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INTRODUCTION

The interest of consumers in foods with beneficial effects for health has
resulted in an impulse in the development of prebiotic food products. Prebiotics
are "non-digestible food ingredients (dietary fiber), which beneficially affect
the host by selectively stimulating the growth and activity of a group of
beneficial bacteria and therefore improve the health of the host". They resist
digestion in the upper gastrointestinal tract and are used as a source of carbon
and energy by intestinal bacteria such as Bifidobacterium and Lactobacilus,
promoting their growth and the production of short-chain fatty acids (SCFA),
such as butyrate, acetate and propionate, providing metabolic energy for the
host and acidifying the intestinal content [1]. In addition, once the epithelial
cells have been crossed, they diffuse into the blood circulation and can
beneficially affect other organs, for example, they contribute to the regulation
of lipid and glucose metabolism, in the prevention of chronic diseases such as
cardiovascular diseases, they favor satiety and loss of energy, weight and
antioxidant properties are attributed to it (Figure 1). Prebiotics or dietary fiber
(DF), are naturally present in foods that contain complex carbohydrates, such as
cereals (rice, wheat, corn or barley) and their by-products, in fact cereals are
the main source of DF in the human diet. According to their solubility, the DF is
classified as soluble and insoluble in water. The most important water-soluble
DF in cereals are β-glucan and arabinoxylans, the insoluble DF comprises
mainly cellulose and arabinoxylans that are not extractable in water. The
soluble DF is less resistant to colonic fermentation and therefore has a better
prebiotic potential. The industrial processing of cereal grains leads to the
generation of considerable amounts of by-products, which are still rich in
different compounds, such as proteins, carbohydrates, minerals, dietary fiber and
resistant starch fractions, which are important prebiotics [1]. In this sense, the
use of cereal by-products has been described as a sustainable and renewable
source of prebiotics, in addition to contributing to the management of waste
that is traditionally destined for composting or burning, adopting the principles
of the circular economy. The purpose of this review is to evaluate the potential
of agroindustrial cereal residues as an alternative to obtain prebiotics,
which can be used in the food industry in the production of functional foods.

Figure 1. Effect of prebiotics on consumer health

 Arabinoxylans
They are the main non-starch polysaccharides; they are composed of

xylopyranose units with B 1-4 linkages and arabinofuranose residues. In some
cereals such as wheat they constitute 50% of the dietary fiber fraction, they are
modified by various environmental factors such as the climatic season. Their
prebiotic effect is reported, since they are hydrolyzed by bacterial enzymes such
as xylanases and arabinofuranosidases. The prebiotic efficacy of arabinoxylans
was demonstrated in vivo through the decreased clostridial count in the
intestinal microorganism profile and increased production of SCFA in the
intestine, mainly acetate [2]. In agreement Rumpagaporn et al., 2015 [1] reports
on the prebiotic potential of arabinoxylans extracted from wheat, rice, corn and
sorghum bran.
 Arabinogalactan peptides

They consist of the union of arabinose and galactose; it is an oligosaccharide
that binds covalently with a peptide. The prebiotic effect has been demonstrated
because it selectively promotes bacteria of the Bifidobacterium genus and
increases the production of SCFA (mainly acetate) during in vitro fermentation
[1].
 β-glucan

Is one of the main dietary fibers of cereals, it is a linear polysaccharide,
formed by single glucose units by bonds β 1 - 4 and/or β 1- 3. Barley and oats
are the main sources of β-glucan. In recent years they have drawn the attention
of researchers due to their excellent functional properties such as thickeners,
stabilizers and gelling agents. Its prebiotic effect has been demonstrated; it is
reported that β-glucan hydrolysates promote the growth of Bacteriodes species
and Prevotella under in vitro conditions [3]. In addition, various physiological
effects such as antihypercholesterolemic, antioxidant and antibacterial of
oligosaccharides derived from barley β-glucan are reported [4].

 Fructans
It is composed primarily of fructose units linked through fructose-fructosyl

bonds. Five main types of fructans are known: inulin, levan type, graminans,
neoinulin type and neolevan type. The best-known fructans with health
benefits are inulin, oligofructose, and fructooligosaccharides. The beneficial
health effects of inulin are not limited to the prebiotic effect, evidence points to
an immunoregulatory impact on the innate immune system [5].
 Fructooligosaccharides

They are low molecular weight oligosaccharides, stored in plant tissues as a
source of carbohydrates. Cereals contain a high content of
fructooligosaccharides, reported values 10 times higher compared to other
plants. Its prebiotic effect has been demonstrated. In an in vitro study,
significantly higher counts of Bifidobacterium and lactic acid bacteria were
reported when fructooligosaccharide-enriched biscuits were tested than with
control biscuits [5].
 Resistant starch

Corresponds to the part of starch that is not modified by heat treatment, like
fructooligosaccharides, they are fermentable by colonic bacteria and serve as a
growth substrate for probiotic bacteria. Its prebiotic effect has been
demonstrated by its physiological effects in the human colon by increasing the
production of SCFA, reducing the pH of the colon and reducing the
concentration of ammonia, phenols and bile acids [6].

Cereal By-product Compound 
obtained Extraction method Biological activity Ref.

Corn, wheat, 
rice and 
sorghum

Bran Arabinoxylan Alkali extraction Prebiotic [1]

Corn
Stover Xylooligosaccharides Hydrothermal 

treatment and 
nanofiltration

Prebiotic [2]

Cob Xylan Enzyme treatment Prebiotic [3]

Wheat

Straw Xylooligosaccharides Steam explosion and 
enzyme treatment Prebiotic [4]

Bran Arabinoxylan Alkali extraction Prebiotic [5]

Bran Feruloylated 
arabinoxylooligosacc

harides

Hydrothermal 
processing

Prebiotic and
antioxidant 

activity of 29.7 
μmol Trolox 

equivalents/g dw

[6]

Rice

Straw Xylose, arabinose 
and cellobiose

Subcritical water 
hydrolysis Prebiotic [7]

Husk Xylan
Alkaline 

pretreatment and 
enzyme hydrolysis

Prebiotic [8]

Barley Brewer’s 
spent grain Arabinoxylan Ultrasound-assisted 

extraction Prebiotic [9]

CEREAL PREBIOTICS

CEREAL BY-PRODUCTS AS A SOURCE OF 
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Table 1. Cereal by-products as a source of prebiotics

RyeWheat Barley Rice Corn Oats Millet

Action of prebiotics

Lactobacillus Bifidobacterium

Production of SCFA

Propionate, 
butyrate, 

acetate, lactate

Epithelial cells

Glycemic level

Glucose tolerance

Cardiovascular 
diseases The different agro-industrial by-products of cereals (Figure 2.) such as

bran, stubble, corn cob and spent barley grain from breweries, are rich in
dietary fiber, with important prebiotic effects (Table 1). Conventional
extraction techniques such as thermal treatment, chemical treatment involving
acid or alkaline hydrolysis are traditionally used, however these techniques have
limitations mainly due to the generation of undesirable secondary products.
However, the appearance of new technologies such as ultrasound-assisted
extraction, subcritical water and enzyme-assisted extraction can improve the
extraction process, reducing time, temperature and/or the use of organic
solvents, thus saving energy, resources and costs.

FUTURE PERSPECTIVES
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This review considers the potentially prebiotic components of
agroindustrial cereal by-products and their effects on probiotics, based on in
vitro and/or in vivo studies. It is important to note that extraction with traditional
methods can be expensive, generate secondary products and affect the prebiotic
potential, therefore more efforts should be devoted to obtaining these molecules
through green extraction methods, such as ultrasound-assisted extraction,
microwave-assisted extraction, subcritical water extraction and enzyme-assisted
extraction among others. This last area has great potential for the future
development of functional foods. In addition, studies are needed that pursue
food applications of prebiotics obtained from these sources and that allow
elucidating the mechanism of action and specific effects of prebiotics. An
interesting avenue of study may be the effect of the combination of different
prebiotic molecules and their interaction with other food components, as well
as measuring the metabolic effects.

Figura 2. Agricultural by-products of cereals
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Introduction
Medicinal plants have been traditionally used
throughout time as therapeutic treatments. These
plants possess different compounds with
antioxidant, anti-inflammatory and antimicrobial
properties of industrial interest. In particular, the
plants Achillea millefolium L., Arnica montana L.,
Calendula officinalis L., Chamaemelum nobile L.
All. and Taraxacum officinale F.H. Wigg.
belonging to the Asteraceae family, have shown
relevant applications including food preparation,
dyes, cosmetics, and traditional remedies, although
their consumption is currently decreasing [1].
However, the extracts of this type of plants are
mostly applied by the food industry as preservatives,
due to their antioxidant and antimicrobial properties
that prevent food spoilage and microbial growth,
preserving the organoleptic characteristics of
various products, such as meat, dairy products, or
bakery products [2].

