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Abstract: The use of oilseeds in bakery products has gained popularity in recent years, both for their
organoleptic and nutritional characteristics. The aim of this work is to provide an overview of the
studies centered on the use of oilseeds (flaxseed, chia, sunflower, pumpkin, sesame and poppyseed)
in breads and other bakery products. This review highlights the effect of oilseeds on the mechanical
and physical properties of bread according to the enrichment level, origin and way of addition
(whole, crushed, oil or mucilage). In general, the incorporation of oilseeds improves the nutritional
profile of bakery products with and without gluten, and provides several health benefits. Mucilages
of oilseeds can also act as a fat replacer thanks to their properties. The incorporation of oilseeds
modifies the rheology of the doughs, the volume of the products and their texture, affecting their
organoleptic characteristics and their acceptability. Nevertheless, these changes will depend on the
type of seed used, as well as on the method of addition.
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1. Introduction

Oilseeds are grains with a high amount of oil. They have been part of the human diet for a
long time, but it has only been in the last few decades that their use and production have trended
upward. The use of oilseeds in the modern market has increased due to the growing number of people
concerned about a healthier lifestyle, as well as better knowledge of their attractive composition [1].
The chemical composition of oilseeds depends on their growing environment, genetics and processing
conditions [2]. Generally, these seeds have lower carbohydrate content and higher protein content
than cereals, high levels of fiber, and omega-6 and omega-3 essential fatty acids [3]. These seeds also
enclose a high proportion of natural antioxidant compounds (tocopherol, beta-carotene chlorogenic
acid, caffeic acid and flavonoids), vitamins and minerals [4-6]. Moreover, the absence of gluten in
these seeds allows their ingestion by celiac disease sufferers [1,6]. Thanks to this composition, some of
these seeds have proven effective in controlling and preventing metabolic diseases (hypertension,
hypercholesterolemia, diabetes, coronary heart disease and several types of cancer) as well as providing
interesting properties to foods (body, texture and taste improvement) [5-8].

Since bread is considered a staple food worldwide because of its nutritive value, low price
and its simplicity of use, it is ideally suited for fortification with oilseeds. The impact of oilseeds
on bread baking has been studied in many investigations. Oilseeds can be incorporated whole,
crushed and as pressed oil, and their beneficial effect on health seems to depend on the method of
addition [9]. Further, changes in dough rheology and the quality of final products, including their
sensory acceptability, depends on whether they are incorporated whole or crushed. Other aspects,
such as the oxidative stability of the enriched products, must be also considered [10]. In the case of chia
and flax, the mucilaginous polysaccharide that these seeds exude when they are placed in aqueous
medium can also be added to the formulation to provide advantageous technological properties in
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terms of food development. The hydration of grains or flours before their incorporation into the
bread doughs, in order to extract these polysaccharides, can modify the rheology of the doughs and
the quality of the breads [11]. These grains can also be added only on the surface of breads or other
products, in which case the influence on the final product will be less. Differences in the development
of breads have been reported based on the method of incorporation and the pretreatment of the
oilseeds, among other things, and therefore there are still numerous challenges to solve in their use
(oxidation of the lipids, the impact of the gluten network to the structure, etc.).

Despite the wide use of oilseeds in bakery products, scientific studies on them are scarce.
The purpose of this review is to deepen the knowledge of the use of different oilseeds for the
development of enriched breads, both from a nutritional and organoleptic point of view.

2. Nutritional Profile

Oilseeds, as their name suggests, have a high fat content that usually exceeds 40%, except for
chia and pumpkin seeds, which have a lower percentage (Table 1). The low values of oil content in
pumpkin seeds reported by the United States Department of Agriculture (USDA) may conflict with
some varieties analysed by Stevenson et al. [8]. In their research, some varieties of pumpkin seeds were
30% lipids, while in the study by Seymen et al. [7] the oil contents of pumpkin seeds were between 33%
and 47% depending on the variety. Furthermore, these fats stand out for their low level of saturated
fatty acids and for their high content of oleic acid in sesame seeds; linoleic acid (w6) in sunflower,
sesame and poppy seeds; and linolenic acid (w3) in flax and chia seeds. In the case of pumpkin seeds,
apart from their high linoleic acid level, their oleic acid content is also highlighted [7,8,12]. These seeds
also have significant protein content (between 15 and 20%) and a fiber percentage higher than that of
cereal grains, with fiber content of flax and chia seeds over 25%. In the case of chia, different studies
have reported higher values of fiber (between 35-40%) depending on the variety, and of which more
than 85% is insoluble fiber [13-15].

Table 1. Nutrient content of some whole oilseeds (per 100g).

Wheat Sunflower Flaxseed Sesame  Chia Pumpkin Poppy

Nutrients Water (g) 12.42 1.2 6.96 4.69 5.8 4.50 5.95
Energy value (kcal) 332 582 534 573 486 446 525
Protein (g) 9.61 19.33 18.29 17.73 16.54 18.55 17.99
Total lipid (fat) (g) 1.95 49.8 42.16 49.67 30.74 19.40 41.56
Carbohydrate (g) 74.48 24.07 28.88 23.45 42.12 53.75 28.13
Fiber (g) 13.1 9 27.3 11.8 34.4 184 19.5
Sugar (g) 1.02 2,73 1.55 0,30 N N 2.99
Minerals Calcium (mg) 33 70 255 975 631 55 1438
Iron (mg) 3.71 3.8 5.73 14.55 7.72 3.31 9.76
Magnesium (mg) 117 129 392 351 335 262 347
Phosphorous (mg) 323 1115 642 629 860 92 870
Potassium (mg) 394 850 813 468 407 919 719
Sodium (mg) 3 655 30 11 16 18 26
Zinc (mg) 2.96 5.29 434 7.75 4.58 10.30 7.9
Vitamins Vitamin C (mg) 0 1.40 0.6 0 1.6 0.3 1
Thiamin (mg) 0.297 0.106 1.644 0.791 0.62 0.034 0.854
Riboflavin (mg) 0.188 0,246 0.161 0.247 0.17 0.052 0.1
Niacin (mg) 5.347 7.04 3.08 4515 8.83 0.286 0.896
Vitamin B6 (mg) 0.191 0.804 0.473 0.79 N 0.037 0.247
Folate (ug) 28 237 87 97 49 9 82

Vitamin E (mg) 0.53 26.1 0,31 0,25 0,50 N 1.77
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Table 1. Cont.

Wheat Sunflower Flaxseed Sesame  Chia Pumpkin Poppy

Lipids Saturated (g) 5.219 3.663 6.957 3.33 3.670 4.517
Monounsaturated (g) 9.505 7.527 18.759 2.309 6.032 5.982

18:1 (g) 9.399 7.359 18.521 2.203 5.985 5.864

Polyunsaturated (g) 32.884 28.73 21.773 23.665 8.844 28.569

18:2 (g) 32.782 5.903 21.375 5.835 8.759 28.295

18:3 (g) 0.069 22.813 0.376 17.830 0.077 0.0273

Source: United States Department of Agriculture (USDA) National Nutrient Database for Standard Reference (2018).
N, there is no reliable information about the quantity of the nutrient.

Mineral content is noteworthy. The high calcium content of sesame, chia and poppyseed; the iron
content of sesame and poppyseed; the zinc content of pumpkin; and the magnesium, phosphorus
and potassium contents of most of these seeds stand out, and are higher than in wheat. As a negative
aspect, sunflower seeds have high sodium content. They also stand out for their high level of vitamins
B and E. In particular, sesame is notable for its high levels of vitamin B6 and folates; flaxseed for
its high level of thiamine and folates; chia for its high level of niacin; and sunflower for its high
content of niacin, vitamin B6, folates and vitamin E. Some of these seeds also show a high content of
antioxidants. Thus, chia has a high concentration of polyphenols derived from caffeic acid and other
antioxidant substances [13,14,16,17]. The antioxidant potential of flax [18], sesame [19,20], pumpkin [7]
and sunflower seeds [21] has also been highlighted. In the case of chia and flax seeds, it has been
demonstrated that the partial germination of the grains can increase both their antioxidant capacity
and the content of phenolic compounds [22].

