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Bakery products are among the most widely consumed foods globally, yet their traditional formulations often
lack essential nutrients such as high-quality proteins, dietary fiber, and bioactive compounds. To address this
gap, a lot of investigation has been done on the use of functional nutrients, especially chia, flax, and sesame
seeds. The results of published research on the impact of these seeds are critically summarized in this review and
their derivatives on the nutritional composition, physicochemical characteristics, and sensory attributes of
bakery products, including bread, cakes, muffins, cookies, brownies, and scones. In order to demonstrate how
partial substitution of these seeds for wheat flour or eggs impacts macronutrient balance, water retention,
product texture, volume, color, and customer acceptability, a comprehensive review of the literature was con-
ducted. Consistent patterns are highlighted in the discussion, including higher levels of protein, fiber, and un-
saturated fatty acids, deeper crust and crumb colors, and varying effects on moisture and specific volume based
on the degree of substitution. Although the evaluated research shows that sesame, flax, and chia seeds can
enhance the nutritional and functional quality of bakery products. There are still a few limitations such as a
decreased loaf volume at greater substitution levels and possible adverse effects on texture or flavor. The review
concludes that moderate incorporation of these seeds offers an effective strategy for developing nutrient-enriched
bakery items aligned with current consumer demand for functional foods. Further research is recommended to
optimize substitution levels, improve sensory appeal, and extend shelf life through advanced processing
techniques.

Sharma, 2023; Shamanin et al., 2024; Zhu, Jet al., 2023). Gluten causes
celiac disease, an autoimmune condition that demands the development
of substitutes; however, because gluten creates the protein network

1. Introduction

Bakery products are widely consumed and most popular food in

consumer’s dietary lifestyle. The term “bakery items” referred to the
wide range of products including cakes, bread, muffins, cookies and all
baked products containing rich amount of fats and sugar. These products
are easy to fortify at home and industrial levels (Rabail et al., 2022).
Although wheat flour is commonly used to make muffins, cupcakes, and
other pastries, appropriate alternatives are required because around 1 %
of the world’s population is allergic to wheat, barley, or rye (Sahni &
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necessary for baked goods and adds viscoelasticity, Its absence degrades
the quality of the dough, leading to research into the best gluten-free
products. Moreover, hyperlipidemia (a disease related to high choles-
terol) a major risk factor for cardiovascular diseases (CVDs) in humans
and animals. It is primarily caused by a diet rich in cholesterol. There-
fore, the researchers are increasingly focusing on foods that provide
medicinal properties helps to prevent CVDs. There is a substantial
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evidence of linking of compromised maternal nutrition and impaired
child growth due to higher incident of CVDs in adulthood and later life
(AlMasoud et al., 2024; Rehan et al., 2023). The growing health
conscious consumer’s demands resulted in safe and nutritious food
products (Shelke et al., 2024) and the functional foods are used in daily
lifestyle of consumers due to health benefits, regulating body functions
and scientific verification of relationship between health and diet
(Guedes de Melo et al., 2022). However still some products contain
higher sugar and glycemic index (GI), lower protein and mineral con-
tents (Amadi & China, 2022). Consumers are well aware of the func-
tional foods and they prefer ready to eat food products made from
natural food or ingredients and contains low caloric density, minimal
supplementation, reduced fat content and high fiber content that can be
consumed daily as part of diet (Karakoc et al., 2024; Medina-Pérez et al.,
2025). The global urbanization and awareness improved the technology
of bakery industry in terms of functional and nutraceutical potential
(Albaayit et al., 2024; Punia & Dhull, 2019). Consumer attitudes and
awareness regarding food safety and quality have a significant impact on
their acceptance of functional bread items enriched with seeds like
sesame, flaxseed, and chia (Alshaikh et al., 2023; Amin et al., 2024;
Elkhalifa et al., 2024; Hanif et al., 2023; Mithu et al., 2025). Recent
studies on utilization of food coproducts not only help in food wastage
reduction but also provide improved nutritional benefits to the product
(Lucini Mas et al., 2022). Plants have an important role in providing
nutraceutical benefits to body with managing diseases and improving
body conditions (Abduallah et al., 2023; Kunu et al., 2025; Saleh et al.,
2023). The scientists are working on plants to prepare various products
from its extract and powder for disease prevention (Abduallah et al.,
2024).

Chia (Salvia hispanica L.) is an annual herbaceous plant belongs to
Lamiaceae family and derived from a Spanish word “Chian” meaning
oily with greater levels of alpha-linolenic acid (Shelke et al., 2024;
Siddique et al., 2024). Chia seed contains more protein than wheat, corn,
rice, oat and barley. It contains rich amount of soluble fibers, oil espe-
cially omega-3 and omega-6, polyunsaturated fatty acids mainly lino-
lenic acid, lipid and polyphenols content (Antonini et al., 2020; da Costa
Borges et al., 2021; Hatamian et al., 2020; Khatri et al., 2023). The
nutritional index with n-3/n-6 PUFA/ SFA is beneficial for human health
(Ahmad et al., 2023). The higher proportion of fatty acids in chia seeds
was responsible for the high fat content, whereas the lower moisture
content indicated that the chia seeds were less perishable (Siddique
et al., 2024). In addition to nutritional properties the mucilage presence
in these seeds provide them the properties of water holding, emulsifying,
gelling and shear thinning and act as a food additive to control viscosity,
stability, texture and consistency in bakery products (Moreira et al.,
2023; Wang et al., 2023). In bakery products due to its hydrating
properties, ability to enhance water and maintain freshness it can
function as a fat substitute (Iserliyska et al., 2021). In recent years chia
seed gain popularity among consumers due to their nutritional, func-
tional and nutraceutical properties and used in different food products
such as drinks and bakery (Antonini et al., 2020; Anwar et al., 2024).
About 1-3 % of the Pakistan population suffers from celiac diseases, and
the effective way to manage it by excluding it from diet, it’s challenging
as wheat based products (gluten dense) are a major staple food in the
country. Gluten free flour can be obtained from variety of sources
including chia seed that most of the researchers are using as a gluten free
source in bakery products formulations (Ahmad et al., 2024). Flaxseed
also called linseed (Linum usitatissimum) is an ancient plant belongs to
the family of Linaceae. It is an economical and multipurpose oilseed crop
that is gaining popularity among consumers due to its high nutritional
and medicinal values with the significant quantities of short-chain m—3
fatty acids (Kauser et al., 2024; Khan et al., 2024). Flaxseed serves as a
good source of protein (globulin & albumin), polyunsaturated fatty
acids, dietary fibers, minerals, lignans, phenolic compounds, high ratio
of omega-3 to omega-6 fatty acids and being used as a raw material in
functional foods and as an egg substitute in plant based dishes (Sharma
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et al., 2024: ilyasoglu et al., 2022). The presence of phyto-estrogenic
fibers e.g. lignan in flaxseed controls blood sugar levels. The preven-
tive and therapeutic potential of flaxseed in controlling chronic diseases
and reducing the risk of degenerative diseases due to its highest bio-
logical activity in the presence of alpha linolenic acid, lignans and di-
etary fibers (Al-Alwani et al., 2023; Ilyasoglu et al., 2022; Rubio et al.,
2018). The presence of these 3 bioactive compounds also reduces the
risk of cardiovascular disease, body weight and fat accumulation, breast
cancer, osteoporosis, heart disease, menopausal symptoms and protects
blood vessels from inflammatory damage (Marpalle et al., 2014).

