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ABSTRACT

Food industries generate a high amount of waste and by-products, whose disposal has a negative
impact on both the environment and the economy. Plant-based waste and by-products are rich in
bioactive compounds such as dietary fibre, proteins, essential fatty acids, antioxidant compounds,
vitamin and minerals, which can be exploited to reduce the nutritional deficiencies of gluten-free
products. The latter are known to be rich in fats, carbohydrates and poor of bioactive compounds; in
addition, the absence of gluten affects negatively textural and sensory properties. Several attempts
have been made so far to improve the quality of gluten-free products using alternative flours, additives
or by adopting innovative technologies. The possibility of exploiting plant-based by-products would
represent a possibility to improve both the nutritional profile and the overall quality of gluten-free
foods by further enhancing the sustainability of agri-food system. After examining in detail the
composition of plant-based by-products and waste, the objective of this review was to provide an
overview of the effects of their inclusion on the quality of gluten-free products (bread, pasta,
cake/muffins, biscuits and snacks). The advantages and drawbacks regarding the physical, sensory,
and nutritional properties were critically evaluated.

Keywords: gluten-free, by-products, waste, functional compounds, dietary fibre.

INTRODUCTION

The past years have been marked by an increase in the incidence of coeliac disease which has led to
an increment of gluten-free (GF) products demand. Coeliac disease is an autoinflammatory
enteropathy of the small intestine, caused by ingestion of gluten and manifests itself in genetically
predisposed subjects (adults and children).! Currently the only solution to coeliac disease appears to
be a strict adherence to a lifetime GF diet.?

Gluten is a tri-dimensional protein complex whose main determinants are prolamins and glutenin
proteins present in some cereal flours. Prolamins are named respectively gliadin in wheat, secalin in
rye, hordein in barley and avenins in oats and they are responsible of immune reaction in coeliac
patients.’ Only after moisturizing and kneading the flours with water, the technological gluten
properties appear, giving viscosity, cohesion and elasticity to the dough and influencing the structural,
sensory and nutritional properties of the final products.*

The GF products currently on the market are mainly made of rice, corn, sorghum, teff and pseudo-
cereal flours and/or starches, with the addition of additives such as hydrocolloids, emulsifiers,

proteins and enzymes to mimic the textural properties given by gluten.®> Several studies highlight the
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nutritional deficiencies that characterize GF products.®® Coeliac patients suffer from important
deficiencies in dietary fibre, B12 and D vitamins, calcium, iron, zinc and magnesium, coupled with
an excessive intake of simple carbohydrates and fat, including saturated ones.®!° The imbalance in
macro and micronutrients exposes patients to a higher risk of non-communicable diseases such as
obesity, diabetes, and cardiovascular diseases.!! In addition to nutritional deficiencies, GF products
are characterized by poor structural and sensory properties. Usually, GF foods have an unpleasant
texture (low volume, high hardness, crumbling texture), pale colour, due to the conventional
ingredients used, and a poor mouthfeel and flavour. %1314

At the same time, the circular economy is becoming an increasingly global trend. The aim of the
circular economy is to switch from a linear production system to one in which waste and by-products
are reused, based on the equation “waste=food”.!> Agricultural waste and by-products refers to plant
or animal residues that are not (or not further processed into) food or feed and whose management
may represent, if not correctly executed, an environmental and economic problem. 1617

Processing fruit, vegetables, cereals, oilseeds, and legumes, results in numerous by-products
including: peel, leaves, seeds, bran, kernel, pomace, and oil cake'8, which could provide antioxidants,
vitamins, minerals, along with dietary fibre (soluble and insoluble), essential fatty acids, bioactive
oligosaccharides and oligopeptides.!®?° Through the use of appropriate technologies, these by-
products can be effectively exploited and transformed into innovative ingredients and added to foods,
including GF products, with the aim of improving their nutritional profile, evaluating their effects on
structural and sensory properties.?!?? As represented in Figure 1, the reuse of these by-products closes
the circle and creates new synergies between different processing industries in the food sector.!” The
rising number of articles published in the last years demonstrates that the exploitation of the plant-
based by-products in GF foods is a growing trend and that the GF products improvement is still a
challenge. However, no reviews have carried out a comprehensive analysis of all the qualitative
characteristics influenced by the addition of these innovative ingredients. In this manuscript, the
databases Google Scholar, Scopus, and Web of Science were used to look for search for the relevant
articles by using a search strategy that combined the terms “waste”, “by-products”, “gluten-free”,
“addition in foods”. Therefore, the aim of this review was to provide an overview of current and

potential progress made in improving the quality of this category of foods through the reuse of waste

and by-products resulting from the processing steps of plant edible matrices.
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COMPOSITION OF PLANT-BASED BY-PRODUCTS AND WASTE

A wide range of plant-based food waste and by-products are generated by processing fruit, vegetables,
cereals, oilseeds, and legumes, whose characteristics vary according to their specific origin, as
reported in the following sections. Table 1 reports the main bioactive molecules extractable from

plant-based waste and by-products.

Fruits

The processing of fruit, to produce jams, juices, snacks and salads, produces a high amount of by-
products which include peels, seeds, pomace, and bagasse.”* Despite the high amount of
phytochemicals and essential nutrients, these by-products are not usually further exploited in food
production.?*%

Banana is a tropical fruit largely consumed once it has reached the right size and stage of ripeness.
Banana’s by-products (green-banana and peels) are rich in bioactive compounds such as flavonoid,
vitamins, carotenoids and dietary fibre, this latter is the most abundant. Dietary fibre consists of a
soluble (pectin) and insoluble component (cellulose, lignin and hemicellulose); its content and
composition vary depending on the stage of fruit ripeness.?®?” In banana’s peel, dietary fibre content
can be up to 53% (dry basis percentage), while in the pulp it has been found a maximum value of
15% for unripe bananas and 18% for those in an advanced state of maturation.?’

An interesting compound mainly present in green banana is resistant starch, that can reach values of
74% in the composition of green banana flour.?® Resistant starch is mainly composed of amylose, it
reaches the colon intact and is fermented by probiotic bacteria producing short chain fatty acids,
mainly butyrate, known to have a preventive effect against the colorectal cancer.?” Moreover, from a
technological point of view, banana peel dietary fibre concentrate is characterized by a high water
holding capacity (WHC) and oil holding capacity (OHC), making it a potential food additive, capable
of changing the viscosity, texture or to increase the oil retention and cholesterol absorption of foods
in which it is added.?® Also passion fruit peel, which represents 60% of the entire fruit, has good
technological properties due to its content of pectin (11-20%)°, and it can be used to replace some
commercial hydrocolloids.?!

Apples and oranges are mainly used for the production of juices, generating a large amount of
pomace. Pomace is what remains after juicing: apple pomace includes peel, pulp and seeds, while
orange pomace, contains peel and pulp.?? Even these by-products are characterized by a high amount
of total dietary fibre: Kirbas et al.’® found a value equal to 82.2% on dry matter (d.m.) for orange

pomace (cv. Washington navel) and 64.84% d.m. for apple pomace (cv. Red Delicious), making them
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suitable to be used as innovative ingredients to improve the nutritional and technological properties
of food products. Orange pomace shows a higher protein (9.81% d.m.) and ash content (4.29% d.m.)
than apple pomace, which is characterized by 64.84% d.m. of dietary fibre, 3.57% d.m. of protein
and 4.29% d.m. of ash.?*

Furthermore, agriculture by-products are a valuable source of natural antioxidants.
It has been highlighted a variable content of polyphenols in apple pomace (66.2 to 211.9 mg of total
phenols/100 g), which consists primarily of catechins and proanthocyanidins followed by
hydroxycinnamates, flavonols, dihydrochalcones and anthocyanins and is influenced by the method
of juice production.’*3 It was noted that polyphenols concentration was higher in the pomace from
the production of clear juice by the action of pectinases, used for clarifying the juice, that break the
link between polyphenols with pectin or other cell wall structures, increasing extractable
polyphenols.’* The recent increase in the consumption of coconut-derived products, such as milk or
oil, has led to an increase of waste from their processing. However, the high content of fats, dietary
fibre, protein and minerals such as calcium, sodium, potassium and magnesium, in coconut waste
makes it suitable as a food ingredient.3®

Pomegranate is a very ancient fruit belonging to the Punicacea family, consumed fresh or used for
the production of juices.?” Seeds are the main waste resulting from pomegranate processing, and their
reuse as food additives is becoming increasingly widespread.*33° The growing interest in the reuse of
pomegranate seeds derives from the fact that they have an interesting lipid composition,
predominantly polyunsaturated, as found by Bustamante et al. *° The most represented fatty acid was
punicic acid (65.1-78.4%), followed by linoleic acid (5.1-8.1%), oleic acid (5.2-6.8%) and palmitic
(2.3-4.0%).* Punicic acid is a conjugated a-linoleic acid and several beneficial properties were
attributed to it for human health. 4! Specifically, punicic acid has proven to have antioxidant, anti-
inflammatory, anti-obesity and chemo-preventive properties. ** In addition, pomegranate seeds are
characterized by a high levels of antioxidants such as ellagic acid, 3,3’-di-O-methylellagic acid,
chinic acid, and malic acid. The other compounds found in pomegranate seed were p-hydroxybenzoic
acid, methyl 2-[cyclohex-2-en-1-yl (hydroxy) methyl]-3-hydroxy-4-(2-hydroxyethyl)-3-methyl-5-
oxoprolinate, and 3-oxoocta decanoic acid.** Olive by-products and waste (olive pomace, olive mill
wastewater and olive leaves) represent another important source of antioxidants, specifically phenolic
compounds.** According to Difonzo et al.** the main phenolic compounds of olive leaves (Olea
europea, cv. Coratina) are oleuropein and hydroxytirosol glucoside. Likewise, olive mill wastewater
is particularly rich in phenolic compounds, with hydroxytyrosol (66.5%) as the major compound.
Minor concentrations of tyrosol, caffeic acid, p-coumaric acid and ferulic were detected by Paulo et

al. % Also grape by-products, i.e. skin and seeds, are a source of phenolic compounds and fibres (50-
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75% d.m.).*” However, the composition and content in bioactive compounds can be influenced by
various factors including: genotype, growth conditions, degree of ripeness of the fruit.*® Grape peel
is a source of anthocyanins, hydroxycinnamic and hydroxibenzoic acids, cathechins and flavonoids
(flavonols, anthocyanins and flavan-3-ols) tannins, proanthocyanidins and stilbens. In particular,
anthocyanins, hydroxycinnamic acids, catechins and flavonols displayed a high antioxidant activity,
contributing to the inhibition of low-density lipoprotein oxidation. 4° The ability of grape polyphenols
to reduce starch digestion, lowering the glycaemic index of food they are added to, has been also
demonstrated.>® Grape peel contains also cellulose, hemicelluloses, pectin, sugar, proteins and
minerals (potassium, magnesium and calcium), which could be exploited for nutritional, functional
and structural improvement of foods.*

