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Abstract !
Pastry foods are popular worldwide due to their taste and convenience.
However, traditional pastries made from refined wheat flour have received

criticism for their high-calorie content, lack of essential nutrients, and limited Article History
availability in some areas. In pursuit of enhancing the nutritional composition Received: 23 August
of pastry products, nutritional science has turned to composite flours, which 2024

consist of a blend of various grain and non-grain flours. This review aims to Accepted: 03 October
evaluate the impact of composite flours on pastries' nutritional, bioactive, 2024

and sensory characteristics. Specifically, the focus is on how composite
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evaluations of pastries made from these flours. The nutritional value of
pastries is significantly enhanced by incorporating composite flours, which
blend wheat flour with flours made from legumes, tubers, pseudocereals,
and ancient grains. This review showcases improvements in mineral and
vitamin content, including B vitamins, iron, zinc, and magnesium, as well
as higher levels of unsaturated fatty acids and essential amino acids. The
dietary fibre content similarly increases substantially, contributing to improved
satiety and digestive health. In addition, pastries made with composite flours
exhibit higher antioxidant activity, suggesting potential benefits in combating
oxidative stress. These findings indicate composite flours enhance pastries'
nutritional and bioactive profiles and maintain acceptable sensory properties.
Incorporating alternative flours introduces new flavours and textures,
enhancing consumer appeal while promoting a balanced diet. Therefore,
composite flours offer a viable strategy for enhancing the nutritional quality
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of pastry foods. Their utilisation in the pastry industry could support public
health initiatives to reduce non-communicable diseases associated with poor
dietary choices. By carefully selecting and blending alternative flours, it is
possible to produce healthier pastries that appeal to consumers.

Introduction

Pastry foods are a staple in diets globally, relished
for their delicious taste and versatility. Traditionally,
these delicacies were made mostly with refined
wheat flour, sugar, and fats, which contributed
significantly to their sensory appeal. Pastry foods
such as bread, muffins, croissants, pies, and cookies
have been produced. However, regularly consuming
these foods has been associated with various
health problems, such as obesity, type 2 diabetes,
and cardiovascular diseases, mainly because of
their high-calorie content and low nutritional value."
Additionally, the prevalence of gluten-related
disorders has prompted researchers and consumers
to seek alternative baking ingredients capable of
delivering healthier pastry options.2

Composite flour is flour that is made by mixing
two or more different varieties of flour, especially
wheat flour mixed with other non-wheat flours from
different indigenous crops such as cereals, legumes,
tubers, and pseudocereals. This diversification
of ingredients can enhance the nutritional profile
by incorporating higher amounts of dietary fibres,
proteins, minerals, and vitamins while introducing
novel bioactive compounds like phenolic acids and
flavonoids into the diet. Bioactive compounds are
recognised for their antioxidant properties, which
are capable of counteracting cellular damage and
lowering the likelihood of chronic diseases.**

The rationale for incorporating composite flours into
pastry production arises from the need to address
the health concerns linked to traditional pastry
consumption and to meet the increasing consumer
demand for food products that promote a healthier
and more sustainable lifestyle.5¢ Research indicates
that using composite flours not only improves the
nutritional quality of pastries but also leverages
underutilised crops, contributing to food security and
encouraging agricultural biodiversity.” Furthermore,
the usage of combined flours aligns with global
sustainability goals by promoting the use of diverse
crops that can thrive in various environmental

conditions, thereby reducing dependency on wheat
and other major grains.®

This review seeks to gather and integrate current
scientific understanding of the nutritional and
bioactive advantages of composite flours, and to
explain their influence on the sensory attributes
of pastry foods. It evaluates the potential of
composite flours to serve as functional ingredients
that can enrich the nutrient composition of pastry
products. Moreover, this review intends to explore
how composite flours can be effectively utilised in
pastry production, considering sensory acceptability
and consumer preferences, thus providing a
comprehensive guide for both the food industry and
the scientific community.

