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RESUMO: Valorizacdo de leguminosas da dieta Mediterranica como fonte dietética alternativa de
proteina

Mediante o crescimento populacional e o resultante aumento global do consumo e producao de
alimentos, sao necessarias novas fontes nutricionais alternativas e dietas mais sustentaveis que
colmatem estes desafios. As leguminosas demonstram grande potencial relativamente ao seu perfil
nutricional, sendo benéficas para a saude, e representam uma alternativa proteica vegetal e uma solucao

agricola mais ecoldgica.

Este trabalho teve como objetivo caracterizar o perfil nutricional de dois tipos de leguminosas,
tipicamente consumidas na dieta Mediterranica, feijao frade (Vigna unguiculata) e feijdo manteiga
(Phaseolus vulgaris), com foco no estudo da biomassa obtida a partir dos graos, sementes germinadas
e extratos ricos em proteina e compostos fenolicos. A composicdo nutricional foi determinada
relativamente a cinzas (4,03 % e 5,15 %), humidade (10,93 % e 14,03 %), lipidos (1,20 % e 1,32 %),
proteina (38,44 % e 31,90 %) e carbohidratos (42,07 % e 43,92 %), para o feijao frade e manteiga
respetivamente. A proteina foi fracionada pelo método sequencial de Osborne, tendo a fracao soluvel em
agua recuperado a maior percentagem de proteina para ambos os feijbes. O efeito de diferentes
temperaturas de extracdo (25, 45 e 98 °C) foi estudado aquando da obtencao de extratos bio funcionais
de forma a determinar a recuperacdo de proteina, compostos fendlicos e a capacidade antioxidante dos
extratos. A maior recuperacao de proteina foi observada a 45 °C em ambos os casos (150,27 mg/g no
feijao frade e 125,68 mg/g no feijdo manteiga), tal como a recuperacdo de compostos fenolicos.
Relativamente & atividade antioxidante, os extratos de feijdo frade obtidos a 45 °C (DPPH e ABTS)
demonstraram a maior atividade, no entanto para o feijdo manteiga foram os extratos obtidos a 25 °C
(DPPH) e a 45 °C (ABTS) que apresentaram maior atividade antioxidante. Os mesmos extratos, de feijdo
frade e feijdo manteiga a 45 °C, apresentaram também maior poder redutor (FRAP). Os extratos obtidos
com farinha de sementes germinadas de feijao frade a 45 °C demonstraram a maior recuperacao de
proteina, compostos fendlicos, maior poder redutor e maior capacidade antioxidante (ABTS). No entanto,
a tendéncia oposta foi observada no feijao manteiga relativamente ao poder redutor. O index de
emulsificacdo foi calculado a 25 °C (22,78 % e 32,14 %) e 45 °C (31,03 % e 2,41%) para feijao manteiga
e frade, respetivamente. A estabilidade da emulsdo foi mantida durante 18 dias. Os resultados obtidos
sugerem que as leguminosas estudadas representam uma valiosa alternativa vegetal, rica em compostos
ativos e nutrientes, essencial para os desafios alimentares globais do futuro. A agua de demolha e
cozedura do feijao podem também ter propriedades funcionais interessantes, podendo ser usadas como

ingredientes alimentares, aumentando a circularidade desta fonte de nutrientes.

Palavras-chave: Leguminosas; alternativas vegetais proteicas; extratos proteico-fenolicos; atividade

antioxidante; index de emulsificacao.



ABSTRACT: Valorization of pulses of the Mediterranean diet as alternative dietary protein sources
Sustainable food sources and diets are needed to meet future demands regarding global nutrition,

as the population and global food demand for consumption and production increase. Pulses, show great

nutritional profile providing benefits for human health, representing an interesting plant protein-based

alternative and a greener solution in crop productivity.

The present study aimed at characterizing the nutritional composition profile of two types of dry
pulses typically consumed in the Mediterranean diet, cowpea (Vigna unguiculata) and kidney bean
(Phaseolus vulgaris), while focusing on the study of both the biomass obtained from dried seeds,
germinated seeds and protein-phenolic rich extracts. The proximate composition regarding ash (4.03 %
and 5.15 %), moisture (10.93 % and 14.03 %), lipids (1.20 % and 1.32 %), protein (38.44 % and 31.90
%) and carbohydrates (42.07 % and 43.92 %) was determined for both bean varieties. Protein was
fractionated using the Osborne sequential method and the overall highest protein recovery was achieved
in the water-soluble fraction, for both bean varieties. The effect of different extraction temperatures (25,
45 and 98 ° C) used to obtain bio-functional extracts were studied to determine differences in protein and
phenolic contents, and antioxidant capacity of extracts. For both cowpea and kidney bean the highest
protein recovery was at 45 °C (150.27 mg/g and 125.68 mg/g, respectively). About phenolic content,
cowpea and kidney bean extracts had the highest value also at 45 °C. Regarding antioxidant activity, for
cowpea, higher radical scavenging activity was observed for extracts obtained at 45 °C (DPPH and ABTS).
For kidney bean, the extracts obtained at 25 °C (DPPH) and 45 °C (ABTS) showed greater radical
scavenging activity. According to FRAP assay, extracts obtained at 45 °C for kidney bean and cowpea
showed the greatest reducing power. Extracts obtained at 45 °C with dry sprout flour showed higher
protein and phenolic compound recovery, greater reducing power and higher radical scavenging activity
(ABTS) when compared to the water-soluble extracts for cowpea. The opposite trend was observed
regarding reducing power (FRAP) for kidney bean. Emulsification index was calculated at 25 °C (22.78 %
and 32.14 %) and 45 °C (31.03 % and 29.41 %) for kidney bean and cowpea, respectively. The samples’
emulsification stability was maintained throughout 18 days. The results suggest that the studied pulses
represent an interesting plant-based alternative source of bioactive nutrients essential for future global
food demands. Further, bean soaking and cooking waters may have interesting functional properties and

may be used as food ingredients, thus increasing circularity of this source of nutrients.

Keywords: Pulses; plant-protein alternatives; protein-phenolic extracts; antioxidant activity; emulsifying

activity.
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1. INTRODUCTION

1.1. An Overview on Pulses

Pulse, a term derived from the Latin word “pu/s" (porridge, thick soup or broth) refers to grain
legumes - plants that have their seeds enclosed in a pod. For the purpose of this study, the definition
used for “pulses” is the one provided by the Food and Agricultural Organization (FAQO) of the United
Nations in reference to the dry, edible variety of beans, peas and lentils. According to FAO (1994), pulses
are a subgroup of legumes, members of the Leguminosae family that produce edible seeds, which are
used for human and animal consumption. The classification of pulse is only attributed to the legumes
harvested for dry grain. Grain legumes used for oil production, sowing purposes or as vegetables are not
considered pulses. Whole seed, split grain, dehulled split grain and flour are all different forms of pulse
consumption. The demand for pulses as animal feed is also noticeable in some industrialized countries

[9]-[11].

The legume family, Leguminosae (Fabaceae), is the third largest plant family having the greatest
importance to global agriculture and being by far the most utilized in the diets of many cultures, both in
industrialized and developing countries, comprising a significant portion of daily caloric intake. Fabaceae
includes 740 genera and 19,400 species and can generically be divided in four subgroups according to
their role - food legumes, green vegetable legumes, oilseed legumes and forage legumes. The plants
belonging to this family have, not only significant economic value, but are also essential components of
many vegetation types around the globe. In one hand, pulse consumption is known to be very nutritious,
being associated with various health benefits. In the other hand, legumes have atmospheric nitrogen
fixation capacity due to the presence of root nodules, reducing the use of chemical fertilizers in agriculture
thus contributing to the soil’s fertility and rotating crop production. This characteristic gives them the

ability to prosper even in inefficient places. [11]-[13]

In 2016, FAO launched the “International Year of Pulses” campaign, [14], in order to raise public
awareness to the diet-related health benefits of pulses as part of sustainable food production. This was
one of many attempts to increase vegetable consumption alongside the opportunity to encourage the
utilization of pulse-based proteins and increase the global production of pulses. The rising demand for

alternative protein sources required for vegan diets as well as whole legumes or isolated fractions as food



ingredients needed for non-dairy and gluten-free foods is an opportunity to introduce pulses in the launch

of various unique and innovative products [9], [15].

1.2. Phaseolus vulgaris and Vigna unguiculata

The morphological similarities between Vigna and Phaseolus have stirred some confusion regarding
systematic and nomenclature [16]. The genus Phaseolus comprises more than 50 species. Phaseolus
vulgaris, one of the five species that are cultivated from this genus, refers to hundreds of varieties and
cultivars of the common bean, representing half of the total legumes consumed as grains [17]. The
domestication of Phaseolus wvulgaris (kidney bean) occurred in South America and Central
America/Mexico. This separate occurrence led to two different domesticated gene pools, the Andean and
Mesoamerican, respectively [18]. The genus Vigna comprises approximately 100 species. The genus first
evolved in Africa, according to present distribution patterns of Vigna diversity. The commonly cultivated
cowpea (Figure 1 - a)) belongs to the subspecies wnguiculata (cowpea), that is divided into five cultivar

groups namely Unguiculata, Sesquipedalis, Textilis, Biflora and Melanophthalmus [19].

For the interest of this work, cowpea and kidney bean were the selected bean varieties for the analysis.
Cowpea, (Fefjdo Frade) is an herbaceous annual crop mostly grown in the dry agro-ecologies of the tropics
in Latin America, Africa and south Asia [20]. Kidney Bean is cultivated in several regions of Indonesia,
has diversified different types of kidney beans, being the light red kidney beans popular in the Caribbean
region, Portugal and Spain. Light red kidney bean (Figure 1 — b)) is a common dry bean, commonly

named butter bean in the Portuguese cuisine (Fejdo Manteiga) [21], [22].



Figure 1. Representation of the bean varieties used for the purpose of this study: a) Cowpea (Vigna

unguiculata); b) Kidney Bean (Phaseolus vulgaris).