Sesame (Sesamum indcum L.) also known as gingelly, beniseed, sim-
sim, and til, is one of the oldest oilseed crops, it is tiny, flat oval seeds
with the nutty taste. It is an important oil seed believed to be originated
from tropical Africa with the greatest diversity (M et al., 2020). It con-
tains high levels of biological value proteins with the high content of
arginine, methionine, tryptophan, phenylalanine, threonine and leucine
that helps them to contribute for the daily consumption of essential
amino acids (Nouska et al., 2024a). Sesame seed contains high levels of
oil and vital minerals including Mn, Fe, Ca, Mg, vitamins and phytos-
terols that plays important role in body (Kiin-Kabari, 2019; Rubio et al.,
2018). Sesame seeds are used in confectionary industry and in pastries
such as cakes, snacks and condiments and passed through various pro-
cesses including roasting and by making flour. In roasted seeds sugar is
added to enhance flavors (Al-Alwani et al., 2023). Chia, flax and sesame
seeds also known as super foods gaining popularity among consumers
due to presence of major contributor including protein, fiber, unsatu-
rated fatty acids and antioxidants in diet and these antioxidants reduces
the risk of oxidative damage to product (Anwar et al., 2024; Brigante
et al., 2022). The need for natural antioxidants has grown recently
despite the availability of synthetic antioxidants, primarily as a result of
the negative effects of synthetic antioxidants that have been docu-
mented (Gul et al., 2024). Different botanicals are well known for their
therapeutic and immunomodulatory properties against various disor-
ders of humans and animals (Abbas & Alkheraije, 2023). These seeds
contain essential oils that are the complex mixtures of secondary me-
tabolites and volatile compounds (Brenda et al.,, 2024). Despite
increasing research on chia, flax, and sesame seeds in bakery applica-
tions, there are still gaps because of disconnected research on individual
seeds or specific products. Consistent results on their nutritional value,
physicochemical, and sensory impacts are also limited by differences in
replacement levels, processing strategies, and evaluation procedures.
This review is interesting since it brings together multiple data points to
present an organized approach. The objectives are to (i) summarize
nutritional contributions, (ii) evaluate effects on physicochemical and
textural properties, (iii) assess sensory outcomes and consumer accep-
tance, and (iv) Emphasize limitations and future research directions.
This review offers comprehensive insights to guide both researchers and
the bakery industry in developing nutrient-enriched, consumer--
preferred bakery products.

2. Chia seed and its derivatives in bakery products
2.1. Moisture retention

Moisture content being a major indicator of food quality effects the
softness, freshness and customer acceptability of bakery products
including cakes and sweets (Aljobair, 2022). Moisture migration and
starch retro-gradation are initial causes of staleness in gluten-free bread,
which result in moisture loss, crumb firming, and decreased freshness,
and recrystallization of amylopectin playing a crucial role in this pro-
cess, amylose and amylopectin come apart when they cool down. Chia
mucilage act as a hydrocolloid and bind water that resulted in reduction
of loaf volume and texture (Asqardokht-Aliabadi et al., 2025; Cakir
et al., 2024. Wheat starch and chia mucilage fibers can work together to
slow down retro-gradation and moisture loss during baking. Because
water retention is limited by the lower starch content at higher flour
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replacement levels (6 %) there is less moisture. As a result, compared to
chia-enriched samples, control brownies with more flour displayed
higher moisture levels (Moreira et al., 2023). The incorporation of chia
seed into gluten free bread formulations initially decreased moisture
content; however, at concentrations above 6 %, the moisture content
remained relatively constant. The higher water retention capacity of
mucilage found in chia seeds explains this pattern. High amounts of
mucilage permeate the system and stabilize moisture retention, Its
impact at lower concentrations is not enough to overcome the
gluten-free dough’s structural limitations (da Costa Borges et al., 2021).
Muffins, on the other hand, showed a clear pattern of decreased mois-
ture content when chia seed flour was added to wheat flour. This is
probably because the mucilage and fiber fractions of chia compete for
water during baking (Rabail et al., 2022). Replacing eggs with chia seed
flour in sponge cake formulations increased moisture content. Because
of the mucilage, chia’s 7 % substitution was significantly better than the
others. It also improves the cake’s ability to bind water and stabilizes its
structure (Aljobair, 2022). Chia mucilage (25-100 %) significantly
increased moisture retention in pound cakes when used in place of fat;
the highest values (28.83 g/100 g) were obtained with the 100 %
replacement. This impact is explained by the high soluble fiber content
of chia mucilage, which enhances its ability to bind water and helps
baking matrices retain more moisture (Guedes de Melo et al., 2022). The
15-day study on moisture retention showed that when hydrated chia
seeds were used to replace fat in pound cakes, the moisture level was
enhanced, resulting in microbial damage and spoiling that shortens the
shelf life of cake (Cappuccelli Pinto et al., 2023). Because of its high
water-binding properties, chia seed flour lowers specific volume, in-
creases dough viscosity, and decreases gas retention, but it also im-
proves bread freshness in gluten-free bread (Coronel et al., 2021).
According to studies, chia fiber and mucilage can prevent water evap-
oration and help preserve moisture during baking (Adamczyk et al.,
2021). Chia mucilage also reduced water activity in pancakes, which
inhibited microbiological development and prolonged shelf life (Anwar
et al., 2024). Overall, these results demonstrate the dual benefits of chia
in retaining moisture and extending shelf life, but more research is
necessary to fully understand how it affects texture and volume. The
Mechanism of moisture retention of soluble fiber is shown in Fig. 1.
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2.2. Nutritional quality