Methodology

Centrifugation, Solvent evaporation, Lyophilization - ˃ CRUDE EXTRACT

Drying and crushing

Sample extraction:  5 g + 100mL MetOH/H2O 60:40  45 °C

Achillea millefolium L., Arnica montana L., Calendula officinalis L., 
Chamaemelum nobile L. All. and Taraxacum officinale F.H. Wigg

Biological 
propertiesAntioxidant

ABTS
β - carotene

TBARS

Antibacterial

Antimicrobial

Antifungal

Gram +

Gram -

The aim of this study was to develop new
ingredients derived from these plants, which may
be of interest to the food industry, more
specifically in bakery

T. officinalis C. officinalis A. millefolium A.montana C. nobile
Antimicrobial activity (mg/mL) MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Gram-negative bacteria
Escherichia coli 0.5 1 0.25 0.5 0.5 1 0.5 1 0.5 1

Salmonella typhimurium 1 2 0.5 1 1 2 0.5 1 0.5 1
Enterobacter cloacae 0.5 1 0.5 1 1 2 0.5 1 0.5 1

Gram-positive bacteria
Staphylococcus aureus 1 2 0.25 0.5 0.5 1 0.5 1 0.5 1

Bacillus cereus 0.25 0.5 0.25 0.5 0.25 0.5 0.25 0.5 0.25 0.5
Listeria monocytogenes 0.5 1 0.25 0.5 0.5 1 0.5 1 1 0.5

Fungi MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC
Aspergillus fumigatus 2 4 0.5 1 2 4 0.5 1 0.5 1

Aspergillus niger 2 4 0.5 1 2 4 1 2 0.5 1
Aspergillus versicolor 2 4 0.5 1 2 4 0.5 1 0.5 1

Penicillium funiculosum 2 4 0.5 1 2 4 0.5 1 0.5 1
Trichoderma viride 0.25 0.5 0.25 0.5 1 2 0.5 1 0.25 0.5

Penicillium verrucosum var. 
cyclopium

2 4 0.5 1 2 4 0.5 1 0.5 1

Results
Antioxidant activity

Antimicrobial activity

The results obtained for antioxidant activity, through the
thiobarbituric acid reactive substances (TBARS) assay, indicated
that A. millefolium , showed exceptional activity, with an EC50 value
of 0.013 mg/mL whereas the extracts of A. montana, C. nobile and
C. officinalis showed similar EC50 values (0.2, 0.2 and 0.25 mg/mL,
respectively).

A. montana extract showed
the highest antibacterial and
antifungal effects, with
minimum bactericidal and
fungicidal concentrations
ranging from 0.25-0.5
mg/mL and 0.5-1 mg/mL,
respectively.

Overall, this study provided scientific evidence for the evaluation of the potential of medicinal plant extracts for the development of
new bakery products. Highlighting A. millefolium with high antioxidant activity and A. montana with the highest antibacterial and
antifungal effects.

Conclusions
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Wheat pasta is a very popular food, being one of the basic foods of numerous diets along the world and composing the base of the food pyramid [1]. Nowadays, consumers are more aware of the
nutritional value and benefits of certain foods and bioactive compounds. Therefore, there is a growing consumer trend towards the consumption of foods with good nutritional values, but which
also provide health benefits. This is reflected in the significant growth that the market of functional foods has been experienced [2]. In this context, novel formulations of pasta products
containing new ingredients to enhance their composition and biological properties have been proposed. Among these new ingredients, phenolic compounds stand out, due to their diverse
biological properties and their role in the prevention of some chronic diseases in humans [2, 3]. Therefore, higher consumption of phenolic compounds is regarded as positive to human health.
When phenolic compounds are tended to be incorporated into foods, the effect of food matrix on phenolics bioavailability and molecular interactions should be carefully considered. Such
evaluation is fundamental to assess the effectiveness of the functional pasta [2]. In this context, this study aimed to evaluate the strategies employed to fortify pasta with phenolic compounds
and also their limitations, bearing in mind bioavailability studies that will determine the usefulness of these strategies.

INTRODUCTION

There are different strategies to enhance the phenolic content of pasta formulations. For example, processing technologies have been specifically applied to raw materials or to the pasta-making
process in order to increase the content of bioactive components and their bioavailability. In addition, using whole grain and composite flours, and adding extracts from plant foods (e.g., fruits,
vegetables, cereals, etc.) and food wastes, has been increasingly explored. In Table 1, some recent examples of supplementation strategies have been compiled.

SUPPLEMENTATION STRATEGIES

Supplementation source Pasta product Effects on phenolic content and biological properties Ref
Plant foods

Chestnut flour Gluten free-pasta with 10 -50% 
50% of chestnut flour

The free phenolic acids content and TPC increased as rising the chestnut flour supplementation. In addition, the antioxidant 
activity (evaluated by DPPH assay) followed the same pattern as TPC. 

[2]

Arthrospira platensis Gluten free pasta with 2 and 3% 
of A. platensis

Supplementation with A. platensis (3%) increased TPC compared with wheat pasta. From DPPH assay results, supplemented
samples achieved better results than control samples, but it may also be due to the presence of other bioactive compounds. 

[4]

Salicornia europaea extract Wheat semolina with 20 mL of S. 
europaea extract

Supplementation with extract significantly increased TPC and TFC of wheat semolina when compared to control. A similar 
trend was observed in the antioxidant activity, evaluated by FRAP assay. 

[5]

Cistus incanus Wheat flour with 1-5% of C. 
incanus

TPC and antioxidant activity of pasta increased with the supplementation of C. incanus, but extraction solvent influenced the
final content. Specifically, extraction with PBS allowed to extract more phenolic compounds than methanol. 

[6]

Cereal coffee Wheat pasta with 1-5% of cereal 
coffee

TPC increased as supplementation was increased. Comparing raw and cooked pasta, a loss of 40% of TPC was observed after 
cooking. A similar trend was registered for antioxidant activity values.

[7]

By-produtcs
Addition of partially-deoiled
chia flour

Whole-wheat pasta with 2.5, 5 
and 10% of extracted chia flour

TPC increased as the amount of chia flour increased, both in raw and cooked pasta. However, a loss of phenolic compounds
after cooking was observed .

[8] 

Grape peels flour Hydrothermal treated wheat
flour with grape peels flour

According to the optimization study, the grape peel flour supplementation had a strong correlation with TPC. At optimal
conditions, 5% supplementation increased TPC values up to 135 µg GAE/g dw .

[9]

Onion peel powder Wheat pasta with 2.5, 5 and 7.5% 
of onion peel powder

All raw pasta formulations had a similar content of phenolic acids. However, after cooking, this content was significantly
increased as onion peel poder increased. Regarding antioxidant activity, this values was greater supplementation increased, 
being higher in cooked pasta. For anti-inflammatory activity, an opposite trend was observed.

[10]

Okara (soybean by-product) Wheat pasta with 10 - 50% of
okara

TPC and antioxidant activity values improved, and the glycemic index was reduced when 50% of soy okara was added to 
wheat pasta, compared to control.

[11]

Olive pomace Wheat pasta with 5 and 10% of
olive pomace

Supplementation with olive pomace significantly increased TPC and antioxidant values in raw simples; however, after 
cooking most phenolic compounds were degraded and antioxidant activity was reduced accordingly. 

[12]

Table 1. Studies increasing phenolic content for new functional pasta formulations.  
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BIOACCESIBILITY STUDIES

Abbreviations: TPC, total phenolic content; TFC, total flavonoid content; DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, Ferric ion reducing antioxidant power

Pasta product Effects on phenolic contents and biological properties Ref
Wheat semolina with
S. europaea extract

After in vitro gastrointestinal digestion, TPC and TFC were increased. This suggested
that the digestion conditions enhanced the hydrolysis of protein bound to
phenolics and these compounds could be released and be potentially absorbed. 

[5]

Whole-wheat pasta 
with extracted chia
flour

Simulated gastrointestinal digestion model showed that only a small proportion of 
the studied free polyphenols were likely to be absorbed in the small intestine, 
while a higher proportion of the same compounds continues towards the colon. 

[8] 

Pasta with Rubus and 
Ribes sp. fruits

After in vitro gastrointestinal digestion, TPC was significantly increased, probably 
due to depolymerization, suggesting that they may be bioaccessible. In addition, 
antioxidant activity values were increased after digestion. 

[13] 

Pasta with red grape 
marc and 
transglutaminase

After in vitro digestion, TPC, anthocyanins and antioxidant activity values were 
increased. Supplemented pasta showed a higher amount of bioaccesible phenolic 
compounds compared to control. 

[14] 

Pasta produced whith
two varieties of wheat

Results from simulated gastric and intestinal digestion revealed an increase in all 
the studied phenolic compounds content studied, but only a small fraction could be 
absorbed in the small intestine.