The interesting composition of these grains has attracted interest for their possible health
benefits. Fiber consumption has been shown to be effective against CVD (Cardiovascular diseases),
CVD mortality, coronary artery disease and several kinds of cancer [23], as well as against various
gastrointestinal disorders, including: gastroesophageal reflux disease, duodenal ulcer, diverticulitis,
constipation, and haemorrhoids [24]. The consumption of omega-3 fatty acids has also been
associated with a reduction of cardiovascular morbidity and mortality, and dietary supplementation
may also benefit patients with dyslipidaemia, atherosclerosis, hypertension, diabetes mellitus,
metabolic syndrome, obesity, inflammatory diseases, neurological /neuropsychiatric disorders and eye
diseases [25]. Lignans, a phytoestrogen that stands out among antioxidant substances, are found in
important quantities in flax, sesame and pumpkin seeds and have shown promise in reducing growth
of cancerous tumours, especially hormone-sensitive ones such as those of the breast, endometrium,
and prostate [26]. Moreover, a synergistic effect between sesame lignans and the vitamin E activity of
tocopherols has been proved. Vitamin E activity increases in the presence of these lignans, while the
cholesterol-lowering effect of lignans is enhanced [27]. The stability of flax lignans to the conditions
of baking processes and storage has also been demonstrated and thus no loss of functionality when
incorporated into bakery products has been observed [28]. Likewise, it is known that chia helps
to reduce postprandial blood glucose, the level of high-density lipoprotein in serum and diastolic
blood pressure [29]. Moreover, different reviews suggest that the consumption of chia could help
to increase the satiety index, prevent cardiovascular diseases, inflammatory and nervous system
disorders, and diabetes, among others [6,30]. Flax seeds have shown a positive effect on cardiovascular
diseases and hypercholesterolemic atherosclerosis [31] and the sesame consumption has been linked
to positive effects against some illnesses such as cancer, oxidative stress, cardiovascular disease,
osteoporosis and other degenerative diseases [32,33]. In the case of flaxseed, it has been demonstrated
that the incorporation of the flour of this seed in a wide number of products does not affect the
consumption preferences of the same by the population, so its use can be a good strategy to provide
significant health-related benefits to patients with cardiovascular disease [34].

Many studies have focused on the nutritional enrichment of bakery products through the
incorporation of this type of seed or by-products, such as oils, proteins or other derivatives. In general,
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an increase in the content of nutrients present in the seeds, or their derivatives, is confirmed, since there
are no losses or significant changes in them during the baking process. As for the incorporation of
proteins extracted from these seeds, Mansour et al. [35] observed that up to 22% replacement of wheat
by pumpkin protein isolate is possible without adverse effects on bread quality. They also reported that
the obtained breads have a higher level of protein, lysine and minerals, improving also the essential
amino acid index. However, mineral enrichment was greater when the seed flour was incorporated.
The study of El-Soukkary [36] confirmed these observations with isolated pumpkin seed protein and
observed that the in vitro protein digestibility also improved. These effects are repeated with the
incorporation of sesame proteins, but in this case, the maximum level of substitution was 18% [37].
The incorporation of sunflower seeds at levels of up to 16% allowed an increasing of the levels of
tocopherol and certain minerals, such as Ca, Mg and Zn in normal and whole grain breads, as well
as enriching them in fats with a high linoleic content [38]. The incorporation of chia, as seed or flour,
increased the fiber content and omega-3 acids both in wheat breads and in gluten-free breads [39,40].
Some researchers have also studied the inclusion of chia flour up to 14% and have observed an increase
in the levels of ash, protein, fiber and lipids [41]. Regarding the incorporation of flax, as seed or flour,
the incorporation of milled brown flaxseed in breads at levels of up to 13% resulted in an increase in
the content of fiber, P, K, Mg, Zn and linolenic (omega-3) [42]. These same authors observed a decrease
in the total cholesterol, low-density lipoproteins (LDL) and the level of triglycerides in rats when
they were fed with these breads compared to those fed with breads without addition of flaxseeds.
On the other hand, the incorporation of ground flaxseed hulls at levels lower than 5% was sufficient to
increase significantly the antioxidant activity in breads [43].

In general, the incorporation of these seeds, whole or ground, increases the content of fiber,
proteins, minerals, omega-3, omega-6 and minerals. For this reason, the inclusion of oilseeds in
gluten-free breads is of special interest, since it is known that the gluten-free diet can be low in fiber and
minerals (iron, zinc, magnesium and calcium), and may contain excess saturated fats [44-47]. In fact,
supplements of these micronutrients have been proposed to improve the quality of the gluten-free
diet [48]. In general, gluten-free breads also have lower protein content and lower levels of certain
minerals than wheat varieties [49-52]. Additionally, it must be considered that the incorporation of
these seeds, together with ingredients such as milk powder in gluten-free breads, not only increases
the mineral content of gluten-free breads, but can also increase their bioavailability, depending on
the mineral and the starting flour [53]. In addition, several studies with rats have demonstrated the
potential of gluten-free breads enriched with this type of seed to reduce the levels of triglyceride and
improve the antiradical properties of serum [54].

Despite the clear evidence of the nutritional advantages of incorporating this type of seed in
breads, the health benefits can sometimes depend on the method in which they are incorporated.
Kuijsten et al. [9] showed that milling the flaxseeds improved the bioavailability of the enterolignans,
and therefore their nutritional advantages increased. Similarly, the reduction of the particle size by wet
micronisation increased the oral bioavailability of lignan glycosides from sesame meal [55]. However,
when flaxseed products are incorporated into muffins or breads, the mammalian lignan production
of flaxseed precursors depends on the time and dose, but not on the processing [56]. Although
more research is needed in this regard, we must also consider the effects of this processing on the
rheology of the doughs and the organoleptic quality of the breads. The stability of these products
must also be considered during storage, something of great importance for industrial use. Although
Malcolmson et al. [57] observed good stability of the milled flaxseed stored at room temperature
in paper bags with plastic liners during a four-month period, other studies have shown that when
the particle size decreases, the oxidative stability of these products decreases too [58]. Therefore,
when milled oil seeds are used, aspects such as particle size and packaging conditions must be
considered in order to maximise the stability of these products.
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3. Flaxseed and Chia Seed Mucilages

Chia seeds and flaxseeds are characterised by being very rich in mucilage. The mucilage of
flaxseeds, consisting mainly of water-soluble polysaccharides, has a great water absorption capacity
and rheological properties similar to those of guar gum [59]. In fact, flaxseed mucilages have been
proposed as a substitute for gluten in the preparation of gluten-free breads in order to improve
their acceptability against a mixture of pectin and guar gum [60]. Its composition includes a neutral
fraction, composed of arabinoxylans, and an acid fraction composed of polysaccharides similar to
pectin [61]. As with flax mucilage, chia mucilages are extracted in water, more easily if the temperature
is high; when the proportion of water-seed increases, the saline content of the water decreases and
the pH increases [1], so the conditions of the mixture can affect the interactions with this component.
In this research, the hydration manages to extract mucilage with yields of 7%, somewhat lower than
the maximum achieved with flax, which was slightly higher than 9% [59]. The chia mucilage has
also been compared with guar gum and locust bean gum because of its high hydration capacity [62]
and great thickening power [63]. Its structure corresponds to that of arabinoxylans, but with greater
amounts of uronic acids than those of flax, imparting anionic characteristics to the macromolecule [64].
On the other hand, its ability to increase the stability of oil-in-water (O/W) emulsions has been
demonstrated [65]. In the case of flax mucilage, its good foam stability properties in aqueous solutions
have also been demonstrated [66].

Just like other hydrocolloids, the use of chia mucilage as a stabiliser in ice cream [67] and as
a substitute for fats in breads, cakes [68-70] or mayonnaise [71] has been proposed. The use of
hydrocolloids with high water absorption capacity and thickening power, such as xanthan gum,
in wheat bread increases the absorption of the doughs, the development time and stability in the
kneading, generates more tenacious and less extensible doughs, and can increase the specific volume
and the firmness of the breads [72]. Similarly, guar gum has proved efficient in improving the volume
of breads made with non-frozen and frozen dough [73]. This type of hydrocolloid has also been
proposed to reduce water losses in storage, both of finished breads [74] and doughs and breads
under refrigeration [75]. Usually, gluten-free formulations have applied hydrocolloids to mimic the
viscoelastic properties of gluten [76]. Among these hydrocolloids, those with high gas-holding capacity
and high thickening power, such as guar gum or xanthan gum, have been suggested [77], and are some
of the most widely used industrially. At a nutritional level, these gums are also interesting. Guar gum
is capable of significantly decreasing the in vitro hydrolysis of starch, an effect that has been attributed
both to guar galactomannan, which acts as a physical ‘barrier” to alpha-amylase-starch interactions,
and to the effect of guar gum on digesta viscosity [78]. Likewise, breads enriched with arabinoxylans
can help control the glycaemic level in diabetics [79]. However, the incorporation of chia mucilage has
only been able to reduce the glycaemic index estimated in the crust of pita breads, but to increase it in
the crumb [80]. More research would be necessary but, in general, the use of chia and flax mucilage can
be very interesting in baking, isolated or together with the flour or seeds, in which case its functionality
will depend on hydration and its release from the original matrix to interact with the components of
the dough.