A transparent mucilaginous gel, primarily made of soluble fiber, is
released when the chia seed is immersed in water. This gel has properties
that enable its use in a variety of food industry products, adding func-
tionality and enhancing the sensory and nutritional qualities of the
processed products (Guedes de Melo et al., 2022). Chia seed fortification
has been demonstrated to enhance the nutritional profile of bakery
goods; research has found that muffins with chia seeds have higher
levels of protein, fat, and minerals (Rabail et al., 2022), while gluten-free
bread has higher levels of protein, ash, crude fiber, fat and linolenic acid
content (Adamczyk et al., 2021; Coronel et al., 2021; Dentice Maidana
et al., 2020). The composition of chia seed, which includes approxi-
mately 30-33 % fat (rich in omega-3 and omega-6 fatty acids), 15-25 %
protein, 18- 30 % dietary fiber, and high amounts of minerals that is
responsible for these effects (da Costa Borges et al., 2021; Shelke et al.,
2024). As a result of replacing the flour, the carbohydrate content drops
proportionately. Besides measurable gains, chia provides protein of
remarkable quality. The nutritional benefit of chia seeds is increased by
their approximately 19 % protein content, balanced amino acid profile,
and 77-80 % digestibility (Wang et al., 2023). The nutritional profile of
gluten-free bread is greatly improved by chia seed and flour fortifica-
tion, which lowers carbohydrate level while raising protein (up to 81 %),
omega-3 and omega-6 fatty acids, and mineral content. The overall
caloric value is essentially unaffected by these compositional changes,
highlighting chia’s role as a nutrient-dense functional ingredient (da
Costa Borges et al., 2021). Chia seed flour fortification dramatically
changes the nutritional makeup of baked goods, which is in line with
previous research. Crude fat content increased to 21.06 % with 7 %
addition, with significant increases in ash and protein; at lower levels
(8-5 %), protein changes were negligible. When compared to the con-
trol, these increases in protein, fat, and mineral content are accompa-
nied by a notable decrease in carbohydrate levels, confirming chia’s
function as a nutrient-dense food that modifies the macronutrient bal-
ance without significantly increasing caloric value (Aljobair, 2022).
Increased fat content from adding seeds has nutritional benefits because
it provides natural antioxidants such phenolic, lignans, SDGs, and to-
copherols, as well as polyunsaturated fatty acids. These compounds not

Water droplets

*Fiber gel absorbs and holds water
» Shows moisture migrations
* Reduces firmness during storage

Soluble fiber gel

Fig. 1. Mechanism of moisture retention of soluble fiber.
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only improve the nutritional profile but also enhance oxidative stability,
preventing rancidity and extending product shelf life (Kauser et al.,
2024) and fat provides hindrance in gluten development and promote
satiety. Remarkably, the crude fat content of M-CHIA6 and M-CHIA12
muffins decreased by 41 % and 38.6 %, respectively, when hydrated
chia seed mucilage was substituted for coconut oil. This is in contrast to
research that found that adding flour or chia seeds raised fat levels,
which may be related to variations in the constituent type. When used as
a fat substitute, mucilage mostly provides fiber and water, reducing
overall fat, whereas whole chia and chia flour supply lipids through their
oil portion (Guedes de Melo et al., 2022). Similarly, when egg is replaced
by chia mucilage in brownies the content of protein and fat decreases
because eggs contain more proteins however, fiber content will be more
in chia mucilage that is from plant source than egg which is from animal
origin (Moreira et al., 2023). Functional role of chia seed components in
bakery products is explained in Fig. 2. In addition to bread and muffins,
chia increases the nutritional value of pancakes and pasta by raising
their protein and lipid content (Khatri et al., 2023). In vegan brownies,
the fat content increased because of lipid residues in chia phenolic ex-
tracts (Anwar et al., 2024). These results support the adaptable function
of chia in enhancing the nutritional makeup of various baked goods. The
various characteristics including nutritional, sensory and physical
properties of bakery items affected by chia seed and its derivatives are
shown in Table 1.

2.3. Physical properties and texture

Physical characteristics, for as volume and texture, are important
indicators of bakery product quality since they have a direct impact on
acceptance, consumer perception, and overall product quality (Guing,
2022). The specific volume of gluten-free bread is typically decreased by
adding a portion of chia flour; however, an improvement is noted at
moderate quantities (4-8 %). This is because chia’s soluble fibers and
mucilage improve dough viscoelasticity by creating a hydrocolloid
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network that somewhat resembles gluten. This network increases bread
capacity by stabilizing cell structure and enhancing gas retention during
baking (da Costa Borges et al., 2021). Loaf volume was affected by the
type and amount of chia seeds. Both whole and powdered chia seeds
increased volume at 1 % addition, and this improvement was main-
tained at greater levels (up to 5 %) as compared to the control.
Compared to powdered chia seeds (545 cm?), whole seeds yielded a
slightly larger loaf capacity (580 cm?®) (Adamczyk et al., 2021). How-
ever, the specific volume of sponge cakes was decreased when chia seeds
were used in place of eggs. At 5-7 % substitution, or 25-50 % replace-
ment of egg protein, acceptable uniformity and volume were main-
tained; but, at greater levels, volume was reduced and cake symmetry
was compromised. This happens because chia proteins don’t have the
same foaming and structural qualities as egg proteins, which stabilize air
bubbles and increase batter density (Aljobair, 2022). Similar to this, chia
seed mucilage inhibits CO: retention and bread expansion in muffins,
whereas coconut oil increases aeration and specific volume. This cor-
responds to a larger pattern seen in other baking goods, where volume
development is limited since chia cannot completely replace the func-
tional responsibilities of traditional ingredients (Guedes de Melo et al.,
2022). The specific volume of loaf decreased with chia seed addition in
gluten free bread and favors dough development and gas retention in
water presence ((Cappuccelli Pinto et al., 2023; Coronel et al., 2021)).
According to earlier research, adding chia has varying effects on loaf
volume. Chia seeds increased the specific volume of gluten-free pan
bread at low concentrations (2-3 %), most likely because mucilage
improves dough viscoelasticity and gas retention. However, water
competition and increased dough viscosity limit gas expansion at higher
levels or when fiber-rich fractions predominate, which eventually re-
duces loaf volume (Anwar et al., 2024). In case of brownies chia muci-
lage addition may decrease in volume but did not affect the brownies
because denser texture is acceptable in them as compared to other
bakery products like cakes (Moreira et al., 2023). In contrast, Dentice
Maidana et al. (2020) found that substituting chia and lactic acid
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Fig. 2. Functional role of chia seed components in bakery products.
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Table 1
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Effect of chia, flax and sesame seeds and its derivatives on the colors of bakery products.