Composite Flours and Pastry Foods

Composite flours, which involve the combination of
different flours derived from cereals, legumes, and
tubers, have garnered interest due to their capacity
to augment the nutritional, functional, and sensory
attributes of bakery goods. The utilisation of these
composite flours in the realm of baking presents a
pioneering method for enhancing health advantages
while preserving the desired texture, flavour, and
overall quality of the end product. Pastry foods
such as croissants, pies, scones, rusks, muffins
and cupcakes are increasingly made with composite
flours (Figure 1). These blends combine wheat with
legume and tuber flours, resulting in products that
maintain the desired texture and taste while offering
improved nutritional profiles. Including legumes and
tuber flours increases protein content, dietary fibre,
and essential nutrients.®

Similarly, composite flours are used in cookies
and biscuits, where oat, millet, or chickpea flour is
added to wheat flour. This addition of alternative
flours creates healthier options that are high in
fibre and protein. These improvements in nutritional
content contribute to enhanced satiety, digestive
health, and glycaemic control." Composite flours
made by blending almonds, sorghum, or quinoa
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with traditional wheat flour are also used in cakes.
These composite flours result in cakes with improved
texture, flavour, and nutritional value, especially

1020

regarding essential amino acids and micronutrients.
The use of composite flours enables the production
of a variety of pastry foods worldwide (Table 1).

Fig. 1: Some pastry foods

Table 1: Composite pastry foods, nutrient contributions and country of consumption

Type Composite Nutrient Contributions Pastry Foods Country of
Consumption
Grains Sorghum, barley, High in carbohydrates, Sorghum bread, USA, Nigeria, South
millet B vitamins, and barley muffins, Africa, India
minerals (iron and magn millet cookies
-esium)'5-16
Legumes Chickpea, lentil, Rich in protein, dietary Chickpea flour Middle East, South
soy fibre, essential amino cookies, lentil Asia, East Asia,
acids, and minerals scones, soy cakes  South Africa
(calcium and zinc)'"-'8
Tubers Sweet potato, Good source of complex Sweet potato pie, USA, West Africa,

yam

Pseudocereals Quinoa, amaranth,

buckwheat

carbohydrates, fibre,
vitamins A and C, and
antioxidants'®-20

High in protein, fibre,
essential amino acids,
and micronutrients
(magnesium, zinc, and
iron)?2122.23

yam buns

Quinoa bread,
amaranth biscuits,
buckwheat
pancakes

South Africa,
Southeast Asia

South America,
Europe, South
Africa, East Asia

Additionally, composite flours are used in the
production of tarts and pies. By including rice, maise,

and buckwheat in wheat flour, these pastries cater to
the gluten-free market while maintaining comparable
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sensory qualities to conventional products.' This
is particularly beneficial for consumers with celiac
disease or gluten intolerance. Doughnuts made
from composite flours, which blend wheat with
cassava, sweet potato, or plantains, offer soft
and flavourful products with increased nutritional
content, specifically vitamins and resistant starch.
These nutrients enhance gut health by promoting
the growth of beneficial gut bacteria, optimising
digestion, augmenting the production of short-
chain fatty acids, and facilitating bowel regulation,
potentially reducing the susceptibility to colon-related
diseases.” Croissants and other laminated pastry
products can also be made using composite flours.
Blending wheat with almond, oat, or spelt flour in
these products results in foods with flakier textures,
buttery flavour, and increased nutrient density.
Composite flours are made by combining wheat flour
with alternative flours from various plant sources.
Each of these alternative flours provides unique
nutritional advantages. This not only improves the
nutritional value of the final pastry product but also
expands the dietary options available to consumers.
The availability of composite flours, including in sub-
Saharan Africa, supports diverse and nutritious food
production, enhances food security, and promotes
agricultural biodiversity. Grains, such as barley,
millet, sorghum, oats, and maise, are often added
to increase food's soluble fibre and beta-glucan
content.

These compounds are known for their ability to
lower cholesterol levels.?* For example, millet
contains high levels of phenolics and fibre, which
have been found to reduce oxidative stress and
modulate inflammation.'® Sorghum is rich in dietary
fibore and bioactive compounds that help reduce
the risk of chronic diseases. The dietary fibre in
sorghum improves digestive health, promotes
satiety, and aids in weight management, which is
crucial for preventing obesity-related conditions. In
addition, sorghum contains bioactive substances
like polyphenols, which act as antioxidants to fight
cellular damage and decrease the likelihood of
chronic diseases such as heart disease, diabetes,
and certain cancers.?