4. Dough Rheology

The rheology of bread doughs gives us an idea of how they behave in different processes, and can
also help us to predict some final characteristics of the breads. Current studies on the influence of
oleaginous seeds and their flours on the rheology of bread doughs are limited, but we expect that
there is an influence depending on their composition, since they are rich in oil, vegetable proteins
and fiber. Thus, it is known that the addition of small amounts of oil or fat leads to greater flexibility
and workability of the doughs, greater final volume, a finer alveolar structure, and a softer final
texture [81]. The addition of fats and oils also delays starch retrogradation, prolonging the shelf-life of
the breads. On the other hand, the vegetal proteins modify the farinographic properties in a different
way according to their type [82,83], but in general they reduce the strength of the doughs and their
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extensibility. The incorporation of fiber usually increases water absorption, the mixing tolerance and
the tenacity of the doughs, but reduces extensibility [84]. The type of incorporation must be also
considered since, if oilseeds are incorporated as flour, their different components will interact with the
components of the dough, will compete with them, or will establish synergies. However, if they are
incorporated as seeds, although these seeds can also have an effect on the properties, their components
will not interact since they will remain inside the seed coat.

In the farinographic analysis of doughs with chia at 5%, the incorporation of seeds does not modify
the behaviour during the kneading but decreases absorption slightly [85]. However, in this same
research the addition of whole or low-fat chia flour increased the stability of the doughs, and when
defatted chia flour was added the absorption also increased. Contrary to what was observed in
this study, Steffolani et al. [11] reported that a 5% addition of chia flour does not affect absorption,
but it increases with a 15% addition. The incorporation of chia also reduced the stability of the
doughs and increased the development time. The decrease in the stability of the doughs matches the
observations of Koka and Anil [86] with the incorporation of flaxseed, Moreira et al. [87] with chia
flour, and Matthews et al. [88] with the addition of different oilseed flours. A greater absorption
of water was also observed with the incorporation of these flours in all these studies. In general,
there seems to be agreement that the use of these types of flours does not modify the absorption or
increase it, while the effect on stability is contradictory. The differences may be due to the different
starting flours, the percentage and the type of oilseed flour used. In fact, the wheat flour used by
Iglesias, Puig and Haros [85] presented lower stability values than those used by Steffolani et al. [11]
or Koka and Anil [86], making it easier to increase this stability. Regarding the variety of seed used,
Svec et al. [89] even observed that using different types of chia (white or black) modified the effect of
these flours on the amylographic analysis, although, in both, the peak viscosity increased, the viscosity
rise was faster and the pasting time decreased. These results coincide with what Verdu et al. [90]
observed by Rapid Visco Analyser (RVA), which has been attributed to the presence of mucilage.
The incorporation of flax and chia flours also tends to reduce the extensibility of the doughs and the
energy of deformation, measured with the extensograph or with the alveograph [11,86], which can
cause problems in the use of the doughs or in the retention of gas during fermentation. In fact,
Steffolani et al. [11] observed that the gluten network of the doughs with 10% of seeds or chia flour
was broken before the control dough, with gas escaping to the outside. This effect could be expected
due to the dilution of the gluten located in the mixtures and responsible for these properties. Similar
results have been observed due to the incorporation of lipids [91] and products with a high content of
non-gluten-forming proteins [92], which can inhibit the formation of the gluten network.

In the case of gluten-free doughs, the use of equipment such as the alveograph or the extensograph
is not possible because they are based on the measurement of the characteristics that the gluten
confers on the doughs, such as extensibility or tenacity. It is usual to analyse the gluten-free doughs
by conventional rheology, such as in oscillatory tests. There is limited research related to this,
but Moreira et al. [87] observed that the incorporation of chia flour into doughs of chestnut flour
reduced both the elastic and the viscous component. These results conflict with the observations of
Zettel and Hitzmann [93] in doughs of sweet bread, but in this study the chia flour was used to replace
fats together with a greater incorporation of water, so the changes in the rheology cannot be attributed
exclusively to the incorporation of chia flour.

The previous hydration of chia flours or seeds can also have a great impact on the rheological
properties of the doughs, since it allows the mucilage of this seed to flow into the water and interact
better with the rest of the ingredients of the dough. Thus, the prehydration of the chia flour allows
an increase of the absorption of doughs and reduces development times, although it does not modify
either the alveographic properties [11] or the pasting properties of gluten-free flours [94].

In general, the modification of the rheology of the doughs with the incorporation of oilseeds or
their flours can be confirmed. This modification seems to be more pronounced in the case of flours
than of seeds although these changes are not very considerable if the amount of flour does not exceed
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5%. The modification of the rheology of the doughs really depends on many factors, so one cannot
draw general conclusions and each case must be studied.

5. Bread Quality

The effect of oilseed flours on breads is determined by their components. It is known that the
incorporation of fibers [84], such as celluloses, or vegetable proteins [95] usually reduces the specific
volume of the bread’s original firmer textures. The effect of the incorporation of oils on breads depends
on their added quantity. In small amounts and depending on the type of oil added the incorporation
of oils can be beneficial, while in larger quantities they weaken the dough and have negative effects
on the volume of the breads [96]. Therefore, depending on the added product (wholemeal, protein
concentrate, defatted flour), its composition and the amount added, the effects on the quality of bread
may vary. Generally, a negative effect on the volume of the breads is expected after incorporation.
When non-ground whole seeds are used, a minor effect is expected since not all of their components
interact with the wheat flour.

Chia flour is one of the most studied for baking processes. In general, wheat breads reduce their
volume, increase hardness and present darker crumbs as the level of chia flour increases, as some
research on bread fortification [11,97] or the substitution of saturated fats for chia flour [39] has shown.
However, some studies have reported an increase in the volume and a reduction of the hardness of
breads with less than 10% chia flour [85,90]. These differences may be due to the wheat flours used,
the formulations used or the time of fermentation. In fact, the fermentation time was optimised in
these two studies compared to the previous ones, which used a fixed fermentation time. This would
indicate that the doughs enriched with chia flour would not support an excess of fermentation. Thus,
the drop in volume and the consequent increase in the hardness of the breads may be due to the loss
of strength of the dough and the breakage of the gluten network during fermentation, as shown by
Steffolani et al. [11]. Other research, focused on other oilseeds such as sesame [37] or pumpkin [35]
at levels above 14%, showed a decrease in the volume of the breads when they were enriched with
flours of these seeds or protein concentrates made from them. However, Koca and Anil [86] did not
observe differences in the volume of breads enriched with flaxseed flour at levels between 5% and 20%,
which the authors attributed to the functionality of flaxseed gum. Likewise, Skrbic and Filipcev [38]
did not observe differences either between the specific volumes or between the hardness of the breads,
both white and whole, made with sunflower seeds. The differences with other investigations may be
due to the incorporation of seeds and not flours, so the interaction of the components of the seeds with
the components and the gluten is lower. However, a certain relaxation of the doughs was observed
in this study since a decrease in the height/width bread ratio of the breads with 12% addition was
observed. In general, the addition of oilseeds seems to have a smaller effect on the volume of the
breads than the addition of oilseed flours. The incorporation of oilseeds as flour can have a positive
effect or not modify the volume of the breads if they are incorporated in small proportions, while it
shows a negative influence on the volume when the quantities exceed a certain level. This was exactly
what Mentes et al. [98] observed in a study on the enrichment of wheat breads with ground flaxseed,
where the negative effects began to be noticed after adding 20% flaxseed, and an increase of the volume
with levels of 10% flaxseed. Similarly, Sayed-Ahmad et al. [99] observed that the incorporation of
chia seed powder (full fat) at levels between 4-6% did not modify the hardness of the whole breads,
while its inclusion in cakes (defatted venues) even reduced it.

Volume is one of the most reliable qualities of bread. Bread loaves with high volume often attract
consumers. To improve the volume of oilseed-enriched breads, the addition of vital gluten [97] or the
prehydration of the oilseeds has been proposed. When oilseeds are prehydrated, their mucilage
interacts with the rest of the ingredients of the dough as a hydrocolloid would to reinforce the
dough [11]. For the same reason, the use of additives (emulsifiers such as diacetyl tartaric acid ester of
mono- and diglycerides (DATEM), or oxidants such as ascorbic acid) to strengthen the doughs could
be tested. Zettel and Hitzmann [93] managed not to modify the volume of the breads and reduce
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their hardness when they used chia flour to substitute fats by increasing the moisture content of the
formulation when the flour was incorporated.