Berry pomace and seeds, e.g. chokeberry, black currant, raspberry, strawberry and blueberry, as well
as grape by-products present a high amount of fibre and polyphenols, especially anthocyanins, and a
good level of proteins (~12% d.m) and fat.>!->

Also coffee by-products, such as pulp, husk and silverskin, the latter generated during the roasting
phase, can be considered a sustainable source of macro and micronutrients. Even for these by-
products one of the most abundant macronutrient is dietary fibre, which reaches the highest value in

silverskin (62.4%) as reported by Janissen et al.>

However, they also contain a good amount of
proteins, minerals and bioactive compounds (tannins, caffeine, chlorogenic acids and melanoidins

formed by Maillard reaction during the roasting process).>*

Vegetables

The production of processed vegetables generates a high amount of waste and by-products, sources
of nutrients and bioactive compounds.

Carrot juice processing generates 30-50% of pomace,>> mainly consisting of fibres that can reach
values of 64.15% d.m. Insoluble fibre represents the largest fraction, accounting for 79% of the total
dietary fibre, the remaining part being soluble fibre.>® Other bioactive compounds that can be found
in carrot pomace are phenolic compounds, carotenoids, uronic acids and neutral sugars.>> Carotenoid
are natural pigments, with antioxidant properties and known to be precursors of vitamin A.>’>% The
content of these compounds is affected by the conditions of the drying process needed to make carrot
pomace microbiologically stable. Ortega et al.’® found a carotenoid content of 92.64% d.m. in fresh
pomace, on the other hand values of 74.10% and 65.74% were found in carrot pomace dried by
microwaves and hot air, respectively. Also the phenolic compounds are thermolabile, resulting in a
lower concentration in dried carrot pomace than the fresh one; the reduction of these two bioactive

compounds would justify the lower antioxidant activity found in dried pomace.*’
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Among the vegetables, broccoli by-products have recently gained interest because of the presence of
numerous bioactive compounds common to the majority of vegetables by-products, but in particular
for the presence of glucosinolates (GLS).>® Glucosinolates are a class of sulphur-containing
glycosides that are found in a limited number of plant families, with several and relevant beneficial
effects for human health.® These compounds have to be hydrolysed to isothiocyanate by the
myrosinase enzyme to become biologically active.®! Broccoli leaves powder (Brassica oleracea L.,
cv. italica) shows a surprisingly high content in proteins (28.99%) and minerals (10.65%) and 5 pmol
g ! d.m. of total GLS. The HPLC analysis revealed the presence of 9 GLS, with a predominance of
glucobrassicin (indole GLS) and glucoraphanin (aliphatic GLS), which represent 30% and 25% of
the total GLS, respectively.!

According to FAOSTAT data®?, potato world’s production reached values of around 370 millions of
tons in the year 2019. Its processing, to produce snacks, chips, starch products or frozen products,
leads to a high amount of by-products, mostly peels. Several studies have demonstrated the richness
of potato peel in phenolic compounds;**-> from the analysis performed by Singh et al.  on potato
peel extract emerges a prevalence of caffeic acid, followed by gallic acid, protocatechuic acid and
chlorogenic acid.®® In addition, the oxygen radical absorbance capacity (ORAC) test carried out by
Joly et al.%” to estimate the antioxidant activity of the various components of potato, showed a high
value for freeze-dried potato peel extract, without significant differences for the solvent used,
emphasizing the potential use as natural antioxidants. Also tiger nut waste, which derives mainly
from the production of Horchata de chufa (traditional Spanish milk-like beverage) has shown
interesting properties due to the high richness in dietary fibre (99.8% IDF) which has exceptional
water and oil retention capacities with emulsifying capacity and stability. These characteristics make
tiger nut co-products a suitable ingredient for the formulation of dietetic food and ensure emulsion

formation and stability during prolonged storage.®®

Cereals, oilseeds and legumes

Rice (Oryza sativa) is a cereal, whose production is widespread all over the world and it is commonly
endured to refining processes from which by-products, such as rice bran and rice fragments, are
derived. Rice bran is a good source of dietary fibre (27%), unsaturated fat (17%), protein (14.6%),
minerals (7%) and vitamins (thiamine, riboflavin and niacin). Regarding minerals, they are
concentrated mostly in the outer layers, with phosphorus as the major one.*

Several studies on rice bran highlighted its beneficial health effects, in particular: hypocolesterolemic
effects due to the presence of unsaponifiable like phytosterols, oryzanols and tocotrienols; preventive

effect against coronary heart disease, and colorectal cancer due to dietary fibre and phytosterols, while
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oryzanol acts as protection against skin damage.”® Fibres extracted from defatted rice bran have
proven to possess functional properties such as water and fat binding capacity. In particular, defatted
rice bran fibres have a higher fat-binding capacity than FIBREX (commercial fibre preparation). 7!
Chia seed cake and hemp seed cake are two by-products resulting from oilseed extraction. They are
valuable sources of proteins, total dietary fibre and polyphenolic compounds.’>”® Regarding chia
meal, even if total dietary fibre is largely composed of insoluble fibre with a low amount of soluble
fibre, it has a high water holding capacity due to the mucilage that acts like soluble fibres.”

Hemp seed cake, beyond a high amount of fibre, is characterized by a relevant content of proteins:
albumins and edestin, rich in essential amino acids. Edestin has a high biological value due to its
structure similar to serum globulin. Therefore, both these by-products have the potential to be used
for the production of functional foods.”

Legumes by-products result from industrial processes and are known to be an excellent source of
proteins and dietary fibre.”® Okara is a by-product from soya milk extraction or tofu production, with
a yellow-white colour and a delicate taste. Its composition reveals a high percentage of total dietary
fibre (58 g 100 g'! d.m.), mainly insoluble (55.63 g 100 g'! d.m.), a considerable percentage of proteins
(15.31 g 100 g'! d.m.) and a low content of crude fat (5.90 g 100 g'! d.m.) as reported by Lu et al.”’.
According to Lu et al. 77 the addition of okara powder to food, e.g. noodle, steamed bread and white
bread, determines an hypoglycaemic effect due to dietary fibre, preventing diseases like type 2
diabetes, coronary heart disease or some cancers. Also carob by-products such as germ and seed peel
are rich in dietary fibre and protein but, overall, they are an important source of phenolic compounds.
Rico et al.”® have found respectively 47.06 umol gallic acid equivalents (GAE) g'! d.m. in carob’s
germ and 99.72 umol GAE g'! d.m. in carob seed peel, which confers a high antioxidant activity, anti-
inflammatory capacity, and anti-hypertensive activity. Even by-products deriving from legume
milling, such as chickpea hull, contain high amounts of dietary fibre (65-82 g 100 g'') and antioxidants
such as phenolic compounds and carotenoids. Chickpea hull from the subtype Apulian black contains
also relevant levels of anthocyanins (225 mg kg™! cyanidin 3-O-glucoside d.m.) making them suitable

to be exploited by food industry”
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WASTE AND BY-PRODUCTS AS INNOVATIVE INGREDIENTS OF GLUTEN-FREE
FOODS

As already mentioned, GF products are in many instances characterized by deficiencies in several
aspects: structural, sensory and nutritional. Therefore, with a perspective of an improvement of GF
products and an increment of food industries sustainability, some studies have used plant-based waste

and by-products as innovative ingredients to achieve different purposes.

Effect on physical and sensory properties of GF foods

The absence of gluten significantly affects the structure and sensory properties of GF products.!?
According to Grigor et al.®® the addition of fibre could improve or worsen physical and sensory
properties of cereal foods, based on the initial acceptability of the product. Table 2 summarizes the

main effects of adding waste and plant-based by-products to GF foods.

Bread

The addition of fibre-rich ingredients could cause a change in rheological, structural and consequently
sensory properties of GF bread due to their interaction with proteins, starch and water.8! Structural
properties of bakery products are strongly influenced by rheological properties of batter. Key values
about batter are provided by oscillatory test, such as elastic modulus (G”), which refers to the material
response as a solid and viscous modulus (G’”), which refers to the material response as a fluid.?? The
addition of 5.5% of orange pomace leads to high G’ modulus with a consequent higher batter
consistency, firmness and elasticity than the control and lower gelatinisation rate.®® In a subsequent
study, O’Shea et al.3* focused on the influence of orange pomace on the structural properties of GF
bread. The development of an experimental design made possible to evaluate the influence of three
variables: percentage of orange pomace added, quantity of water added and proofing time. A low
inclusion of orange pomace (2-4%) led to better textural properties of GF bread. Specifically, from
the experimental design developed, it has emerged that the combination of 2% of orange pomace,
88.75% of water inclusion and 42.5 min of proofing time, resulted in a bread with a significantly
lower hardness than the control, made of rice flour and potato starch, and a consequently softer
texture. Authors explanation refers to the water binding capacity of orange pomace fibres, which
leads to a low loss of moisture, delaying the degradation of starch. However, the maximization of
orange pomace inclusion, made it necessary a later phase of optimization, from which it has assessed
that combining 5.5% of orange pomace, 94.6% water and 49 min of proofing, allowed to obtain a
good loaf volume and acceptable texture. The addition of water is a crucial factor to moderate the

effects on the physical properties caused by the addition of pomace.®?
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Rocha Parra et al.3 found that the addition of different amounts of apple pomace in combination with
different levels of water in batter preparation have a strong influence on the rheological properties in
terms of viscoelastic behaviour. It was noticed that an increasing level of apple pomace and an
inadequate level of water caused a reduction of bread volume, cohesion and resilience probably due
to the large capacity of fibres to absorb water. Also Sarawong et al.®> highlighted the importance of
water addition on physical properties of GF bread. However, it was noticed that by keeping the
amount of added by-product constant, high quantities of water, result in a decreasing volume and
crumb firmness and a crumb pore structure with high number of small and uniform pore.
Experimental trials show that the addition of 160% of water with a baking temperature of 180 °C for
90 min were the best conditions for preparing GF bread with 30% of green plantain powder.