Legume flours, such as chickpea, lentil, and soybean
flour, are highly regarded for their abundance of high-
quality protein and essential amino acids. Adding
chickpea flour to baked goods not only improves
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the protein quality but also increases dietary fibre,
which promotes weight management and digestive
health. Chickpea flour, in particular, is rich in protein
and essential amino acids, making it a valuable
ingredient in various food products.'” Lentil flour,
known for its nutty flavour, is an excellent source
of iron, folate, and antioxidants, which contribute
to maintaining blood health and reducing oxidative
stress. Therefore, lentil flour is a valuable addition
to enhance the nutritional content of foods while
providing essential micronutrients.?® Soybean flour
is a significant source of isoflavones, compounds
associated with a lower risk of hormone-related
cancers and improved cardiovascular health.
Incorporating soybean flour into diets can offer
substantial health benefits due to its bioactive
compounds and high-quality protein content.2¢
In addition, tubers such as sweet potato, yam,
and cassava are commonly used in composite
flours. Sweet potato flour is particularly rich in beta-
carotene, a nutrient that promotes eye health and
immune function. In the body, beta-carotene from
sweet potatoes is converted into vitamin A, which
is vital for maintaining optimal vision and a strong
immune system. Sweet potato flour is also an
excellent source of fibre, which supports digestive
health and reduces the risk of chronic diseases.?”
Yam flour, known for its smooth texture, contains
significant amounts of dietary fibre and antioxidants.
These properties contribute to improved digestive
health and reduced inflammation, potentially
benefiting conditions such as heart disease and
certain cancers. Additionally, the high fibre content
of yam flour promotes gut health by supporting
the growth of beneficial gut bacteria.?® Cassava
flour, a gluten-free alternative, adds a smooth
consistency to baked goods and provides a reliable
source of carbohydrates and essential minerals.
It is particularly beneficial for individuals with gluten
intolerance or celiac disease, as it offers a versatile
ingredient that meets energy requirements while
delivering necessary nutrients.?

The inclusion of composite flours in pastry products
is an effective strategy for enhancing their nutritional
composition and bioactive properties. By combining
wheat with various non-wheat flours derived from
legumes, tubers, pseudocereals, and grains,
composite flours significantly enhance the nutritional
profile by increasing protein, fibre, vitamins, and
minerals. They also introduce important bioactive
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compounds such as phenolic acids, flavonoids,
carotenoids, and phytosterols, which provide health
benefits such as antioxidants, anti-inflammatory
properties, and cholesterol-lowering effects.30-3
Staple grains such as sorghum and millet are well-
known for being high in carbohydrates, making them
valuable sources of energy. They are also rich in
B vitamins necessary for energy metabolism and
nerve function.®? In addition, minerals like iron and
magnesium play crucial roles in muscle function
and the transportation of oxygen.! Legumes, which
include chickpeas, lentils, and soybeans, are
excellent sources of plant-based protein, making
them essential components of vegetarian and vegan
diets. They also provide essential minerals like
calcium and zinc, which promote bone health and
immune function. Furthermore, they contain dietary
fibre and vital amino acids that are necessary for
protein synthesis.’

Tubers, such as sweet potatoes and yams, are
highly regarded for their complex carbohydrates,
which provide a steady release of energy. They are
also rich in dietary fibre, which promotes digestive
health, and contain significant amounts of vitamins
A and C. These vitamins act as antioxidants that
support immune function and maintain healthy skin.?
Pseudocereals, such as buckwheat, amaranth, and
quinoa, although not true grains are appreciated
for their high protein and fibre content. These
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pseudocereals contain all essential amino acids,
making them complete proteins.?* Additionally,
pseudocereals play essential roles in various
biochemical processes, including enzyme function
and immune response, due to their micronutrients
like magnesium, zinc, and iron. The use of composite
flours in these pastries showcases the versatility of
these ingredients in meeting the growing demand for
nutritious and diverse food choices while maintaining
desirable sensory characteristics and increasing
overall nutritional value.