The results also seem contradictory for gluten-free breads, something usual in this type of research
since they depend on the flour/starch used as a base, the substitute for gluten and the hydration.
It is known that the incorporation of insoluble fibers [100] and proteins [101] usually reduces bread
volumes. In the case of oil, it can have a beneficial effect by reducing the consistency of the batters,
which usually increases the volume of the bread to a certain limit [102]. All these investigations have
been carried out on gluten-free breads with hydroxypropyl methylcellulose (HPMC), which can reach
volumes similar to wheat breads and are very sensitive to changes in the formulation. In general,
research shows a decrease in the volume of the breads and an increase in the hardness when chia
flour was incorporated [41,94], although Constantini et al. [40] did not observe significant differences
when they incorporated this flour to 10% in bread with buckwheat flour. However, in this study,
no gluten substitute was used and the specific volume obtained was less than 1.5 mL/g, so that the
doughs barely increased during the fermentation and baking processes. In contrast, the investigation of
Sandri et al. [41] showed specific volumes of 1.7 mL/g with xanthan gum and carboxymethylcellulose,
and specific volumes of 6 mL/g using HPMC were reached in the research of Steffolani et al. [94],
which showed a greater reduction in volume with the incorporation of chia flour. Thus, changes are
more appreciated when the specific volume of the control bread is greater.

The shelf life of enriched breads is another important aspect to consider. Although it has barely
been studied in the research carried out until now, it is known that loaves with lower volumes and
higher hardness generally harden more quickly [103]. Thus, the reduction of the volume of the loaves
due to the incorporation of these seeds can accelerate the staling of the bread. Nevertheless, it is also
known that lipids reduce the retrogradation phenomena of amylopectin [104] and, therefore, the rate
of hardening of the loaves [105], so when oilseed flours are incorporated and the specific volume
of the loaves is maintained, it is possible that the hardening of the loaves is delayed. It has been
shown that the incorporation of chia flour can delay the retrogradation of amylopectin, responsible for
the staling of the loaves [85]. The incorporation of ground flaxseed also retarded bread staling [98].
However, in long-life breads the oxidation of these lipids and their effect on the oxidation of other
lipids present in the product must be considered, especially when they are incorporated as flour.
Thus, breads enriched with flaxseed meal presented a higher level of peroxides after 8 weeks of
storage [106]. An accelerated lipid oxidation, particularly polymerization compounds, was shown
in chia-enriched biscuits [107]. These problems can be partially solved with the incorporation of
antioxidant substances [108]. However, the possible combinations should also be considered since
sesame seed extract has been shown to be effective in protecting oils from oxidation [109], and sesame
oil has also been shown to be effective in delaying rancidity in oil of sunflower [110].

6. Sensory Properties

Although it has been proved that oilseeds can provide important health benefits, breads enriched
with these seeds can only become commercially viable if consumers value their organoleptic properties.
On this matter, multiple studies have evaluated the consumer acceptance of oilseed-enriched breads.
In general, the oilseed enrichment of breads with and without gluten does not reduce the quality and
acceptability to customers. Despite the addition of some seeds resulting in changes in the texture,
colour and odour of the bread, there were no significant differences for crumb colour, crumb texture,
quality and overall acceptability between the control and breads prepared with chia [11], sesame [37],
pumpkin [36] and flax seeds [86].

As for breads enriched with oilseed flours, Verdu et al. [111] reported that bread enriched with
5% chia flour did not show significant sensory differences in respect to the control bread. This may
be due to the low percentage of chia flour used. Coelho and Salas-Mellado [39] observed that the
acceptability of enriched bread with oilseed flour is better than that of bread enriched with seeds,
which they attributed to the higher specific volume of the bread with oilseed flour. However, in this
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research, they compared breads with 7.8 g/100 g of chia flour versus breads with 11 g/100 g of chia
seeds, so the amount of chia could influence the evaluation of the consumers. Regardless, the use
of prehydrated oilseed flours could be an option to improve the sensory properties of breads [11],
probably due to the higher moisture level and less sensation of dryness, by releasing the mucilage
prior to baking and increasing water retention during baking. In this respect, more research would be
necessary in order to know the level of enrichment at which changes in the sensory properties become
significant, since no agreement has been reached. The influence of enriched gluten-free breads with
chia has been studied by authors such as Steffolani et al. [94] and Sandlri et al. [41]. In both studies,
no significant differences in terms of overall acceptability were reported in formulations with up to
15 g/100 g of chia flour or seeds.

In general, it can be affirmed that although the organoleptic characteristics of the breads change
with the inclusion of oilseed seeds or their flours, there is no difference in the acceptability to consumers
of these breads up to levels of 10-15%.

7. Conclusions

The incorporation of oilseeds improves the nutritional profile of bread, increasing its protein,
fiber, vitamins, minerals, essential fatty acids and bioactive compounds. The use of oilseed mucilages
has also been used successfully to replace the fat to produce healthier good quality breads. Therefore,
the inclusion of these compounds in bakery products is of great interest, both in wheat products and
in gluten-free products. However, it must be borne in mind that this inclusion modifies the rheology
of the dough, depending on the way in which it is made (flour or seeds, prehydration or not) and
the percentage used. Based on this, problems can result in changes to the final characteristics of the
bread. To ensure the commercial success of these inclusions, it is necessary to consider the acceptability
to consumers, which may vary depending on the type of inclusion and its percentage. In general,
however, it seems that seed levels up to 15% can be obtained with good acceptability.

Author Contributions: B.D.L. and M.G. were responsible for the bibliographic search and writing of the article.
All of the authors read and approved the final manuscript.

Acknowledgments: The authors acknowledge the financial support of the Spanish Ministry of Economy and
Competitiveness (Project AGL2014-52928-C2) and the European Regional Development Fund (FEDER).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Muiioz, L.A.; Cobos, A.; Diaz, O.; Aguilera, ]. M. Chia seeds: Microstructure, mucilage extraction and
hydration. J. Food Eng. 2012, 108, 216-224. [CrossRef]

2. Kajla, P; Sharma, A.; Sood, D.R. Flaxseed—A potential functional food source. J. Food Sci. Technol. 2015,
52, 1857-1871. [CrossRef] [PubMed]

3. USDA. National Nutrient Database for Standard Reference; USDA: Washington, DC, USA, 2018.

4. Anjum, EM.; Nadeem, M.; Khan, M.I; Hussain, S. Nutritional and therapeutic potential of sunflower seeds:
A review. Brit. Food |. 2012, 114, 544-552. [CrossRef]

5. Goyal, A,; Sharma, V.; Upadhyay, N.; Gill, S.; Sihag, M. Flax and flaxseed oil: An ancient medicine & modern
functional food. . Food Sci. Technol. 2014, 51, 1633-1653. [PubMed]

6. Ullah, R.; Nadeem, M.; Khalique, A.; Imran, M.; Mehmood, S.; Javid, A.; Hussain, J. Nutritional and
therapeutic perspectives of Chia (Salvia hispanica L.): A review. ]. Food Sci. Technol. 2016, 53, 1750-1758.
[CrossRef] [PubMed]

7. Seymen, M,; Uslu, N.; Ttirkmen, O.; Juhaimi, FA.; Ozcan, M.M. Chemical compositions and mineral contents
of some hull-less pumpkin seed and oils. J. Am. Oil Chem. Soc. 2016, 93, 1095-1099. [CrossRef]

8.  Stevenson, D.G.; Eller, FJ.; Wang, L.; Jane, J.; Wang, T.; Inglett, G.E. Oil and tocopherol content and
composition of pumpkin seed oil in 12 cultivars. J. Agr. Food Chem. 2007, 55, 4005-4013. [CrossRef]
[PubMed]


http://dx.doi.org/10.1016/j.jfoodeng.2011.06.037
http://dx.doi.org/10.1007/s13197-014-1293-y
http://www.ncbi.nlm.nih.gov/pubmed/25829567
http://dx.doi.org/10.1108/00070701211219559
http://www.ncbi.nlm.nih.gov/pubmed/25190822
http://dx.doi.org/10.1007/s13197-015-1967-0
http://www.ncbi.nlm.nih.gov/pubmed/27413203
http://dx.doi.org/10.1007/s11746-016-2850-5
http://dx.doi.org/10.1021/jf0706979
http://www.ncbi.nlm.nih.gov/pubmed/17439238

Foods 2018, 7,191 10 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kuijsten, A.; Arts, L.C.W.; Van't Veer, P.; Hollman, P.C.H. The relative bioavailability of enterolignans in
humans is enhanced by milling and crushing of flaxseed. J. Nutr. 2005, 135, 2812-2816. [CrossRef] [PubMed]
Edel, A.L.; Aliani, M.; Pierce, G.N. Stability of bioactives in flaxseed and flaxseed-fortified foods. Food Res. Int.
2015, 77, 140-155. [CrossRef]

Steffolani, E.; Martinez, M.M.; Ledn, A.E.; Gémez, M. Effect of pre-hydration of chia (Salvia hispanica L.),
seeds and flour on the quality of wheat flour breads. LWT Food Sci. Technol. 2015, 61, 401-406. [CrossRef]
Montesano, D.; Blasi, F.; Simonetti, M.S.; Santini, A.; Cossignani, L. Chemical and nutritional characterization
of seed oil from Cucurbita maxima L. (var. Berrettina) pumpkin. Foods 2018, 7, 30. [CrossRef] [PubMed]
Marineli, R.D.; Moraes, E.A.; Lenquiste, S.A.; Godoy, A.T.; Eberlin, M.N.; Marostica, M.R. Chemical
characterization and antioxidant potential of Chilean chia seeds and oil (Salvia hispanica L.). LWT Food
Sci. Technol. 2014, 59, 1304-1310. [CrossRef]

Reyes-Caudillo, E.; Tecante, A.; Valdivia-Lopez, M.A. Dietary fibre content and antioxidant activity of
phenolic compounds present in Mexican chia (Salvia hispanica L.) seeds. Food Chem. 2008, 107, 656—663.
[CrossRef]

Vézquez-Obando, A.; Rosado-Rubio, G.; Chel-Guerrero, L.; Betancur-Ancona, D. Physicochemical properties
of a fibrous fraction from chia (Salvia hispanica L.). LWT Food Sci. Technol. 2009, 42, 168-173.