Genevois et al.%

added different quantities of rice bran to a GF bread formulation according to an
experimental design, considering three variables (rice flour, coarse and bran). From the results, the
bread with 45% of rice flour, 35% and 20% of rice bran showed a higher specific volume and colour,
and a lower value of firmness than the other formulations. A key role is played by fibres, which thanks
to their nature and interaction with rice flour protein improved volume, firmness, crust and crumb
colour of GF bread. Also the addition of tiger nut milk by-products have influenced the batter
consistency and the texture of bread. Consequently to the use of this by-product to substitute soya
flour in a GF bread formulation, Aguilar et al.}” observed an increase in G’ modulus, producing a
consistent batter that, in accordance with the studies previously mentioned, should lead to obtain a
bread with higher specific volume. However, the leavening was negatively affected probably due to
the excessive consistency of the batter, causing a limited increase in volume and a hard crumb.

Therefore only 1.69% of consumers involved in sensory analysis preferred the bread with tiger nut

milk by-product.

Cakes and muffins

Cakes and muffins are mainly consumed for breakfast or as a snack during the day. Their quality is
expressed in terms of both physical (weight, height, volume, crust and crumb colour, symmetry,
crumb structure and texture) and sensory properties.®

Majzoobi et al.* combined different levels and particle size of carrot pomace to improve the quality
of GF sponge cake. The addition of carrot pomace led to an increase in batter properties (viscosity,
density, firmness and consistency), which positively affected texture, reducing hardness,
cohesiveness, gumminess and increasing the chewiness of the cakes. Likewise, also the sensory
characteristics were improved. The addition of carrot pomace powder resulted in a larger appreciation

of crust and crumb texture by the panellists. Moreover, the enhancement of Maillard and
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caramelisation reactions, as a result of increased sugar and protein content, resulted in improved
flavour of final products.
The eggless GF rice muffins enriched with black carrot pomace (6%) and xanthan gum, produced by

Singh et al.”

, resulted in lower firmness, cohesiveness, springiness and gumminess than the control.
Likewise, GF cakes based on apple pomace using optimized quantities of starch, xanthan gum and
sugar, had lower hardness, springiness, cohesiveness and gumminess than rice cakes but higher
hardness if compared with wheat cake.”! However, sensory analysis displayed that the addition of
apple pomace, gained the highest taste score in the GF cakes due to the flavour and aroma of the fruit.
The comparison between GF muffins added with commercial orange fibre (COM) and orange fibre
obtained from orange peels, using a combined drying system: hot air (HAD) and microwave (MW)
showed no significant differences in some textural parameters (cohesiveness, resilience and
springiness) with the exception of hardness and chewiness, which resulted higher in HAD+MW
muffins than COM. This result could be explained by the higher holding water ability of HAD+MW
fibre than COM. On the contrary, sensory analysis revealed a greater acceptability of HAD+MW
muffins than COM ones, for its attractive colour, appearance, flavour and chewiness.? Moreover, it
was observed that the progressive addition of green banana flour (GBF) by Tiirker et al.”® and
extruded broken bean flour by Gomes et al.** to produce GF cakes, resulted in a dose-dependent
reduction of volume and colour parameter L* while increased density. However, while the
progressive addition of increasing amounts of extruded bean flour did not significantly affect sensory
properties, GF cakes with an inclusion of 15% and 20% of GBF received lower scores from hedonic
tests than GF cakes with 5% and 10% of GBF added.

Finally, powders of grape and pomegranate seeds were added to GF cakes.”® The addition of the two
seeds powders caused a decrease of volume, symmetry, uniformity index and an increase of hardness
of the cakes compared to the control (rice based), especially for the cake with addition of pomegranate
seeds powder. Also the colour of crumb and crust was affected by the addition of the latter powder,
decreasing L* and b* parameters, and increasing a*. From a sensory point of view, there were no
significant differences between the cakes supplemented with grape and pomegranate seeds powders
and the GF control cake in terms of appearance, texture, taste-odour and overall acceptability, except

for mouthfeel that was higher in control cake.

Pasta
Pasta is consumed worldwide for its palatability, versatility and long shelf-life. A key role in the
determination of pasta quality is played by both raw materials and processing conditions.”

Parameters that influence the quality of pasta include: solid loss during cooking, stickiness, and
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firmness. °7 The absence of a gluten network determines a low cooking quality in GF pasta with a
subsequent high stickiness and cooking loss, thus the addition of commercial or innovative texturizing
ingredients are necessary for improving GF pasta quality.

Physical and sensory properties of GF pasta processed with potato pulp, a by-product obtained by
sedimentation from the water used to wash the raw material for chips production, were evaluated by
Bastos et al.”” Seven different formulations were produced with different amounts of dried and
extruded potato pulp and amaranth flour. In general, it was observed a tendency to increase solid loss
and reduce mass values with increasing inclusion of dried potato pulp. On the contrary, with lower
amount of dried potato pulp and higher amount of extruded potato pulp and amaranth flour a lower
solid loss values and higher values of mass increment were observed. According to the authors, this
result derives from a larger capacity of extruded potato pulp to absorb water than dried potato pulp
and higher protein content from amaranth flour that leads to the formation of a network, between
protein and starch, sufficiently stable to avoid starch leaching. Moreover, the formulation with 65%
of dried potato pulp, 10% of extruded potato pulp and 25% amaranth flour showed a lower cooking
time than non-GF spaghetti, a more intense and darker colour and a high sensory acceptance score.
The replacement of 10% and 20% of rice and corn flours with passion fruit peel flours by Ribeiro et

al'lOO

affected physical and sensory properties of GF spaghetti. The authors found an increase in
cooking time and soluble solid loss in comparison with the control (corn and rice flour). It was
observed that with an increasing amount of passion fruit peel flour (PPF) the colour parameter a*
increased (from -0.24 to 4.05) while luminosity L* decreased (from 79.47 to 58.45) compared with
the control. From a sensory point of view, a deterioration was observed for all the parameters
considered (taste, flavour, texture, colour and overall appearance), proportionally to the quantities of
PPF added. Mirhosseini et al.!?! found similar results regarding colour and sensory properties with
the addition of durian seed flour to GF spaghetti. In addition, textural properties were improved,
through an increment of uncooked and cooked pasta hardness and adhesiveness decrement. Patifio-

Rodriguez et al. 1%

evaluated the possibility to use unripe banana flour as innovative ingredient for
the production of GF spaghetti. Specifically, they produced two different formulations: one with
whole unripe banana (PFP) and the other only with pulp (PF). Both of them were compared with
commercial GF spaghetti. Textural analysis of cooked spaghetti displayed a greater hardness of PFP
spaghetti and lower chewiness than commercial one. Cohesiveness and elasticity did not differ in the
innovative spaghetti, but commercial sample presented the highest values. Through an optimization

process of GF pasta, Fradinho et al.!%3

produced a GF pasta consisting of 20% of rice gel and a 50:50
gel: flour ratio in which cooking loss, stickiness and adhesiveness were minimised and swelling,

water absorption and firmness were maximised. These results have emphasized the suitability of
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broken rice kernels to be used for food application thanks to their good gelling abilities. Chickpea
hull was effectively added to GF pasta (8% w/w) improving fibre content and antioxidant activity,

without affecting sensory liking.

Snacks

The GF snacks production is still challenging, due to the issues in reaching some specifics physico-
chemical and sensory parameters. In this framework, Alonso et al.!® produced extruded GF breakfast
cereals with broken rice flour, passion fruit peel flour and whey powder, and evaluated the influence
of two process parameters, moisture content and temperature, on product quality. The best physical
results were obtained combining a moisture content of 15% and a temperature equal to 85 °C during
the extrusion process. These parameters provided the best expansion index (above 2.6), and the
highest a* value. As regards the purchase intention, 38.6% of the testers would probably buy these
breakfast cereals.

The effects of olive leaf and olive mill wastewater extracts addition with two different concentration
of phenols (500-1000 mg kg™!) on the properties of GF breadsticks was studied.'® The colorimetric
and structural parameters were influenced, besides to an increase of phenols content and antioxidant
activity. Specifically, the addition resulted in a reduction of a* for all the samples supplemented with
the extracts and a significant reduction of hardness in those added of olive leaf extract, probably due

to higher water content than control sample made of rice flour and corn starch.

Effects on nutritional properties of GF foods

The integration of plant-based by-products in GF formulation comes from the increased attention of
consumers to their health and the awareness that the latter is strongly influenced by diet. Several
products have been the object of researches aimed at nutritional improvement, with baked products
(bread, cakes, muffins, biscuits, pasta and extruded-cooked products (snacks, breakfast cereals) as
the most studied. Table 3 reports the improvements resulting from the addition of waste and plant-
based by-products.