Macro and Micronutrient Profiles of Composite
Flours

Composite flours offer an enhanced macronutrient
profile by blending different flour types to increase
the protein, fibre, and complex carbohydrate
content, making them suitable for a balanced
diet. The micronutrient profile of composite flours
is also significantly improved (as indicated in
Table 2), providing essential vitamins and minerals
such as iron, magnesium, calcium, and vitamins A
and C, which support several body processes, such
as immunological response and bone health."3®
Additionally, the inclusion of phytochemicals
like phenolic acids, flavonoids, and carotenoids
contributes to the antioxidant and anti-inflammatory
properties of composite flours, offering further health
benefits.?®

Table 2: Nutrient Contributions of Wheat Flour and Composite Flour for Making Pastry Food

Nutrient Benefits Composite Flour References
Carbohydrates Maize-cassava 1,35

Proteins and improved amino profiles Wheat-soy, sorghum-cowpea 1.36,37
Increase fibre Rice-millet, barley-oat 1,38

Improve vitamins High (B-vitamins, A, C) 1,37.39
Improve minerals High (iron, zinc, magnesium, calcium) 1,37, 38

According to*® wheat flour, the main ingredient
in composite flour, has a significant amount of
carbohydrates per 100 g. In comparison, composite
flour contains slightly less, about 70 g. This decrease
in carbohydrate content in combined flour is owing
to the inclusion of grains and other flours with lower
carbohydrates and higher fibre. The increased fibre
content in composite flour contributes to better
glycaemic control and digestive health, lowering the

chance of type 2 diabetes and supporting healthy
weight maintenance.'® Additionally, the lower
glycemic index of composite flour can effectively
help manage blood sugar levels.

Composite flour has a higher protein content,
providing 15 g of protein per 100 g compared to 10
g per 100 g in wheat flour.*! This increase primarily
comes from including legumes and pseudocereals
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in composite flours. These components are known
for their high protein content, making composite flour
a valuable protein source, especially for vegetarian
and vegan diets. Certain pseudocereals, like quinoa,
contain all essential amino acids, making composite
flours an excellent choice for improving the overall
protein quality of baked goods."*” The higher protein
content also supports muscle repair and growth,
contributing to overall improved health.

The fat content in bread made with composite flour
is slightly higher (2 g/100 g) compared to wheat flour
(1 g per 100 g), as stated by.*2 This increase is
due to the inclusion of legumes and seeds, which
have higher amounts of beneficial fats. Fats
are essential for supplying vital fatty acids and
aiding in the absorption of fat-soluble vitamins
(A, D, E, and K), which are necessary for various
bodily functions, including brain health and anti-
inflammatory processes. The presence of beneficial
fats in composite flour can also promote better
cardiovascular health by reducing harmful cholesterol
levels. Composite flour contains a significantly
higher fibre content (8g/100g) compared to wheat
flour (2g/100g).** This increased fibre content is
due to the inclusion of whole grains, legumes,
and pseudocereals, all of which are abundant in
dietary fibre. A high-fibre diet is linked with several
health values, involving improved digestive health,
lowered risk of cardiovascular disease, improved
weight management, and lowered cholesterol
levels."* Dietary fibre also supports a balanced gut
microbiome, which is essential for immunological
function and overall well-being. Composite flour
is known for its higher vitamin content than wheat
flour, specifically B-vitamins, and vitamins A and
C. This enrichment is ascribed to the advantages
of various botanical sources used in the creation
of composite flour. Each botanical ingredient, such
as grains, legumes, tubers, and pseudocereals,
contributes distinct vitamins, thereby enhancing the
overall nutritional value of the composite flour.'37%°
The creation of red blood cells, nervous system
function, and energy metabolism all depend on B
vitamins. Vitamins A and C act as antioxidants and
are essential for maintaining immune health and skin
integrity. The enhanced vitamin content of composite
flours can help prevent deficiencies and support
overall well-being.
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In addition to their superior vitamin content,
composite flours also excel in their mineral
composition, containing higher amounts of iron,
zinc, magnesium, and calcium contrasted to
wheat flour. The diverse grains, legumes, and
pseudocereals used in composite flours are
excellent sources of these essential minerals.
Iron is important for oxygen transfer and the
prevention of anaemia, while zinc helps support
immune function and wound healing. Magnesium
shows a significant function in muscle and nerve
function, and calcium is necessary for maintaining
strong bones."¥-* Adequate consumption of these
minerals is necessary for complete health and the
prevention of chronic diseases. Composite flours
offer a well-balanced macronutrient profile, with
substantial amounts of carbohydrates, proteins,
and fats, along with an enhanced micronutrient
composition. This combination helps address the
nutritional deficiencies commonly associated with
refined wheat flour. Composite flours are particularly
abundant in essential minerals for instance iron,
zinc, magnesium, and calcium. Moreover, they hold
elevated levels of B-vitamins, vitamin A, and vitamin
C, further enhancing their nutritional value.®"-%