Amato, M.; Caruso, M.C.; Guzzo, F; Galgano, F; Commisso, M.; Bochicchio, R.; Labella, R.; Favati, F.
Nutritional quality of seeds and leaf metabolites of Chia (Salvia hispanica L.) from Southern Italy. Eur. Food
Res. Technol. 2015, 241, 615-625. [CrossRef]

De Falco, B.; Amato, M.; Lanzotti, V. Chia seeds products: An overview. Phytochem. Rev. 2017, 16, 745-760.
[CrossRef]

Rajesha, J.; Murthy, K.N.C.; Kumar, M.K.; Madhusudhan, B.; Ravishankar, G.A. Antioxidant potentials of
flaxseed by in vivo model. . Agr. Food Chem. 2006, 54, 3794-3799. [CrossRef] [PubMed]

Gouveia, L.D.V.; Cardoso, C.A.; de Oliveira, G.M.M.; Rosa, G.; Moreira, A.S.B. Effects of the intake of sesame
seeds (Sesamum indicum L.) and derivatives on oxidative stress: A systematic review. J. Med. Food 2016,
19, 337-345. [CrossRef] [PubMed]

Shahidi, E; Liyana-Pathirana, C.M.; Wall, D.S. Antioxidant activity of white and black sesame seeds and
their hull fractions. Food Chem. 2006, 99, 478-483. [CrossRef]

Ghisoni, S.; Chiodelli, G.; Rocchetti, G.; Kane, D.; Lucini, L. UHPLC-ESI-QTOF-MS screening of lignans and
other phenolics in dry seeds for human consumption. J. Funct. Foods 2017, 34, 229-236. [CrossRef]

Pajak, P.; Socha, R.; Broniek, J.; Krélikowska, K.; Fortuna, T. Antioxidant properties, phenolic and mineral
composition of germinated chia, golden flax, evening primrose, phacelia and fenugreek. Food Chem. 2019,
275, 69-76. [CrossRef]

Veronese, N.; Solmi, M.; Caruso, M.G.; Giannelli, G.; Osella, A.R.; Evangelou, E.; Maggi, S.; Fontana, L.;
Stubbs, B.; Tzoulaki, I. Dietary fiber and health outcomes: An umbrella review of systematic reviews and
meta-analyses. Am. . Clin. Nutr. 2018, 107, 436-444. [CrossRef] [PubMed]

Anderson, ].W.; Baird, P.; Davis, R.H.; Ferreri, S.; Knudtson, M.; Koraym, A.; Waters, V.; Williams, C.L. Health
benefits of dietary fiber. Nutr. Rev. 2009, 67, 188-205. [CrossRef] [PubMed]

Yashodhara, B.M.; Umakanth, S.; Pappachan, ].M.; Bhat, S.K.; Kamath, R.; Choo, B.H. Omega-3 fatty acids:
A comprehensive review of their role in health and disease. Postgrad. Med. ]. 2009, 85, 84-90. [CrossRef]
[PubMed]

Toure, A.; Xu, X.M. Flaxseed lignans: Source, biosynthesis, metabolism, antioxidant activity, bio-active
components, and health benefits. Compr. Rev. Food Sci. Food Saf. 2010, 9, 261-269. [CrossRef]

Namiki, M. The chemistry and physiological functions of sesame. Food Rev. Int. 1995, 11, 281-329. [CrossRef]
Hyvarinen, H.K,; Pihlava, ].M.; Hiidenhovi, ].A.; Hietaniemi, V.; Korhonen, H.J.T.; Ryhanen, E.L. Effect of
processing and storage on the stability of flaxseed lignan added to bakery products. . Agr. Food Chem. 2006,
54,48-53. [CrossRef] [PubMed]

Teoh, S.L.; Lai, N.M.; Vanichkulpitak, P.; Vuksan, V.; Ho, H.; Chaiyakunapruk, N. Clinical evidence on dietary
supplementation with chia seed (Salvia hispanica L.): A systematic review and meta-analysis. Nutr. Rev. 2018,
76,219-242. [CrossRef] [PubMed]

Murioz, L.A.; Cobos, A.; Diaz, O.; Aguilera, ].M. Chia seeds (Salvia hispanica): An ancient grain and a new
functional food. Food Rev. Int. 2013, 29, 394-408. [CrossRef]


http://dx.doi.org/10.1093/jn/135.12.2812
http://www.ncbi.nlm.nih.gov/pubmed/16317125
http://dx.doi.org/10.1016/j.foodres.2015.07.035
http://dx.doi.org/10.1016/j.lwt.2014.12.056
http://dx.doi.org/10.3390/foods7030030
http://www.ncbi.nlm.nih.gov/pubmed/29494522
http://dx.doi.org/10.1016/j.lwt.2014.04.014
http://dx.doi.org/10.1016/j.foodchem.2007.08.062
http://dx.doi.org/10.1007/s00217-015-2488-9
http://dx.doi.org/10.1007/s11101-017-9511-7
http://dx.doi.org/10.1021/jf053048a
http://www.ncbi.nlm.nih.gov/pubmed/16719498
http://dx.doi.org/10.1089/jmf.2015.0075
http://www.ncbi.nlm.nih.gov/pubmed/27074618
http://dx.doi.org/10.1016/j.foodchem.2005.08.009
http://dx.doi.org/10.1016/j.jff.2017.04.037
http://dx.doi.org/10.1016/j.foodchem.2018.09.081
http://dx.doi.org/10.1093/ajcn/nqx082
http://www.ncbi.nlm.nih.gov/pubmed/29566200
http://dx.doi.org/10.1111/j.1753-4887.2009.00189.x
http://www.ncbi.nlm.nih.gov/pubmed/19335713
http://dx.doi.org/10.1136/pgmj.2008.073338
http://www.ncbi.nlm.nih.gov/pubmed/19329703
http://dx.doi.org/10.1111/j.1541-4337.2009.00105.x
http://dx.doi.org/10.1080/87559129509541043
http://dx.doi.org/10.1021/jf0507590
http://www.ncbi.nlm.nih.gov/pubmed/16390176
http://dx.doi.org/10.1093/nutrit/nux071
http://www.ncbi.nlm.nih.gov/pubmed/29452425
http://dx.doi.org/10.1080/87559129.2013.818014

Foods 2018, 7,191 11 0f 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Prasad, K. Flaxseed and cardiovascular health. ]. Cardiovasc. Pharmacol. 2009, 54, 369-377. [CrossRef]
[PubMed]

Kanu, PJ.; Zhu, K.R.; Kanu, ].B.; Zhou, HM.; Qian, H.F; Zhu, K.X. Biologically active components and
nutraceuticals in sesame and related products: A review and prospect. Trends Food Sci. Technol. 2007,
19, 599-608. [CrossRef]

Namiki, M. Nutraceutical functions of sesame: A review. Crit. Rev. Food Sci. Technol. 2007, 47, 651-673.
[CrossRef] [PubMed]

Austria, J.A.; Aliani, M.; Malcolmson, L.J.; Dibrov, E.; Blackwood, D.P.; Maddaford, T.G.; Guzman, R.;
Pierce, G.N. Daily choices of functional foods supplemented with milled flaxseed by a patient population
over one year. . Funct. Foods 2016, 26, 772-780. [CrossRef]

Mansour, E.H.; Dworschdk, E.; Pollhamer, Zs.; Gergely, A.; Hovari, J. Pumplin and canola seed proteins and
bread quality. Acta Alimentaria 1999, 28, 59-70.