[15] 

PHENOLIC-RELATED 
FACTORS

FOOD-RELATED 
FACTORS

HOST-RELATED 
FACTORS

Figure 1. Factors affecting bioavailability of phenolic compounds

• Physical state of the 
matrix

• Interaction with matrix 
components

• Food processing 

• Systemic factors
• Dietary intake

• Chemical structure
• Glycosylation and 

conjugation
• Solubility

Enrichment with phenolic compounds Factors affecting the phenolic content in the final product

Phenolic profile of the
supplementation source

Extraction and processing of
the source

Pasta ingredients, 
preparation and cooking

Characteristics of phenolics and 
interactions with food matrix

BIOAVAILABILITY

Table 2. Phenolic compounds bioaccessibility studies

In the literature, numerous studies have developed innovative formulations to increase the phenolic content in pasta. However, a high TPC does not necessarily mean that these compounds are
available to be absorbed and can exert beneficial effects on consumers. Bioactivity depends on phenolic compound bioaccessibility (amount of nutrient released from food matrix into
gastrointestinal tract), which are influenced by different factors (Figure 2). In this sense, few studies have evaluated the bioaccessibility of phenolic compounds in pasta products, mostly
using in vitro techniques. Some examples of bioaccessibility studies have been collected in Table 2.

CONCLUSIONS

In recent years, many different matrices have been employed as a source of phenolic
compounds to develop new functional pasta formulations. However, only a few studies
have estimated the phenolic compounds' bioaccessibility once incorporated into pasta
products, and all the studies were performed through in vitro conditions. The
bioaccessibility evaluation is a point of great importance when tended to offer functional
products with health benefits beyond basic nutrition. Thus, more research is still needed.
In addition, the following step will be the in vivo evaluation of the functional pasta
formulations to support results obtained by in vitro methods and thus, offer food products
with promising health benefits.
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INTRODUCTION

There is growing consumer interest in health aspects of food, including functional food

products with specific physiological functions of health relevance. Dietary guidelines

recommend an increase in the consumption of whole grain cereal products, but there is a

gap between recommendations and consumption. Grain products comprise the base of the

USDA food guide pyramid, with 6 to 11 servings of grain products recommended daily.

Whole grains refer to grains or foods that contain all the bran, germ, and endosperm of the

entire grain seeds with the original proportions (Figure 1) [1]. Whole grain cereals have a

protective role in human health, due to their composition, which are summarized in Figure

2 [2]. It is now widely accepted that whole grain products positively impact chronic

diseases, such as reducing the incidence of type 2 diabetes, cardiovascular diseases,

certain cancers, obesity and intestinal diseases [3].

Figure 1. Structure of a whole grain.

Figure 2. Phytonutrient content of whole grains

Table 1. Potential mechanism by which sourdough fermentation may influence the 

nutritional quality of whole grains 

CONCLUSION
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In order to maintain these substances in the end-products, whole grain flours and/or

fortified flours are recommended for the production of health-enhancing or functional

foods [4]. Compared with refined flour products, whole-wheat products have specific

sensory qualities, including their dark color, speckled appearance, coarse and hard texture,

bitter/sour taste, malted note, and mustiness [3]. So, despite growing interest in the health-

promoting effects of whole grain products, very few whole meal products are on the

market so far, because of their unpleasant sensory properties [5]. However, sensory

properties can be improved by using different processing strategies. In this context, the

objective of this study is to provide insight into advances in sourdough processing affecting

the nutritional and sensory quality of the final product, as well as analyze the effects of

such processing on the stability and bioavailability of health-promoting compounds.

SOURDOUGH

Processing is a prerequisite for manufacturing attractive whole grain products and

increased consumption of whole grains. Processing must first of all render the food a

suitable form and good palatability. Sourdough fermentation processes has shown to

promote a good texture and pleasing flavor of whole meal products, improving their

consumer acceptability [3,5]. Sourdough fermentation can influence the nutritional quality

by decreasing or increasing levels of compounds, and enhancing or retarding the

bioavailability of nutrients Table 1 [2,3]. Besides, gluten removal results in major problems

for bakers, and currently many gluten-free products on the market are of low quality,

exhibiting poor mouthfeel and flavour [6]. Gluten-free breads are the biggest challenge of

all cereal products due to the fact that wheat gluten has such a wide variety of tasks in

bread making, so a wide range of ingredients is needed to achieve a good quality product

without it. Overall, it can be concluded that it is possible to produce sourdough from

gluten-free base and the addition of such sourdough to gluten-free batters does lead to an

improvement of the gluten-free-bread [2,5].

Vitamins Increased availability

Phenolic acids Altered levels or biological activity

Dietary fibre

Improved usability of bran 

fraction high in fibre/ Fibre

solubilisation

Moisture Higher moisture

Protein
Bioactive peptides/ Gluten 

degradation

Sterols Low level

Starch Reduction of starch digestibility

Minerals Enhanced bioavailability

Owing to its high dietary fiber and other health benefits, whole grains have drawn

considerable attention as a raw material for bread, biscuits, cake rolls, rice, pasta and other

products. The use of sourdough can effectively improve the nutritional value and sensory

properties (aroma, flavor, and texture) of whole grain products. It may also reduce

consumer concerns about whole wheat products at the food preparation stage and the end

products. However, more sourdough whole grain products are still in the laboratory rather

than on the supermarket shelves, indicating the need to expand and develop related

research worldwide.

Fibre

Phytin

Unsaturated fatty acids

Tocotrienols

LiganansPhytosterols

Sphingolipids

Vitamins and minerals

Antioxidants

Whole grain

products

Effects on nutritional contents and biological

properties
Ref

Whole wheat 

products 

Beneficial microorganisms were increased in the 

type and/or amount.
[3]

Whole wheat bread 

Habitual consumption showed that this product 

reduces the risk of coronary heart disease, 

diabetes, and cancer.

[3] 

Whole wheat bread 

This process showed that sourdough 

fermentation overcomes the increase in 

acrylamide that comes with baking bread.

[3] 

Whole grain oats Blood pressure was regulated. [8]

Rye and wheat 

breads
Flavour and structure were improved. [5,6] 

Rye breads
Improved insulin sensitivity and glucose 

tolerance
[5,6] 

Whole grain wheat
Decreased body weight/ Decreased fasting blood 

glucose in vivo
[8]

Whole grain rye
Increased the amount of folates and easily-

extractable phenolic compounds.
[5]

Table 2. Studies on different whole grain products obtained from sourdough process  
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INTRODUCTION
The interest in the development of quinoa gluten-free bread is
based on the need to improve the nutritional and sensorial
quality of gluten-free breads, as it is demanded by consumers [1].
Quinoa, being a pseudocereal with good nutritional value, could
contribute to this objective by providing protein with a balanced
amino acid profile, dietary fiber, polyphenols, minerals,
phytosterols and vitamins [2]. The aim of this study was to
evaluate the effect of quinoa (Chenopodium quinoa Willd.) flour
incorporation level (25, 50 and 75%) on the rheological properties
of gluten-free dough and bread quality.

MATERIALS AND METHODS 

RESULTS

CONCLUSIONS
Dough consistency, measured from complex modulus G*, increased markedly with quinoa addition (r = 0.98, p = 0.000). This parameter
correlated negatively with bread specific volume (r = -0.87, p = 0.005) and positively with crumb firmness (r = 0.94, p = 0.001). A
progressive delay in pasting temperature (r = 0.98, p = 0.000) and a lower viscometric profile (r = -0.96, p= 0.000 for Peak Viscosity and
r = -0.99, p = 0.000 for Final Viscosity) were observed with increasing quinoa addition.
The addition of 25% quinoa flour to maize starch led to viable bread with good characteristics. The addition of higher doses would
involve modifications to the formulation, including the adaptation of dough hydration to quinoa flour characteristics.
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Bread

Mixing Moulding

Fermentation
35ºC, 90% RH,40 min

Baking
180ºC 15 minCooling 1h before analysis

Process

Maize starch - quinoa 
flour blends

Sample % Maize % Quinoa

Q-0 100 0

Q-25 75 25

Q-50 50 50

Q-75 25 75

Specific volume Crumb texture
TPA test

Dough

Doughs were prepared as for breadmaking but without yeast.
Doughs were lyophilized and grounded for RVA test.

Formula for a 100g flour basis

5 g sucrose
1.5 g salt

2 g HPMC
6 g sunflower oil

3 g dried yeast
85 g water

100 g maize starch and quinoa flour mixture

Rheology: oscillatory tests
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Fig. 1. Pictures of breads made with quinoa flour at different level 
of addition to maize starch: 0%, 25%, 50% and 75%.
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Table 1. Bread and dough properties. 

- Fresh bread
- After 7 days   

stored at 4ºC

Fig. 3. Pasting profiles of lyophilized doughs.

Fig. 2. Frequency sweeps (A) and strain sweeps (B) of doughs. G′ is represented 
by full symbols and G′′ by empty symbols.
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The statistical tools used were ANOVA, Fisher LSD multiple
comparison test and Pearson correlation analysis, at a confidence
level of 95% (p<0.05)

Quinoa addition at 25% structured the bread crumb resulting in homogeneous
and viable crumb grain characteristics. However, higher incorporation levels
led to underdeveloped breads with a harder crumb than Q-25. An excessive
increase in dough consistency could have hindered its growth and expansion
during fermentation and baking.

Table 2. Pearson's correlation coefficients for the studied variables.