1.3. Global Production

Historically, legumes were domesticated during the Neolithic period, along with other crops. Pulses
have been a major staple food in the world for several millennia. There are records of cultivation and
consumption discovered from Peru and the Egyptian pyramids to small rural areas in Switzerland and

Hungary, being a part of the daily energy and nutrient intake of early humans [15].

Nowadays, pulse production occupies 81.8 million hectares on a global scale, with a total production
of 77.5 million tons annually (2013-2015) and a projection of production of 95.9 million tons (2016-
2025). Regarding the production of beans, which represents the largest percentage of global pulse
production (46%), by 2014 dry beans accounted for the production of 24 million tons while cowpea (Vigna
unguiculata L.) accounted for the production of 7 million tons at a crop level. The “dry beans” category
includes common bean (Phaseolus vuigaris), lima or butter bean (Phaseolus lunatus), scarlet runner bean
(Phaseolus coccineus), tepary bean (Phaseolus acutifolius), adzuki bean (Vigna angularis), mung bean
(Vigna radliata), urd bean (Vigna mungo), rice bean (Vigna umbellata) and moth bean (Vigna aconitifolia).
Pulses belonging to the Phaseolus and Vigna genera account for 41% of the global production. Nigeria,
Myanmar, India and Brazil were at the top of global production for both genera, each country producing

different types of beans [11], [23].



Although the production of pulses takes place all around the globe, occupying 5.8% of the total arable
land, making use of less fertile and marginal land or growing as intercrops with cereals and oilseeds.
South Asia and sub-Saharan Africa, where the bulk of production comes from small farm owners, account
for half of that production. Meanwhile, industrialized countries account for about a fifth of the global
production, being the bulk of production primarily for livestock feed and some for export to developing
countries [24]. China, North Africa and some Mediterranean countries are responsible for the production
of faba beans; South Asian countries produce mainly chickpeas, lentils and pigeon pea; beans are
predominantly grown in Central and South America while cowpea is grown in West African countries [13].
Currently, the largest producer of pulses is India as well as the world’s biggest market. The largest exporter
of pulses, with a multi-billion-dollar industry, is Canada followed by Australia, Myanmar, the United States

and China [25].

1.4. Consumption Trends

When talking about consumption, reports show that the consumption of pulses has remained
stagnant (21 grams per capita per day), in the last three decades. At the same time, the preference for
animal-based protein has been growing. This reflects the changes in nutritional habits in the food pattern
followed today associated with the difficulty of the local and domestic production to accompany the rapid
growth of the global population, expected to reach 8.5 billion in 2030 [11], [26]. Socio-economic status,
region and traditional cuisine are all factor that also have to be considered when analyzing both the
amount and the variety of pulses consumed. The constraints of cooking, taste aversion, uncomfortable
gastrointestinal side effects and availability are all reasons that have a negative impact in the intake of

pulses [27].

Among the European countries, the highest pulse consumption is observed in the Mediterranean
countries [28]. The Portuguese Food Balance Sheet for 2016-2020, [29], disclosed that, despite the
increase of 21% (12.7 g/inhabitant/day) in the consumption of dried pulses, this group still had a deficient
availability (0.6%) when compared to the recommendation from the Food Wheel guide (4%). The energy
contribution of fats in the Portuguese diet was above the maximum limit recommended for consumption

(30%), while the contribution of carbohydrates was lower than the recommended range (55-75%). The



estimates made per inhabitant per day are a caloric average availability of 4,075 kcal, when the
recommendations are an average of 2,000 kcal ([30]). This trend in pulse consumption is uncharacteristic
of the diet followed by the Portuguese population — the Mediterranean diet — a healthy food pattern with
a substantial intake of pulses that has been followed for centuries. The low adherence to the
Mediterranean diet that has been observed in the last decades, the decrease in pulse availability alongside
food consumption being the biggest reason for transgressing the carrying capacity of Earth ecosystems

in Portugal, calls for an urgent change in the Portuguese food systems [26].

Focusing now on the global perspective, in order to achieve sustainable development solutions,
multiple crises must be simultaneously addressed. Reviewing the way resources are produced and
consumed is imperative and food plays a central role. This matter pressed the world leaders to adopt an
ambitious agenda of sustainable development goals (SDGs) — the United Nations 2030 Agenda for
Sustainable Development and the Paris Agreement, a treaty on climate change aiming to achieve a
climate neutral world [31]. Scientists of 16 countries also joined forces in the EAT-Lancet Commission
to develop scientific targets for healthy diets and sustainable food production, in a first attempt to set

scientific targets for the food system that apply to everyone at a global level [32].

Up until now, increases in the yield of the main crops (wheat, maize, rice and soybean) have led the
way in meeting food demand. Nevertheless, food security and sustainability cannot depend solely on
improvements in production yields and resource processing technologies due to intense climate-related
events (early heat waves, drought, heavy rainfall) happening during crucial phenological phases, such as
flowering and grain filling, as well as the scarcity of natural resources [33]. Additionally, 32% of the food
volume produced for human consumption never reaches the consumer. The global pattern of food
wastage shows that in high-income economies, the volume of food wastage is higher in the processing,
distribution and consumption phases of the food chain, while the opposite is true in low-income
economies and in rural areas where food wastage occurs in production, post-harvest handling and storage

[34].

At the same time, the world faces a new public health challenge. The World Health Organization
(WHO) estimates that in 2016, more than 1.9 billion adults (39% of men and 40% of women) are
overweight (BMI = 25 kg/m?), while 13% of the world’s population (11% of men and 15% of women) are
obese (BMI = 30 kg/m?) [35]. Yet, more than one in seven people do not have access to nutritious food.
Malnutrition is the result of a diet with deficiencies in energy, protein or micronutrients, which has an

impact not only in health, but also on educational and work achievement that contributes to social unrest,



poverty and hunger [23]. Although the global hunger index (GHI) indicates that world hunger has
decreased by 27% in the last decades [36]. Regarding micronutrient malnutrition, also known as “hidden
hunger”, it is considered a major health challenge in most developing countries, with 30% of the world’s
population being iron (Fe) deficient, 17.3% zinc (Zn) and iodine (I) deficient, and 15% selenium (Se)
deficient [37]. The need to invert the unbalances in dietary patterns, social trends and the unsustainable
economy is of utmost importance [23]. Different approaches were implemented, from food fortification
and dietary supplementation and diversification to agronomic fortification of staple crops, yet the success
rate was limited. [38], [39]. Inclusion of nutritionally superior pulse crops into local food systems has a
significant impact by providing essential dietary requirements, especially in terms of protein and
micronutrients (Whiting et al., 2019). Biofortification of pulse crops through conventional breeding and
modern biotechnology is, not only possible, but also recommended as an effective approach to mitigate

malnutrition worldwide [23].

1.5. Nutritional Profile of Pulses

Pulses are an inexpensive and preeminent source of dry vegetable protein. Containing double the
amount of protein found in whole-grain cereals, pulses, as a source of protein, can provide the essential
nutritional requirements in developing countries suffering with food insecurity. Pulses are also sources of
vitamins and minerals (iron, zinc, calcium, folate, magnesium and potassium) with a low sodium content
[41] and a low to moderate content of phenolic compounds, important for antioxidant protection.
Characterized by a high water-insoluble fiber and carbohydrate content, pulses are placed lower in the
glycemic index than any other carbohydrate-rich food (rice, white bread or potatoes) and present a very

low lipid content [9].

Therefore, the health benefits provided by pulses are very appealing in industrialized countries, where
protein intakes exceed the requirements, but the risk of chronic diseases is high and directly related to
dietary habits, regardless of age and gender. Studies show that an improvement in diet could prevent
one in every five deaths at a global level, as the non-optimal intake of three dietary factors (whole grains,
fruits, and sodium) accounted for 11 million deaths and 255 million disability-adjusted life-years, in 2017

[25], [42].



1.5.1. Major Nutritional Components

Table 1. Proximate Composition (%) ranges obtained from different studies to cowpea (CP) and kidney

bean (KB) (dry seed) (Sources: [1]-[8]).

Lipids Carbohydrates Starch Fiber Proteins Moisture Ash
CP 1.3-45 52.1 - 63.9 28.3-48.3 43-9.4 19.9 - 28.2 6.6 -12.4 3.2-45
KB 1.3-15.8 42.6 - 60.7 341-365 3.6-229 15.8-21.8 24-12.4 3.0-44

1.5.1.1.  Carbohydrates

Pulses have always been looked upon as a protein source even though the carbohydrate content
of most pulse crops makes up for over half of their total weight. These chemical compounds consisting
of oxygen, hydrogen and carbon atoms can be classified according to the number of constituent sugar
units: monosaccharides (glucose and fructose), oligosaccharides and polysaccharides (starch and
cellulose) [43]. As stated before, beans have a low glycemic index when compared with other

carbohydrate-rich foods. This can be justified by resistant starch and fiber content.

» Starch and Dietary Fiber

The main form of storage carbohydrate is starch. The starch content present in pulses consists
of a high amount of resistant starch, that consists of starch and products of starch degradation not
digested in the small intestine. This is reflected by the high ratio of amylose and amylopectin. Amylose is
a nonbranched, linear polymer of glucose units that is less readily digested than amylopectin [10], [44].
Starches from different pulse types present different physicochemical, pasting and technological
properties, until now neglected not being produced commercially due to their high price when compared

to the alternatives [45]. Pulse starches show high retrogradation tendency, making paste preparation



difficult to rupture or swell while cooking, as well as resistant to the action of digestive enzymes. A high
stability property can also be observed when pulse starches are exposed to mechanical shearing and
heat. These characteristics make pulse starches interesting alternatives to cross-linked starches in food

application, especially in the formulation of products for diabetic consumers [45], [46].