Ostermann-Porcel et al.!% produced GF biscuits, using okara flour as a substitute of manioca flour.
The resultant cookies were characterised by an increased content in proteins, fibre, fat and ash,
proportionally to okara flour added. Other GF biscuits using pregelatinized rice flour and 15, 25 or
35% orange pomace blended with 5% of soy protein isolate were produced by Cayres et al.'”” The
results showed that the biscuits with 25% and 35% of pregelatinized flours allowed to produce a
product that could be claimed as source of fibre according to the Regulation (EC) No.1924/2006%,

because contained more than 3 g of total dietary fibre per 100 g. Several health benefits (prevention
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of obesity, diabetes, coronary heart disease) are associated to the dietary fibre. However, to ensure
these benefits, the American Dietetic Association recommends a daily intake of 25-35 g or an
equivalent of 14 g/1000 kcal.!®!% Moreover, a portion of 30 g biscuits was able to provide the
recommended daily intake of some minerals (iron, copper, manganese, phosphorus and sodium). Also

the nutritional profile of GF bread obtained by Korus et al.!'°

replacing the starches (corn and potato)
with defatted strawberry and blackcurrant seed’s powders (5-10%) was characterized by a higher
content of total dietary fibre than the control. The total dietary fibre was in a range of 4.53-7.41% for
bread enriched with defatted blackcurrant seed (5-15%) and in a range of 5.43-8.71% for that enriched
with defatted strawberry seed (5-15%) in comparison with the control, which contained 2.99% of
total dietary fibre. Moreover, the two supplemented breads showed a higher protein content than the
control sample, due to the very high amount of protein in defatted blackcurrant and strawberry seed,
respectively 25.3% and 15.7%. As regards polyphenols content, the breads supplemented with
defatted seeds showed a significant increase in their polyphenols content and antioxidant activity,
respectively 484-1275% and 166-371% higher than control bread.

Likewise, mini sponge cake produced by replacing 2.5, 5 and 7.5% (w/w) of potato and corn starch,
in GF control formulation, showed a significant increase in antioxidant activity, in a dose-dependent
manner with broccoli leaf powder (BLP) content of each sample. Regarding glucosinolates (GLS)
profile found in mini sponge cakes, it was identical to GLS profile of BLP with a major concentration
of glucobrassicin and glucoraphanin, 16% and 19% of total GLS in the sample with the highest
inclusion of BLP, respectively.! In line with the results obtained by Drabinska et al.,! also the GF
muffins produced by substituting carrot pomace to rice flour base by Olawuyi et al.!!! displayed an
enrichment in bioactive compounds (polyphenols and carotenoids), whose content increased in
proportion to the amount of carrot pomace added as well as the antioxidant activity.

The addition of green banana flours into layer and sponge cake allowed to obtain products with a
better chemical composition without adversely affecting the sensory quality.?®!1?

A lower content in lipids and a higher content in fibre were found in sponge and layer cakes than the
control sample. On the contrary, in standard GF pasta it was found a higher fibre content than in green
banana pasta, because of the absence of an adequate method to determine the resistant starch, which
instead of being considered as dietary fibre, was included in carbohydrate content. Even the GF
snacks produced with the addition of cactus peel powder by Miranda et al.'!3 had a large fibre content,
which was underestimated. Moreover, the snacks with 10% of cactus peel powder inclusion were

characterized by a lower amount of fat and higher content of protein than commercial snacks and

improved sensory and textural properties.
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Fradinho et al.''* produced a GF pasta with the aim of improving the nutritional performance of the
product through the use of potato peel autohydrolysis extract. From the analysis of the raw and cooked
pasta emerged that the addition of this extract resulted in an increase in protein and ash content,
reducing fat to a level that makes possible to attribute the fat-free claim.®? Likewise, GF noodles
prepared by resistant rice starch with the addition of defatted rice bran (5%) and xanthan gum (2.5%)
exhibited the highest protein, fibre and ash content among the GF noodles produced with a low
glycaemic index and a high sensory acceptability by panellists.!!

Other authors!!®!!” produced functional crackers with the addition of carob’s germ and seed peel and
apple pomace, respectively. The addition of these by-products in different concentration in crackers
formulation resulted in an increase in fibre and antioxidant activity for both the products, whereas
proteins increased only when carob’s by-products were added. However, the addition of these by-
products caused colour, sensory and textural modifications necessitating to find a compromise
between nutritional properties and physico-chemical aspects. Also the substitution of cassava flour
with green banana led to a significant nutritional improvement of the crackers.!'® Through the
replacement of the cassava flour, in all the formulations occurred a significant increment of ash, total
dietary fibre and essential minerals like potassium, magnesium, phosphorus and calcium,
proportionally to the green banana flour replaced.

Otherwise, the addition of hemp seed oil press-cake, decaffeinated green tea leaves and chia seed to
brown rice flour to produce functional cracker by Radocaj et al.''® determined an increase in
unsaturated fatty acids (mono and polyunsaturated). Nowadays, modern diet is characterized by an
imbalance intake of essential fatty acid, with an excess of omega-6 and a low amount of omega-3, at
which is associated several health implications, i.e. obesity, cardiovascular disease, cancer and
inflammatory and autoimmune diseases. A low ratio of omega-6/omega-3 (2:1) is associated to the
prevention of the aforementioned disease.!?%!2:122 The hemp seed oil press-cake increased the omega-
6 and omega-3 content in all the crackers, obtaining an optimal ratio between 1.66 to 1.83. With
regard to the sensory aspect, all the samples were considered acceptable, in terms of appearance,
colour and flavour, except for the sample with the addition of 40% of hemp flour and green tea leaves,
which received the lowest score (7.8 + 0.2).

The replacement of 10-50% cassava flour with by-products from virgin coconut oil processing GF
flakes resulted in improved nutritional properties. Specifically, the sample with 20% coconut flour
and 80% of cassava flour had 8.56 % of fibre, 4.50% of proteins and minerals like potassium, sodium,
magnesium and calcium.3®

Chia seed waste and defatted rice bran from oil extraction were added to GF bread formulation by

Zdybel et al.!?* and Phimolsiripol et al.'?*, respectively. The addition of 5% of chia seed waste and
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10% of defatted rice bran, determined an enhancement of nutritional properties. Defatted rice bran
contributed proteins and total dietary fibre (insoluble and soluble) raising their content in the final
product. An interesting aspect regards the action of soluble fibres in slowing down the staling kinetic
during storage. In fact, the bread supplemented with a commercial rice fibre (Risolubles), which
possessed a higher amount of soluble fibres, was characterized by a slower staling. Therefore, the
effect of soluble fibres can be exploited to prolong the shelf-life of GF bread. On the other hand, chia
seed waste addition increased significantly protein, fat and ash content, while decreasing the energy
value if compared with the control. According to the authors, this is a consequence of the high fibre
content of raw materials and high levels of moisture in GF breads. Guglielmetti et al.'?* added coffee
husk and coffee silverskin extracts into GF breads new formulation, containing inulin and rice protein.
The new breads with and without coffee by-products extracts displayed a reduced carbohydrate
content, increased total dietary fibre and proteins. The addition of coffee by-product extracts into
breads formulation enhanced inhibitory effect on alfa-glucosidase enzyme if compared with
commercial GF bread (control) and bread without the addition of extracts, as a result of chlorogenic
acid presence in coffee by-product extracts. Results of in vitro oral-gastrointestinal digestion
indicated a reduction of fermentable sugars (glucose and fructose) in breads added with coffee by-
product extracts and a higher antioxidant activity in the innovative breads as consequence of
antioxidant peptides, deriving from rice protein, released during digestion process. Meanwhile, the
addition of isolated coffee cascara dietary fibre (3- 4.5%) and rice protein (8%) to a GF baking pre-
mix allowed to obtain breads that could be labelled as “high in dietary fibre” and “source of protein™,
with an improved textural and sensory profile.!¢

Littardi et al.'?” produced a coffee parchment-enriched (2%) bread. The obtained bread showed a
significant increase in antioxidant activity, six-fold higher than control bread (rice and corn flour),
despite the total phenol content did not increase compared to the control. In addition, the results
showed a significant reduction of 5-hydroxymethylfurfural in the enriched bread, which is formed in
heated food during caramelization and Maillard reaction and to whom are related negative health
effects (genotoxic and mutagenic effects on bacteria and human cells).!?® The reduction of this
compound can be attributed to the presence of antioxidant compounds. Also the total substitution of
wheat flour with partially defatted baru (Dipteryx alata) waste flour to produce GF cake led to an
improvement of nutritional properties.!? The cake produced presented a significant increase in
protein, fibre and minerals content such as to be labelled as high protein content, rich in fibre and
high zinc content. Moreover there was a significant increase in total phenolics, total flavonoids and
tannins, which are known to have several health benefits like antioxidant, anticancer,

cardioprotective, antidiabetic and obesity through the inhibition of salivary and pancreatic alfa-
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amylase and alfa-glucosidase activity.!*® Similarly, the addition of different percentages of
pomegranate seed powder (2.5-10%) determined an increase of phenolic content and antioxidant

activity in the GF bread.'’!

CONCLUSION

The focus of the review was to provide an overview of the influence of plant-based waste and by-
products on the quality of GF foods (bread, pasta, cakes, biscuits and snacks). Plant by-products have
been proven to be a rich and sustainable source of bioactive compounds, which have several health
benefits (prevention of coronary disease, obesity, diabetes and cancer). Dietary fibre was found to be
the most abundant component in all by-products followed by phenolic compounds. In addition, other
bioactive compounds such as carotenoids, glucosinolate, essential minerals, amino acids and fatty
acids have been identified on the basis of the by-product nature. Therefore, the integration of these
by-products or their extract into GF products has led to a nutritional improvement, mainly by
increasing dietary fibre content and antioxidant compounds that are known to be deficient in GF
products, and to which is associated a reducing action of glycaemic index of foods, a critical and
common aspect of GF products. However, the nutritional improvement, as a consequence of plant
by-products addition, is often accompanied by a deterioration of structural and sensory properties of
the final products. Future research should be focused on finding new formulations, technological

approaches and process parameters that will allow to attenuate the negative impact caused by those.
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FIGURE CAPTION
Figure 1. Example of by-products reuse to produce gluten-free products with a circular economy

approach.