Bioactive Compounds and Health Implications
in Composite Flours

Combined flours, created by mixing wheat flour with
various non-wheat flours such as legumes, tubers,
pseudocereals, and grains, which are abundant in
bioactive substances (as indicated in Table 3). These
compounds include phenolic acids, flavonoids,
carotenoids, saponins, and phytosterols. Each type
of flour contributes unique bioactive components
that enhance the overall nutritional profile of the
composite flour.z4+4°

Legume flours, such as those made from chickpeas,
lentils, and cowpeas, are rich in protein and fibre,
which help enhance satiety and support digestive
health.'” They also contain substantial quantities of
isoflavones and other polyphenols, which have been
associated with several health advantages, including
antioxidant and anti-inflammatory properties46.
Isoflavones found in legumes are known to reduce
the risk of hormone-related cancers, such as breast
and prostate cancer, by replicating the effects of
estrogen in the body. Additionally, they promote heart



OLAMITI & RAMASHIA, Curr. Res. Nutr Food Sci Jour., Vol. 12(3) 1018-1034 (2024) 1024

health by reducing blood pressure and cholesterol
levels*

Tubers like sweet potatoes and yams contribute
substantial amounts of carotenoids, particularly
beta-carotene, a compound that the body converts
into vitamin A. This addition can enhance the visual
appeal and nutritional content of baked goods and

other food products made from composite flours.%®
Carotenoids are vital for eye health and immune
function. Beta-carotene is transformed into vitamin
Ain the body, which plays a crucial role in supporting
healthy vision, particularly in low-light conditions.%°-6
It also supports skin health and boosts the immune
system's capacity to defend against infections.%%

Table 3: Composite flour bioactive compounds and health benefits

Type of composite flour Bioactive compounds

Health Benefits

Legumes (e.g., Isoflavones, saponins
Chickpeas, Soy)

Pseudocereals (e.g., Phenolic acids,
Quinoa, Amaranth) flavonoids
Tubers (e.g., sweet Carotenoids,
potato, yam) polyphenols
Grains (e.g., barley, Phytosterols,
millet) beta-glucans

Rich in protein and dietary fibre, enhancing
satiety and digestive health, Isoflavones,

with estrogenic activity, may decrease the risk
of cancers and cardiovascular diseases by imitating
estrogen, lowering the risk of breast and prostate
cancers, and improving cardiovascular health by
reducing blood pressure and cholesterol.#8-49.50

They are gluten-free, provide a complete protein
profile with all basic amino acids, and offer
antioxidantand anti-inflammatory benefits. Phenolic
acids act as antioxidants to neutralise free radicals
and reduce inflammation, while flavonoids enhance
cardiovascular health by improving endothelial
function and lowering blood pressure?? 51-2

They are rich in beta-carotene, which supports
eye health, immune function, and shields the skin
from UV harm. Additionally, their polyphenols and
carotenoids provide antioxidant properties, which
reduce the danger of cancerous diseases.535%

They contain phytosterols and beta-glucans that
contribute to heart health. Phytosterols lower total
and LDL cholesterol levels by inhibiting cholesterol
absorption in the intestines. Beta-glucans regulate
blood sugar concentrations and promote the
increase of beneficial gut bacteria through their
prebiotic effects®s %57

Grains like quinoa, amaranth, and buckwheat
are notable for their high levels of fully balanced
proteins, which include all essential amino acids.
These flours also offer a rich supply of flavonoids and
saponins, bioactive compounds known for their anti-
carcinogenic and cholesterol-lowering effects.?*52
Phenolic acids and flavonoids in pseudocereals
exhibit anti-inflammatory and anticancer properties.