Dietary fiber is composed by cellulose, hemicelluloses, polysaccharides and lignin. Cellulose is
the major fiber component in beans, such as in pinto beans and cowpeas. The pulses of smaller grain
size show a higher total dietary fiber content, due to the greater surface to volume ratio (greater proportion
of seed coat to cotyledon), and whole grains also have higher dietary fiber content when compared to
flour. Dietary fiber can be classified as either soluble or insoluble fiber fractions, which are constituted by
a variety of sugars (arabinose, glucose, uronic acid, rhamnose, mannose, galactose) [43]. Both fiber
fractions are responsible for improving glycemic and blood pressure control and support a healthy gut
bacterial environment, by reducing the incidence of constipation, diarrhea, and gastrointestinal infections
while improving gut barrier functions resulting in enhanced fecal transit and the development of a more

robust gastrointestinal tract [23], [47].

1.5.1.2.  Protein Content

The nutritional quality of food proteins depends on the amino acid composition, which have
bioactive roles and can be precursors of biologically active peptides with physiological functions. Amino
acids can be divided into essential, not synthesized in the human body and thus need to be supplied
through food, or non-essential, synthesized in the human body. Protein content is focused on the
cotyledon, as it is the major portion of the seed. Agronomic, genetic and environmental factors all give
their contribution when talking about protein content variation among different types of pulse grains or
cultivars. Even so, the average protein content is comparable to that of meat, and double than that found
in cereals [43]. According to Osborne [48], the proteins found in pulses fall into five different
categories/classes, based on their solubility. Globulins are the primary/principal storage proteins in pulse
grains and constitute 35-72% of the total protein content, the remaining 15-25% of protein fraction is
constituted by albumins. Together, albumin and globulin are classified as soluble proteins since they are
soluble in water or dilute salt solutions. Prolamins and glutelins, soluble in alcohol and soluble in dilute

acid/base, constitute a small portion, generally less than 5% [49].



Nutritional quality of food proteins is also dependent on the level of digestibility, a nutritional
constraint towards the utilization of pulse protein in food formulations. Digestibility is measured by
studying the susceptibility of proteins to proteolysis and, thus their availability. These characteristics,
digestibility and protein availability, are especially important when addressing the functional properties
needed for food formulation. The application of heat, for example, enables proteins to be denatured and
hydrolyzed. Soaking and cooking beans increases protein and starch digestibility, improving bioavailability
and nutritional quality [10]. Recent studies also show that starch plays a role in the digestibility of proteins,
increasing the digestibility of albumins and globulins. In the presence of starch, the protein structure
opens and binds to the surface of starch granules, resulting into easier access to the proteolytic enzymes

[91, [50].

1.5.1.3.  Lipid Content

Lipids are highly diverse molecules that are insoluble in water. Humans consume lipids in foods
or oils, and their composition has important effects on our health. The simplest lipids, fatty acids, are
also the most abundant. Fatty acids are the simplest lipids, and are chemically defined as: a linear, non-
branched, nonpolar hydrocarbon chain that can be saturated or unsaturated, with a single carboxyl group
at one end. Unsaturated fatty acids can be further classified as monounsaturated fatty acids (MUFASs), or

as polyunsaturated fatty acids (PUFAs) [51].

Pulses contain approximately 1-21% lipidic content, with beneficial composition of exogenic
unsaturated fatty acids: linoleic (21-53%) and linolenic acid (4-22%) [52]. Lipids in pulses can be found
mostly in the cotyledons and seed coat are only present in very small amounts. Beans are an important
source of free unsaturated fatty acids accounting for 61.1% of total fatty acids. The major fatty acids are
palmitic (16:0), oleic (18:1), and linoleic (18:2). The major acid among the unsaturated fatty acids is
linolenic (18:3) acid, there is 43.1% in fatty acids of the common bean. The main fatty acid present in
legumes is linoleic (18:2), followed by linolenic (18:3) [43], [53]. Linoleic acid (18:2) or linolenic acid
(18:3) cannot be produced in our bodies. These are essential fatty acids that must be consumed through
food sources, to maintain our health. Pulse lipids can also be a source of other micronutrients, such as
phytosterols, that can contribute to cognitive, cardiovascular, and overall wellbeing [51]. A study analyzing
the content of the lipid fraction of different grains, seeds and legumes concluded that butter bean

(Phaseolus lunatus) has the highest saturated fatty acid content (28.7 g/100 g) and kidney beans
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(Phaseolus vulgaris) have the highest content of PUFA (71.1 g/100 g). PUFA (n-6) have numerous
beneficial effects on cardio-vascular disease including improved blood lipid profile, improved insulin

sensitivity, lower incidence of type-2 diabetes and anti-arrhythmic effects [54].

1.5.2. Minor Nutritional Components

1.5.2.1. Minerals

Minerals are vital components of our food, as they are important as building materials for our
bones, influencing muscle and nerve function. They also take part in the composition of various
biologically active compounds, such as hormones and enzymes, maintaining various physiological
functions in the human body. These minerals are divided into macro-minerals and trace minerals,
according to the body’s requirement [55]. Minerals also have an important role in the functioning of the
immune system. This concerns both the innate defense system and the adaptive immune response, as
the supply of minerals can influence both the susceptibility to infections, but also has the development of
chronic diseases [56]. Calcium (Ca), phosphorus (P), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu),
manganese (Mn) and chromium (Cr) are all essential micronutrients that play important roles in the
human metabolism. The determination of minerals and trace elements in food is an important part of
nutritional analyses. In the study of [57] regarding mineral content in legumes, the level of minerals was
found to range between 1.5-5.0 ug/g for copper, 0.05-0.60 ug/g for chromium, 18.8-82.4 ug/g for
iron and 32.6-70.2 ug/g for zinc. Nevertheless, the variety and quantity of minerals found in pulses is
dependent on the quality and type of the soil in which they grow, as well as the application of fertilizers.
Regardless of the high content of minerals observed in pulses, especially in beans, compounds that lower

the digestibility and bioavailability of nutrients are also present [53].
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1.5.2.2. Bioactive Components

Phenolic compounds, phytates, enzyme inhibitors, lectins and oligosaccharides are all part of the
group of bioactive substances present in pulses. Amidst these compounds, some have a positive impact
in the metabolism of the consumer, while others have a negative effect limiting the bioavailability of other
nutritional components, as proteins and carbohydrates. These have been described as antinutritional
factors, such as phytic acid, tannins, trypsin inhibitors, chymotrypsin inhibitors and oligosaccharides [43].
The chemical composition of pulses varies based on their genotype, environmental conditions and soil
content and quality, influencing not only the nutrient composition but the antinutrient composition as well

[40].

Phenolic compounds are grouped into phenolic acids, tannins and flavonoids and represent the
second most abundant group of organic compounds in plants, playing different roles since structural
support to protection against different threats (ultraviolet solar radiation, biotic or abiotic stress,
herbivores). They can also affect the bitterness, color, and flavor qualities of plants [58]. The phenolic
compounds are concentrated in the hull portion of pulses and its content can vary between types of
pulses. The presence of phenolic compounds in the hull also affects the color of grain, therefore darker
and pigmented grains have a higher content of phenolic compounds. Phenolic compounds are known
for their anti-tumoral, anti-inflammatory and anti-allergic properties, as they demonstrate high antioxidant
activity — preventing lipid peroxidation and scavenging free oxygen radicals, protecting against oxidative
damage while regulating different cellular processes. Thus, phenolic compounds can improve the stability
of food formulations and are an indispensable component in a variety of nutraceutical, medicinal and
cosmetic applications [59]. Many studies have suggested that antioxidant capacity was positively
correlated with phenolic content of pulses [60]. The ferulic acid was the most abundant phenolic
compound followed by p-coumaric acid and sinapic acid in common beans [61]. The major role of tannins
in nature lies in the defense mechanism of plants. They have the capability to chelate with metal ions and
form hydrogen bonds with proteins. Thus, these compounds reduce mineral absorption and digestibility
of proteins, have the ability to form bonds with starch and are capable of binding cations (Fe)

compromising their bioavailability, characteristics that reduce the nutritional value of pulses [46].

The molecule myo-inositol hexakisphosphate (InsP6), is usually referred to as phytate and has
the chemical formula C,H,s0..Ps [62]. InsP6 is the main storage unit for phosphate and inositol in plants,

and in pulses it accumulates in the cotyledon, as it is essential for seed germination and plant growth.
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Phytate is known for forming irreversible complexes with proteins and minerals, having the capacity to
chelate divalent cations, such as Ca, Mg, Zn and Fe, which translates once more in a negative impact in

the bioavailability of these nutritional compounds [63].

Overall, it is important to remove or inactivate the antinutritional components from pulses, to
make them more appealing to consumers, since many bioactive compounds are also present in pulses
which have health promoting properties. There is a growing interest around pulses as food ingredients,
the different nutritional fractions from pulses are receiving increased attention as their complex properties

are being uncovered to solve the problems encountered in food formulations [64], [65].