Functional ingredient Color changes in bakery product

Biscuits/ Bread Cakes

cookies

Doughnuts/ References

muffins

Chia seed and derivatives - Darker color  Darker color
Redder
color

Darker color

No color
change
Slightly darker

Brown and darker
color
Slightly darker

Flaxseed and derivatives

Sesame seed and
derivatives

Darker color (Aljobair, 2022; Coronel et al., 2021; Guedes de Melo et al.,

2022)

- (ﬂyasuglu et al., 2022; Papagianni et al., 2023; Sharma et al.,
2024)

Darker color (Abbas et al., 2020; Lucini Mas et al., 2022; Papagianni et al.,
2023)

bacteria-fermented sourdough for sorghum flour greatly increased the
specific volume of gluten-free bread, with the highest values at 30-40 %
chia—flax sourdough. This suggests that the negative effects of chia on
bread growth may be overcome by processing techniques like sourdough
fermentation.

2.4. Sensory attributes

The characteristics of food products essentially determine the sen-
sory criteria, such as taste, crumb texture, crumb grain, appearance,
crust color, odor, and overall acceptability, as well as consumer pref-
erences and acceptance (Ahmad et al., 2024; Moreira et al., 2023; Nassef
et al., 2023). The gluten-free bread appeared significantly darker when
chia flour sourdough was used in place of sorghum flour; the darker the
crust and crumb, the more chia flour was added, and the color intensity
increased as the substitution level increased. Consumer panelists still
favored this greatest substitution level (40 %) despite the related
hardness and slightly soggy texture, indicating that acceptability was
unaffected by darker appearance (Dentice Maidana et al., 2020). A
significant aspect of gluten-free bread is color, which is significantly
affected by the addition of chia. While a* and b* values show red and
yellow changes caused by stronger Maillard reactions, higher substitu-
tion levels decrease brightness. Chia seeds have a stronger effect on
bread color than wheat, causing a greater hue angle variation
(69.47-73.86). despite that fact no significant changes occurred in fla-
vor and texture parameters and well accepted by consumers (da Costa
Borges et al., 2021). Chia seed proteins contributed to decreasing L*
values in sponge cakes, however b* (yellowness) stayed close to the
control and a (greenness) changed somewhat at 7 % substitution. The
crumb was further darker due to carotenoids in the seed coat (Coronel
et al., 2021) and 3 % substitution was scored similarly to the control,
larger chia levels (7 %) decreased sensory acceptance, especially for
crust color, flavor, and taste (Aljobair, 2022). Same results showed that
by adding more chia seeds to muffins reduced their L* (lightness) and b*
(yellowness) values, but their a* values showed a slight greenness,
which is undesirable. Chia seed proteins are responsible for the darker
appearance. While 5-15 % fortification was typically deemed accept-
able, higher amounts decreased volume, springiness, and the overall
appearance of the crust and crumb (Rabail et al., 2022). The addition of
chia seed mucilage to muffins had significant effects on the color char-
acteristics (L, a, b), as compared to chia-enriched muffins control sam-
ples displayed greater brightness, which could be related to the
mucilage’s uneven distribution. The brightness is changed by this het-
erogeneity, which affects the way that light is reflected on the crumb
surface and making the control sample more acceptable as compared to
chia fortified sample (Guedes de Melo et al., 2022). Darker bread was
produced by reducing L values with phenolic chemicals found in chia
flour, such as ferulic, caffeic, and chlorogenic acids. In several instances,
a value stayed constant, but in others, notable changes were noted. The
b* value was lowest (13.65) in the 5 % chia flour sample and highest
(18.73) in the control sample. The bread’s internal temperature also
affected the crumb color. 1 % addition of chia seed reduces hardness but
greater values like 5 % addition increased hardness by reducing loaf

volume making it undesirable for consumption (Adamczyk et al., 2021).
The color parameters (L, a, b*) of pound cakes were impacted by the use
of chia seed mucilage as a fat substitute with lower sugar levels. In
addition to reducing red and yellow tones and lightness (L*), higher
concentrations caused tunnels and holes in the crumb because of their
denser, more compact structure. Because panelists did not prefer
chia-incorporated cakes over other formulations, these disadvantages
darker color and uneven crumb led to lower customer preference
(Cappuccelli Pinto et al., 2023). While higher amounts adversely
affected the color of the crumb and crust, 2-3 % chia flour greatly
enhanced the smell, taste, internal appearance, and overall acceptance
of gluten-free pan bread (Anwar et al., 2024). Although chia flour had no
effect on the general acceptance of gluten-free formulations, it greatly
improved the flavor and taste of bread. The best acceptance scores,
however, were obtained from sourdough fermentation with chia flour,
indicating its potential to increase customer preference (Jagelaviciute &
Cizeikiene, 2021). The color properties of bread, cakes and muffins are
shown in Table 2.

3. Flaxseed and its derivatives in bakery products
3.1. Moisture retention

The moisture level of products made from flaxseeds is greatly
influenced by the strong water-binding capacity of the fiber rich muci-
lage in flaxseeds which retained moisture in food matrices by chemical
interactions. However, as seen by the unroasted (2.14 % at 5 %) and
roasted (1.70 % at 5 %) samples, where roasting caused moisture losses
during cooking, moisture levels may vary (Khan et al., 2024). Similar
studies by Jiang et al. (2022) reported a significant moisture reduction
in bread when wheat flour replaced by unroasted and roasted flaxseed.
Due to heat treatment, bread containing roasted flaxseed exhibited the
lowest moisture content compared to that with the unroasted flaxseed.
The amount and distribution of moisture in food determines the func-
tionality and physical properties of food. The moisture level of flaxseed
biscuits was higher than that of terebinth and sesame biscuits. However,
as the substitution quantity was increased, the moisture content rapidly
decreased; the control sample had the highest value (5.71 %). When the
moisture content dropped out the product’s stability during storage is
improved because it slows down physical, chemical, and microbiolog-
ical processes (Karakoc et al., 2024). Bread fortified with 3-4.5 % of
flaxseed slurry showed less moisture and volume even though the crumb
hardness remained same as control, suggesting that flaxseed did not
result in dried or rigid structures however, reduced specific volume and
high fiber content were associated with higher crumb hardness in
various flaxseed-lentil combinations, but crust hardness was impacted
by moisture changes during storage (Papagianni et al., 2023). The
gluten-free cookies manufactured with flaxseed flour showed a notable
decrease in moisture content, which aided to prolong the product’s shelf
life (Bashir et al., 2020). The combination of chia and flaxseed in cakes
improved moisture retention, improving viscosity and freshness, but
decreasing loaf volume because the oil in flaxseed interfered with the
production of gluten. A moisture content below 6 % suggests low
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Table 2
Effect of chia seed and its derivatives on different properties of bakery products.
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Significant decrease Overall impact Reference