% Quinoa Crumb
Firmness

Crumb ΔFirmness
after 7d

Bread specific
volume

% Quinoa 0.94 *** 0.94 *** -0.87 ***

Pasting Temperature 0.98 *** 0.84 ** 0.97 *** -0.88 ***

Peak Viscosity -0.96 *** -0.69 NS -0.81 ** 0.99 ***

Setback Viscosity -0.59 NS -0.91 *** -0.76 * 0.31 NS

Final Visccosity -0.99 *** -0.92 *** -0.94 *** 0.90 ***

Dough consistency G1* 0.98 *** 0.94 *** 0.96 *** -0.87 ***

(tan δ)1 -0.98 *** -0.77 * -0.90 *** 0.96 ***

Crosspoint 0.94 *** 0.97 *** 0.97 *** -0.79 *
τmax 0.94 *** 0.97 *** 0.97 *** -0.79 *
Level of significance: p<0.05 *, p<0.01 **, p<0.001 ***, p>0.05 NS

Sample Bread Specific
volume (ml/g)

Crumb
Firmness (N)

Crumb ΔFirmness
after 7d (N)

Dough consistency
(G1*) (Pa)

Q-0 ---- 1.22 a 4.13 a 1163 a
Q-25 4.05 c 1.18 a 3.62 a 2507 b
Q-50 2.80 b 2.66 b 10.71 b 4369 c
Q-75 1.97 a 8.99 c 15.41 c 7380 d
SE 0.05 0.18 0.44 137
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Increasing addition of quinoa
resulted in:
 A progressive delay in

pasting temperature →
+9.7 ºC for Q-75.

 Lower viscometric profiles.
 A gradual reduction in

breakdown, increasing the
stability versus heating and
shaking.



There is a high demand for milk substitutes other than soy beverages. Reasons for this can be found
on matters ranging from health to sustainability. However, plant-based offers, in the European
market, are essentially poor in protein content (less than 1.5% against the 3.5% in milk). If one dares
to change, a possible solution could be the use of pulses with high protein content. Although the
beany flavor may occur, this can be easily mitigated or overcome by current processing
technology, which also enhances digestibility and beverage nutritional quality.

Background

The energy contribution of protein, carbohydrates and fat
are 24.2%, 67.4% and 8.4% for chickpea beverage and 51.5%,
41.6% and 6.9% for lupin beverage, respectively (Table 1). The
lupin beverage showed significant (p < 0.05) higher protein
values (4.05% w/v) when compared to chickpea beverage
(3.24% w/v). The chickpea and lupin beverages showed a
very good protein digestibility translated by the
bioaccessibility values of 100% and 96%, respectively (Table
2). The major mineral elements of chickpea beverage were
not bioaccessible, except for magnesium and manganese
with only 4.15% and 2.94%, respectively. On the other hand,
lupin beverage presented bioaccessibility values for almost
all minerals (31.43% (Fe) to 2.93% (Ca)). Both phytic acid and
lectins did not inhibited digestive enzymes. Overall, both
beverages presented very significant inhibitory activit ies on
commercial MMP-9, which were considerably higher after in
vitro digestion particularly for the lupin beverage, with a
96% reduction on the MMP-9 activity (Fig 2), showing a
potential anti-inflammatory and anti-carcinogenic effect

Results

NEW ALTERNATIVES TO MILK FROM PULSES:

CHICKPEA AND LUPIN BEVERAGES WITH IMPROVED 

DIGESTIBILITY AND POTENTIAL BIOACTIVITIES FOR HUMAN 

HEALTH

This work aimed at evaluating the impact of processing in maintaining the
nutritional characteristics of chickpea and lupin-based beverages, whilst striving
to achieve their best digestibility, as well as protein and mineral bioaccessibility.

Objectives

Methodology

Two different pulse seeds (Lupinus albus L. and Cicer arietinum L.)
were used to produce beverages with 10% (w/v) of total dry seeds.
Seeds were soaked and cooked and liquids discarded, milled into
very small particles and coarsely sieved (Fig 1). All beverages were
submitted to static in vitro digestion and analyzed physico-
chemically. Electrophoresis was used to evidence polypeptide
digestion. Protein and minerals bioaccessibility were determined.
Lupin and chickpea beverages and respective soluble digesta were
submitted to gelatinolytic activity quantification and zymographic
analysis. ANOVA was used to assess significant differences
between samples at a significance level of 95% (p < 0.05).

Besides being highly digestible, lupin and chickpea beverage showed anti-inflammatory and
anti-carcinogenic potential, thus suggesting a strong potential as a functional food, into
effective preventive diets against inflammatory and cancer diseases, especially related to
the digestive system.

Conclusions

ACKNOWLEDGEMNTS: This work was supported by the FCT Project PTDC/BAA-AGR/28370/2017: “Bebida de
proteína vegetal a partir de leguminosas europeias com potencial bioativo” and also through the research unit
UID/AGR/04129/2020 – LEAF.

Figure 1. Beverage´s fabrication
procedure
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VALORIZATION OFAPPLE BY-PRODUCTS INTO FLOUR: NUTRITIONAL
AND CHEMICAL CHARACTERIZATION AND EVALUATION OF BIOACTIVE

PROPERTIES

Introduction

The study of fruit and vegetable by-products has aroused great interest, not only in the agri-
food industry, for sustainability and economic reasons, but also among the scientific
community, which has been highlighting these underutilized and cheap materials as
renewable sources of bioactive molecules, including phenolic compounds [1]. In this
perspective, the present work aimed to characterize the nutritional and chemical composition
of apple by-product flour, as well as to evaluate its bioactive properties in order to assess its
potential application in the food industry.
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Centesimal Composition

• protein 
• ash
• fat 
• carbohydrate content
• energy value

Chemical profile 

• free sugars
• fatty acids

Bioactivity

• Antioxidant
• Cytotoxic, 
• Anti-inflammatory
• Antimicrobial activity 

Methodology

Results

The characterized apple by-product contained 84.2 ± 0.1 g/100 g of
water (Table 1). In terms of dry weight, carbohydrates (14.22 ±
0.05 g/100 g) were the macronutrients presented in higher amounts,
followed by ash (1.34 ± 0.05 g/100 g). The fat concentration was
considerably low. Regarding the sugar profile, two
monosaccharides (glucose and fructose) and one disaccharide
(sucrose) were detected in the flour sample, and fructose was the
main one. Considering the fatty acid profile, fourteen compounds
were identified, with oleic (C18:1n9), linoleic (C18:2n6) and
palmitic (C16:0) acids in the highest percentage (38.8 ± 0.1%, 27 ±
1% and 19 ± 1%, respectively).

Based on the results obtained, it can be concluded that apple by-product flour
has potential for application in the food industry, namely as an alternative
ingredient for food products for celiac people. The valorization of this by-
product also contributes to the circular economy and environmental issues.

Conclusions

Regarding the bioactive potential, the apple by-product flour, despite showing cytotoxic potential for only one of the
tested cell lines, revealed favorable antioxidant (Table 2) and antimicrobial activities.

Nutritional Profile Amount (%)

Humidity (%) 84.2±0.1
Fat (g/100g fw) 0.0095±0.0005
Proteins (g/100g fw) 0.1506±0.0003
Ash (g/100g fw) 1.34±0.05
Carbohydrates (g/100g fw) 14.22±0.05
Energy (Kcal/100g) 57.5±0.2

Table 1. Nutritional value of apple flour.

Table 2. Antioxidant activity of the extract measured by the TBARS formation inhibition and oxidative haemolysis inhibition assays.

Sample TBARS OxHLIA

(mg/mL) Δt 60 min Δt 120 min

Apple flour 0.64±0.02 232±8 566±10

Trolox 21.8±0.3 44±1
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Tradicional cake “Económico" with chestnut flour –
nutritional and chemical properties
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Introduction
"Económicos" are highly appreciated traditional
Portuguese pastry products made with a mixture of
cheap ingredients, such as flour, sugar, margarine,
olive oil, eggs, and brandy, and consequently it has a
low nutritional value [1]. Several studies demonstrated
the nutritional power of chestnuts (Castanea sativa
Mill.), given its richness in carbohydrates, fibers, fatty
acids, minerals, and vitamins. A considerable amount
of chestnuts cannot be marketed due to their
physiological characteristics, being an interesting raw
material to explore for other food food bulking [2].

Objective
Thus, this work intended to improve the nutritional and
chemical characteristics of "Económicos" through the
incorporation of chestnut flour.

Methodology

“Económicos”
Ø with 9% chestnut flour
Ø Control - without any incorporation

§ Proteins
§ Crude fat
§ Moisture
§ Ash
§ Fibers
§ Carbohydrates
§ Energy

§ Free sugars
§ Organic acids
§ Fatty acids

Chemical composition
Barros et al. [4] 

Centesimal composition
AOAC official methods [3]

Results and discussion

Overall, the addition of the chestnut flour did not drastically change the appearance of nutritional and chemical profile of
the cakes, but it reduced the content in fat, and most importantly, introduced healthier flour from no commercial
chestnuts to this inexpensive cake.