El-Soukkary, F.A.H. Evaluation of pumpkin seed products for bread fortification. Plant Food Hum. Nutr. 2001,
56, 365-384. [CrossRef]

El-Adawy, T.A. Effect of sesame seed protein supplementation on the nutritional, physical, chemical and
sensory properties of wheat flour bread. Plant Food Hum. Nutr. 1995, 48, 311-326. [CrossRef]

Skrbic, B.; Filipgev, B. Nutritional and sensory evaluation of wheat breads supplemented with oleic-rich
sunflower seed. Food Chem. 2008, 108, 119-129. [CrossRef]

Coelho, M.S.; Salas-Mellado, M.M. Effects of substituting chia (Salvia hispanica L.) flour or seeds for wheat
flour on the quality of the bread. LWT Food Sci. Technol. 2015, 60, 729-736. [CrossRef]

Costantini, L.; Luksi¢, L.; Molinari, R.; Kreft, I.; Bonafaccia, G.; Manzi, L.; Merendino, N. Development
of gluten-free bread using tartary buckwheat and chia flour rich in flavonoids and omega-3 fatty acids as
ingredients. Food Chem. 2014, 165, 232-240. [CrossRef] [PubMed]

Sandri, L.T.B.; Santos, E.G.; Fratelli, C.; Capriles, V.D. Development of gluten-free bread formulations
containing whole chia flour with acceptable sensory properties. Food Sci. Nutr. 2017, 5, 1021-1028. [CrossRef]
[PubMed]

Gambus, H.; Mikulec, A.; Gambus, F; Pisulewski, P. Perspectives of linseed utilization in baking. Pol. . Food
Nutr. Sci. 2004, 13, 21-27.

Seczyk, L.; Swieca, M.; Dziki, D.; Anders, A.; Gawlik-Dziki, U. Antioxidant, nutritional and functional
characteristics of wheat bread enriched with ground flaxseed hulls. Food Chem. 2017, 214, 32-38. [CrossRef]
[PubMed]

Martin, J.; Geisel, T.; Maresch, C.; Krieger, K.; Stein, J. Inadequate nutrient intake in patients with celiac
disease: Results from a German dietary survey. Digestion 2013, 87, 240-246. [CrossRef] [PubMed]

Saturni, L.; Ferretti, G.; Bacchetti, T. The gluten-free diet: Safety and nutritional quality. Nutrients 2010,
2,16-34. [CrossRef] [PubMed]

Theethira, T.G.; Dennis, M. Celiac disease and the gluten-free diet: Consequences and recommendations for
improvement. Dig. Dis. 2015, 33, 175-182. [CrossRef] [PubMed]

Vidi, G.; Belli, L.; Biondi, M.; Polzonetti, V. Gluten free diet and nutrient deficiencies: A review. Clin. Nutr.
2016, 35, 1236-1241. [CrossRef] [PubMed]

Caruso, R.; Pallone, F; Stasi, E.; Romeo, S.; Monteleone, G. Appropriate nutrient supplementation in celiac
disease. Ann. Med. 2013, 45, 522-531. [CrossRef] [PubMed]

Kulai, T.; Rashid, M. Assessment of nutritional adequacy of packaged gluten-free food products. Can. J. Diet.
Pract. Res. 2014, 75, 186-190. [CrossRef] [PubMed]

Mazzeo, T.; Cauzzi, S.; Brighenti, F.; Pellegrini, N. The development of a composition database of gluten-free
products. Public Health Nutr. 2015, 18, 1353-1357. [CrossRef] [PubMed]

Miranda, J.; Lasa, A.; Bustamante, M.A.; Churruca, I; Simon, E. Nutritional differences between a gluten-free
diet and a diet containing equivalent products with gluten. Plant Food Hum. Nutr. 2014, 69, 182-187.
[CrossRef] [PubMed]

Missbach, B.; Schwingshackl, L.; Billmann, A.; Mystek, A.; Hickelsberger, M.; Bauer, G.; Konig, ]. Gluten-free
food database: The nutritional quality and cost of packaged gluten-free foods. Peer J. 2015, 3, e1337.
[CrossRef] [PubMed]


http://dx.doi.org/10.1097/FJC.0b013e3181af04e5
http://www.ncbi.nlm.nih.gov/pubmed/19568181
http://dx.doi.org/10.1016/j.tifs.2007.06.002
http://dx.doi.org/10.1080/10408390600919114
http://www.ncbi.nlm.nih.gov/pubmed/17943496
http://dx.doi.org/10.1016/j.jff.2016.08.045
http://dx.doi.org/10.1023/A:1011802014770
http://dx.doi.org/10.1007/BF01088490
http://dx.doi.org/10.1016/j.foodchem.2007.10.052
http://dx.doi.org/10.1016/j.lwt.2014.10.033
http://dx.doi.org/10.1016/j.foodchem.2014.05.095
http://www.ncbi.nlm.nih.gov/pubmed/25038671
http://dx.doi.org/10.1002/fsn3.495
http://www.ncbi.nlm.nih.gov/pubmed/28948020
http://dx.doi.org/10.1016/j.foodchem.2016.07.068
http://www.ncbi.nlm.nih.gov/pubmed/27507444
http://dx.doi.org/10.1159/000348850
http://www.ncbi.nlm.nih.gov/pubmed/23751356
http://dx.doi.org/10.3390/nu2010016
http://www.ncbi.nlm.nih.gov/pubmed/22253989
http://dx.doi.org/10.1159/000369504
http://www.ncbi.nlm.nih.gov/pubmed/25925920
http://dx.doi.org/10.1016/j.clnu.2016.05.002
http://www.ncbi.nlm.nih.gov/pubmed/27211234
http://dx.doi.org/10.3109/07853890.2013.849383
http://www.ncbi.nlm.nih.gov/pubmed/24195595
http://dx.doi.org/10.3148/cjdpr-2014-022
http://www.ncbi.nlm.nih.gov/pubmed/26067071
http://dx.doi.org/10.1017/S1368980014001682
http://www.ncbi.nlm.nih.gov/pubmed/25166854
http://dx.doi.org/10.1007/s11130-014-0410-4
http://www.ncbi.nlm.nih.gov/pubmed/24578088
http://dx.doi.org/10.7717/peerj.1337
http://www.ncbi.nlm.nih.gov/pubmed/26528408

Foods 2018, 7,191 12 of 14

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Regula, J.; Cerba, A.; Suliburska, J.; Tinkov, A.A. In vitro bioavailability of calcium, magnesium, iron, zinc,
and copper from gluten-free breads supplemented with natural additives. Biol. Trace Elem. Res. 2017,
182, 140-146. [CrossRef] [PubMed]

Swieca, M.; Regula, J.; Suliburska, J.; Zlotek, U.; Gawlik-Dziki, U. Effects of gluten-free breads, with varying
functional supplements, on the biochemical parameters and antioxidant status of rat serum. Food Chem.
2015, 182, 268-274. [CrossRef] [PubMed]

Hung, W.L.; Liao, C.D.; Lu, W.C,; Ho, C.T.; Hwang, L.S. Lignan glycosides from sesame meal exhibit higher
oral bioavailability and antioxidant activity in rat after nano/submicrosizing. J. Funct. Food 2016, 23, 511-522.
[CrossRef]

Nesbitt, P.D.; Lam, Y.; Thompson, L.U. Human metabolism of mammalian lignan precursors in raw and
processed flaxseed. Am. J. Clin. Nutr. 1999, 69, 549-555. [CrossRef] [PubMed]

Malcolmson, L.J.; Przybylski, R.; Duan, ].K. Storage stability of milled flaxseed. . Am. Oil Chem. Soc. 2000,
77,235-238. [CrossRef]

Schorno, A.L.; Manthey, FA.; Hall, C.A., III. Effect of particle size and sample size on lipid stability of milled
flaxseed (Linum usitatissimum L.). ]. Food Process Preserv. 2010, 34, 167-179. [CrossRef]

Fedeniuk, R.W.,; Biliaderis, C.G. Composition and physicochemical properties of linseed
(Linum-usitatissimum L.) mucilage. ]. Agr. Food Chem. 1994, 42, 240-247. [CrossRef]

Korus, J.; Witczak, T.; Ziobro, R.; Juszczak, L. Flaxseed (Linum usitatissimum L.) mucilage as a novel structure
forming agent in gluten-free bread. LWT Food Sci. Technol. 2015, 62, 257-264. [CrossRef]

Cui, W,; Mazza, G.; Biliaderis, C.G. Chemical-structure, molecular-size distributions, and rheological
properties of flaxseed gum. J. Agr. Food Chem. 1994, 42, 1891-1895. [CrossRef]