571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604

REFERENCES

1

10

11

12

13

Bai JC, Fried M, Corazza GR, Schuppan D, Farthing M, Catassi C, Greco L, Cohen H,
Ciacci C, Eliakim R, Fasano A, Gonzalez A, Krabshuis JH, and Lemair A. World
gastroenterology organisation global guidelines on celiac disease. J Clin Gastroenterol
47:121-126 (2013).

Melini V and Melini F. Gluten-free diet: Gaps and needs for a healthier diet. Nutrients.
MDPI AG; p. 170 2019.

Bottari F, Moretto LM, and Ugo P. Impedimetric sensing of the immuno-enzymatic reaction
of gliadin with a collagen-modified electrode. Electrochem commun Elsevier; 97:51-55
(2018).

Gallagher E, Gormley TR, and Arendt EK. Recent advances in the formulation of gluten-free
cereal-based products. Trends Food Sci Technol Elsevier Ltd; 15:143—152 (2004).

Lasa A, Pilar Fernandez-Gil M del, Bustamante MA, and Miranda J. Nutritional and
Sensorial Aspects of Gluten-Free Products. Nutritional and Analytical Approaches of Gluten-
Free Diet in Celiac Disease p. 59-78 2017.

Pellegrini N and Agostoni C. Nutritional aspects of gluten-free products. J Sci Food Agric
95:2380-2385 (2015).

Scazzina F, Dall’ Asta M, Pellegrini N, and Brighenti F. Glycaemic index of some
commercial gluten-free foods. Eur J Nutr Dr. Dietrich Steinkopff Verlag GmbH and Co. KG;
54:1021-1026 (2015).

Caponio F, Summo C, Clodoveo ML, and Pasqualone A. Evaluation of the nutritional quality
of the lipid fraction of gluten-free biscuits. Eur Food Res Technol 227:135-139 (2008).

Vici G, Belli L, Biondi M, and Polzonetti V. Gluten free diet and nutrient deficiencies: A
review. Clin. Nutr. Churchill Livingstone; p. 1236—1241 2016.

Saturni L, Ferretti G, and Bacchetti T. The gluten-free diet: Safety and nutritional quality.
Nutrients. MDPI AG; p. 16-34 2010.

Miranda J, Lasa A, Bustamante MA, Churruca I, and Simon E. Nutritional Differences
Between a Gluten-free Diet and a Diet Containing Equivalent Products with Gluten. Plant
Foods Hum Nutr Kluwer Academic Publishers; 69:182—187 (2014).

Conte P, Fadda C, Drabinska N, and Krupa-Kozak U. Technological and nutritional
challenges, and novelty in gluten-free breadmaking: A review. Polish J Food Nutr Sci 69:5—
21 (2019).

Hager AS, Wolter A, Czerny M, Bez J, Zannini E, Arendt EK, and Czerny M. Investigation

of product quality, sensory profile and ultrastructure of breads made from a range of



605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

14

15

16

17

18

19

20

21

22

23

commercial gluten-free flours compared to their wheat counterparts. Eur Food Res Technol
235:333-344 (2012).

Cannas M, Pulina S, Conte P, Caro A Del, Urgeghe PP, Piga A, and Fadda C. Effect of
substitution of rice flour with quinoa flour on the chemical-physical, nutritional, volatile and
sensory parameters of gluten-free ladyfinger biscuits. Foods 9 (2020).

Borrello M, Caracciolo F, Lombardi A, Pascucci S, and Cembalo L. Consumers’ perspective
on circular economy strategy for reducing food waste. Sustain 9:141 (2017).

Donner M, Verniquet A, Broeze J, Kayser K, and Vries H De. Critical success and risk
factors for circular business models valorising agricultural waste and by-products. Resour
Conserv Recycl Elsevier B.V.; 165:105236 (2021).

Gontard N, Sonesson U, Birkved M, Majone M, Bolzonella D, Celli A, Angellier-Coussy H,
Jang GW, Verniquet A, Broeze J, Schaer B, Batista AP, and Sebok A. A research challenge
vision regarding management of agricultural waste in a circular bio-based economy. Crit Rev
Environ Sci Technol Taylor & Francis; 48:614—654 (2018).

Martins ZE, Pinho O, and Ferreira IMPLVO. Food industry by-products used as functional
ingredients of bakery products. Trends Food Sci Technol Elsevier Ltd; 67:106—128 (2017).
Fava F, Zanaroli G, Vannini L, Guerzoni E, Bordoni A, Viaggi D, Robertson J, Waldron K,
Bald C, Esturo A, Talens C, Tueros I, Cebrian M, Sebok A, Kuti T, Broeze J, Macias M, and
Brendle HG. New advances in the integrated management of food processing by-products in
Europe: Sustainable exploitation of fruit and cereal processing by-products with the
production of new food products (NAMASTE EU). N Biotechnol 30:647—655 (2013).
Bharat Helkar P and Sahoo A. Review: Food Industry By-Products used as a Functional
Food Ingredients. Int J Waste Resour 6 (2016).

Pasqualone A, Gambacorta G, Summo C, Caponio F, Miceli G Di, Flagella Z, Marrese PP,
Piro G, Perrotta C, Bellis L De, and Lenucci MS. Functional, textural and sensory properties
of dry pasta supplemented with lyophilized tomato matrix or with durum wheat bran extracts
produced by supercritical carbon dioxide or ultrasound. Food Chem Elsevier Ltd; 213:545—
553 (2016).

Pasqualone A, Punzi R, Trani A, Summo C, Paradiso VM, Caponio F, and Gambacorta G.
Enrichment of fresh pasta with antioxidant extracts obtained from artichoke canning by-
products by ultrasound-assisted technology and quality characterisation of the end product.
Int J Food Sci Technol 52:2078-2087 (2017).

Campos DA, Gémez-Garcia R, Vilas-Boas AA, Madureira AR, and Pintado MM.

Management of fruit industrial by-products—a case study on circular economy approach.



639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672

24

25

26

27

28

29

30

31

32

33

34

35

Molecules 25 (2020).

Sagar NA, Pareek S, Sharma S, Yahia EM, and Lobo MG. Fruit and Vegetable Waste:
Bioactive Compounds, Their Extraction, and Possible Utilization. Compr Rev Food Sci Food
Saf17:512-531 (2018).

Rudra SG, Nishad J, Jakhar N, and Kaur C. Food Industry Waste: Mine of Nutraceuticals. Int
J Sci Enviroment Technol 4:205-229 (2015).

Wachirasiri P, Julakarangka S, and Wanlapa S. The effects of banana peel preparations on
the properties of banana peel dietary fibre concentrate. Songklanakarin J Sci Technol
31:605-611 (2009).

Amini Khoozani A, Birch J, and Bekhit AEDA. Production, application and health effects of
banana pulp and peel flour in the food industry. J Food Sci Technol Springer India; 56:548—
559 (2019).

Zandonadi RP, Botelho RBA, Gandolfi L, Ginani JS, Montenegro FM, and Pratesi R. Green
Banana Pasta: An Alternative for Gluten-Free Diets. J Acad Nutr Diet 112:1068—1072
(2012).

Amini A, Khalili L, Keshtiban AK, and Homayouni A. Resistant Starch as a Bioactive
Compound in Colorectal Cancer Prevention. Probiotics, Prebiotics, Synbiotics Bioact. Foods
Heal. Promot. Elsevier Inc.; 2016.

Bussolo de Souza C, Jonathan M, Isay Saad SM, Schols HA, and Venema K.
Characterization and in vitro digestibility of by-products from Brazilian food industry:
Cassava bagasse, orange bagasse and passion fruit peel. Bioact Carbohydrates Diet Fibre
Elsevier Ltd; 16:90-99 (2018).

Coelho EM, Gomes RG, Machado BAS, Oliveira RS, Lima M dos S, Azévedo LC de, and
Guez MAU. Passion fruit peel flour — Technological properties and application in food
products. Food Hydrocoll 62:158-164 (2017).

O’Shea N, Ktenioudaki A, Smyth TP, McLoughlin P, Doran L, Auty MAE, Arendt E, and
Gallagher E. Physicochemical assessment of two fruit by-products as functional ingredients:
Apple and orange pomace. J Food Eng Elsevier Ltd; 153:89-95 (2015).

Kirbas Z, Kumcuoglu S, and Tavman S. Effects of apple, orange and carrot pomace powders
on gluten-free batter rheology and cake properties. J Food Sci Technol 56:914-926 (2019).
Waldbauer K, McKinnon R, and Kopp B. Apple Pomace as Potential Source of Natural
Active Compounds. Planta Med 83:994-1010 (2017).

Vrhovsek U, Rigo A, Tonon D, and Mattivi F. Quantitation of polyphenols in different apple
varieties. J Agric Food Chem 52:6532—6538 (2004).



673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706

36

37

38

39

40

41

42

43

44

45

46

Diana Widiastuti, Eka Herlina, Ade Heri Mulyati, and Siti Warnasih. Diversification of
Cassava Flour in the Manufacture of Gluten-Free Flakes Enriched with Dietary Fibers from
Virgin Coconut Oil Waste Flour. J Agric Sci Technol B 6:418-423 (2016).

Dadashi S, Mousazadeh M, Emam-Djomeh Z, and Mousavi SM. Pomegranate (Punica
granatum L.) seed: A comparative study on biochemical composition and oil
physicochemical characteristics Biochemical composition of pomegranate seed oil. Int J Adv
Biol Biomed Res 1:2322-4827 (2013).

Kanatt SR, Chander R, and Sharma A. Antioxidant and antimicrobial activity of pomegranate
peel extract improves the shelf life of chicken products. Int J Food Sci Technol 45:216-222
(2010).

Qin YY, Zhang ZH, Li L, Xiong W, Shi JY, Zhao TR, and Fan J. Antioxidant effect of
pomegranate rind powder extract, pomegranate juice, and pomegranate seed powder extract
as antioxidants in raw ground pork meat. Food Sci Biotechnol 22:1063—1069 (2013).
Bustamante A, Hinojosa A, Robert P, and Escalona V. Extraction and microencapsulation of
bioactive compounds from pomegranate (Punica granatum var. Wonderful) residues. Int J
Food Sci Technol 52:1452-1462 (2017).