Functional Processing conditions Bakery Significant increase
ingredients product
Chiaseed and  Baking at 350 °C for 35 Gluten free Protein, dietary fiber,
flaxseed min bread essential fatty acids,
specific volume, darkness
Chia seed Baking at 175 g dough Gluten free Protein, lipid, ash,
at 200 °C for 20 min bread specific volume, firmness
Chia seed 50 g batter at 130 °C Muffins Protein, ash, fat, fiber,
for 6-8 min (lower darkness
grill), 3-5 min (lower &
higher grills), 2-3 min
(upper grill)
Chia seed Baking at 180 °C for 25  Sponge Linoleic acid, moisture,
min cake batter density, fat, fiber
content
Chia seed Baking at 150 g at 140 Muffins Unsaturated fat,
°C for 25 min moisture, ash, specific
volume,
brightness
Chia seed Baking at 180 °C for 25  Pound cake  Specific volume,
min moisture, firmness, water
activity
Chia seed Two stages drying 50 Gluten free Protein, fat, ash, dietary
°C for 30 min & 85 °C pasta fiber
for 60 min
Chia flour Baking at 165 g at 180 Gluten free Protein, fat, crude fiber,
°C for 25 min bread ash, WHC
Chia flour Baking at 500 g at 220  Gluten free Moisture,
°C for 45 min maize firmness
bread
Chia flour Baking at 220 °C for 20  Bread Fat, fiber, volume (1 %
min addition), protein,
polyphenols
Defatted chia Baking at 170 °C for 20  Vegan Fiber, fat
flour min brownie
Chia flour Baking at 250 °C for 30 Gluten free Protein, ash, fiber, fat/
min pan bread lipids, specific volume,

hardness,

chewiness, gumminess,
springiness, cohesiveness,
resilience

(Dentice Maidana
et al., 2020)

Saturated fatty acids Highest acceptability

Moisture, carbohydrate,
baking losses

Satisfactory no significant
difference as compared with
standard bread

15 % addition is acceptable but
further increase may cause
detrimental effect to product

(da Costa Borges
et al., 2021)

(Rabail et al.,
2022)

Moisture, lightness,
yellowness, crust, chroma
value,

Redness

Chia seed addition will result in
lower organoleptic properties

Carbohydrates, crumb
yellowness, cholesterol,
springiness, firmness,
chewiness, cohesiveness
Crude fat, saturated fat,
specific volume,

loss of cooking, CO»

(Aljobair, 2022)

(Guedes de Melo
et al., 2022)

Acceptance rate of control sample
is more as compared with the
product incorporated with chia
seed mucilage

Less acceptable as compared with

Density, color, fat, (Cappuccelli Pinto

crumb color the control et al., 2023)
Cooking losses, Addition of chia flour at certain (Khatri et al.,
moisture, level improves the binding 2023)
carbohydrate properties texture & appearance

Moisture, Sensory attributes need to study (Coronel et al.,
carbohydrate, 2021)

specific volume

Porosity, Not influence the overall (Jagelaviciute &

specific volume acceptability of gluten free bread Cizeikiene, 2021)
Baking losses,
bread volume,

(5 % addition),

1 % replacement of chia seed in
bread provide effective results as
compared with 5 %(w/w)

(Adamczyk et al.,
2021)

hardness,

ash

Moisture Softer and less crispy crust similar (Moreira et al.,
taste with the traditional brownies 2023)

Moisture, carbohydrates Pan bread with the chia flour (Anwar et al.,
addition improved overall 2024)

acceptability

TPC: Total phenolic content, RDP: Relative digestibility of protein, WHC (Water holding capacity), TFC (Total flavonoid compounds), RSA: Radical Scavenging

Activity.

sensitivity to microbial growth (Murugkar et al., 2021). Flaxseed gel
showed higher water binding capacity than eggs, thereby slightly
increased the moisture content. In cakes about 40 % flaxseed gel addi-
tion rises the moisture content from 21.7 % (control) to 23.4 % (Sharma
et al.,, 2024). In general, the presence of flaxseed improves moisture
retention in bakery products because of its soluble fiber content, which
is good for keeping softness and delaying staling. However, in
low-moisture products like biscuits, this retained moisture may promote
cracking during storage. Higher amounts of flaxseed tend to promote
moisture retention but may also interfere with texture and structural
stability therefore, the level of these effects is entirely dependent on the
amount used.

3.2. Nutritional quality

The production of gluten free cookies by adding flaxseed in the
product increased the nutritional quality by increasing protein, fat and
ash content however carbohydrate content decreases (Bashir et al.,
2020; Karakoc et al., 2024) and the results are consistent with the
findings across multiple studies reviewed in this work. The nutritional
profile of cookies was greatly enhanced by the inclusion of both roasted
(RF) and unroasted (URF) flaxseed. For instance, at 15 % addition of