Conclusions

The nutritional profile of the two batches of "Económicos" is shown
in Figure 1.
vThe most abundant nutrient in both batches were the
carbohydrates (cake with 9% chestnut flour – 60 ± 2 g/100g fresh
weight (fw); traditional cake – 57 ± 2 g/100g fw), followed by
crude fat.

vAlthough the incorporation of the 9% of chestnut flour did not
reveal drastic changes in the nutritional profile of the cakes, a
slight but statistically significant increase was verified in
carbohydrates as also a decrease in the fats content.
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Figure 1 - Nutritional profile of the different batches of 
"Económicos”.

The fatty acids present in the two batches of cakes, fifteen compounds were detected; however only five of
these compounds were in a percentage greater than 1%. Thus, the most abundant individual fatty acids were
butyric acid (C4:0), followed by oleic and linoleic acids

The chemical characteristic of the "Económicos" is shown in Table 1.
vThe batch of "Económicos" with 9% chestnut flour was the one that contained the greatest amount of sucrose -
35 ± 1 g/100 g fw; oxalic - 0.07±0.01 mg/100 g fw and fumaric acids - 0.0021±0.0006 mg/100 g fw.

Table 1 – Chemical characterization of the different batches of "Económicos”.

Sucrose
(g/100 g) Oxalic acid (mg/g) Fumaric acid 

(mg/g)
Total Organic 
Acids (mg/g)

Control 28±4 0.04±0.01 0.0010±0.0007 0.04±0.01

9% Chestnut 35.2±1.8 0.07±0.01 0.0021±0.0006 0.07±0.01
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Quinoa grains were moistened with different

concentrations of NaCl (0.05, 0.1, 0.2 and 0.4%) with 1%

fish hydrolysate, then autoclaved, inoculated and

incubated at 30°C for 14 days. For pigment extraction,

methanol was used as solvent and measured in a

spectrophotometer at 400, 470 and 500 nm for yellow,

orange and red pigments, respectively [3].

METHODS

RESULTS

DISCUSSION

CONCLUSION
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Chenopodium quinoa (quinoa) is a gluten-free Andean

grain, recognized as the grain of the 21st century for its

high nutritional value [1]. The use of M. purpureus has

been recognized as early as 800 AD, during the Tang

dynasty in China, this fungus produces natural pigments

in addition to monacolin K, which regulates cholesterol

[2]. In the present study, it was proposed to obtain a

pigmented quinoa flour by fermentation of M.

purpureus.

Figure 1: Fermentation of quinoa grains at different NaCl

concentrations for 14 days.

Quinoa grains showed changes in pigmentation during

fermentation by M. purpureus (Figure 1). In all

treatments, there was a higher concentration of yellow

pigments, followed by orange and red pigments (Figure

2); however, there were no significant differences

(p>0.05) at 0.05 and 0.2% NaCl, and there was a low

pigment production at 0.4% NaCl.

In addition, higher pigment production was obtained at

days 10, 12, 14, although in general, no significant

differences were shown at the four NaCl concentrations.

The data showed that quinoa grains can be used as a

substrate in the production of pigments, which can be

obtained from day 10 at a concentration of 0.05% NaCl

at a low cost.

Figure 2: Absorbance of different concentrations of %NaCl for 

14 days. 

nitrogen source is required for the biosynthesis of

amino acids and other compounds that regulate the

production of pigments [4].

Pigment production begins to increase from the fourth

day, this characteristic was observed in another research

[5], where they used different sources of substrates such

as rice, corn, whole sorghum grain, hulled sorghum

grain and sorghum bran. In our research an increase in

pigment production was observed on days 10, 12 and 14

but this did not occur in the aforementioned research,

for the case of corn, whole sorghum grain and sorghum

bran where the production was minimal unlike the

substrates of rice and husked sorghum grain, on the

other hand in both investigations it was observed that in

all substrates used during the fermentation process the

production of yellow pigments predominates over red

and orange pigments [5].

The proper growth of the fungus is indispensable for the

production of secondary metabolites such as pigments,

where in the first stage of their growth they use carbon

and nitrogen from the substrate to synthesize their

primary metabolites that will be the basis of the

secondary ones in the final part of their growth, the
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In the present study it was concluded that quinoa grains

enriched with a natural nitrogen source such as fish

hydrolysate and a concentration of NaCl at 0.05% w/w

fermented with M. purpureus produce pigments

considerably on the tenth day, where a red colored flour

is obtained for direct application in the food industry.
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Bakery and pasta products constitute the main source of

carbohydrates in Western countries. They are mainly

composed of wheat flours and other gluten-containing

cereals such as rye or oats. Celiac individuals, however, can

not consume gluten-containing foods and turn to gluten-free

alternative flours, often based in maize, rice or potato.

Unfortunately, this lack of gluten often results in bakery and

pasta foods with poor mechanical properties and structure, as

well as lower nutritional quality [1]. One of the main

strategies to solve this issue in processed gluten-free bakery

products consists in incorporating hydrocolloids to the

flour in order to improve its water holding capacity and

mechanical properties [1]. Incorporation of seaweed (SW)

hydrocolloids into flours has shown to yield effective

improvement of rheological and functional properties of

various doughs, both derived from wheat or gluten-free [2].

The incorporation of these hydrocolloids is a good alternative

to improve the quality of these foods, in contrast to the

addition of fats, which may diminish nutritional quality

Figure 1. Seaweed polysaccharides may be incorporated into gluten-

free bakery products to enhance their rheological properties.

SW polysaccharides may present variable sulfation in their structure,

which contributes to their functional properties. Alginate, agar, and

carrageenan, are the most exploited SW hydrocolloids used as gelling

and thickening food agents [1,2]. Nonetheless, others like fucoidan may

accomplish similar thickening effects and are also reported to exert

several functional properties. Laminaran or ulvan have not yet been

researched for this specific purpose.

Agaropectin

Model fucoidan

Figure 2. Most common natural chemical structures of carrageenan, fucoidan and

agar.
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1. Introduction 2. Seaweed polysaccharides

3. Incorporation of  functional seaweed polysaccharides

4. Future perspectives

Product SW polysaccharides Main results Ref

Bread Fucoidan ▲softness, porosity & antioxidant properties [3]

Muffins Agar ▲water retention & viscosity▼carbohydrates [4]

Bread roll Agar ▲water retention, fibre▼carbohydrates [5]

Bread Fucoidan ▲crumb firmness & dough viscosity [6]

Cookies Fucoidan & alginate ▲ water absorption & antioxidant properties [7]

Cake Agar ▲ viscosity, elasticity & dietary fiber content [8]

Pasta Fucoidan & alginate ▲softness, porosity & antioxidant properties [9]

Table 1. Bakery products developed with seaweed polysaccharides to improve rheological

and functional properties.

Furthermore, their application in gluten-free products is increasingly

developing given that these can be mixed in flours at concentrations

about 2-8% of the total composition, effectively increasing consistency

and viscosity and improving the overall rheological properties of this

flour foodstuff [2,3,6]. Although their addition may improve rheological

aspects of the bakery product, if seaweed powders are added to the

flour, there may be an undesired change in palatability due to their

“salty” tasty [4,5]. Therefore, extracted SW hydrocolloids like alginate,

agar or carrageenan are most commonly used [1]. Nonetheless, other

structural SW polysaccharides like fucoidan could prove useful as

rheological enhancers, but also as antioxidant ingredients [2,3]. Further

research on SW hydrocolloids may detail more nutritional and

functional benefits of these molecules.

SW polysaccharides may be added both as part of

whole algae biomass or either as purified compounds

[3,4]. This is possible due to the gelatinization taking

place at the baking and/or cooking steps [3,5].

Depending on their structure, their gelling and

thickening properties will vary. In general, addition

of these hydrocolloids results in increased elasticity,

firmness and water holding capacity, but also an

increase in non-digestible carbohydrates. This may

also be due to the displacement of starch of the

main flour component [5]. The functional aspect of

SW hydrocolloids has usually been measured as to

their antioxidant capacity, which is effectively

increased by fucoidan, even after cooking [9]. Thus,

improvement of dough quality can also be coupled

with functional properties [3].

κ-carrageenan
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INTRODUCTION

MATERIAL AND METHODS

CONCLUSIONS
The addition of both seeds in flour will improve the snack nutritionally and functionally due to its composition,
however, according to its physicochemical properties, the use of quinoa is recommended. The two concentrations
studied (10 and 20%) are adequate since they produce crispier, porous and drier snacks than those extruded from
corn alone.

Extrusion is a more and more popular technique for snack production using interesting raw ingredients, to
produce snacks improving their nutritional value [1]. Quinoa and amaranth seeds stand out for their protein,
mineral and fatty acid content. The aim of this work was to evaluate the effect of enrichment with two
concentration (10 and 20 %) of quinoa and amaranth on properties of extruded corn snacks.

RESULTS AND DISCUSSION
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Extrudates with 10 and 20 % of quinoa (Q) and amaranth (A)
were produced with a single-screw extruder.