1.6.Pulse Processing and Utilization on Food

Pulses, such as cowpea and kidney bean, are mainly sold as whole or split dried seeds. Yet, there is
a unique opportunity in expanding the use of beans into processed foods, making use of flours, isolates
and fractions [66]. It was the growing trend of convenient, fast-cooking and ready-to-eat foods that has
stirred the interest in the processing of pulses into bakery products, pasta, soups, canned products and
meat products [67]. Germination, drying, dehulling, splitting, fermentation, flour milling, fractionation,
roasting, puffing and extrusion are all primary and secondary techniques described in the processing of

the different pulses, which will be briefly explained below [66].

e Germination

When talking about beans, the germination process begins with soaking the whole seed in water for,
at least, 12-24 h. The soaked seed is then allowed to germinate until sprouts of 1-2 cm appear (can go
up to 6 cm in length, depending on the end-product). The sprouting process in pulses can reduce levels

of phytic acid, trypsin inhibitors and oligosaccharides, at the same time increasing levels of proteins [66].
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e Drying

The process that succeeds germination and harvest is the drying process. Drying ensures the
safe storage, processing and grain quality preservation of pulses. The objective of grain drying is to remove
the excess moisture that, when combined with temperature leads to microbial growth and enzymatic
activity, and, as a consequence, to grain degradation. Moisture content at the time of harvesting accounts
for 18-25%, while the optimum moisture content ranges 9-12%. The drying and conditioning processes
of pulses are usually done by carefully controlled artificial methods, in temperate regions. In tropical
regions, open sun drying at farm field level is performed, a low cost yet time consuming and labor-
intensive process dependent of environmental and seasonal factors. However, sun-dried grains do not
fulfil quality standards and cannot be sold on some more demanding international market [68]. There are
different methods of artificial drying with hot air: fixed/moving-bed drying, fluidized-bed drying, spouted-
bed drying, thin-layer drying [69], [70].

e Dehulling and Splitting

Dried beans can be consumed as whole seed or can undergo dehulling, the removal of the seed coat,
to improve digestibility and remove astringency and palatability and reduce cooking time. There are two
methods that can be used for dehulling. The wet method, which consists in softening the seed coat or
hull to ease removal, and the dry method, with oil/water application followed by sun-drying. The second
method has the disadvantage of high dehulling losses due to breakage and powdering [71]. Red lentils,
desi chickpea and yellow peas are usually processed into splits after dehulling. This process consists in

the cleavage of two cotyledons to obtain a product that takes less time to cook, splits or “dhal’. [66)].

e Flour Milling

The milling process of pulses involves grinding whole, dehulled seeds or splits into flour. The

properties and functionality of the resulting flour depend on prior removal of the seed coat (dehulling).
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Dehulling is known to reduce antinutritional factors (tannins and insoluble fiber), improving nutritional
quality, protein digestibility, texture and taste [72]. At the same time, whole meal flours present a higher
content of fiber. Research has shown that the milling process used has an effect in properties such as
starch damage, pasting properties and water holding capacity. Pre-treatment of pulses prior to the milling
process, either using infrared heating [73], cooking or roasting [74] also have impact in flour functionality

[66].

e Fractionation

Pulses can be fractionated to obtain protein and starch concentrates and isolates, and a fiber
fraction as a by-product of the process. The principal pulse fractions commercially available are extracted
from yellow peas. However, other pulses have been fractionated for commercial purposes lately, including
lupins, faba beans, lentils, chickpeas, cowpeas, lima beans and navy beans, primarily to obtain the protein
fraction. The fractionation process can be divided into dry or wet fractionation. The dry fractionation
process separates pulse flour according to differences in the size and density of particles using a stream
of air, since protein bodies tend to be smaller and lighter. Thus, the fraction obtained with lower density
is a “protein concentrate” or a “protein-rich fraction”, which contains up to 50-60% protein, and the
fraction with higher density is referred to as “starch concentrate” or a “starch-rich fraction” and contains

70-80% starch and 15-20% protein [66].

Protein concentrates are used in both the food and pet food industries, whereas starch
concentrates have been used mainly in animal feed or in the pet food industry because of their relatively
high protein content (15-20%) and low price. On the other hand, the aqueous fractionation process is
more complex. Different wet protein extraction processes can be used according to the material of interest
to isolate, sometimes even a combination of processes is needed in order to obtain a higher purity fraction
from a heterogeneous mixture. The aqueous fractionation method has been reviewed in different studies
by Hood-Niefer & Tyler, 2010, Naguleswaran & Vasanthan, 2010 and K. Tiwari & Singh, 2012. The starch
and protein fractions obtained in this extraction process are of higher purity compared to those obtained
from a dry fractionation process [66]. The processes involving protein extraction and recovery can have
influence in the structure (secondary, tertiary or quaternary) of the extracted protein molecules, therefore

affecting protein functionality depending on the method of preparation [77]
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1.7. Pulse Protein Flours, Concentrates and Isolates

Proteins have a fundamental role in the functional properties of food formulation contributing to
the solubility, foaming, emulsification, gelling and oil absorption properties. Either individually or together
with other ingredients, proteins can cause interactions that result in varied functional properties in the
end-products. The prevalent high protein-containing pulse flours that are commercialized nowadays are
from pea protein concentrates and isolates. Protein flours contain up to 65 % of protein, protein
concentrates contain 65 % - 90 % of protein and protein isolates have more than 90 % of protein. The
addition of protein flours, concentrates and isolates results in increased nutritional value and can ensure
specific functional properties desired in the food formulation industry. Pulse proteins are rich in lysine,
leucine, aspartic acid, glutamic acid and arginine, but lack methionine, cysteine and tryptophan, essential
amino acids. Thus, blending of pulse proteins with cereal flours, for example, significantly increases their

nutritional value [67], [78].

1.8. Nutraceutical Properties of Pulses

The word “nutraceutical”, a combination of nutrition and pharmaceutical, was coined in 1989 in
the United States. Nutraceutical indicates “a food, or components of a food, that provides health benefits,
including the prevention and treatment of diseases” [79]. Nutraceutical is used to describe an isolated
molecular extract, whereas functional food describes whole foods or their concentrates, even though both
terms are generally used interchangeably. Many food components, particularly of plant origin, have been
described as beneficial for human health, such as dietary fiber, phenolic compounds, minerals and
vitamins, proteins and peptides. Nevertheless, the molecular mechanisms responsible are not yet fully

understood and further research needs to be done in that field [80].

According to epidemiological studies, a correlation between regular intake of legume seeds and
maintenance of good health in humans has been noted. The health benefits related to the consumption
of legume seeds have been reported in a wide spectrum of conditions. Small peptides, partially digested

proteins and intact proteins that can be found in common beans, perform hormone-like activities that
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have a beneficial effect in cancer, cardiovascular disease, diabetes, obesity, the immune response and
aging process as well as in mental health [81]-[83]. a-Amylase inhibitors have demonstrated an
antidiabetic activity and potential applications regarding the control of obesity. Lectins, blood grouping
substances, immunomodulators and tissue markers, that have the ability to combine with sugars and
glycoconjugates. These substances have a role in the prevention of cancers, in the activation of immune
system, in antimicrobial mechanisms and may have an application in the control of obesity. Clinical and
/n vitro studies have also demonstrated that both proteins and peptides have hypocholesterolemia,
glucose, and blood pressure-lowering properties [84]. Celiac disease is accompanied by high risk of bone
disease. Measurement of bone density, serum calcium, alkaline phosphate and parathyroid hormone
levels all need to be checked in order to adjust dietary intake of Ca, vitamin D and fiber, thus a gluten-
free source of these bioactive compounds is crucial, and the answer may be in pulse food formulation

with gluten free applications [85].

Ongoing research of several groups at a global level will continue to uncover the biological
mechanisms by which pulses (flours, concentrates and isolates) carry out all the properties mentioned
above and more. Pulses show great potential in being a source of nutraceuticals, in order to fortify
nutritional content for human supplementation, mainly compounds that disappear with cooking conditions

but have important biological activity [86].
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1.9.0bjectives

There is evidence that pulses have great potential concerning the formulation of functional food.
Research directed to the development of plant-based alternative sources of bioactive essential nutrients
is crucial to face future global food demand. The main objective of this work is the assessment of the
nutritional profile, functional and bioactive properties in kidney bean (Phaseolus vulgaris L.) and cowpea
(Vigna unguiculata L.), in the biomass, in co-products and in protein-phenolic extracts obtained from the

dried seeds’ flour. The following objectives were addressed for this study:

e (Characterization of the nutritional composition profile regarding both types of dry pulses;

e (Characterization of the main bean protein-fractions obtained with the Osborne sequential protein
fractionation method;

e Selection of the extraction conditions to obtain aqueous protein-phenolic rich extracts;

e Germination and characterization of the resulting biomasses;

e Extracts’ antioxidant activity and emulsifying activity.
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2. MATERIALS AND METHODS

2.1. Material Preparation

Two different species of beans were used in this study, kidney beans (Phaseolus vulgaris L.) and
cowpea (Vigna unguiculata 1.), obtained dried from the Portuguese market. 500 g of each variety
were milled in a thermomixer (Bimby™) for 30 seconds at velocity 9. Three fractions of different
granulometries were obtained (< 0.45mm; 0.45-0.71mm; > 0.71mm). The fractions were used
separately for an Osborne type fractionation method and Kjeldahl analysis, and later the fractions
were used together, for the protein extraction and characterization methods. All the chemicals used

in the assays performed were of analytical grade.

2.2. Extraction Conditions and Sample Preparation

2.2.1. Osborne Sequential Protein Extraction Method

Proteins were extracted from the seed flour samples of kidney bean and cowpea, according to
the Osborne fractionation procedure. For this method, the seed flour samples from both bean varieties
were used and different solution were prepared for the fractionation. The seed flour samples were added
to deionized water (dH20) in a ratio of 1:10. The solution was mixed through magnetic stirring for 1 hour
at 200 rpm, followed by a 30-minute centrifugation at 5900 rpm (Figure 2 — 1). The supernatant was
recovered. The seed flour sample used in the previous procedure was washed, at least three times with
dH20. The 0.5M NaCl solvent was added to the previous sample in a 10:1 ratio. Magnetic stirring was
applied to the solution for 1 hour at 200 rpm, followed by a centrifugation for 30-minutes at 5900 rpm
(Figure 2 — 2). The supernatant was recovered, and the sample residue was again washed three times
with dH20 and used in the following fractionation step with EtOH 70 % as solvent in a ratio of 10:1.
Magnetic stirring was applied to the solution for 1 hour at 200 rpm, followed by a centrifugation for 30-
minutes at 5900 rpm (Figure 2 - 3). The supernatant was recovered. The sample was, once more,
washed and used for the final fractionation step, using NaOH 0.1IN in a ratio 1:10. The solution was

mixed through magnetic stirring for 1 hour at 200 rpm, followed by a 30-minute centrifugation at 5900
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rpm (Figure 2 — 4). The supernatant was recovered. Each fractionation step was repeated twice for
maximization of protein recovery and the extracts lyophilized to measure crude protein content of each

protein-rich fraction through the Kjeldahl’'s method.
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Figure 2. Schematic overview of the four steps involved in the Osborne sequential protein extraction
method used. (1: fractionation of an albumin-rich protein extract soluble in dH20; 2: fractionation of a
globulin-rich protein extract soluble in NaCl; 3: fractionation of a prolamin-rich extract soluble in EtOH; 4:

fractionation of a glutelin-rich protein extract soluble in NaOH).