flaxseed crude fiber increased from 1.02 to 1.47 % (URF) and 0.96-1.43
% (RF), ash from 1.35 % (URF) and 2.25 % (RF), protein 9.07 % (URF)
and 9.18 % (RF), and fat was 22.64 % (URF) and 22.37 % (RF) (Khan
et al., 2024). With minor variations between unroasted and roasted
forms, these modifications are attributed to aid in enhancing total
phenolic content (TPC), ABTS antioxidant activity, linoleic acid and
a-linolenic acids in cookies. Additionally, incorporated cookies contains
5 times and 30 times more PUFAS and a-linolenic respectively as
compared to control (ilyasoglu et al., 2022). However, dietary fiber
content is more in roasted flour (11.50 g/100 g) than in unroasted flour
(8.50 g/100 g). This is because of combined effect of heat and me-
chanical shear which disrupts the cell wall and split glyosidic bond of
polysaccharides those breakdown macromolecular structures into
smaller hydrophilic soluble dietary fibers. The lipid content reduces
during roasting treatment as during heating the cell structure breaks
caused lipids to leach out from seed (Jiang et al., 2022). These soluble
fibers helps in reducing the plasma glucose and cholesterol levels lead-
ing to lowering the risk of cardiovascular diseases (Papagianni et al.,
2024a). The high levels of TPC and the antioxidants in defatted flaxseed
flour was the result of its non-fat nature. Incorporation of flaxseed flour
into Chinese steamed bread not only increased its nutrition, mineral and
lipid profile but also contains 5 types of fatty acids including unsaturated
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fatty acids especially linolenic acid, oleic acid and linoleic acid. From
these three linolenic acid is the most abundant followed by oleic acid
and linoleic acid (Gao et al., 2022). Because protein slows down the
absorption of carbohydrates by limiting starch bioavailability and
decreasing enzyme accessibility, flaxseed-oat sourdough bread’s high
protein content helps it have a lower GI than whole meal bread (25 g vs.
18 g per 50 g carbohydrate) (Johari et al., 2024). In the exceptional
cases by changing the replaceable ingredient as we use egg as a replacing
agent in cakes and being replaced by flaxseed gel the protein, fat (due to
presence of albumin and egg yolk), ash and carbohydrate decreases
however omega-3 fatty acids will be higher and omega-6 fatty acids will
be lower as compared to control (Murugkar et al., 2021; Sharma et al.,
2024). The various characteristics including nutritional, sensory and
physical properties of bakery items affected by flaxseed and its de-
rivatives are shown in Table 3.

3.3. Physical properties and texture

Texture is one of the main factors of product quality and represents
the sensory perception of a food’s structural properties (Noreen et al.,
2023). The incorporation of flaxseed in gluten-free cookies reduces
dough deformation and increased hardness. The maximum hardness of
flaxseed flour is 61.2 N with 22.5 g addition, which is higher than the
control’s value 24.22 N. As the concentration of flaxseed flour increased,
the cookies’ breaking strength decreased and hardness increased (Bashir
et al., 2020). The flaxseed incorporation into Chinese steamed bread
influence its physical properties and a significant increase in hardness
and chewiness with a decrease in cohesiveness and springiness of final
product. This effect could be a result of a decrease in the gluten network
driven by the complex interactions of dietary fibers, protein, wheat
gluten, and starch. These interactions may reduce the gas holding ca-
pacity, lower the specific volume and ultimately increased the hardness
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(Gao et al., 2022). Flaxseed contains dietary fibers that have hydrophilic
properties, so they retain water and have high WHC as compared to
wheat flour. However roasting treatment damage cell and dietary fiber
thus decreasing its capacity to hold water (Jiang et al., 2022). In gluten
free breads flaxseed helps to increase and maintains the loaf volume and
improves crumb macrostructures, therefore when flaxseed combined by
sesame cake a slight reduction in specific volume was observed and this
is due to increased protein and fiber contents that caused starch gela-
tinization and gluten network formations, affecting better expansion at
the same time improving moisture retention and reducing staling during
storage (Papagianni et al., 2024b). There were no significant changes in
cakes quality when up to 50 % of egg is replaced by flaxseed gel however
60 % replacement changes the cake texture and causes cracks on cake
surface (Sharma et al., 2024). Cakes prepared by chia and flaxseed gel
retain great amount of moisture and higher density but decreased vol-
ume and poor texture as compared to egg cake. Soluble fibers present in
chia and flaxseed thickens the batter and hence resulted in lower vol-
ume. Nan encapsulated flaxseed oil might be a good substitute for
eggless cakes because of its textural similarities with the egg cake
(Murugkar et al., 2021). Flaxseed oil can also be used as a shortening
agent in bakery products which provides a physical barrier by retarding
starch retro-gradation and prompting the softness and freshness (Jiang
et al., 2022). Despite its excellent nutritional profile, flaxseed may
negatively affect the texture of bakery products, which highlights the
need for technological strategies to minimize these drawbacks. Func-
tional role of flaxseed components in bakery products is explained in
Fig. 3.

3.4. Sensory attributes

The consumer sensory acceptability of bakery items is influenced by
their technological characteristics including firmness, specific volume,

Table 3
Effect of flaxseed and its derivatives on different properties of bakery products.
Functional Processing Bakery Significant increased Significant decreased Overall results References
ingredients conditions products properties properties
Flaxseed Baking at 200 °Cfor  Gluten free Protein, fat, Moisture, 17 g flaxseed flour provide maximum (Bashir et al.,
10 min cookies ash, hardness carbohydrates acceptability results 2020)
Flaxseed Baking at 180 °Cfor ~ Cookies Fat, fatty acid (linoleic & L* value 10-30 g/100 g flaxseed incorporation is (Ilyasoglu
15 min alpha linolenic acid) well accepted and does not have drastic et al., 2022)
TPC effect on sensorial properties
ABTS
Flaxseed Bakingat175°Cfor  Gluten free Protein, dietary fibers, Specific volume, Higher scores (Papagianni
40 min bread hardness, consistency, brightness, glucose et al., 2023)
viscosity, water absorption
Flaxseed Baking at 170 °C for Biscuits Protein, ash, fat, TPC, pythic Moisture, High acceptability with 5 % substitution of (Karakog
20 min acid, carbohydrate, sesame flour and general acceptability for et al., 2024)
K, Fe, K, Mg, yellowness brightness up to 10 % and 25 % substitution of sesame
& flaxseed flour respectively
Roasted 25 % Steaming at 100 °C Chinese TPC (78.58 mg Gallic/100 g) Specific volume, Flaxseed’s flour increases nutritional value  (Gao et al.,
Flaxseed for 20 min steamed RSA, DPPH, antioxidant, Color, lightness, and slightly increases flavor, color and 2022)
flour bread flavor, shape, viscosity, cohesiveness, texture of CSB
hardness, chewiness springiness
Flaxseed Roasting at 130 °C Bread Protein, lipid, dietary fiber, Moisture, specific Higher acceptability score with 25 % RF as ~ (Jiang et al.,
for 15 min. softness, WHC volume, hardness compared to whole wheat 2022)
Baking at 190 °C for 25 % RF color
top, 210 °C for
bottom for 25 min
Flaxseed Baking at 205 °C for Cookies Darkness (brown) Higher substitution improves most sensory (Rrustemi
defatted 10 min parameters et al., 2024)
cake
Flaxseed oil Baking at 180 °Cfor  Eggless Shear rate, moisture, Shear stress, specific Healthy, tasty and rich omega 3 FA, high (Murugkar
50 min cake antioxidant activity, density gravity, springiness, quality obtained et al., 2021)
Flavonoid activity, omega 3, cohesiveness
texture Hardness, viscosity,
omega- 6
Flaxseed gel Baking at 180 °Cfor ~ Cake Moisture, fat, omega-3 fatty Protein, carbohydrate,  Slightly less sweet taste, in terms of color (Sharmaetal.,
(replace by 55 min acids, hardness ash, sponge volume and internal texture 50 % FSG replacement ~ 2024)