Samples CE Q10E Q20E A10E A20E
xw (gw/100g) 4.71 (0.02)a 3.551 (0.006)d 3.26 (0.05)e 3.84 (0.16)c 4.408 (0.112)b

WAI 4.16 (0.05)d 4.00 (0.05)e 4.63 (0.05)c 5.20 (0.06)b 5.77 (0.02)a

WSI (%) 16.4 (0.2)b 18.9 (1.2)a 18.5 (0.6)a 6.8 (0.2)c 5.2 (0.2)d

SWE (mLswollen/gdry solid) 2.71 (0.04)e 4.06 (0.05)d 6.18 (0.12)a 5.4 (0.2)b 4.99 (0.03)c

SEI 13.7 (0.5)a 13.0 (0.4)b 11.5 (0.4)c 8.6 (0.4)d 8.4 (0.4)d

ρb (g/cm3) 0.095 (0.008)c 0.080 (0.005)d 0.0775 (0.0009)d 0.141 (0.008)b 0.1734 (0.0007)a

ε (%) 90.1 (0.4)b 91.7 (0.5)a 92.46 (0.09)a 87.8 (0.7)c 85.98 (0.03)d

Table 1. Water content (xw), water absorption index (WAI), water solubility index (WSI), swelling index (SWE),
expansion index (SEI), bulk density (ρb)and porosity (ε) of extrudates. CE: Control extrudate; Q10E: extrudates with
10% quinoa; Q20E: extrudates with 20% quinoa; A10E: extrudates with 10% amaranth; A20E: extrudates with 20%
amaranth.

Figure 1. Crispness work (Wc), average force of structural ruptures (Fs), average puncturing force (Fp), spacial frequency of structural ruptures (Nsr) and
number of peaks (N0) of extrudates. CE: Control extrudate; Q10E: extrudates with 10% quinoa; Q20E: extrudates with 20% quinoa; A10E: extrudates with 10%
amaranth; A20E: extrudates with 20% amaranth.

Quinoa and amaranth addition
reduced significantly (p < 0.05)
xw and SEI of the extruded and
increased their SWE

Quinoa addition increased
significantly (p < 0.05) WSI and
ε. However, amaranth addition
caused a significant (p < 0.05)
increase in WAI and ρb, and a
decrease WSI and ε.

Extrudates with quinoa are
crispier than the control while
extrudates with amaranth are
harder,
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To study how the average viscosimetric 
molecular weight (Mv) of  alginates affects to 

the final structure of  the formed gel

Sodium alginate (SA) is a polyuronic saccharide that is isolated from different
brown seaweeds. SA is a copolymer composed of β-D-mannuronic acid and α-L-
guluronic acid. Alginates have extensive industrial uses, like as thickener in the
paper industry, dye in textile industry, and binder in food industry. In addition,
studies show that the use of alginates with starch can cause a delay in the
retrogradation of starch [1].

INTRODUCTION

MATERIALS AND METHODS

RESULTS

ALGINATE
(0, 1, 2% w/w) 

CORN 
STARCH (CS)

CORN STARCH (20% w/w) 
+ ALGINATE 

RHEOLOGY

 Corn starch gel presented uniform and circular
structure, but the addition of alginates modified
clearly the microstructure creating elongated and
unequal cavities, described as “honeycomb” network
structure, that configured spatial anisotropic networks.

 Hydrocolloid concentration could be associated to a
phase separation process and this effect could be
related to the formation of a network structure with
fewer bonds starch-starch [2].

 A threshold alginate content (< 1% w/w) exists
and, hereby, the structure was maintained invariant
with increasing alginate content above 1%.

 The structural changes promoted by alginates of
different molecular weight were not significant.

 The addition of alginate decreased the elastic
modulus (G´) and increased the damping factor
(tan δ).

BJECTIVE

CHARACTERIZATION

SEM

SEM RHEOLOGY
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HOW THE ADDITION OF ALGINATES WITH 
DIFFERENT MOLECULAR WEIGHTS AFFECTS 

THE STRUCTURE OF CORN STARCH GELS

CONCLUSIONS
Results from SEM and rheology showed that the addition of  

alginates modified the microstructure of  corn starch 
disrupting the gel formation and  giving as result a weaker gel 
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About 1.3 billion tons per year of food are lost or wasted worldwide throughout

the entire supply chain, from which around 88 Mt correspond just to EU and

whose management is estimated to cost 143 billion €. Among the food industries

responsible of this situation, wine making constitutes one of the most

responsible actors, as grapes (Vitis vinifera L.) are the second world’s largest

fruit produced and around 20% of processed fruits is represented by grape

pomace [1]. This residue becomes especially abundant in those countries with

climatic conditions that trigger grape production which conferring them an

extensive winemaking tradition, such as the case of Italy, France, or Spain.

According to the Spanish Wine Federation, Spain produced more than 37

million hl of wine last year, representing the 3rd world producer that reports

economic benefits of 5,400 million € [2].

According to the International Diabetes Federation, a

total number of 463 million people are suffering from

diabetes, accounting for 9.3% of the adult population all

over the world. Moreover, the prevalence of diabetes is

speculated to increase a 25% by 2030 and a 51% by

2045, reaching over 600 million people [10–12]. Diabetes

is characterized by hyperglycemia, polyuria accompanied

by glycosuria, polyphagia, polydipsia, possible weight

loss, and severe consequences such as ketosis,

acidosis, and even coma [13]. Usually, diabetes is

classified as type 1 and type 2 diabetes (T1D and T2D,

respectively) [13–15]. T1D is known as insulin-dependent

diabetes and affects mostly children and adolescents,

accounting for 3–5% of total cases [13], whereas T2D is

considered non-insulin-dependent and usually affects

adults, representing more than 90% of total diabetes

cases [15]. As a chronic disease, T2D is assumed to be

mainly influenced by the current lifestyle trends.

In this regard, the use of grape seeds as a natural source

of diabetes-alleviating agents, is proposed as a

strategy based on the evidence about its antidiabetic

effects developed in both in vitro and in vivo models

[16,17]. Nevertheless, the studies regarding the

antidiabetic assessment of chemical constituents of

grape seeds do not confer a solution to bring such strong

scientific evidence together to the real-world consumer.

Pomace is a biodegradable solid by-product of the wine making process, obtained after

mechanical press or fermentation, encompassing seeds, peels (or skin) and some parts of the stem

(Figure 2). Within pomace constituents, seeds represent between 2 and 5% of total grape weight

and constitute 38-52% of total solid wastes generated by wine industry [6]. Their main constituents

include indigestible fractions, mainly in form of cellulose and pectins, 40% fiber, 10–20% lipid, 10%

protein, phenolic compounds, as well as sugars and minerals [7]. Due to this heterogeneous

composition, there are three fundamental compounds that could be exceptionally obtained from

grape seeds, which are considered the less expensive raw material obtained from wine making:

fiber, trans-resveratrol (tR), and proanthocyanidins (PACs). All of them have been widely

identified as functional constituents of this residue, being the major source of fiber and PACs.

These three chemical constituents share a common paramount associated feature as bioactive

compounds, as it is the case of antidiabetic activity [8,9], which presents a beneficial direct impact

in one of the most prevalent human diseases nowadays.

This productivity is accompanied of the generation of high amounts of vegetal

residues, mostly in form of pomace, which accounts for 2 Mt yearly generated in

Europe, from which most are created in three Mediterranean countries: Spain,

France and Italy [3]. Different approaches should be established to reduce the

number of winemaking residues and comply with European legislation, which

encourages the proper management of waste and the sustainable use of

natural resources, including raw materials such as biomass and biological

resources [4,5]. Currently, circular economy models have been revealed as a

promising approach to reduce the production of waste by its revalorization, and

consequently, the wine industry must adapt its productive workflow to these more

sustainable and socially responsible approaches (Figure 1).

GRAPE SEEDS COMPOSITION TYPE 2 DIABETES

The adoption of sugar and fat-enriched diets is one of the leading causes of T2D. Among products, bakery represents one of the major

nutritional sources of simple sugars with fast absorption and high fat contents, being responsible for the diabetes-inducing properties of

modern diets [6]. Exploring the use of natural additives for the fortification of flour, the most important ingredient in bakery, is a promising

strategy to overcome the deleterious impact of bakery product consumption.

Here it is proposed the incorporation of bioactive constituents from grape seeds (fiber, tR and PACs) into wheat flour, with the aim of

providing a fortified ingredient to be commercially exploited for the elaboration of bakery products with antidiabetic properties. Such

incorporation is justified and supported by the competent regulating organisms, as fiber, tR and PACs are generally recognized as safe

(GRAS) additives to be safely incorporated into food matrices by the Food and Drug Administration (FDA) [8].

WHEAT FLOUR FORTIFICATION

This approach would be able to revalue waste generated in large quantities,

such as grape seeds, as source of bioactive compounds of high biological

value, especially fiber, tR and PACs and to develop fortified flours, enriched

with the previous compounds, as a potential tool for alleviating the diabetes

induced by the excessive consumption of bakery products.

Bioactive compounds

CONCLUSIONS

Figure 2. Main fractions of grape seeds and their main components obtained from them.