2.2.2. Protein Extraction

Protein rich extracts were obtained from the seed flour samples of both bean varieties. The

extraction procedure was based on the results from the Osborne fractionation method (Figure 3). The
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seed flour samples were added to dH20 in a ratio of 1:10. For this extraction, duplicates of each condition
were produced for the purpose of analysis. The solutions were stirred at 140 rpm in a water bath for 1
hour. The extracts were then filtered with a flat filter, with 10-12 um pore size and 70 mm diameter. The
filtered extracts were collected and frozen at - 20 °C until analysis. The flour sample residues were also

collected to measure the extract yield.
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Figure 3. Schematic overview of the extraction procedure used to obtain the protein rich soluble in dH20,

at different temperature conditions (25 °C, 45 °C and 98 °C).

As phenolic compounds are also an important constituent of legumes and may represent an
interesting bioactive fraction, an extra extraction with EtOH (70 %) was also performed to obtain a phenolic
compounds-rich fraction. Nevertheless, phenolic compounds are frequently solubilized together with the

protein fraction and may also represent an important constituent of the aqueous fractions.

2.2.3. Bean Germination

Regarding the seed germination protocol for both varieties, cowpea and kidney bean, a three-step
approach was used: seed cleaning, soaking and germination. The dry seeds were selected and soaked in
a sodium hypochlorite (0.07 %) solution for 30 minutes. The seeds were then washed with dH-20, a

minimum of three times, to eliminate all the sodium hypochlorite traces. The bean seeds were then
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soaked in bottled water (pH = 5.8 + 0.15), for 14-16 h prior to germination. In preparation for the
germination, all the material required was sterilized under UV light in a laminar flow chamber. After
soaking, the seeds were watered and incubated at 26 °C with 90 % humidity for 5 to 7 days and checked
daily watering when needed, until the sprouts developed cotyledons. The sprouts were collected followed

by lyophilization of the samples and milling.

2.3. Raw Material Characterization

2.3.1.Protein - Kjeldahl Method

Initially developed by Johan Kijeldahl in 1883, the Kjeldahl method is an AOAC official method for
crude protein content and involves three stages to quantify protein: digestion, distillation and titration. The
digestion of organic material is necessary to convert the nitrogen content in the sample into ammonium
sulphate. The digestion is achieved using concentrated sulfuric acid (H.SO.), potassium sulphate (K.SO.),
a catalyst to speed the reaction and heat. The digestate is neutralized by addition of sodium hydroxide
(NaOH), converting the ammonium sulphate to ammonia. The resulting ammonia is then distilled and
collected in a receiving flask of excess boric acid, forming ammonium borate. The residual boric acid is
then titrated with a standard acid and a suitable end-point indicator is used to measure the total nitrogen
content of each sample. The total nitrogen content is used together with a specific conversion factor to

convert the measured nitrogen content to crude protein content. [87].

For the purpose of this study, 0.5 g of dried flour sample were added to each of the digestion
tubes, followed by 10 mL of H,S0,(95-97 %) and 1 selenium tab (reaction catalyst). The digestion unit
block performed a 50-minute digestion at 420°C. After digestion, the tubes cooled down for approximately
15 minutes and the nitrogen content (N) was measured by the Kjeldahl distillation unit (Kjeltec 8400
Analyzer, FOSS, Hilleroed, Denmark). The nitrogen-to-protein conversion factor of 5.28, proposed by
Mariotti et al. (2008), was used to convert the nitrogen content measured into crude protein content (N

x 5.18). The protein content was expressed as percentage per gram of dry biomass.
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2.3.2. Carbohydrates - NREL PSA

The procedure provided by the National Renewable Energy Laboratory (NREL) for determination
of structural carbohydrates in biomass uses a two-step acid hydrolysis, fractionating the biomass into
forms that can be easier to quantify. During the hydrolysis process, the polymeric carbohydrates are
hydrolyzed into the monomeric forms, soluble in the hydrolysis liquid. The polymeric carbohydrates

obtained are then measured by HPLC (High-Performance Liquid Chromatography) [89].

For this method, 0.3 g of each sample were added into a tared pressure tube, in duplicate. Then,
3.00 mL of 72% H,SO,were added to each pressure tube and a Teflon stir rod was used until the sample
was completely mixed. The pressure tubes were placed in a water bath at 30°C for 60 minutes. Using
the stir rod, the samples were stirred every 5 to 10 min to ensure a uniform hydrolysis, without removing
the sample from the bath. Upon completion of the 60-minute hydrolysis, the tubes were removed from
the water bath and the acid was diluted to a 4 % concentration by adding 84.00 mL dH20. The samples
were mixed thoroughly to eliminate phase separation between low and high concentration acid layers.
The tubes were then placed in the autoclave for one hour at 121 °C. Finally, the samples were analyzed
by HPLC, and the polymeric carbohydrate content was expressed as percentage (based in mass) of dry

biomass.

2.3.3. Lipids

2.3.3.1.  Bligh-Dyer Method

The Bligh-Dyer method is a widely practiced lipid extraction method introduced in 1959 by E.G.
Bligh and W.J. Dyer [90]. The basic principle for the extraction is based on Folch’s method [91], mainly
using different solvent/solvent and solvent/tissue ratios. A biological sample is homogenized in a
monophasic 1:2 (v/v) chloroform/methanol mixture. A phase separation is induced by addition of

chloroform and water and the lipids from the chloroform phase are extracted and processed [92].

The Bligh and Dyer method used for this study had some madifications. 0.05 g of the dried flour

sample were added to 1 mL of a mixture of chloroform/methanol (2:1 v/v) and the mixture was
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homogenized for 2 minutes by vortexing. The samples were exposed to ultrasounds for 10 to 15 minutes
and incubated on a water bath at 30 °C for 30 minutes. After incubation, the mixture was centrifuged at
2000 rpm for 10 minutes and the organic phase was collected to a pre-weighted glass tube. The
procedure was repeated, and the biomass residue was re-extracted three times, with 1 mL solvent. The
organic phase was dried under a stream of nitrogen gas and the initial extract weight was recorded, as
the tube was weighted. Non-lipid contaminants were removed by re-dissolving the initial extract in 2 mL
chloroform and 1 mL methanol, the extract was solubilized by vortexing for 1 minute. 0.75 mL of water
were added to the organic phase and vortexed for 2 minutes. The mixture was centrifuged at 2000 rpm
for 10 minutes, to promote phase separation, and the organic phase (at the bottom) was collected to a
new pre-weighted tube. The aqueous phase was re-extracted with 2 mL chloroform. The combined organic
phases were then dried under a stream of nitrogen gas and weighted. The lipid content was expressed

as the percentage (in mass) of dry biomass.

2.3.3.2. Modified Soxhlet Extraction - Soxtec

The classical Soxhlet method, devised in 1879 by Franz Von Soxhlet, provides the fundamental
basis for a modern-day solvent extraction system, the Soxtec™. The submersion method (Randall
modification) is used in Soxtec to provide a faster solvent to solvent extraction for quantification of fat and
oil, requiring only around 20 % of the time of a traditional Soxhlet extraction [93]. In brief, cellulose
thimbles and aluminium extraction cups with glass beads were previously oven-dried at 105 °C for 12 h.
5 g of each bean flour, oven-dried at 105 °C for 2 h, were weighted in triplicates, and added to the
cellulose thimbles which were then weighted again containing the sample and covered with defatted
medical grade cotton. The thimbles and the aluminium extraction cups were inserted into the Soxtec
8000 Extraction Unit (FOSS), where each extraction cup was filled with 50 mL of petroleum ether and
the extraction cycle took place. A three-step program (boiling, rising and recovery) ran for approximately
14 h. After the extraction cycle the thimbles and extraction cups were recovered. The extraction cups
were oven-dried at 105 °C for 12 h and the samples contained in the thimbles were transferred to
aluminium containers which were then oven-dried at 105 °C for 12 h. The aluminium extraction cups and
containers were weighted three times. The total lipid content was expressed as percentage (in mass) of

dry biomass.
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2.3.4. Ash

For the purpose of determining ash content, 1 g of seed flour samples was added, in duplicates,
to a container and air-oven dried at 105 °C for 3 h, cooled in a desiccator and weighted. The containers
with the samples were then incinerated in a muffle furnace at 550 °C for about 14 to 16 hours, cooled
in a desiccator and reweighted. The total ash was calculated according to the following Equation (1) and

was expressed as percentage per gram of dry weight (DW).

Ash (%) = % x 100 (1)

W1: Weight of sample after 105 °C.

W2: Weight of the dried sample.
2.3.5. Moisture

The moisture content of the samples was measured by adding 1 g of seed flour, in duplicate, to
a previously air-oven dried at 105 °C for 3 h and weighted aluminium container. The samples dried
overnight in the air-oven at 105 °C, cooled in a desiccator and reweighted. Total moisture content was

calculated according to Equation (2) and expressed as percentage per gram of dry weight (DW).

wi-wz)

1 100 (2)

Moisture (%) =

W1: Weight of sample.
W2: Weight of the dried sample.
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2.4. Extracts Characterization

2.4.1. Lowry Method

The Lowry protein assay is based on the biuret reaction combined with the reduction of the Folin-
Ciocalteu phenol reagent (phosphomolybdic-phosphotungstic acid). In the biuret reaction, copper
interacts with four nitrogen atoms of peptides to form a cuprous complex. The Folin-Ciocalteu reagent
interacts with the cuprous ions and the side chains of tyrosine, tryptophan, and cysteine to produce a

blue-greenish color that can be detected at 750 nm. [94].