Pereira De Melo IL, Bonifacio E, Carvalho T De, and Mancini-Filho J. Journal of Human
Nutrition &amp; Food Science Pomegranate Seed Oil (Punica Granatum L.): A Source of
Punicic Acid (Conjugated a-Linolenic Acid). J Hum Nutr Food Sci 2:1-11 (2014).

Holic R, Xu Y, Caldo KMP, Singer SD, Field CJ, Weselake RJ, and Chen G. Bioactivity and
biotechnological production of punicic acid. Appl Microbiol Biotechnol Applied
Microbiology and Biotechnology; 102:3537-3549 (2018).

Rouhi SZT, Sarker MMR, Rahmat A, Alkahtani SA, and Othman F. The effect of
pomegranate fresh juice versus pomegranate seed powder on metabolic indices, lipid profile,
inflammatory biomarkers, and the histopathology of pancreatic islets of Langerhans in
streptozotocin-nicotinamide induced type 2 diabetic Sprague-Daw. BMC Complement Altern
Med BMC Complementary and Alternative Medicine; 17:1-13 (2017).

Nunes MA, Pimentel FB, Costa ASG, Alves RC, and Oliveira MBPP. Olive by-products for
functional and food applications: Challenging opportunities to face environmental
constraints. Innov Food Sci Emerg Technol Elsevier Ltd; 35:139-148 (2016).

Difonzo G, Russo A, Trani A, Paradiso VM, Ranieri M, Pasqualone A, Summo C, Tamma
G, Silletti R, and Caponio F. Green extracts from Coratina olive cultivar leaves: Antioxidant
characterization and biological activity. J Funct Foods Elsevier Ltd; 31:63—70 (2017).

Paulo F and Santos L. Deriving valorization of phenolic compounds from olive oil by-



707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740

47

48

49

50

51

52

53

54

55

56

57

58

59

products for food applications through microencapsulation approaches: a comprehensive
review. Crit Rev Food Sci Nutr Taylor & Francis; 0:1-26 (2020).

Pasqualone A, Bianco AM, Paradiso VM, Summo C, Gambacorta G, and Caponio F.
Physico-chemical, sensory and volatile profiles of biscuits enriched with grape marc extract.
Food Res Int Elsevier Ltd; 65:385-393 (2014).

Tang GY, Zhao CN, Liu Q, Feng XL, Xu XY, Cao SY, Meng X, Li S, Gan RY, and Li H
Bin. Potential of grape wastes as a natural source of bioactive compounds. Molecules 23:1—
20 (2018).

Iuga M and Mironeasa S. Potential of grape byproducts as functional ingredients in baked
goods and pasta. Compr Rev Food Sci Food Saf 19:2473-2505 (2020).

Moser S, Lim J, Chegeni M, Wightman JLD, Hamaker BR, and Ferruzzi MG. Concord and
niagara grape juice and their phenolics modify intestinal glucose transport in a coupled in
vitro digestion/caco-2 human intestinal model. Nutrients 8:414 (2016).

Struck S, Plaza M, Turner C, and Rohm H. Berry pomace - A review of processing and
chemical analysis of its polyphenols. Int J Food Sci Technol 51:1305-1318 (2016).

S¢jka M and Krél B. Composition of industrial seedless black currant pomace. Eur Food Res
Technol 228:597-605 (2009).

Janissen B and Huynh T. Chemical composition and value-adding applications of coffee
industry by-products: A review. Resour Conserv Recycl 128:110-117 (2018).
Iriondo-DeHond A, Aparicio Garcia N, Fernandez-Gomez B, Guisantes-Batan E, Veldzquez
Escobar F, Blanch GP, San Andres MI, Sanchez-Fortun S, and Castillo MD del. Validation
of coffee by-products as novel food ingredients. /nnov Food Sci Emerg Technol Elsevier;
51:194-204 (2019).

Surbhi S, Re V, Deepak R, Hk J, and Kk Y. A review: Food, chemical composition and
utilization of carrot (Daucus carota L.) pomace. Int J Chem Stud 6:2921-2926 (2018).
Hernandez-Ortega M, Kissangou G, Necoechea-Mondragon H, Sanchez-Pardo ME, and
Ortiz-Moreno A. Microwave Dried Carrot Pomace as a Source of Fiber and Carotenoids.
Food Nutr Sci 04:1037-1046 (2013).

Botella-Pavia P and Rodriguez-Concepcion M. Carotenoid biotechnology in plants for
nutritionally improved foods. Physiol Plant 126:369-381 (2006).

Hassan NM, Yusof NA, Yahaya AF, Rozali NNM, and Othman R. Carotenoids of capsicum
fruits: Pigment profile and health-promoting functional attributes. Antioxidants 8:1-25
(2019).

Dominguez-Perles R, Martinez-Ballesta MC, Carvajal M, Garcia-Viguera C, and Moreno



741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774

60

61

62

63

64

65

66

67

68

69

70

71

DA. Broccoli-derived by-products - a promising source of bioactive ingredients. J Food Sci
75:C383-C392 (2010).

Brown AF, Yousef GG, Jeffery EH, Klein BP, Wallig MA, Kushad MM, and Juvik JA.
Glucosinolate profiles in broccoli: Variation in levels and implications in breeding for cancer
chemoprotection. J Am Soc Hortic Sci 127:807-813 (2002).

Drabinska N, Ciska E, Szmatowicz B, and Krupa-Kozak U. Broccoli by-products improve
the nutraceutical potential of gluten-free mini sponge cakes. Food Chem 267:170-177
(2018).

European Commission. Regulation (EC) No. 1169/2011 of the European Parliament and of
the Council of 25 October 2011 on the Provision of Food Information to Consumers
Amending Regulations (EC) No. 1924/2006 and (EC) No. 1925/2006 of the European
Parliament. .

Singh PP and Saldana MDA. Subcritical water extraction of phenolic compounds from
potato peel. Food Res Int Elsevier Ltd; 44:2452-2458 (2011).

Amado IR, Franco D, Sanchez M, Zapata C, and Vazquez JA. Optimisation of antioxidant
extraction from Solanum tuberosum potato peel waste by surface response methodology.
Food Chem 165:290-299 (2014).

Wang S, Lin AHM, Han Q, and Xu Q. Evaluation of direct ultrasound-assisted extraction of
phenolic compounds from potato peels. Processes 8:1-14 (2020).

Singh B, Singh J, Singh JP, Kaur A, and Singh N. Phenolic compounds in potato (Solanum
tuberosum L.) peel and their health-promoting activities. Int J Food Sci Technol 55:2273—
2281 (2020).

Joly N, Souidi K, Depraetere D, Wils D, and Martin P. Potato By-Products as a Source of
Natural Chlorogenic Acids and Phenolic Compounds: Extraction, Characterization, and
Antioxidant Capacity. Molecules 26:177 (2020).

Sanchez-Zapata E, Ferndndez-Lopez J, and Angel Pérez-Alvarez J. Tiger Nut (Cyperus
esculentus) Commercialization: Health Aspects, Composition, Properties, and Food
Applications. Compr Rev Food Sci Food Saf 11:366-377 (2012).

Sharif MK, Butt MS, Anjum FM, and Khan SH. Rice Bran: A Novel Functional Ingredient.
Crit Rev Food Sci Nutr 54:807-816 (2014).

Sohail M, Rakha A, Butt MS, Igbal MJ, and Rashid S. Rice bran nutraceutics: A
comprehensive review. Crit Rev Food Sci Nutr Taylor & Francis; 57:3771-3780 (2017).
Abdul-Hamid A and Luan YS. Functional properties of dietary fibre prepared from defatted
rice bran. Food Chem 68:15—19 (2000).



775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808

72

73

74

75

76

77

78

79

80

81

82

83

&4

Hessle A, Eriksson M, Nadeau E, Turner T, and Johansson B. Cold-pressed hempseed cake
as a protein feed for growing cattle. Acta Agric Scand A Anim Sci 58:136—145 (2008).
Aranibar C, Aguirre A, and Borneo R. Utilization of a by-product of chia oil extraction as a
potential source for value addition in wheat muffins. J Food Sci Technol Springer India;
56:4189—4197 (2019).

Capitani MI, Spotorno V, Nolasco SM, and Tomds MC. Physicochemical and functional
characterization of by-products from chia (Salvia hispanica L.) seeds of Argentina. LWT -
Food Sci Technol Elsevier Ltd; 45:94-102 (2012).

Poji¢ M, Dapcevi¢ Hadnadev T, Hadnadev M, Rakita S, and Brlek T. Bread Supplementation
with Hemp Seed Cake: A By-Product of Hemp Oil Processing. J Food Qual 38:431-440
(2015).

Mateos-Aparicio I, Redondo-Cuenca A, and Villanueva-Sudrez MJ. Isolation and
characterisation of cell wall polysaccharides from legume by-products: Okara (soymilk
residue), pea pod and broad bean pod. Food Chem Elsevier Ltd; 122:339-345 (2010).

LuF, Liu Y, and Li B. Okara dietary fiber and hypoglycemic effect of okara foods. Bioact
Carbohydrates Diet Fibre 2:126—132 (2013).

Rico D, Martin-Diana AB, Martinez-Villaluenga C, Aguirre L, Silvan JM, Duefias M, Luis
DA De, and Lasa A. In vitro approach for evaluation of carob by-products as source
bioactive ingredients with potential to attenuate metabolic syndrome (MetS). Heliyon S
(2019).

Costantini M, Summo C, Faccia M, Caponio F, and Pasqualone A. Kabuli and Apulian black
Chickpea Milling By-Products as Innovative Ingredients to Provide High Levels of Dietary
Fibre and Bioactive Compounds in Gluten-Free Fresh Pasta. Molecules 26:4442 (2021).
Grigor JM, Brennan CS, Hutchings SC, and Rowlands DS. The sensory acceptance of fibre-
enriched cereal foods: A meta-analysis. Int J Food Sci Technol 51:3—-13 (2016).