€gg)

is acceptable
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Fig. 3. Functional role of flaxseed components in bakery products.

uniformity and consistency (Moreira et al., 2023). The color of Chinese
steamed bread and cookies becomes darker due to significant decrease
in L* value and slight changes in the b* value. The flaxseed natural dark
color imparted darkness in both products so flaxseed amount should be
maintained for consumer preference (Gao et al., 2022; Ilyasoglu et al.,
2022). Same studies by Rrustemi et al. (2024) represent that the addi-
tion of defatted flaxseed cake at 30 % and 60 % in cookies formulation
transmitted a brown color to the product as a replacement for wheat
flour. 17 g incorporating of flaxseed into gluten free cookies mostly liked
by the consumers and provide high nutritive values (Bashir et al., 2020).
Flaxseed cookies are acceptable by the consumer and it provides brown
appealing color to the product (ilyasoglu et al., 2022). The addition of
flaxseed flour significantly influenced the flavor profile of Chinese
steamed bread and increased the aldehydes and ketones content while
alcohols content decreased slowly. Aldehydes plays a significant role in
Chinese steamed bread and provides them a fatty and fruity aromas (Gao
et al., 2022). Bread treated with 25 % roasted flaxseed had a high
acceptability and contained combination of roasting and plant fragrance
that is highly acceptable by the consumers (Jiang et al., 2022). Defatted
flaxseed cake incorporation into cookies provides a good flavor and
aroma at 60 % substitution as compared to 30 % substitution, which
showed that acceptable sensory characteristics were achieved at high
concentration; however, this substitution may compromise the texture
of cookies (Rrustemi et al., 2024). Similar studies on 50 % replacement
of egg with the flaxseed gel in cake formulations showed that sensory
characteristics are acceptable (Sharma et al., 2024). Flaxseed introduces
the nutty flavor in gluten free bread thereby contributing in high overall
acceptability. Breads with the 3 % and 4.5 % flaxseed had the highest
acceptability scores as above 4.5 % least acceptability among consumers
(Papagianni et al., 2024a). Flaxseed should be in the acceptable ranges
because it enhances the nutritional and sensory appeal; excessive
incorporation may affect its texture, color, and taste. The effect on color
properties of biscuits, bread and cakes is shown in Table 1.

4. Sesame seed and its derivative in bakery products
4.1. Moisture retention

Bakery goods that contain less than 13 % moisture are resistant to

moisture damage. Every product has a moisture content that is lower
than the designated amount. They will have a longer shelf life and be less
vulnerable to microbial attack as a result (Amadi & China, 2022). The
water in food determines the textural properties of food. The reduction
in water by substituting with oilseeds at favorable atmospheric condi-
tions may lower the effect of enzymatic, microbiological and chemical
activities of product (Karakoc et al., 2024). Sesame seed, sesame flour,
and sesame cake exhibit lower moisture levels, ranging from 3.16 to
3.53 g/100 g, depending on the product type and variety. This low
moisture makes the product less prone to microbial attack and provides
shelf stability during storage (Malaviya & Yadav, 2022). Similarly,
studies on sesame biscuits at different levels showed slight moisture
changes thus indicating good storage stability. The moisture percentage
of the control sample of wheat biscuits is 6.27 %, whereas the 10 % and
20 % sesame seed substitutions showed 5.90 % and 6.33 %, respectively
(Al-Alwani et al., 2023). The addition of sesame seed as a supplement in
doughnuts increased the moisture content from 7.53+0.19 to 8.38+0.12
%. The springiness is inversely related to hardness, and consequently, it
decreases due to low moisture and fat content in the product (Abbas
et al., 2020). The moisture content of biscuits decreased when sesame
oilseed was added, and the reduction became more pronounced as the
substitution level increased. This reduction is attributed to a decrease in
hydration capacity due to the shortening that covers the gluten network
and starch particles, which decreases the absorption of water (Karakoc
et al., 2024). In sesame meal emulsions for the production of cakes, it
retains moisture better due to high water content in Pickering emulsions
and provides cakes a moister and softer texture; however, moisture loss
occurs during baking (X. Wang et al., 2024).

4.2. Nutritional quality

Sesame is a significant oilseed crop valued for its high-quality protein
and oil (Tahir et al., 2024). Sesame seed fortification continuously im-
proves nutritional composition, especially by raising protein, fat, and
mineral contents while lowering carbohydrate levels in baked goods. For
example, biscuits fortified with sesame showed higher protein (14.43 %)
and fat (10.33 %) compared to the control (12.1 % protein, 2 % fat)
(Al-Alwani et al., 2023). Similar to this, adding sesame to doughnuts
significantly increased their protein (from 10.2 % to 24.9 %) and fat
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(from 9.3 % to 14.4 %), while simultaneously lowering their
nitrogen-free extract and carbohydrate levels (Abbas et al., 2020).
Enrichment of cookies with sesame flour significantly improved mineral
contents (zinc, calcium, magnesium, iron), however, scones made with
sesame kernels and cashew also showed increases in fiber, fat, and
protein (Amadi & China, 2022; M et al., 2020). Sesame protein
strengthened the gluten network in cake formulations, improving the
texture of the final product (Wang et al., 2024). Although sesame seeds
are naturally rich in phytic acid (8.98 %), processing methods such as
defatting, germination, fermentation, and cooking substantially reduce
anti-nutritional compounds (Karakog et al., 2024). Overall, these find-
ings indicate that sesame fortification improves the nutritional profile of
bakery products, although optimization of substitution levels is essential
to balance nutritional benefits with sensory acceptance. The various
characteristics including nutritional, sensory and physical properties of
bakery items affected by sesame seed and its derivatives are shown in
Table 4.