For the purpose of this study, two different solutions were prepared, solution A (4 mg/mL NaOH;
20 mg/mL Na2C0s) and B (10 mg/mL Potassium Sodium Tartrate; 5 mg/mL CuSQ4). A BSA 10 %
standard was prepared for the calibration curve (R2=0.957). The solutions A and B were mixed (Lowry's
solution) in a ratio 50:1 and stored at 4 °C. In a 96-well plate, 20 L of extract or standard were added
to each well plate together with 200 uL of Lowry’s solution and 20 L of Folin-Ciocalteu. The 96-well plate
was then incubated at 42 °C at 180 rpm for 4 hours. The absorbance was measured at 750 nm (high
sensitivity for low protein concentrations) by an UV/Vis spectrophotometer (Synergy HT, BioTek

Instruments, Inc., USA). Lowry values were expressed as milligrams of protein per gram of dry biomass.

2.4.2. Total Phenolic Content (TPC)

The total phenolic content (TPC) was measured according to the Folin—Ciocalteu method, based
on the colorimetric reduction/oxidation reaction of phenols [95]. The method was performed for a 96-
well plate, adding 20 uL of extract or standard to each plate well, followed by 100 pL of Folin-
Ciocalteau:H,0 (1:10) and 80 pL of sodium carbonate (7.5 %). The microplate is then incubated at 42 °C
for 30 minutes in the dark. The absorbance was measured at 750 nm by an UV/Vis spectrophotometer
(Synergy HT, BioTek Instruments, Inc., USA). Gallic acid (0-200 mg/L) was used as standard to perform
the calibration curve (R2=0.988). The results were expressed as milligram of gallic acid equivalents (GAE)

per gram of dry biomass (mg GAE/g).
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2.4.3. DPPH and ABTS

The DPPH method, or free radical scavenging assay, consists in the reduction of the 2,2-diphenyl-
1-picryl-hydrazyl-hydrate (DPPH ¢) radical in the presence of a hydrogen-donating antioxidant, resulting in
the formation of a non-radical DPPH-H form. For the purpose of this study, 10 uL of protein-phenolic
extract were added to 190 uL of DPPH working solution (prepared in ethanol with an absorbance of 0.700
+ 0.01 at 515 nm) in a microplate and incubated at room temperature for 30 minutes in the dark. The
absorbance was measured at 515 nm by an UV/Vis spectrophotometer (Synergy HT, BioTek Instruments,
Inc., USA). Trolox (6-500 mg/L) was used as standard to prepare the calibration curve (R2=0.984), to
determine the extracts’ radical scavenging activity. Inhibition of free radical DPPH in percent (%) was
calculated according to Equation (3). DPPH radical scavenging activity of the samples was determined by
interpolation of the calibration curve and the results were expressed in umol Trolox equivalent per gram

of dry biomass (umol TE/g).

In the ABTS assay, the scavenging activity of 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
radical cation (ABTS ¢ +) is based on the interaction between antioxidant and ABTS radical. To calculate
ABTS radical inhibition, 10 pL of extract were added to 200 pL of ABTS working solution in a microplate
and incubated at room temperature for 30 minutes in the dark. The absorbance was measured at 734
nm by an UV/Vis spectrophotometer (Synergy HT, BioTek Instruments, Inc., USA). Trolox (6-800 mg/L)
was used as standard to prepare the calibration curve (R2=0.995), to determine the extracts’ radical
scavenging activity. The results were calculated as previously described for the DPPH assay and

expressed in umol Trolox equivalent per gram of dry biomass (umol TE/g).

As

% Inhibition =1 —— x 100 (3)
Ac

As: sample absorbance

Ac: control sample absorbance
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2.4.4. FRAP

The ferric reducing antioxidant power method, or FRAP assay, consists in the ability of the extracts in
study to reduce ferric ions (Fe* to Fe#), in the form of ferric 2,4,6-tripyridyl-s-triazine (TPTZ), and was
performed as described by [96]. In a 96-well microplate, 10 pL of sample were added to 290 pL of FRAP
working solution and incubated at 37°C for 15 minutes in the dark. The absorbance was measured at
593 nm by an UV/Vis spectrophotometer (Synergy HT, BioTek Instruments, Inc., USA). An aqueous
solution of ferrous sulphate FeSO,-7H,0 (1000-100 uM) was used as standard for the preparation of a
standard curve (R2=0.973). FRAP values are expressed as micromoles of ferrous equivalent per g of dry

biomass (umol Fe2t/g).

2.4.5. Emulsification Activity and Stability

The emulsification index (El) was assessed in the protein-phenolic extracts obtained. Sunflower
oil was used as a hydrocarbon. For each extraction condition, 3 mL of 0.1% extract solutions were added
to 1 mL of sunflower oil, mixing for 5 min at 8000 rpm followed by 4 min at 13600 rpm with a
homogenizer (T 25 digital ULTRA-TURRAX, IKA). The mixture was allowed to stand for 15 hours, and the
emulsification index was measured. Over the course of 18 days the El was measured to assess the
emulsification stability (ES) of each sample. A white phase is indicative of emulsion formation. El was

calculated according to the following Equation 4:

EI (%) = E?’ x 100 (4)

El: emulsion layer (cm)

T: total mixture (cm)
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2.4.6. Statistical Analysis

The data regarding the extraction analysis is presented as mean + standard deviation (SD) values.
GraphPad Prism software (version 8.0.2; GraphPad Software, Inc., San Diego, CA, U.S.A.) was used to
perform the statistical analysis. The analysis of variance (ANOVA) followed by Tukey's multiple

comparisons test was used to determine statistically different values at a significance level of p < 0.05.
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3. RESULTS AND DISCUSSION

Having the purpose of assessing the potential of both kidney bean and cowpea as food or food
ingredient, a proximate composition characterization of seed flour samples from both beans was firstly
performed. Secondly, an Osborne type fractionation method was used to obtain the beans’ protein profile
and select the most effective solvents to obtain protein-rich extracts. Water was then selected as solvent
and the extraction parameters were tuned to obtain new extracts rich in protein and eventually in phenolic
compounds, with bioactive potential or technologic features. Finally, the bioactive potential was
preliminarily assessed by measuring the antioxidant activity of liquid extracts and the technological
potential was preliminarily assessed by measuring the emulsification capacity (index and stability). Fresh
samples were prepared for forthcoming characterization and comparison with the results obtained so far,
thus, providing insight in the properties and possible food applications regarding the use of the dry

biomass and liquid extracts obtained from pulses.

3.1. Proximate Composition Analysis

The proximate composition obtained from the dried kidney bean and cowpea flour mixture of all
grain sizes, is presented in Table 2. The ash content was superior in the kidney bean flour (5.15 %) than
in the cowpea flour (4.03 %). These results are similar to recent results reported by Siddiqg et al. (2010),
in a study to flours obtained from different common bean cultivars (4.60 % to 5.00 %). The ash content
elucidates on the total quantity of the mineral elements present in the sample, as it indicates the inorganic
composition after the proteins, carbohydrates, lipids and moisture have been removed by incineration.

The minerals are essential nutrients, with a role in different metabolic functions [98], [99].

Moisture content is also greater in the kidney bean flour, with a total of 14.03 %, and 10.93 % in
the cowpea flour. Previous studies which corroborate the results obtained, also suggest that the initial
moisture content of flours can play a role in the bulk density of flours reflecting, not only in the capacity
of the packaging material of the product, but also in the suitability of the flour for application in food

formulation [99], [100].
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Table 2. Physicochemical composition (%/g sample) of cowpea and kidney bean seed flour samples.

Values are expressed as mean + SD.

KIDNEY BEAN COWPEA

Ash 5.15+ 0.05 4.03+0.18
Moisture 14.03 + 0.06 10.93 +£0.23
Protein 31.90 + 0.27 38.44 + 0.25
Carbohydrates 43.92 +1.93 42.07 +0.96
Lipids 1.32+0.09 1.20 £ 0.02

The samples show high protein content of 31.90 % and 38.44 % for kidney bean and cowpea
seed flour samples, respectively. These results are higher than the previously results, 28.25 % for cowpea
and 21.83 % for kidney bean, presented by Sasanam et al., 2011. The conversion factor used in this
study, upon Kjeldahl method analysis, was 5.28 according to Mariotti et al. (2008), a specific conversion
factor for dry bean proteins calculated from amino acid analysis, contrary to the standard 6.25, which
dates back to the 19 century and is commonly used since. Nevertheless, protein content in beans differs
depending on many factors, such as variety, germination, development and environmental conditions and
even type, quantity and frequency of fertilizer application. The values obtained in the present work were
within the limits supported by the literature, 20 % - 40 % for cowpea and 20 % - 30 % for kidney bean [49],
[101], [102]. Protein content is important as it will play a crucial role upon evaluation of the functional
performance (water-holding capacity, oil-absorption capacity, gelling and emulsification capacity) of both

the biomass and liquid extracts in search for possible applications in food formulation.

The total carbohydrate contents are very similar in both flour samples and are the main
macronutrient family present in the physicochemical composition, with 43.92 % for kidney bean and
42.07 % for cowpea (Table 2). These results are consistent with previous results obtained regarding kidney
bean (42.6 %), but lower than those observed for cowpea (55.3 %) [8]. A high carbohydrate content can
impact the thermodynamic affinity of proteins for aqueous solutions. At the same time, the presence of

carbohydrates increases the interactions between protein molecules and, consequently, the gelling
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capacity of the extract. Even though, this study focusses mainly on protein content and the possible
functionalities present in the biomass and the extracts obtained, having a high carbohydrate concentration
is a plus as it is a good source of energy. This characteristic is important and desirable in the formulation

of weaning formulas and breakfast formulations [103].

Results for the monosaccharide content measured by HPLC are presented in Table 3. The major
monosaccharide found in both bean flour samples was glucose, thus confirming that the main

polysaccharides present are starch and cellulose.

Table 3. Monosaccharide content (g/100 g sample) of kidney bean and cowpea seed flour samples,

measured by HPLC (*n.d. — not detected).