These compounds function as antioxidants,
neutralising free radicals and shielding cells from
oxidative damage, a process that can contribute to
the development of chronic diseases like cancer,
cardiovascular diseases, and neurodegenerative
disorders.?2%¢ Additionally, flavonoids can enhance
the body's immune response and decrease the
chance of contracting infections.?25°
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Grains such as millet and sorghum make significant
contributions to dietary fibre, minerals, and unique
phenolic compounds that provide antioxidant
benefits.5¥64 These grains are particularly beneficial
for individuals with gluten intolerances or celiac
disease, as they naturally do not contain gluten®-6¢
The presence of phytosterols derived from grains
helps reduce cholesterol levels by impeding
the absorption of cholesterol in the intestines.
Consequently, this can reduce overall and bad (LDL)
cholesterol levels, thereby improving cardiovascular
health.6-%¢ Consistent consumption of foods rich in
phytosterols has been connected to a decreased
danger of coronary heart disease.%6°

Furthermore, beta-glucans present in grains like
barley and oats have been shown to improve blood
sugar control and enhance immune function. Beta-
glucans can also promote gut health by serving as
prebiotics, fostering the growth of beneficial gut
bacteria.”®""!

Considering the health-promoting compounds
and nutritional advantages of composite flour, the
incorporation of these diverse flours into blends not
only boosts the nutritional value but also optimises
the sensory qualities of food items. Studies have
shown that composite flours enhance the texture,
flavour, and shelf life of bakery products while
offering health benefits beyond those of products
made solely from wheat flour.”2

Overall, composite flours provide a versatile and
nutrient-rich alternative to traditional wheat flour,
making them an excellent option for improving the
nutritional value and sensory qualities of various
food products. The diverse array of phytochemicals
in composite flours delivers substantial health
advantages, such as lowering the risk of chronic
diseases, promoting cardiovascular health,
strengthening immune function, and enhancing
overall well-being.

Effects of Processing on the Health-Promoting
Compounds in Composite Flours

Processing methods such as milling, baking, and
extrusion can impact the bioactive compounds in
composite flours. Milling can diminish the content
of phenolic compounds as a result of the removal
of bran, which is rich in these bioactive (Table 4).
The reduction of phenolic acids and flavonoids
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during milling can lower the antioxidant capacity of
the flour.®”7

During processing, baking and extrusion can
lead to the breakdown of heat-sensitive bioactive
compounds like carotenoids and flavonoids. High
temperatures and long processing times can lead
to the oxidation and thermal decomposition of these
compounds, reducing their nutritional benefits”7576-
"Sreported that beta-carotene and other carotenoids
can degrade, diminishing their effectiveness in
supporting eye health and immune function.

However, some processes can enhance the
bioavailability of certain bioactive compounds by
breaking down cell walls and releasing bound
phytochemicals.

Heat treatments like baking can increase the
extractability and digestibility of some phytochemicals.
For example, the bioavailability of phenolic acids can
be improved through heat treatments, which may
break ester bonds and release bound phenolics.”

Fermentation is another processing method that
can positively affect bioactive compounds. It can
increase the levels of certain phytochemicals,
such as isoflavones in soy products, by converting
glycosides to aglycones, which are more bioavailable
and have greater biological activity.828

Additionally, germination of grains and legumes
can enhance the content and absorption of health-
promoting compounds. This process can enhance
the levels of vitamins, phenolic acids, and flavonoids
by activating endogenous enzymes that synthesise
these compounds.®

Overall, while some processing methods can lead
to the loss of bioactive compounds, others can
enhance their availability and efficacy, contributing
to the health benefits of composite flours.

Development and Derived Foods from Composite
Flour

Composite flours, which are blends of different
types of flours such as wheat, legumes, tubers,
pseudocereals, and grains, have been widely used
to improve the nutritional value, sensory attributes,
and functional qualities of a variety of food products.
Foods derived from composite flours are not only
nutritionally superior but also meet the growing
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demand for healthier and more functional foods.
This literature review explores the development,
nutritional benefits, sensory attributes, and consumer
acceptance of foods derived from composite flours.
The creation of foods using composite flours
aims to leverage the complementary nutritional
and functional properties of different flour types.
Composite flours are frequently employed in
producing bread, pastries, pasta, snacks, and
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gluten-free products.®®reported that the inclusion of
legume flours such as chickpeas and lentils in bread
and pastries enhances protein content and improves
the balance of essential amino acids, often lacking
in wheat alone. Additionally, pseudocereals such as
quinoa and amaranth are incorporated into bakery
products to provide essential micronutrients and
enhance the overall nutritional quality.?'