Figure 1. Diagram of the circular economy applied to wine industry residues.
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COMPOUNDS OF ASCOPHYLLUM NODOSUM SEAWEED:
EFFECT OF STARCH GELATINIZATION
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POLYPHENOLS–STARCH INTERACTIONS 

TO PRODUCE TUNEABLE 

STARCHY–FOOD MATERIALS 
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▪ NT samples showed lower adsorption yield values due to the
lower surface area.

▪ GL presented honeycomb structure with higher surface area.

▪ CGL showed yields than NT method and GL methods, respectively.
This notorious increase was explained by additional entrapment
of polyphenols beyond adsorption within gel structure.

FT-IR

▪ To evaluate the nature and number of
bindings between CS and AF polyphenols.

▪ Peak at 3400 cm–1 of vibrational
stretching of inter– and intra–molecular
hydroxyl groups (–OH).

▪ At 2800 cm–1, AF and CGL showed two
peaks not observed in other samples
corresponding to hydrogen bridge bonds,
this region is used to measure the amount
of these kind of bonds.

AF polyphenols form self-complexes 
and in CGL, where AF particles were 
entrapped in the gel structure, their 

complexes remained intact. 

▪ Peak of 1600 cm–1 of aromatic rings (C=C
vibrations) was related to polyphenols
content:

AF > CGL > GL > NT > CS

▪ CGL higher peak intensity evidenced the
increasing retention due to entrapment of

polyphenols by CS. Meanwhile interactions
between AF and CS in NT and GL, were
mainly by physical bonds.

  

  

  

   

  

        

  
   

  
   

   
   

Starch showed different polyphenols retention mechanisms and yields depending on native or
gelled structures. FT-IR spectra and SEM micrographs showed that physical adsorption was the main
mechanism when seaweed flour and starches were blended in water without thermal processing (NT and
GL) and the adsorbed amount depended on available surface area of adsorbent.

Retention of polyphenols increased when CS gelatinization was carried out in the presence of AF
because polyphenols were physically adsorbed on the surface of starch gel and, additionally, they were
trapped inside starch gel walls.
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▪ Physical bonding (NT, GL and CGL) and trapping (CGL) 
between AF and CS were observed. 

▪ AF showed an amorphous structures due to drying and
milling pre-treatments.

▪ CS showed characteristic granular structures of native
starch.

▪ NT showed starch granules and a heterogeneous
rough film that partially covered particles with bridges.

▪ Both GL and CGL showed honeycomb gelled starch
structure.

▪ GL walls were thicker than those in CGL.

▪ NT and GL showed these particles on CS surface
(adsorption).

▪ GL and CGL showed some AF particles on gel walls
surface (adsorption).

▪ In CGL, AF particles were also observed below surface
(entrapping).
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CGL method improves bioactive compounds content of starchy-foods

Insight on kind of polyphenols-starch interactions is necessary to produce functional foods. 
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INTRODUCTION

Cannabis sativa L, commonly known as Hemp, shows health and
economic benefits, with high commercial potential due to its
multiple uses, such as the production of seeds, fibre, oil and
pharmaceuticals [1]. The chemical composition of this product,
especially its high lipid and protein content, makes it a raw
material of great interest for application in different foods in
order to enrich their nutritional value [2].
The aim of this study was to evaluate the nutritional properties of
de-hulled hemp grains from Ferimon, Henola and USO 31
cultivars, approved for production in Spain.

MATERIALS AND METHODS 

RESULTS

CONCLUSIONS

❖ The hemp cultivars grown in Spain produce grains with enormous potential as a food ingredient beneficial to human health, for their
extraordinary quantity and quality of oil, as well as for their richness in proteins, minerals and fiber.

❖ Defatted hemp flour (regardless of hemp cultivar) can be suitable for human consumption as a superior source of protein,
comparable to widely recognized soy proteins.
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1. PREPARATION OF HEMP GRAINS

Defatted 
Hemp Flour

2.ANALYSIS OF NUTRITIONAL, HYDRATION AND THERMAL
PROPERTIES

Grain cleaner 

Impurities

Clean Hemp Grains

Raw Hemp Grains
(Ferimon, Henola and Uso 31)

De-hulled Hemp Grains

Cold Pressing Milling Sieving

Minerals determination
by (ICP-OES)

Protein by an automatic 
combustion method using 

a carbon, nitrogen and 
sulfur analyzer 

Fat by soxhlet method

Moisture by AACC method oficial
2010

Fiber, ash and sugars by
method oficial AOAC 
international 2020

PROTEIN CHARACTERIZATION OF HEMP GRAINS BY DIFFERENTIAL 
SCANNING CALORIMETRY (DSC)

DSC measurements confirmed the presence of 11S and 7S globulins (edestin)
which denaturation temperatures (Tpeak) were 89°C and 94°C respectively The
Tonset and Tendset of the global phase transition were 83.38°C and 96.14°C
respectively. The globulin denaturation enthalpy was of 9.82 J/g dry matter.

Fig 2. DSC thermogram of hemp protein denaturation

Table 1. Proximate composition of De-hullep hemp grains

*SE: Pooled standard error from ANOVA

Varieties
WAC (g/g) WAI (g/g) WSI 

(g/100g)

SP (g/g) FC (ml/g) FS (%)

Ferimon 1.25 a 3.61 a 13.0 c 4.15 b 27.0 a 61 a
Henola 1.34 b 3.57 a 12.4 b 4.08 a 29.0 b 60 a
Uso 31 1.39 C 3.67 Ab 12.7 b 4.20 ab 27.0 a 65 a
SE 0.01 0.04 0.1 0.05 0.8 2
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PROXIMATE COMPOSITION OF DE-HULLED HEMP GRAINS

Fig 1. Composition of mineral elements in dehulled hemp grains [mg/100g]

Hempseed oil was mainly composed of unsaturated fatty acids, with linoleic
acid (~52.6 g/100g) and alfa-linolenic acid (~19.0 g/100 g) being the
dominant ones.

Phosphorous,
potassium and
magnesium were the
most abundant minerals
in hemp grains

HYDRATION PROPERTIES OF DEFATTED HEMP FLOUR 
Table 2. Hydration properties of defatted hemp flour 

*SE: Pooled standard error from ANOVA

DEFATTING

DEHULLING

Oil

Analysis of nutritional
and mineral of De-
hulled hemp grains

Varieties
Moisture 

(%)

Protein 

(%)

Fat 

(%)

Ash 

(%)

Sugars 

(%)

Dietary 

fiber (%)

Linoleic acid 

(C18:2n6)

%

alfa-linolenic 

acid (C18:3n3)

%

Ferimon 6.0 b 33.9 b 49.3 b 5.2 a 2.9
a 6 a 52.6 b 14.9 a

Henola 6.5 c 34.6 b 48.8 a 6.2 b 3.1
b 6 a 51.2 a 19.0 c

Uso 31 5.9 a 33.7 a 48.8 a 6.6 c 3.3
b 5 a 52.2 ab 15.1 b

SE 0.1 0.3 0.2 0.2 0.3 1 0.4 0.2
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Rice is one of the most consumed cereals, therefore, the knowledge of their

biochemical composition can be useful for improving its quality by processing
technologies or breeding programs.

GAMMA-ORYZANOL

The aim of this work was to identify and quantify the GO compounds in rice varieties, in order to access different profiles. GO

was extracted from the bran and whole flour of brown rice with isopropanol, from 5 different rice varieties (table 1) and was

quantified by HPLC-PDA and the main compounds quantified by LC-MS (QTRAP).

-Oryzanol (GO) is an important bioactive compound present in rice that represents

from 20 to 30% of the unsaponifiable matter of the rice bran [2,3]. GO consists of a

mixture of ferulate esters, which are formed by the esterification of the hydroxyl group

of sterols or triterpene alcohols with a carboxylic group of ferulic acid [4] (figure 1).

BIOACTIVE
COMPOUND

ANTIOXIDANT 
ACTIVITY

HYPOCHOLESTEREMIC
EFFECTS 

BLOOD PRESSURE 
REDUCTION 

✓ The GO composition is characterized by

several isomers that determines its final

concentration and leads to different profiles

in the rice grain.

✓ There are some factors that may be

associated with different oryzanol profiles,
such as the rice variety.

The rice variety that exhibited the highest total

GO content was the Giza 177 (51.81 mg/100g in

brown rice and 472.95 mg/100g in bran) as

shown in table 1.

A total of 4 GO compounds were identified and

quantified by LC-MS as 24-methylenecycloartanyl

ferulate (24MCAF), cycloartenyl ferulate (CAF),

campesteryl ferulate (CampF) and ß-sitosteryl

ferulate (SF) (figure 2).

The GO profiles can vary between rice varieties and this knowledge can be explored to obtain specific bioactive

compounds. Future studies includes the GO minor compounds identification in order to discriminate different rice varieties.