GLUCOSE ~ GALACTOSE RAMNOSE
KIDNEY BEAN 43.92 0.08 n.d*
COWPEA 41.90 0.01 0.16

Regarding quantification of the lipidic content in the flour samples, two different methods were
used, Bligh-Dyer and Sohxlet extraction. The results for the Bligh-Dyer method (Table 4) were 0.53 % for
kidney bean and 0.52 % for cowpea. While the lipid content, measured with this method, is similar among
both samples, it differs from the results obtained with the Soxhlet extraction method and those found in
the literature: 1.4 % and 1.3 %, respectively [8]. The lipid content obtained with Sohxlet extraction
presented a higher percentage for kidney bean (1.32 %) than for cowpea (1.20 %). The contrasting results
between methods can be due to the selection of an appropriate solvent, the most critical factor concerning
an efficient lipid extraction. Soxhlet extraction is known to provide a high yield of lipids and is commonly

used to extract the crude lipids from dehydrated biomass due to its efficiency [104].

Nevertheless, whatever the method used, the lipid content found in both beans was very low and
a low-lipidic content is favorable since fat is known to have a negative impact in the functional properties

of bean flours, when correlated with protein content, as it was shown by Siddiq et al., (2010).

31



Table 4. Lipid content (%/g sample) of cowpea and kidney bean seed flour samples, measured according

two different methods, Bligh-Dyer and Sohxlet extraction.

KIDNEY BEAN COWPEA
BLIGH-DYER 0.53 +0.01 0.52 + 0.20
SOHXLET EXTRACTION 1.33+0.09 1.20 £ 0.02

3.2. Protein profile Analysis

The Osborne sequential fractionation method was applied to the different flour granulometries
obtained from the dried seeds of kidney bean and cowpea for protein characterization purposes. The
overall yield of fractionation for each flour granulometry was 47.42 % and 63.97 % in the smaller grain
flour, 39.11 % and 37.90 % in the medium grain flour and 27.46 % and 31.67 % in the largest grain flour,
for kidney bean and cowpea respectively. Extracts obtained with this method, albumin, globulin, prolamin
and glutelin - rich protein fractions (soluble in H20, NaCl, EtOH and NaOH, respectively, were analyzed
through the Kjeldahl method and the results can be found in Table 5. Pulse proteins are constituted
mostly by albumins and globulins (soluble in water and salt solutions), followed by prolamins (soluble in

EtOH) and glutelins (soluble in dilute acid/base) [49].

After application of the Osborne fractionation method both matrices showed an overall higher
protein content when H20 was used as solvent (albumin-rich protein extracts), 74.69 % and 90.17 % in
the smaller grain flour (< 0.45mm), 37.69 % and 50.59 % in the medium grain flour (0.45mm - 0.71mm)
and 53.23 % and =100 % in the largest grain flour (> 0.71mm), for cowpea and kidney bean respectively,
being the smaller grain flour the one that allowed for the highest protein content. Albumins are constituted
by metabolic proteins and include enzymatic and non-enzymatic proteins. Pulse albumins are known to
have low molecular weight (5-80 kDa) and a high cysteine and methionine content when compared to
globulins. For kidney bean, the extracts soluble in EtOH had the highest protein content after H20, with
27.62 % in the smaller grain flour, 72.00 % in the medium grain flour, a highest content than in the water-
soluble extracts for this case, and 5.28 % in the largest grain flour. The cowpea extracts showed a different

trend, as the extracts soluble in EtOH had a highest content than H20 in the largest grain flour with 61.34
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%, and the extracts soluble in NaOH had the highest content (30.26 %) after H20 in the smallest grain
flour. The extracts soluble in NaCl had the lowest protein content in the three grain sizes for both bean

varieties.

The results obtained suggest that it is advantageous to work with water as solvent regarding
protein extraction. The water-soluble proteins are the most nutritive in pulse seeds due to their amino
acid composition, yet they may also contain some anti nutritional compounds such as trypsin and

chymotrypsin inhibitors, hemagglutinins, lectins and amylase inhibitors [49], [105].

Table 5. Protein contents (%/g fraction) obtained by Kjeldahl method for the kidney bean and cowpea
protein extracts obtained in with Osborne fractionation method (*n.a. - not analized, due to insufficient

biomass).

KIDNEY BEAN COWPEA
Protein Extract % N Protein (%) % N Protein (%)

H.0 8.60 90.17 6.95 74.69

S E NaCl 0.53 5.61 0.83 8.73
S E
S o

53 EtOH 0.86 27.62 1.16 16.03
v

NaOH 1.96 23.75 2.07 30.26

c H.0 3.88 50.59 3.72 37.69
1S

s NaCl 0.46 4.87 0.64 6.74
o O

== EtOH 1.65 72.00 1.43 32.89
=)

S NaOH 2.50 40.33 1.41 18.10

H20 4.94 ~100 4.18 53.23

s E NaCl 0.27 2.80 0.45 4.67
S~

23 FtOH 0.16 5.28 1.53 61.34
L A

NaOH 0.40 5.28 n.a.” n.a.”
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3.3.Aqueous Extraction

The previous analysis to the extracts obtained with the Osborne fractionation led to the selection
of H.0 as the most appropriate solvent to obtain protein-rich extracts. Three different extraction
temperatures were tested (25 °C, 45 °C and 98 °C) to study temperature influence in the yield and protein
recovery regarding the new extraction method. The extraction method was further optimized by adding a
filtration step to reduce sample complexity and to improve clarity of viscous samples, especially in the
case of samples obtained at 98 °C that showed an especially viscous nature. The overall yield results for
the extraction can be found in Table 6. A higher yield was obtained when the extraction was performed
at the highest temperature (98 °C) and decreased as the temperature of extractions decreased. Though
the yield of solubilization for both bean samples in all different extraction temperatures was not high, the
yields achieved indicate that a possible circular economy approach may be implemented to valorize beans
and their by-products. In fact, beans are usually soaked at lower temperatures, prior to cooking, and that
soaking water may be already rich in nutrients. Furthermore, around 30 % of the biomass is solubilized

at 98 °C, thus suggesting that cooking water will also be a rich source of nutrients.

Table 6. Overall extraction yield (%), for cowpea and kidney bean protein-rich extracts obtained at different

extraction temperatures (25°C, 45°C and 98°C). Values are expressed as mean + SD.

KIDNEY BEAN COWPEA
25°C 10.36 + 2.33 13.38 + 2.48
45 °C 16.61 +2.03 1423 +1.92
98 °C 35.93+1.99 29.47 +1.02

The protein recovery was measured in the new protein extracts using the Lowry method and the
results can be found in figure 4. Different from Kjeldahl method which, as previously discussed, measures

the nitrogen content of the samples, the Lowry method measures a combination of peptide bonds and
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specific amino acids. The popularity of the Lowry method lies in its simplicity, being widely used to

determine proteins obtained through extraction methods from food systems [106].

For cowpea, the highest protein recovery was at 45 °C followed by 25 °C (150.27 + 15.33 mg/g
and 117.43 + 12.83 mg/g, respectively) and the lowest recovery at 98 °C (25.52 + 4.08 mg/g) (figure
4), while the kidney bean samples had the highest protein recovery also at 45°C (125.68 + 6.25 mg/g)
followed by the 98 °C extraction (76.52 + 9.42 mg/g) with the lowest being at 25 °C (56.77 + 8.67
mg/g). The strong decrease in protein extraction from 45 °C to 98 °C was expected, as strong protein

denaturation is expected to occur at higher temperatures, thus decreasing its solubility.
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Figure 4. Protein recovery (mg/g sample) obtained by Lowry method for cowpea and kidney bean
protein-rich extracts at different extraction temperatures (25 °C, 45 °C and 98 °C). Values are expressed
as mean + SD. Different letters (a, b) indicate significant differences (p < 0.05) between extraction
temperatures for the same bean flour sample. Different capital letters (A, B) indicate significant

differences (p < 0.05) between different bean variety at the same extraction temperature.
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Legumes, and in particular beans, are also known for its content in phenolic compounds. Though
they are usually more soluble in hydroethanolic solvents, they are frequently bound to proteins and may
be co-extracted. Therefore, the total phenolic content recovery was also measured for the protein extracts
obtained at different temperatures. The results concerning kidney bean flour samples and cowpea flour

samples can be found in figure 5.
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Figure 5. Total Phenolic Content (TPC) (mg GAE/g sample) obtained by Folin-Ciocalteu method for
cowpea and kidney bean protein-phenols rich extracts at different extraction temperatures. Values are
expressed as mean + SD. Different capital letters (A, B) indicate significant differences (p < 0.05) between

different bean variety at the same extraction temperature.

The cowpea extracts had the highest value of total phenolic content at 25 °C (figure 5) with 3.81
+ 0.58 mg GAE/g and 45 °C with 3.70 + 0.12 mg GAE/g followed by the 98 °C with 2.09 + 0.09 mg
GAE/g. The kidney bean extracts showed the highest value at 45 °C with 4.99 + 0.09 mg GAE/g, 3.84
+ 0.27 mg GAE/g at 98 °C and 3.53 + 0.24 mg GAE/g at 25 °C. These results are within the limits
obtained in previous results (0.325-6.378 mg GAE/g) by Marathe et al. (2011), in an analysis to several
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bean flour samples from the Phaseolus and Vigna genera. Furthermore, except for the cowpea at 25 °C,

the trend is similar to the one found for protein extraction (Figure 4).