Capitani, M.L; Ixtaina, V.Y.; Nolasco, S.M.; Tomas, M.C. Microstructure, chemical composition and mucilage
exudation of chia (Salvia hispanica L.) nutlets from Argentina. J. Sci. Food Agr. 2013, 93, 3856-3862. [CrossRef]
[PubMed]

Capitani, M.I.; Corzo-Rios, L.J.; Chel-Guerrero, L.A.; Betancur-Ancona, D.A.; Nolasco, S.M.; Tomas, M.C.
Rheological properties of aqueous dispersions of chia (Salvia hispanica L.) mucilage. J. Food Eng. 2015, 149,
70-77. [CrossRef]

Timilsena, Y.P.; Adhikari, R.; Kasapis, S.; Adhikari, B. Molecular and functional characteristics of purified
gum from Australian chia seeds. Carbohydr. Polym. 2016, 136, 128-136. [CrossRef] [PubMed]

Capitani, M.I; Nolasco, S.M.; Tomas, M.C. Stability of oil-in-water (O/W) emulsions with chia
(Salvia hispanica L.) mucilage. Food Hydrocolloids 2016, 61, 537-546. [CrossRef]

Mazza, G.; Biliaderis, C.G. Functional-properties of flax seed mucilage. J. Food Sci. 1989, 54, 1302-1305.
[CrossRef]

Campos, B.E.; Ruivo, T.D.; Scapim, M.R.D.; Madrona, G.S.; Bergamasco, R.D. Optimization of the mucilage
extraction process from chia seeds and application in ice cream as a stabilizer and emulsifier. LWT Food
Sci. Technol. 2016, 65, 874-883. [CrossRef]

Borneo, R.; Aguirre, A.; Leén, A.E. Chia (Salvia hispanica L.) gel can be used as egg or oil replacer in cake
formulations. J. Am. Diet. Assoc. 2010, 110, 946-949. [CrossRef] [PubMed]

Felisberto, M.H.E.; Wahanik, A.L.; Gomes-Ruffi, C.R.; Clerici, M.T.P.S.; Chang, Y.K,; Steel, C.]J. Use of chia
(Salvia hispanica L.) mucilage gel to reduce fat in pound cakes. LWT - Food Sci. Technol. 2015, 63, 1049-1055.
[CrossRef]

Fernandes, S.S.; Salas-Mellado, M.D.L.M. Addition of chia seed mucilage for reduction of fat content in
bread and cakes. Food Chem. 2017, 227, 237-244. [CrossRef] [PubMed]

Fernandes, S.S.; Salas-Mellado, M.D.L.M. Development of mayonnaise with substitution of oil or egg yolk
by the addition of chia (Salvia hispanica L.) mucilage. J. Food Sci. 2018, 83, 74-83. [CrossRef] [PubMed]
Rosell, C.M.; Rojas, J.A.; de Barber, C.B. Influence of hydrocolloids on dough rheology and bread quality.
Food Hydrocoll. 2001, 15, 75-81. [CrossRef]

Ribotta, PD.; Perez, G.T.; Leon, A.E.; Afion, M.C. Effect of emulsifier and guar gum on micro structural,
rheological and baking performance of frozen bread dough. Food Hydrocoll. 2004, 18, 305-313. [CrossRef]
Guarda, A.; Rosell, C.M.; Benedito, C.; Galotto, M.]. Different hydrocolloids as bread improvers and
antistaling agents. Food Hydrocoll. 2004, 18, 241-247. [CrossRef]

Mandala, I.; Karabela, D.; Kostaropoulos, A. Physical properties of breads containing hydrocolloids stored at
low temperature. I. Effect of chilling. Food Hydrocoll. 2007, 21, 1397-1406. [CrossRef]


http://dx.doi.org/10.1007/s12011-017-1065-4
http://www.ncbi.nlm.nih.gov/pubmed/28580502
http://dx.doi.org/10.1016/j.foodchem.2015.03.014
http://www.ncbi.nlm.nih.gov/pubmed/25842337
http://dx.doi.org/10.1016/j.jff.2016.03.008
http://dx.doi.org/10.1093/ajcn/69.3.549
http://www.ncbi.nlm.nih.gov/pubmed/10075344
http://dx.doi.org/10.1007/s11746-000-0038-0
http://dx.doi.org/10.1111/j.1745-4549.2009.00463.x
http://dx.doi.org/10.1021/jf00038a003
http://dx.doi.org/10.1016/j.lwt.2015.01.040
http://dx.doi.org/10.1021/jf00045a012
http://dx.doi.org/10.1002/jsfa.6327
http://www.ncbi.nlm.nih.gov/pubmed/23900918
http://dx.doi.org/10.1016/j.jfoodeng.2014.09.043
http://dx.doi.org/10.1016/j.carbpol.2015.09.035
http://www.ncbi.nlm.nih.gov/pubmed/26572338
http://dx.doi.org/10.1016/j.foodhyd.2016.06.008
http://dx.doi.org/10.1111/j.1365-2621.1989.tb05978.x
http://dx.doi.org/10.1016/j.lwt.2015.09.021
http://dx.doi.org/10.1016/j.jada.2010.03.011
http://www.ncbi.nlm.nih.gov/pubmed/20497788
http://dx.doi.org/10.1016/j.lwt.2015.03.114
http://dx.doi.org/10.1016/j.foodchem.2017.01.075
http://www.ncbi.nlm.nih.gov/pubmed/28274428
http://dx.doi.org/10.1111/1750-3841.13984
http://www.ncbi.nlm.nih.gov/pubmed/29165817
http://dx.doi.org/10.1016/S0268-005X(00)00054-0
http://dx.doi.org/10.1016/S0268-005X(03)00086-9
http://dx.doi.org/10.1016/S0268-005X(03)00080-8
http://dx.doi.org/10.1016/j.foodhyd.2006.11.007

Foods 2018, 7,191 13 of 14

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Anton, A.A.; Artfield, S.D. Hydrocolloids in gluten-free breads: A review. Int. J. Food Sci. Nutr. 2008,
59,11-23. [CrossRef] [PubMed]

Sabanis, D.; Tzia, C. Effect of hydrocolloids on selected properties of gluten-free dough and bread. Food Sci
Technol. Int. 2011, 17, 279-291. [CrossRef] [PubMed]

Brennan, C.S.; Blake, D.E.; Ellis, P.R.; Schofield, J.D. Effects of guar galactomannan on wheat bread
microstructure and on the in vitro and in vivo digestibility of starch in bread. J. Cereal Sci. 1996, 24, 151-160.
[CrossRef]

Lu, Z.X.; Walker, K.Z.; Muir, ].G.; O’Dea, K. Arabinoxylan fibre improves metabolic control in people with
Type II diabetes. Eur. J. Clin. Nutr. 2004, 58, 621-628. [CrossRef] [PubMed]

Salgado-Cruz, M.D.; Ramirez-Miranda, M.; Diaz-Ramirez, M.; Alamilla-Beltran, L.; Calderon-Dominguez, G.
Microstructural characterisation and glycemic index evaluation of pita bread enriched with chia mucilage.
Food Hydrocoll. 2017, 69, 141-149. [CrossRef]

Sluimer, P. Principles of Breadmaking. In Functionality of Raw Materials and Process Steps; AACC: St Paul.
MN, USA, 2005.

Liu, X.; Li, T,; Liu, B.Y.; Zhao, H.F; Zhou, F; Zhang, B.L. An external addition of soy protein isolate
hydrolysate to sourdough as a new strategy to improve the quality of chinese steamed bread. J. Food Qual.
2016, 39, 3-12. [CrossRef]

Perez-Carrillo, E.; Chew-Guevara, A.A.; Heredia-Olea, E.; Chuck-Hernandez, C.; Serna-Saldivar, S.O.
Evaluation of the functionality of five different soybean proteins in hot-press wheat flour tortillas. Cereal Chem.
2015, 92, 98-104. [CrossRef]

Gomez, M.; Ronda, F; Blanco, C.A.; Caballero, P.A.; Apesteguia, A. Effect of dietary fibre on dough rheology
and bread quality. Eur. Food Res. Technol. 2003, 216, 51-56. [CrossRef]

Iglesias-Puig, E.; Haros, M. Evaluation of performance of dough and bread incorporating chia
(Salvia hispanica L.). Eur. Food Res. Technol. 2013, 237, 865-874. [CrossRef]

Koca, A.F; Anil, M. Effect of flaxseed and wheat flour blends on dough rheology and bread quality. J. Sci.
Food Agr. 2007, 87, 1172-1175.

Moreira, R.; Chenlo, F.; Torres, M.D. Effect of chia (Salvia hispanica L.) and hydrocolloids on the rheology of
gluten-free doughs based on chestnut flour. LWT Food Sci. Technol. 2013, 50, 160-166. [CrossRef]
Matthews, R.H.; Sharpe, E.J.; Clark, WM. The use of some oilseed flours in bread. Cereal Chem. 1970,
47,181-188.