4.3. Physical properties and texture

Sesame supplementation significantly influences the physical and
textural properties of bakery products. In doughnuts, sesame cake flour
increased hardness, cohesiveness, and chewiness, whereas springiness
reduced, showing a structure that had become denser (Abbas et al.,
2020). Defatted sesame flour (DSF) enhanced the hardness of cookies by
up to 10 % as it improved the interactions between protein, fiber, and
water, whereas at 20 % DSF the texture became softer as the
starch-protein network weakened, resulting in improved chew ability
(Lucini Mas et al., 2022). Sesame flour-fortified biscuits had higher
hardness, spread ratio, and diameter but reduced thickness, reflecting
the effect of high fat and fiber content on dough rheology (Karakoc et al.,
2024). At 6 % substitution, neither low-fat nor high-fat sesame cake
changed the specific loaf volume in bread formulations, but higher in-
clusion levels (12-20 %) significantly reduced loaf volume, likely due to
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dilution of the gluten network (Nouska et al., 2024a). Collectively, these
studies suggest that sesame incorporation can improve textural attri-
butes up to moderate substitution levels, whereas excessive fortification
may compromise volume and springiness. Impact of sesame seed forti-
fication in bakery products is shown in Fig. 4.

4.4. Sensory attributes

In general, adding sesame darkens baked goods by increasing redness
(a*) and yellowness (b*) while decreasing lightness (L*). The primary
causes of this effect are natural colors and Maillard browning between
sesame proteins and amino acids (Abbas et al., 2020; Lucini Mas et al.,
2022). Higher proportions of sesame cake flour in doughnuts resulted in
darker crusts, and same patterns were noted in cookie and bread recipes
(Karakoc et al., 2024; Nouska et al., 2024a). In cakes, sesame meal
emulsions slightly reduced lightness and yellowness but did not nega-
tively influence visual appeal (Wang et al., 2024). Sesame fortification
generally results in darker, more reddish-brown baked goods, though
this changes based on the product matrix and degree of substitution.
Sesame supplementation also influences sensory attributes. In dough-
nuts, up to 20 % sesame cake replacement was acceptable to consumers
(Abbas et al., 2020). Cookies with 10 % defatted sesame flour (DSF)
showed improved crunchiness and desirable cracked surfaces, even
though the fact that increased DSF levels decreased scores for crispness
and aroma (Lucini Mas et al., 2022). Scones fortified with sesame seed
and cashew kernel were less preferred due to a slightly bitter aftertaste
from lignans and anti-nutritional compounds (Amadi & China, 2022). In
gluten-free bread, sesame cake enhanced nutty flavor, which became
more pronounced at higher inclusion (3-6 %) (Papagianni et al., 2024Db).
Biscuits that substituted 10-25 % sesame were highly accepted; at lower
levels, appearance was preferred, while at larger levels, fracturability
was preferred (Karakoc et al., 2024). Collectively, these findings high-
light that sesame can enhance flavor complexity, aroma, and textural
appeal, but excessive addition may introduce bitterness and reduce

Table 4
Effect of sesame seed and its derivatives on different properties of bakery products.
Functional Processing Bakery Significant increased Significant decreased Overall results References
ingredients conditions products properties properties
Sesame seed Baking at 200 Cookies Mineral content (Zn, Ca, Phytate, oxalates, Reduction in anti-nutritional properties (M et al., 2020)
(processed) °C for 15-20 Mg, Fe) phenolic enhances sensory characteristics
min
Sesame seed Baking at 180 Scones Moisture, crude fiber, fat, Carbohydrates 15-25 % substitution with sesame flour have (Amadi &
°C for 15 min protein, ash best acceptance ratio China, 2022)
Sesame cake Frying at 1750C ~ Doughnuts Protein, crude fat, Moisture, Up to 20 % addition provide good results (Abbas et al.,
flour crude fiber, ash, a* carbohydrates 2020)
(redness), b* (yellowness) NFE
L* value
Defatted Baking at180 °C  Cookies Protein, fiber, hardness (at L* value 10 % SFC is greatly accepted by the (Lucini Mas
sesame flour for 11 min 10 %), fractal dimensions, Hardness (at 20 %) consumers et al., 2022)
cracking a* (redness),
b* (yellowness)
Sesame flour Baking at 170 Biscuits Moisture (at 25 %), Moisture (at 10 %), (Al-Alwani
°C for 10 min protein, fat, ash Carbohydrates et al., 2023)
Sesame cake Baking at Wheat Protein, ash, total dietary Carbohydrates, Low fat sesame cake at 6 % substitutions (Nouska et al.,
128 °C for 28 bread fiber, fat specific volume (12 % provide balanced taste, texture and loaf 2024b)
min and 20 %), volume higher substitutions may cause
strength consistency, bitterness.
dough development
time
Sesame meal Baking at Cake Protein, elasticity, Moisture lightness, Acceptable at 50 % substitution further (Wang et al.,
emulsions 175 °C for 40 cohesiveness, redness a yellowness, increase may affect the texture 2024)
min value
Sesame cake Baking at Gluten free Hardness, consistency, a* Moisture, - (Papagianni
175 °C for 40 bread (redness) protein, fat, ash carbohydrates, L* et al., 2024a)
min value
Sesame oil seed Baking at 170 Biscuits Protein, fat, ash, Moisture, Sesame supplementation is recommended, (Karakog et al.,
°C for 20 min phytic acid, TPC, Ca, Fe, carbohydrates and it have positive impact on nutritional 2024)

Mg, K, P, Zn, b* yellowness,
spread, diameter.

properties of biscuits
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Fig. 4. Impact of sesame seed fortification in bakery products.

consumer preference. The color effect on different bakery products
including cookies, bread, cakes and doughnuts are shown in Table 1.

5. Conclusion

Considering the popularity of bakery products and recent trends
towards plant based functional ingredients the incorporation of chia,
flax and sesame seeds provide nutritional benefits to the people. The
consumer’s preferences encouraging the use of different formulations in
the bakery products to gain healthy and nutrient enrich foods. Chia, flax
and sesame seeds provide not only healthy products but also effective
against chronic disease, cardiovascular diseases, celiac diseases. Based
on sensorial properties, it can be concluded that the acceptability of
bakery items totally depend on the amount of chia, flax and sesame
seeds being replaced. However, further studies required for the sensory
properties and shelf stability of specific bakery items by controlling the
amount of chia, flax and sesame seed substitution. The acceptability of
the products mainly depends on the substitution levels. Higher sub-
stitutions may provide bitter after taste to the products that is highly
undesirable character. The substitution levels should fall within optimal
ranges that ensures desirable sensory properties, maintains moisture
content and preferred by consumers.
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