Sabanis D, Lebesi D, and Tzia C. Effect of dietary fibre enrichment on selected properties of
gluten-free bread. LWT - Food Sci Technol Elsevier Ltd; 42:1380-1389 (2009).

Rocha Parra AF, Ribotta PD, and Ferrero C. Apple pomace in gluten-free formulations:
Effect on rheology and product quality. Int J Food Sci Technol 50:682—690 (2015).

O’Shea N, Doran L, Auty M, Arendt E, and Gallagher E. The rheology, microstructure and
sensory characteristics of a gluten-free bread formulation enhanced with orange pomace.
Food Funct 4:1856—-1863 (2013).

O’Shea N, RoBle C, Arendt E, and Gallagher E. Modelling the effects of orange pomace
using response surface design for gluten-free bread baking. Food Chem 166:223-230 (2015).



809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842

85

86

87

88

&9

90

91

92

93

94

95

96

97

Sarawong C, Gutiérrez ZR, Berghofer E, and Schoenlechner R. Effect of green plantain flour
addition to gluten-free bread on functional bread properties and resistant starch content. Int J
Food Sci Technol 49:1825-1833 (2014).

Genevois CE, Grendvero MS, and Escalada Pla MF de. Use of different proportions of rice
milling fractions as strategy for improving quality parameters and nutritional profile of
gluten-free bread. J Food Sci Technol :1-11 (2020).

Aguilar N, Albanell E, Minarro B, Guamis B, and Capellas M. Effect of tiger nut-derived
products in gluten-free batter and bread. Food Sci Technol Int 21:323-331 (2015).

XuJ, Zhang Y, Wang W, and Li Y. Advanced properties of gluten-free cookies, cakes, and
crackers: A review. Trends Food Sci Technol 103:200-213 (2020).

Majzoobi M, Poor ZV, Jamalian J, and Farahnaky A. Improvement of the quality of gluten-
free sponge cake using different levels and particle sizes of carrot pomace powder. Int J Food
Sci Technol 51:1369-1377 (2016).

Singh JP, Kaur A, and Singh N. Development of eggless gluten-free rice muffins utilizing
black carrot dietary fibre concentrate and xanthan gum. J Food Sci Technol 53:1269-1278
(2016).

Azari M, Shojaee-Aliabadi S, Hosseini H, Mirmoghtadaie L, and Marzieh Hosseini S.
Optimization of physical properties of new gluten-free cake based on apple pomace powder
using starch and xanthan gum. Food Sci Technol Int 26:603—613 (2020).

Talens C, Alvarez-Sabatel S, Rios Y, and Rodriguez R. Effect of a new microwave-dried
orange fibre ingredient vs. a commercial citrus fibre on texture and sensory properties of
gluten-free muffins. Innov Food Sci Emerg Technol 44:83-88 (2017).

Tiirker B, Savlak N, and Kagikci MB. Effect of green banana peel flour substitution on
physical characteristics of gluten-free cakes. Curr Res Nutr Food Sci 4:197-204 (2016).
Gomes L de OF, Santiago R de AC, Carvalho AV, Carvalho RN, Oliveira IG de, and
Bassinello PZ. Application of extruded broken bean flour for formulation of gluten-free cake
blends. Food Sci Technol 35:307-313 (2015).

Levent H, Sayaslan A, and Yesil S. Physicochemical and sensory quality of gluten-free cakes
supplemented with grape seed, pomegranate seed, poppy seed, flaxseed, and turmeric. J
Food Process Preserv 45 (2020).

Marti A and Pagani MA. What can play the role of gluten in gluten free pasta? Trends Food
Sci Technol Elsevier Ltd; 31:63-71 (2013).

Ungureanu-luga M, Dimian M, and Mironeasa S. Development and quality evaluation of

gluten-free pasta with grape peels and whey powders. Lwt 130 (2020).



843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876

98

99

100

101

102

103

104

105

106

107

108

109

Marti A and Pagani MA. What can play the role of gluten in gluten free pasta? Trends Food
Sci Technol Elsevier Ltd; 31:63-71 (2013).

Bastos GM, Soares Junior MS, Caliari M, Araujo Pereira AL de, Morais CC de, and Campos
MRH. Physical and sensory quality of gluten-free spaghetti processed from amaranth flour
and potato pulp. LWT - Food Sci Technol 65:128—136 (2016).

Ribeiro THS, Bolanho BC, Montanuci FD, and Ruiz SP. Physicochemical and sensory
characterization of gluten-free fresh pasta with addition of passion fruit peel flour. Cienc
Rural 48:1-9 (2018).

Mirhosseini H, Abdul Rashid NF, Tabatabaee Amid B, Cheong KW, Kazemi M, and
Zulkurnain M. Effect of partial replacement of corn flour with durian seed flour and pumpkin
flour on cooking yield, texture properties, and sensory attributes of gluten free pasta. LWT -
Food Sci Technol Elsevier Ltd; 63:184—190 (2015).

Patifio-Rodriguez O, Bello-Pérez LA, Flores-Silva PC, Sanchez-Rivera MM, and Romero-
Bastida CA. Physicochemical properties and metabolomic profile of gluten-free spaghetti
prepared with unripe plantain flours. LWT - Food Sci Technol Elsevier; 90:297-302 (2018).
Fradinho P, Sousa I, and Raymundo A. Functional and thermorheological properties of rice
flour gels for gluten-free pasta applications. Int J Food Sci Technol 54:1109—-1120 (2019).
Alonso DS P. Gluten-Free Breakfast Cereal Prepared with Agroindustrial by-Products:
Physical, Chemical, Microbiological Aspects and Sensory Acceptance. J Food Process
Technol 07:1-4 (2016).

Conte P, Pulina S, Caro A Del, Fadda C, Urgeghe PP, Bruno A De, Difonzo G, Caponio F,
Romeo R, and Piga A. Gluten-Free Breadsticks Fortified with Phenolic-Rich Extracts.
10:923 (2021).

Ostermann-Porcel M V., Quiroga-Panelo N, Rinaldoni AN, and Campderrés ME.
Incorporation of okara into gluten-free cookies with high quality and nutritional value. J
Food Qual 2017 (2017).

Cayres CA, Ascheri JLR, and Couto MAPG. Evaluation of nutritional characteristics and
consumers’ acceptance of gluten-free sweet biscuits made from rice-based pregelatinized
composite flours containing orange pomace and soy protein isolate. SN App! Sci Springer
International Publishing; 3:1-13 (2021).

Anderson JW, Baird P, Davis RH, Ferreri S, Knudtson M, Koraym A, Waters V, and
Williams CL. Health benefits of dietary fiber. Nutr Rev 67:188-205 (2009).

Marlett JA, McBurney MI, and Slavin JL. Position of the American Dietetic Association:
Health implications of dietary fiber. J. Am. Diet. Assoc. p. 993—1000 2002.



877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910

110

111

112

113

114

115

116

117

118

119

120

121

Korus J, Juszczak L, Ziobro R, Witczak M, Grzelak K, and Sojka M. Defatted strawberry
and blackcurrant seeds as functional ingredients of gluten-free bread. J Texture Stud 43:29—
39 (2012).

Olawuyi IF and Lee WY. Quality and antioxidant properties of functional rice muffins
enriched with shiitake mushroom and carrot pomace. Int J Food Sci Technol 54:2321-2328
(2019).

Segundo C, Giménez A, Lobo M, Iturriaga L, and Samman N. Formulation and attributes of
gluten-free cakes of Andean corn improved with green banana flour. Food Sci Technol Int
26:95-104 (2020).

Miranda DV, Rojas ML, Pagador S, Lescano L, Sanchez-Gonzalez J, and Linares G. Gluten-
free snacks based on brown rice and amaranth flour with incorporation of cactus pear peel
powder: Physical, nutritional, and sensorial properties. /nt J Food Sci Hindawi Limited;
(2018).

Fradinho P, Oliveira A, Dominguez H, Torres MD, Sousa I, and Raymundo A. Improving
the nutritional performance of gluten-free pasta with potato peel autohydrolysis extract.
Innov Food Sci Emerg Technol Elsevier; 63:102374 (2020).

Raungrusmee S, Shrestha S, Sadiqg MB, and Anal AK. Influence of resistant starch, xanthan
gum, inulin and defatted rice bran on the physicochemical, functional and sensory properties
of low glycemic gluten-free noodles. LWT - Food Sci Technol 126:109279 (2020).

Mir SA, Bosco SJD, Shah MA, Santhalakshmy S, and Mir MM. Effect of apple pomace on
quality characteristics of brown rice based cracker. J Saudi Soc Agric Sci 16:25-32 (2017).
Martin-Diana AB, Izquierdo N, Albertos I, Sanchez MS, Herrero A, Sanz MA, and Rico D.
Valorization of Carob’s Germ and Seed Peel as Natural Antioxidant Ingredients in Gluten-
Free Crackers. J Food Process Preserv 41:¢12770 (2017).

Wang Y, Zhang M, and Mujumdar AS. Influence of green banana flour substitution for
cassava starch on the nutrition, color, texture and sensory quality in two types of snacks.
LWT - Food Sci Technol Elsevier Ltd; 47:175-182 (2012).

Radocaj O, Dimi¢ E, and Tsao R. Effects of Hemp (Cannabis sativa L.) Seed Oil Press-Cake
and Decaffeinated Green Tea Leaves (Camellia sinensis) on Functional Characteristics of
Gluten-Free Crackers. J Food Sci 79:C318—-C325 (2014).

Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty acids.
Biomed Pharmacother 56:365-379 (2002).

Simopoulos AP. The omega-6/omega-3 fatty acid ratio: Health implications. OCL - Ol Corps
Gras Lipides 17:267-275 (2010).



911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944

122

123

124

125

126

127

128

129

130

131

Simopoulos AP. An increase in the Omega-6/Omega-3 fatty acid ratio increases the risk for
obesity. Nutrients 8:1-17 (2016).