Table 4: Effects of Processing on the Health-Promoting Compounds in Composite Flours

Processing method

Influence on Bioactive Compounds

Milling

Baking

Extrusion

Fermentation

Sprouting

Microwave Processing

Reduces phenolic compounds due to the removal of bran, a major source of
antioxidants and fibre. Milling also decreases the content of vitamins and minerals
located in the outer layers of the grain.s”73

Degrades heat-sensitive compounds such as carotenoids, flavonoids, and some
vitamins. It can enhance the bioavailability of some phytochemicals by breaking
down cell walls and releasing bound phenolics.”®" It can also induce the Maillard
reaction, which forms beneficial antioxidant compounds.’

Degrades some compounds, particularly heat-sensitive vitamins and phytochemicals,
due to high temperature and pressure. It can increase the bioavailability of some
bioactive compounds by disrupting the food matrix and releasing bound
phytochemicals.”#° Extrusion can also increase the digestibility and functional
properties of proteins and starches..®

Increases levels of health-promoting compounds like isoflavones, phenolic
acids, and B-vitamins. Fermentation can also enhance antioxidant activity and
the bioavailability of these compounds by breaking down complex molecules.2-%
It enhances probiotic content, which contributes to gut health.®

Enhances the content and bioavailability of health-beneficial compounds, including
vitamins, phenolic acids, and flavonoids, by activating endogenous enzymes.
Sprouting can also improve protein quality and reduce antinutrients.®

Retains more heat-sensitive bioactive compounds relative to traditional heating
methods. Microwave treatment can boost the extraction of polyphenols and
antioxidants due to its rapid heating.®8”

Foods derived from composite flours offer significant
nutritional benefits. Legume flours are abundant
in protein, fibre, vitamins, and minerals, which
contribute to improved satiety, digestive health,
and overall nutritional adequacy. For example,
incorporating chickpea flour into snacks and baked
goods increases their protein and fibre content,
which can help in weight management and improve

gut health.*® Gluten-free pseudocereals like quinoa
and amaranth offer high levels of protein, fibre,
and various health-promoting compounds with
antioxidant and anti-inflammatory effects.?

Tubers like sweet potatoes and yams add significant
amounts of dietary fibre, vitamins (especially
vitamin A), and antioxidants to derived foods. These
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nutrients support immune function and eye health
and help mitigate the risk of chronic diseases.

Grains such as millet and sorghum are abundant
in phenolic compounds, exhibiting antioxidant and
anti-cancer properties.'® According to*? the inclusion
of diverse ingredients in composite flours helps
address micronutrient deficiencies, such as iron,
zinc, and calcium, particularly in populations with
limited access to a variety of foods.

Sensory Attributes of Pastry Products from
Composite Flour

The incorporation of non-wheat flours can significantly
alter the taste and flavour profile of pastry products
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from composite flour. Table 5 provides some pastry
products from composite flour and their sensory
attributes. Legumes such as chickpeas and lentils
add a nutty and earthy flavour, which can enhance
the taste of baked goods and snacks.® However,%
stated that some legume flours may introduce a
beany or bitter taste, which can be mitigated by
processing methods such as roasting. Additionally,
the soaking and germination of legumes can further
reduce these undesirable flavours while enhancing
the nutritional profile.®" Pseudocereals like quinoa
and amaranth contribute a mildly sweet and nutty
flavour, making them suitable for both sweet and
savoury applications.?!

Table 5: Pastry products from composite flour with sensory attributes

Sensory attribute  Description

References

Taste and Flavour

Legumes like chickpeas and lentils add a nutty and earthy flavour,

21,102, 103

enhancing baked goods and snacks; Mitigating beany or bitter taste
can be achieved through roasting or fermentation; Pseudocereals
like quinoa and amaranth provide a mildly sweet and nutty flavour
suitable for both sweet and savoury applications.

Texture

Legume flours improve the moisture content and crumb softness

20, 79,102

of baked products; Tubers like sweet potato and yam create a soft
and tender texture due to high starch content; Extrusion and baking
enhance textural properties by improving water-holding capacity

and reducing hardness.