Rice variety
Origin 

country

Bran GO±SD 

(mg/100g bran)

Whole flour GO±SD 

(mg/100g brown 

rice)

Giza 177 Egypt 472.95 ± 13.59 51.81 ± 0.83

Ariete Italy 462.64 ± 0.91 49.14 ± 3.42

Caravela Portugal 397.63 ± 23.41 45.81 ± 2.33

Arelate France 355.09 ± 3.59 38.93 ± 0.97

Carnaroli Italy 351.64 ± 11.05 41.01 ± 0.29

Table 1 - GO total content ± SD of the 5 rice varieties in the bran and brown rice.

Figure 1 - GO bioactivity and GO compounds in 

rice bran 

Figure 2 - GO compounds identified and quantified in rice 

bran by QTRAP in mg/100 g of rice bran.

• According to each variety the sum of 4 GO compounds

corresponds from 50.5% (Giza 177) to 98% (Caravela) of

GO total

• 24MCAF and CAF stand out in greater concentration in

all varieties

• Caravela, Arelate and Carnaroli varieties shows similar

GO compounds distribution

• Giza 177 variety exhibit the lower amount of CAF and

Ariete the highest

Values correspond to means ± standard deviation. The experiments were carried out with two

independent extractions and two injections for each extraction.



THYMUS MASTICHINA L. AS A NATURALALTERNATIVE FOR FOOD
PRESERVATION: STUDY OF BIOACTIVITIES AND PHENOLIC PROFILE

INTRODUCTION
Market challenges are a strong promoter to innovation in the food preservatives segment, especially regarding
consumer resistance to the use of artificial additives [1]. Plants belonging to the genus Thymus are traditionally
used as spices in folk medicine and are characterized as promising sources of natural additives [2,3]. Thus, the
present work aimed to identify and quantify the phenolic compounds and evaluate the bioactive properties of
Thymus mastichina L. (ETM), to validate its application as a natural preservative ingredient to be applied un the
bakery and pastry industry.

METHODOLOGY
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CONCLUSIONS
In general, based on the bioactive properties demonstrated by thyme extract,
it can be considered as a natural ingredient with potential application in the
food industry, attributing benefits to new food formulations, especially those
developed in the bakery and pastry industry.

Tumour cell lines (GI50 values; µg/mL) ETM
AGS (Gastric carcinoma) 59±5 
MCF-7 (Breast adenocarcinoma) 261 ± 2 
NCI-H460 (Non-small cell lung cancer) 213 ± 20 
Non-tumour cell lines (GI50 values; µg/mL)
PLP2 (Pig liver cell) 251 ± 10 
VERO (Monkey kidney cells) 203 ± 16 
Anti-inflammatory (GI50 values; µg/mL)
RAW264.7 (Mouse macrophage cells) >400
Antioxidant activity (Ec50 values)
OxHLIA(µg/mL) 19.0 ± 0.6 
DPPH(mg/mL) 0.048 ± 0,002 
Reducting power (mg/mL) 0.035 ± 0,001 

RESULTS
To prove its bioactive properties, different in vitro tests
were carried out to test its antioxidant properties (oxidative
hemolysis inhibition (OxHLIA), reducing power, and free
radical scavenging capacity (DPPH)), antimicrobial
activity (evaluated using a panel of six bacteria and six
filamentous fungi), anti-inflammatory action (in rat
macrophage cells, RAW 264. 7), and cytotoxicity (in
human tumor cell lines: MCF-7, breast carcinoma; NCI-
H460, lung cancer; AGS, gastric carcinoma; and in non-
tumor cells, PLP2 and Vero, by the sulforhodamine B
method) (Table 1). Regarding the individual phenolic
compounds, 12 distinct compounds were identified,
derived from flavonoids and phenolic acids, in which
kaempherol-O-hexuronoside stood out as the major
compound. The antioxidant activity was the biological
activity that stood out, with the extract presenting low EC50
values (0.048 ± 0.002 mg/mL, 0.035 ± 0.001 mg/mL, and
19.0 ± 0.6 µg/mL for DPPH, reducing power, and OxHLIA
assays, respectively). In the cytotoxic assay, the extract
showed higher efficiency for AGS cell line (59 ± 5
µg/mL), and for the antimicrobial activity, fungicidal
(CMF) and bactericidal (CMB) potential was observed
with a concentration range of 2 - 4 mg/mL.

EXTRACT

Table 1. Bioactivity of ETM extract.

T. mastichina L.
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CAROTENOIDS AND PHENOLS CONTENT CHANGES

IN GLUTEN-FREE BREADS ENRICHED WITH ROSE

HIP POWDER
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The incorporation of rose hip increases the phenol content by five times and carotenoids by forty-nine times in the doughs. After baking,

rose hip samples had the highest amount of bioactive, but rose hip with maltodextrin samples showed lower percentages of loss of

bioactive.

Functional foods are one of the current food trends. These have specific beneficial effects on the health of the consumer due to the

ingredients they incorporate or eliminate [1]. Functional foods include gluten-free products. They support the daily life of coeliacs,

but a strict adherence to a gluten-free diet leads to deficiencies in micronutrients and macronutrients such as fiber [2]. Rose hips

(Rosaceae canina) is a fruit with high concentration of vitamin C, phenols and flavonoids. It also contains tannins, vitamins [3], and

minerals [4]. These functional ingredients are usually treated to incorporate them as powder form and protected with a biopolymer

[5].

The aim of this study is to evaluate the effect of adding rosehip powder to 3D printed gluten-free breads on carotenoids (TC) and
total phenols (TP) content. For this purpose, three doughs were used: control (C), with rose hip powder (RH), and with rose hip
powder encapsulated with maltodextrin (RHM). The doughs were 3D printed in a rectangular design (3 cm wide, 7 cm long and 1-2-
3 cm height) and baked. Bioactive content was evaluated before and after baking.

Doughs and baked breads were freeze-dried following Igual, et al. [5] method and crushed to obtain powdered samples for analysis.

-Total phenols (TP) were measured with the methology explained in Garcia-Segovia et al. [6].

-Total carotenoids (TC) was carried out by spectrophometry as indicate in AOAC [7].
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190ºC 16, 22 and 26 min
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C RHM
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CONCLUSION

Table 1. Bioactive results (D: dough; C: control;

RH: rose hip; RHM: rose hip with maltodextrin)

Figure 1. Total phenol loss percentage with

baking (D: dough; C: control; RH: rose hip;

RHM: rose hip with maltodextrin)

Figure 2. Total carotenoids loss percentage

with baking (D: dough; C: control; RH: rose

hip; RHM: rose hip with maltodextrin)

Sample TP CT

DC 27,0(0,9)a 0,32(0,02)a

DRH 145(4)f 15,33(0,09)h

DRHM 77,39(0,04)de 7,23(0,08)e

1C 26,7(1,2)a 0,32(0,04)a

2C 24,9(1,2)a 0,32(0,02)a

3C 27,0(0,4)a 0,383(0,012)a

1RH 46,5(0,7)b 7,998(0,018)g

2RH 77(2)cde 7,776(0,013)f

3RH 81(3)e 7,72(0,02)f

1RHM 48(3)b 5,22(0,02)d

2RHM 71,9(0,9)c 4,55(0,03)b

3RHM 73(4)cd 4,81(0,08)c
The letters (a - h) in columns indicate homogeneous groups

according to ANOVA (p <0.05).
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The aim of this work was to obtain a new bioactive ingredient with functional properties, extracted

from B. oleracea cultivars (cabbage) waste, to be incorporate in bakery products

There is a clear tendency to incorporate natural-based ingredients into food formulations, namely in

products from the bakery industry. These type of ingredients have been highlighted as promising

alternatives to commonly used artificial ingredients and have been well accepted by consumers due

to the associations with beneficial health effects [1]. Natural ingredients, acting simultaneously as

preservation and functionalization agents, due to their antioxidant and antimicrobial properties, are

particularly valued when obtained from plant species, namely through the use of bio-waste [2].

Sample:

• Optimization of extractions methods: heat assisted

extraction (HAE) and ultrasound assisted extraction

(UAE), using response surface methodology (RSM);

• Total phenolic compounds: Folin-Ciocalteu method

BRASSICA OLERACEA L.

• HAE: • UAE:

A: Potência = 458.4 W

C: Solvente = 42.2 %

B: Tempo = 19.9 min

D: Rácio S/L = 38.36 g/L 

Fenóis Totais = 19.35 mg/g

C: Solvente = 26.8 %

Fenóis Totais = 19.85 mg/g

D: Rácio S/L = 49.1 g/L

B: Tempo = 15.5 minA: Temperatura = 77.0 ºC

Figure 1. Graphs representing the optimal conditions for each variable studied in

HAE, in cabbage samples.

Figure 2. Graphs representing the optimal conditions for each variable studied in

UAE, in cabbage samples.

[1] M. Delfanian, M.A. Sahari, Food Research International, 137

(2020) 109555.

[2] T.R. Martiny, V. Raghavan, C.C. de Moraes, G.S. da Rosa,

G.L. Dotto, Chemical Engineering, 9 (2021) 105130.

The HAE = UAE, to obtain phenolic compounds

from cabbage. After, the extract will have its

antimicrobial and antioxidant capacity tested, in

order to be incorporated into bakery products as a

natural preservative.
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