Svec, I; Hruskova, M,; Jurinova, L. Pasting characteristics of wheat-chia blends. J. Food Eng. 2016, 172, 25-30.
[CrossRef]

Verdd, S.; Vasquez, F,; Ivorra, E.; Sanchez, A.].,; Barat, ].M.; Grau, R. Physicochemical effects of chia
(Salvia hispanica) seed flour on each wheat bread-making process phase and product storage. J. Cereal
Sci. 2015, 66, 67-73. [CrossRef]

Agyare, KK.; Addo, K.; Xiong, Y.L.; Akoh, C.C. Effect of structured lipid on alveograph characteristics,
baking and textural qualities of soft wheat flour. J. Cereal Sci. 2005, 42, 309-316. [CrossRef]

Ribotta, P.D.; Arnulphi, S.A.; Leon, A.E.; Afion, M.C. Effect of soybean addition on the rheological properties
and breadmaking quality of wheat flour. J. Sci. Food Agr. 2005, 85, 1889-1896. [CrossRef]

Zettel, V.; Hitzmann, B. Chia (Salvia hispanica L.) as fat replacer in sweet pan breads. Int. J. Food Sci. Technol.
2016, 51, 1425-1432. [CrossRef]

Steffolani, E.; de la Hera, E.; Perez, G.; Gomez, M. Effect of chia (Salvia hispanica L.) addition on the quality of
gluten-free bread. J. Food Qual. 2014, 5, 309-317. [CrossRef]

Zhou, ] M.; Liu, ].E; Tang, X.Z. Effects of whey and soy protein addition on bread rheological property of
wheat flour. . Texture Stud. 2018, 49, 38—46. [CrossRef] [PubMed]

Pareyt, B.; Finnie, S.M.; Putseys, J.A.; Delcour, ].A. Lipids in bread making: Sources, interactions, and impact
on bread quality. J. Cereal Sci. 2011, 54, 266-279. [CrossRef]

Luna Pizarro, P.; Almeida, E.L.; Coelho, A.S.; Samman, N.C.; Hubinger, M.D.; Chang, Y.K. Functional
bread with n-3 alpha linolenic acid from whole chia (Salvia hispanica L.) flour. J. Food Sci. Technol. 2015,
52,4475-4482. [CrossRef] [PubMed]

Mentes, O.; Bakkalbasi, E.; Ercan, R. Effect of the use of ground flaxseed on quality and chemical composition
of bread. Food Sci. Technol. Int. 2008, 14, 299-306. [CrossRef]


http://dx.doi.org/10.1080/09637480701625630
http://www.ncbi.nlm.nih.gov/pubmed/18097842
http://dx.doi.org/10.1177/1082013210382350
http://www.ncbi.nlm.nih.gov/pubmed/21917639
http://dx.doi.org/10.1006/jcrs.1996.0048
http://dx.doi.org/10.1038/sj.ejcn.1601857
http://www.ncbi.nlm.nih.gov/pubmed/15042130
http://dx.doi.org/10.1016/j.foodhyd.2017.01.027
http://dx.doi.org/10.1111/jfq.12172
http://dx.doi.org/10.1094/CCHEM-04-14-0085-R
http://dx.doi.org/10.1007/s00217-002-0632-9
http://dx.doi.org/10.1007/s00217-013-2067-x
http://dx.doi.org/10.1016/j.lwt.2012.06.008
http://dx.doi.org/10.1016/j.jfoodeng.2015.04.030
http://dx.doi.org/10.1016/j.jcs.2015.05.011
http://dx.doi.org/10.1016/j.jcs.2005.03.008
http://dx.doi.org/10.1002/jsfa.2191
http://dx.doi.org/10.1111/ijfs.13110
http://dx.doi.org/10.1111/jfq.12098
http://dx.doi.org/10.1111/jtxs.12275
http://www.ncbi.nlm.nih.gov/pubmed/28472867
http://dx.doi.org/10.1016/j.jcs.2011.08.011
http://dx.doi.org/10.1007/s13197-014-1477-5
http://www.ncbi.nlm.nih.gov/pubmed/26139914
http://dx.doi.org/10.1177/1082013208097192

Foods 2018, 7,191 14 of 14

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Sayed-Ahmad, B.; Talou, T; Straumite, E.; Sabovics, M.; Kruma, Z.; Saad, Z.; Hijazi, A.; Merah, O. Evaluation
of nutritional and technological attributes of whole wheat based bread fortified with chia flour. Foods 2018,
7,135. [CrossRef] [PubMed]

Martinez, M.M.; Diaz, A.; Gomez, M. Effect of different microstructural features of soluble and insoluble
fibres on gluten-free dough rheology and bread-making. J. Food Eng. 2014, 142, 49-56. [CrossRef]
Sahagun, M.; Gémez, M. Assessing influence of protein source on characteristics of gluten-free breads
optimising their hydration level. Food Bioprocess Technol. 2018, 11, 1686-1694. [CrossRef]

Mancebo, C.M.; Martinez, M.M.; Merino, C.; de la Hera, E.; Gomez, M. Effect of oil and shortening in
rice bread quality: Relationship between dough rheology and quality characteristics. J. Texture Stud. 2017,
48, 597-606. [CrossRef] [PubMed]

Goémez, M,; Oliete, B.; Pando, V.; Ronda, E; Caballero, P.A. Effect of fermentation conditions on bread staling
kinetics. Eur. Food Res. Technol. 2008, 226, 1379-1387. [CrossRef]

Eliasson, A.C.; Ljunger, G. Interactions between amylopectin and lipid additives during retrogradation in a
model system. J. Sci. Food Agr. 1988, 44, 353-361. [CrossRef]

Rogers, D.E.; Zeleznak, KJ.; Lai, C.S.; Hoseney, R.C. Effect of native lipids, shortening, and bread moisture
on bread firming. Cereal Chem. 1988, 65, 398-401.

Conforti, ED.; Davis, S.F. The effect of soya flour and flaxseed as a partial replacement for bread flour in
yeast bread. Int. ]. Food Sci. Technol. 2006, 41, 95-101. [CrossRef]

Mesias, M.; Holgado, F.; Marquez-Ruiz, G.; Morales, FJ. Risk/benefit considerations of a new formulation
of wheat-based biscuit supplemented with different amounts of chia flour. LWT Food Sci. Technol. 2016,
73,528-535. [CrossRef]

Villanueva, E.; Rodriguez, G.; Aguirre, E.; Castro, V. Influence of antioxidants on oxidative stability of the oil
Chia (Salvia hispanica L.) by rancimat. Sci. Agropecu. 2017, 8, 19-27. [CrossRef]

Konsoula, Z.; Liakopoulou-Kyriakides, M. Effect of endogenous antioxidants of sesame seeds and sesame
oil to the thermal stability of edible vegetable oils. LWT Food Sci. Technol. 2010, 43, 1379-1386. [CrossRef]
Ghosh, M.; Upadhyay, R.; Mahato, D.K.; Mishra, H.N. Kinetics of lipid oxidation in omega fatty acids rich
blends of sunflower and sesame oils using Rancimat. Food Chem. 2019, 272, 471-477. [CrossRef] [PubMed]
Verdq, S.; Barat, ].M.; Grau, R. Improving bread-making processing phases of fibre-rich formulas using chia
(Salvia hispanica) seed flour. LWT Food Sci. Technol. 2017, 84, 419-425. [CrossRef]

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/foods7090135
http://www.ncbi.nlm.nih.gov/pubmed/30200180
http://dx.doi.org/10.1016/j.jfoodeng.2014.06.020
http://dx.doi.org/10.1007/s11947-018-2135-0
http://dx.doi.org/10.1111/jtxs.12270
http://www.ncbi.nlm.nih.gov/pubmed/28449185
http://dx.doi.org/10.1007/s00217-007-0668-y
http://dx.doi.org/10.1002/jsfa.2740440408
http://dx.doi.org/10.1111/j.1365-2621.2006.01410.x
http://dx.doi.org/10.1016/j.lwt.2016.06.056
http://dx.doi.org/10.17268/sci.agropecu.2017.01.02
http://dx.doi.org/10.1016/j.lwt.2010.04.016
http://dx.doi.org/10.1016/j.foodchem.2018.08.072
http://www.ncbi.nlm.nih.gov/pubmed/30309570
http://dx.doi.org/10.1016/j.lwt.2017.06.007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Nutritional Profile 
	Flaxseed and Chia Seed Mucilages 
	Dough Rheology 
	Bread Quality 
	Sensory Properties 
	Conclusions 
	References