Colour

Carotenoids in tubers impart an orange or yellow hue, making

16,21,76

products visually appealing and indicating vitamin A content;
Grains like sorghum and millet add a colour spectrum from white
to red and brown; Phenolic compounds in pseudocereals can
contribute to a darker appearance.

Aroma

Roasting legume flours enhances their nutty aroma, improving

83, 102

appeal in baked goods and snacks; Fermentation modifies aroma
by breaking down complex compounds into simpler, more volatile
compounds, enhancing sensory appeal.

Consumer

Optimising sensory qualities through techniques such as consumer

100, 101

panels and descriptive analysis ensures that composite foods
meet consumer expectations; The use of electronic nose and tongue
can objectively measure aroma and taste profiles.

Acceptance

Texture is a critical sensory attribute that affects
the mouthfeel and overall eating experience. The

inclusion of legume flours can improve the texture of
baked products by increasing their moisture content
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and crumb softness.® Tubers like sweet potato
and yam provide a soft and tender texture owing
to their elevated starch content, which makes them
perfect for creating soft and moist baked goods.%
The starches in tubers undergo gelatinisation during
baking, contributing to a desirable texture. Extrusion
and baking processes can enhance the textural
properties of composite flours by improving their
water-holding capacity and reducing hardness89,93.
Additionally, the use of hydrocolloids and enzymes
in composite flour formulations can further improve
texture and mouthfee.®?

The colour of pastry products from composite flour
is influenced by the pigments found in the various
types of flours used. Carotenoids found in tubers,
such as sweet potatoes, can give products an
attractive orange or yellow hue and also indicate
their vitamin A content.®® Grains like sorghum and
millet can contribute a variety of colours, from white
to red and brown, depending on the specific variety
and processing methods used.®84 Additionally, the
presence of phenolic compounds in pseudocereals
can affect the colour, potentially resulting in a darker
appearance in certain cases.%®% |t is also worth
noting that the Maillard reaction during baking
can enhance the colour and flavour complexity of
composite foods.% %

Aroma is an essential component of flavour
perception and can significantly influence consumer
preference. Composite flours can introduce diverse
aromatic profiles to food products. For instance,
the roasting of legume flours enhances their nutty
aroma, making them more appealing in baked
goods and snacks.®” Fermentation processes can
also modify the aroma by breaking down complex
compounds into simpler, more volatile aroma
compounds, enhancing the overall sensory appeal.®
The use of specific strains of yeast and bacteria in
fermentation can further refine the aroma profile.%

The acceptance of pastry products from composite
flour is largely determined by their sensory attributes.
Studies have shown that consumers are generally
receptive to composite flours, especially when
the sensory qualities are optimised.®® Sensory
evaluation techniques, including consumer panels
and descriptive analysis, are essential for assessing
the sensory attributes and ensuring that pastry
products from composite flour meet consumer
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expectations.'® Techniques such as electronic nose
and tongue can also be employed to measure aroma
and taste profiles'®' objectively.

Conclusion

Incorporating composite flours into pastry foods
offers an effective strategy to improve these widely
consumed products' nutritional and bioactive
profiles. Composite flours, which blend wheat with
various non-wheat flours such as legumes, tubers,
pseudocereals, and grains, significantly enhance
nutritional value by boosting protein, fibre, vitamins,
and mineral content. They also introduce essential
health-promoting compounds, such as phenolic
acids, flavonoids, carotenoids, and phytosterols,
which provide a range of health benefits, including
antioxidant, anti-inflammatory, and cholesterol-
lowering effects.

Furthermore, composite flours positively impact
pastry foods' sensory attributes, including taste,
texture, colour, and aroma. For instance, legumes
add a nutty flavour, tubers contribute to a soft texture,
and grains enhance visual appeal with a diverse
colour spectrum. Sensory evaluations indicate that
consumers generally accept and prefer pastries
made with moderate levels of composite flours,
especially when processing methods such as
roasting or fermentation are applied to mitigate any
undesirable flavours.

Overall, the integration of composite flours in
pastry production addresses the growing consumer
demand for healthier food options and aligns with
global sustainability goals by promoting the use
of diverse crops. Future research should continue
exploring innovative combinations of flours and
advanced processing techniques further to enhance
composite flours' nutritional value and sensory
qualities, ensuring their broad acceptance and
utilisation in the food industry.
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