evaluation results
for taste and global acceptability, when compared with other
fibers (Dello Staffolo, Sato, and Cunha 2017). Similarly to
mayonnaises, the addition of psyllium to yogurts has been
studied in formulations of low-fat products (Ladjevardi,
Gharibzahedi, and Mousavi 2015), due to its demonstrated
effect . to increase the viscosity and to reduce the syneresis.
In the same way, quantities of psyllium lower than 1% could
improve the quality of Kash, an Iranian ethnic acid-fer-
mented dairy product. Psyllium increased the viscosity,
reduced syneresis and the separation of phases, and pro-
moted better organoleptic characteristics, when the correct
percentage of this fiber was used (Amini, Yousefi, and
Moghari 2018). In fact, the addition of an excessive amount
of psyllium to these types of products could lead to undesir-
able effects on the organoleptic quality of yogurts, as proven
by Bhat, Deva, and Amin (2018). In this way, if the purpose
is to improve the nutritional characteristics of the product,
and it is necessary to add a greater quantity of psyllium, it
is better to use hydrolyzed psyllium, which has a lower
thickening effect (Yadav et al. 2016). These authors proved
that this hydrolysis did not decrease the hypocholesterolemic
potential of yogurts enriched with psyllium, and increased
its prebiotic effect.

The addition of psyllium to improve the nutritional prop-
erties of jams with pectin was studied, and it greatly reduced
syneresis, promoting an excessively gummy texture of the
final product (Figueroa and Genovese 2018). Similar results
were observed in apple jellies (Figueroa and Genovese 2020).
So, it is recommended that psyllium be combined with other
cellulosic fibers to improve the fiber content of these prod-
ucts. In the same way, the use of psyllium was proposed in
gummy supplements because of its prebiotic effect, although
it could modify the organoleptic characteristics of the final
product (Lele et al. 2018). Because of this prebiotic effect,
psyllium has also been proposed in combination with algin-
ate to co-encapsulate probiotic bacteria, generating products
with higher encapsulation yields and greater stability than
other prebiotics (Peredo et al. 2016). In addition, psyllium
improved the stability of these encapsulated materials when
pH was reduced, which can be of interest to application in
acidic products, such as yogurts (Nami, Haghshenas, and
Khosroushahi 2017). Finally, there is a possibility of using
psyllium in formulations to obtain biodegradable films with
increased tensile strength and thermostability,but reduced
water vapor permeability and solubility (Askari et al. 2018;
Krystyjan et al. 2017; Sukhija, Singh, and Riar 2016).

Dysphagia is the medical term for difficulty swallowing.
Thickened liquids are often used in the management of dys-
phagia to improve bolus control and to help prevent aspir-
ation (Cichero 2013). To obtain these products, it is
common to employ gums or starches. Among these, the use
of xanthan gum has been proposed (Kim et al. 2017), as it
has similar characteristics to those of psyllium. In fact, psyl-
lium has been used in commercial blends, and it was dem-
onstrated that the combination of psyllium with gellan gum
yielded products with superior sensory properties, compared
with gellan gum alone (Ishihara et al. 2011a).It increased the

structural homogeneity of the bolus and the miscibility with
saliva (Ishihara et al. 2011b). This product could be mixed
with distinct quantities of water to achieve different consis-
tencies and mouthfeel (Yokoyama et al. 2014).

Conclusion and future perspectives

Psyllium is a natural hydrocolloid with proven nutritional
advantages and health benefits. Due to its natural character
it can replace other hydrocolloids in clean label products.
Psyllium structure corresponds to an arabinoxylan, but its
properties are very similar to those of xanthan gum.
Nevertheless, psyllium thickener property and water absorp-
tion capacity may be reduced by acid or enzymatic hydroly-
sis. Such as xanthan gum, it has been used for the
preparation of gluten-free breads, as a gluten substitute, and
it can be incorporated into wheat breads to increase water
absorption. The high-water absorption capacity of psyllium
also allows its use in distinct formulation to reduce their fat
content or water syneresis. In addition, it can be used in
other products due to its capacity to reduce the glycaemic
index and for its general health properties. Nevertheless, it
should be noted that it can provide an excessively gummy
texture in some cases. Unlike what happen to other hydro-
colloids, there are few studies about the interactions between
psyllium and other food components, such as sugars,
starches, fibers or proteins. It will be necessary studies
addressing these topics, so we understand better the influ-
ence of psyllium in different food formulations. It is also
important to analyze deeply the relations between psyllium
structure, health benefits and functional properties. Thus, it
should be studied a way to minimize the undesired effects
of great incorporation of psyllium in food, but without
reducing its nutritional advantages.
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