Zdybel B, Rézylo R, and Sagan A. Use of a waste product from the pressing of chia seed oil
in wheat and gluten-free bread processing. J Food Process Preserv 43:1-9 (2019).
Phimolsiripol Y, Mukprasirt A, and Schoenlechner R. Quality improvement of rice-based
gluten-free bread using different dietary fibre fractions of rice bran. J Cereal Sci 56:389—-395
(2012).

Guglielmetti A, Fernandez-Gomez B, Zeppa G, and Castillo MD Del. Nutritional quality,
potential health promoting properties and sensory perception of an improved gluten-free
bread formulation containing inulin, rice protein and bioactive compounds extracted from
coffee byproducts. Polish J Food Nutr Sci 69:157-166 (2019).

Rios MB, Iriondo-dehond A, Iriondo-dehond M, Herrera T, and Dolores M. Physicochemical
, Nutritional and Sensory Properties. :1-16.

Littardi P, Rinaldi M, Grimaldi M, Cavazza A, and Chiavaro E. Effect of Addition of Green
Coffee Parchment on Structural, Qualitative and Chemical Properties of Gluten-Free Bread.
Foods 10:5 (2020).

Zhang Y and An X. Inhibitory mechanism of quercetin against the formation of 5-
(hydroxymethyl)-2-furaldehyde in buckwheat flour bread by ultra-performance liquid
chromatography coupled with high-resolution tandem mass spectrometry. Food Res Int
Elsevier Ltd; 95:68-81 (2017).

Pineli L de L de O, Aguiar LA de, Oliveira GT de, Botelho RBA, Ibiapina M do DFP, Lima
HC de, and Costa AM. Use of Baru (Brazilian Almond) Waste from Physical Extraction of
Oil to Produce Gluten Free Cakes. Plant Foods Hum Nutr 70:50-55 (2015).

Smeriglio A, Barreca D, Bellocco E, and Trombetta D. Proanthocyanidins and hydrolysable
tannins: occurrence, dietary intake and pharmacological effects. Br J Pharmacol 174:1244—
1262 (2017).

Bourekoua H, Rézyto R, Gawlik-Dziki U, Benatallah L, Zidoune MN, and Dziki D.
Pomegranate seed powder as a functional component of gluten-free bread (Physical, sensorial

and antioxidant evaluation). Int J Food Sci Technol 53:1906—-1913 (2018).



Table 1. Main functional molecules in plant-based waste and by-products used in gluten-free foods.

Waste and By-products

Functional molecules

References

Fruits
Green banana and peel

Passion fruit peel
Orange pomace

Apple pomace

Coconut oil waste

Pomegranate seeds

Olive leaves and mill wastewater

Grape peel

Strawberry, blueberry, chokeberry,
blackcurrant and raspberry seeds

Coftfee husk and silverskin

Vegetables
Carrot pomace

Broccoli leaves

Potato peel

Tiger nut milk by-product

Cereals, oilseed and legumes
Rice bran

Chia seed cake

Hemp seed cake

Okara
Carob’s germ and seed

Chickpea hull

Dietary fibre, carotenoids, vitamins, catechin,
epicatechin, gallocatechin

Pectin, cellulose and hemicellulose

Dietary fibre, minerals (calcium, magnesium
and potassium)

Dietary fibre, minerals (potassium and iron),
proanthocyanidins, hydroxycinnamates,
flavonols, dihydrochalcones and anthocyanins
Dietary fibre, fat and minerals (calcium,
sodium and magnesium)

Polyunsatured fatty acids (punicic, linoleic,
oleic) and ellagic, chinic and malic acids

Oleuropein, hydroxytirosol, hydroxytirosol
glucoside, tyrosol, caffeic, coumaric and
ferulic acids

Dietary fibre, sugar, minerals (potassium,
magnesium and calcium) phenolic compounds
Dietary fibre, protein and polyphenols (mainly
anthocyanins)

Dietary fibre, protein, minerals, tannins,
cholorogenic acid and caffeine

Dietary fibre, phenolic compounds,
carotenoids, uronic acids and sugars

Protein, minerals, and glucosinolates.

Caffeic, gallic, protocatechuic and chlorogenic
acids

Dietary fibre

Dietary fibre, protein, minerals (phosphorus),
vitamins, phytosterols, oryzanols and
tocotrienols

Dietary fibre, protein, polyphenols

Dietary fibre, protein and essential amino
acids (edestin and albumins)

Dietary fibre and protein

Dietary fibre, protein, hydrozybenzoic acids,
gallotannins, flavones and flavonols

Dietary fibre, carotenoids, anthocyanins

Zandonadi et al.?®

Khoozani et al.”’

Bussolo et al. 3
Coelho et al. 3!
O'Shea et al. 2
Kirbas et al. 3
O'Shea et al. 2
Kirbas et al. 3
Waldbauer et al. 3
Widiastuti et al.3¢
Bustamante et al. 4°
Rouhi et al. ¥

Difonzo et al. ¥
Paulo et al. 4

Iuga et al. ¥

Sojka et al. >

Struck et al. 3!

Iriondo-DeHond et al. **

Janissen et al. >3

Surbhi et al. »

Dominguez-Perles et a

Drabinska et al. ¢!
Singh et al. %

Sanchez-Zapata et al. 8

Sohail et al. 7°
Sharif et al. ©°

Hessle et al. 7
Aranibar et al.

Poji¢ et al. 7

Luatal.”’

Ricoetal. 7

Costantini et al. 7
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Table 2. Effect of by-products addition on physico-chemical and sensory parameters of gluten-free products.

By-Products Amount GF product Effects References

Apple pomace 5-20% Bread Tcrumb hardness, |cohesivness, Rocha Parra et
resilience,fa* and b* value. al.

Orange pomace 0-8% lcrumb hardness with low levels of orange O'Shea et al.
pomace, Tfirmness, crumb density, Ispecific
volume high levels of orange pomace

Rice bran 5-20% lfirmness, Tcolour intensity, Tbread specific ~ Genevois et al.
volume 86

Tiger nut milk by- 5% |bake loss, Thardness, |sensory acceptability ~Aguilar et al. ¥

products

Carrot pomace 10-30% Cake ldensity, hardness, cohesiveness, Tsymmetry Majzoobi et al.
index, sensory score 8

Black carrot 3-9% LL*, b*, water activity, |specific volume, Singh et al. *°

pomace firmness, cohesiveness and gumminess, 1
overall acceptability

Apple pomace 18.15/18.28% lhardness, springiness, cohesiveness and Azari et al. 9!
gumminess, ftaste and colour

Green banana peel  5-20% lvolume, height, baking loss Tiirker et al. %

Broken bean 45-75% Ispecific volume, {firmness, |L* 1a* |b*, Gomes et al. **
lappearance

Grape and 5% Thardness, {symmetry index, L L% 1 b% Levent et al. %

pomegranate seeds Imouthfeel

Orange peels 4.5% Muffin thardness, chewiness, |colour homogeneity, Talens et al. %2
Tsensory acceptability

Potato pulp 90-75% Pasta lcooking time, solid loss, Tyield, Th*and a* Bastos et al. *°
value

Passion fruit peel 10/20% Tcooking time, soluble solids loss and water ~ Ribeiro et al.
absorption, | L* a* loverall appearance, 100
taste and colour

Durian seed 25/50% Tcooking yield, Ta*, | L*and 6% Mirhosseini et
ladhesiveness and overall acceptability, al. 1t
Thardness

Green banana and  12.5% lcohesiveness, chewiness, elasticity Patifio-

green banana peel Rodriguez et

al. 102

Broken kernels 10-25% lcooking loss, stickiness, adhesiveness, Fradinho et al.
Twater absorption and firmness with 20% '3
of rice gel

Passion fruit peel 3% Breakfast Ta*, Texpansion index and specific volume  Alonso et al. '

cereals
Olive leaf and mill  0.05-0.1% Breadstick la*, lhardness Conte et al. %

wastewater

|= decrease; 1= increase
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Table 3. Effect of by-products addition on nutritional parameters of gluten-free products.

By-Products Amount  GF Product Effects References
Okara 15-50% Cookies Tprotein, fibre and ash, | caloric value Ostermann-
porcel et al. 1%
Orange pomace 15-35% 1fibre, protein, ash and minerals (potassium, Cayres et al. '77
phosphorus, calcium, iron, copper, manganese
and sodium)
Defatted strawberry 5-15% Bread Tfibre, protein, polyphenols and antioxidant Korus et al. 1
& blackcurrant seeds activity
Pressing of chia seed 5% tash, polyphenols and antioxidant activity, Zdybel et al. '3
oil lenergy value
Coffee silverskinand  2.5% lcarbohydrates, lipids, {protein, fibre, Guglielmetti et
husk polyphenols, chlorogenic acid and antioxidant al. 1%
activity
Coffe cascara 3-4.5% 1fibre and protein Rios et al. %6
Pomegranate seed 2-10% Tpolyphenols and antioxidant activity Bourekoua et al.
131
Carrot pomace 5-15% Muffins Tpolyphenol, caroteinoid and antioxidant activity ~ Olawuyi et al.
11
Green banana 47% Pasta lipids and caloric value, Tash Zandonadi et al.
28
Green banana 15-50% Cakes lprotein, lipids, ffibre and potassium Segundo et al.
112
Broccoli leaf 2.5-7.5% Tglucosinolate, total phenols and antioxidant Drabinska et al.
activity ol
Cactus peel 5-10% Snacks fat, moisture Miranda et al.,
113
Green banana 10-50% 1fibre, essential minerals (potassium, calcium, Wang et al. !
5-25% magnesium and phosphorus), polyphenol and
antioxidant activity, |oil content
Hemp seed oil press-  10-40% Tprotein, fibre, omega-3 fatty acids and Radogaj et al. 1"
cake antioxidant activity
Virgin coconut oil 10-50% Flakes Tprotein, fibre, fat, calcium and iron, |sodium

waste

Widistatu et al.
36

|= decrease; 1= increase
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