Fabaceae plant seeds are a source of antioxidants. Though protein fractions may also exhibit
antioxidant activity (particularly when hydrolyzed), these antioxidant compounds derive mainly from the
secondary metabolism, the majority being phenolic compounds, and have a crucial role against oxidative
stress. These substances are known for their beneficial effects upon removal of reactive oxygen species
(ROS) from the blood stream and prevention of their formation. Therefore, these compounds are believed
to protect against diseases such as cardiovascular disease and cancer having a protective effect when
incorporated into human nutrition, as their antioxidant capacity is effective at low concentrations in plant
extracts [108]. The determination of antioxidant activity in the extracts obtained could contribute to
establish their value as source of antioxidant compounds. Thus, the antioxidant activity of the protein-

phenolic rich extracts was analyzed by three different methods, DPPH, ABTS and FRAP, in the extracts
obtained at 25 °C, 45 °C and 98 °C (figure 6).
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Figure 6. Antioxidant activity obtained by DPPH, ABTS (umol TE/g sample) and FRAP (umol Fe2*/g
sample) assays for the kidney bean and cowpea protein-phenolic extracts obtained at different extraction
temperatures. Values are expressed as mean + SD. Different letters (a,b) indicate significant differences
(p < 0.05) between extraction temperatures for the same bean flour sample. Different capital letters (A,

B) indicate significant differences (p < 0.05) between different bean variety at the same extraction

temperature.
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For the kidney bean samples (figure 6), the extracts obtained at 25 °C showed greater radical
scavenging activity for the DPPH assay, 99.91 + 5.33 umol TE/g, while the extracts obtained at 45 °C
showed greater radical scavenging activity for the ABTS assay, 146.86 + 5.69 pmol TE/g. The lowest
radical scavenging activity was observed in the extracts obtained at 45 °C with 77.61 + 1.58 umol TE/g
for DPPH and at 25 °C with 101.54 + 5.12 umol TE/g for the ABTS assay. The differences observed
between temperature conditions were not significant. According to the FRAP assay, the extracts that
showed greatest reducing power were the ones obtained at 45 °C with 45.88 + 2.37 umol Fe2*/g,
followed by the extracts obtained at 98 °C (35.75 + 1.88 umol Fe?*/g) and finally, at 25 °C (30.25 =
2.63 pumol Fe2*/g) with the lowest reducing power.

Regarding antioxidant activity for the cowpea samples, higher radical scavenging activity (figure
6) was observed for the extracts obtained at 45 °C with 72.32 + 4.09 umol TE/g for the DPPH assay
and 124.67 + 4.74 ymol TE/g for ABTS. The lowest radical scavenging activity was observed in the
extracts obtained at 25 °C with 64.05 + 0.44 umol TE/g for DPPH and at 98 °C with 48.64 + 8.34 umol
TE/g for the ABTS assay. The FRAP assay showed that the extracts obtained at 45 °C (23.75 + 1.38
pumol Fe2*/g) showed the greatest reducing power for the cowpea samples, followed by the extracts

obtained at 25 °C and 98 °C (21.81 + 4.81 umol Fe2*/g and 18.44 + 1.69 umol Fe2*/g, respectively).

Considering all the previous results, the 45 °C temperature of extraction was selected for the
following assays, considering all factors analyzed so far (yield of extraction, protein recovery, total phenolic
content and antioxidant activity) to test the potential of the extracts as functional ingredients. Extraction
yield was considerably higher at 98 °C, yet, the fact that protein stability is compromised at high
temperatures, due to protein denaturation and possible protein aggregation, was also a crucial factor to
consider. Even though controlled heat-induced denaturation is important in order to express some
technological properties, it should occur during the food formulation step and not during the extraction
step. Pulse protein denaturation occurs between 80 °C and 100 °C, exposing reactive groups, especially
the hydrophobic amino acid residues enclosed in the core of the native protein and consequently
compromise the functional properties of the extracts with a reduction in quality regarding sensorial

attributes, such as flavor and color, and loss in nutritional value [109].

Thus, the analysis proceeded with a new extraction process at 45 °C, now using dry sprout flour
samples for comparison with the previous results. Furthermore, a new extraction with EtOH 70 % as

solvent was also tested for the dry bean flour samples to assess if another interesting fraction richer in
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phenolic compounds could be obtained. The results for both bean varieties concerning extraction yield

can be found in table 7.

Table 7. Overall extraction yield (%), of different extraction conditions for cowpea and kidney bean protein-
phenolic rich extracts obtained at 45 °C (1 - extracts obtained with dry sprout flour (dH20); 2 - extracts

obtained with dry bean flour (EtOH 70 %). Values are expressed as mean + SD.

KIDNEY BEAN COWPEA
1 39.81 £ 0.49 31.53+£0.12
2 10.04 + 0.38 12.40 + 0.40

A higher yield was obtained for the extractions using dry sprout flour (dH20) for both cowpea
(31.53 %) and kidney bean (39.81 %) compared to the yield obtained for the extractions using dry bean
flour with water and ethanol (14.23 % and 12.40 % for cowpea and 16.61 % and 10.04 % for kidney bean,
respectively), meaning a higher solubilization of biomass is achieved with dry sprout flour suggesting a

richer source of nutrients.
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Figure 7. Protein recovery (mg/g dry biomass) and Total Phenolic Content (TPC) (mg GAE/g dry
biomass) obtained by Lowry method and Folin-Ciocalteu method, respectively, for cowpea and kidney
bean protein-phenolic rich extracts obtained at 45 °C (1 - extracts obtained with dry bean flour (dH20); 2
— extracts obtained with dry sprout flour (dH20); 3 - extracts obtained with dry bean flour (EtOH 70 %).
Values are expressed as mean + SD. Different letters (a, b) indicate significant differences (p < 0.05)
between different extraction condition at 45 °C. Different capital letters (A, B) indicate significant

differences (p < 0.05) between different bean variety at the same extraction condition.

The protein recovery results, measured for the protein-phenolic rich extracts obtained at 45 °C
for the three different conditions, showed that both the kidney bean and cowpea extracts had the highest
protein recovery in the extracts obtained with dry sprout flour (dH20) with 251.35 + 21.08 mg/g and
170.77 £ 11.50 mg/g, respectively. Kidney bean and cowpea extracts had the lowest protein recovery in
the extracts obtained with dry bean flour (EtOH) with 32.52 + 2.25 mg/g and 2.52 + 1.08 mg/g,
respectively. TPC assay results, followed the same trend observed for the protein recovery with the
extracts obtained with dry sprout flour (dH20) having the highest total phenolic content, 6.82 + 0.27 mg
GAE/g for kidney bean and 8.85 + 0.01 mg GAE/g. Kidney bean extracts also show the lowest total
phenolic content in the extracts obtained with dry bean flour (EtOH) with 4.20 + 0.01 mg GAE/g while
cowpea show the lowest results for both dry bean flour conditions with 3.70 + 0.27 mg GAE/g for the
extracts soluble in dH,0 and 3.77 + 0.33 mg GAE/g. Yet, the results observed in both conditions using
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dry bean flour are not significantly different. These results indicate that sprouting may be used to increase
protein and phenolic compounds recovery, thus potentially increasing the nutritional value of beans and

the corresponding extracts. Furthermore, an extra extraction step with ethanol will not be advantageous.
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Figure 8. Antioxidant activity obtained by DPPH, ABTS (umol TE/g sample) and FRAP (umol Fe2*/g dry
biomass) assays for the kidney bean and cowpea protein-phenols rich extracts obtained at 45 °C (1 -
extracts obtained with dry bean flour (dH20); 2 - extracts obtained with dry sprout flour (dH20); 3 -
extracts obtained with dry bean flour (EtOH 70 %). Values are expressed as mean + SD. Different letters
(a, b) indicate significant differences (p < 0.05) between different extraction condition at 45 °C. Different
capital letters (A, B) indicate significant differences (p < 0.05) between different bean variety at the same

extraction condition.

Regarding antioxidant activity, extracts obtained with dry bean flour (EtOH 70 %) have the highest
radical scavenging activity in the DPPH assay for both bean varieties (130.33 + 1.11 umol TE/g for kidney
bean and 95.10 + 1.96 umol TE/g for cowpea) while the ABTS assay shows that extracts obtained with
dry sprout flour (dH20) have the highest radical scavenging activity (185.73 + 0.95 umol TE/g for kidney
bean and 200.14 + 14.98 umol TE/g for cowpea). The greatest reducing power for the kidney bean
samples can be observed in the extracts obtained with dry bean flour (H20) (45.88 + 2.37 umol Fe?*/g),
measured with the FRAP assay. For the cowpea sample, the protein-phenolic rich extracts obtained with
dry sprout flour (H20) show a greater reducing power (33.31 + 1.31 umol Fe2*/g) than the extracts

obtained with dry bean flour.
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3.4. Emulsification activity and stability

The emulsifying properties observed in pulse flours are linked to the protein content present in
the samples. Proteins have the ability of unfolding to form a densely packed layer around the surface of
oil droplets in the medium, thus acting as emulsifiers while preventing structural changes (creaming,
sedimentation, coalescence). The hydrophobicity/hydrophilicity ratio of the proteins and their solubility

are important factors that affect the sample’s emulsifying properties [102], [110].

These properties can be evaluated by two indices, the emulsification index (El) and the
emulsification stability (ES). El measures the amount of oil that can be emulsified per unit of protein at

the initial stage, whereas the ES measures the ability of the emulsion to maintain its structure over time.

Emulsification Stability
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Figure 9. Representation of Emulsification Stability (ES), measured over 18 days, in emulsions of the
protein-phenolic rich extracts obtained at different temperature conditions (25 °C and 45 °C) for both

bean varieties, kidney bean (KB) and cowpea (CP).

The results obtained showed that, concerning kidney bean samples, the protein-phenolic rich
extracts obtained at 45 °C presented a higher emulsification activity (31.03 %) after 15h and decreased
slightly over the 18 days, when compared to the extracts obtained at 25 °C, which had a lower El (22.78
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%) after 15h with an increase in the second day (28.57 %) that remained stable over time. For cowpea,
the protein-phenolic rich extracts obtained at 45 °C also presented a higher emulsification activity (29.41
%) after 15h with an increase in the second day (34.41 %) reaching the highest El observed in all samples
followed by a slight decrease in the third day. The extracts obtained at 25 °C, showed the highest initial
emulsification activity (32.14 %) after 15h with an increase in the second day (32.97 %). All samples were

able to maintain the ES over the course of the experiment.

These results are lower than those obtained previously, where the emulsification activity of
samples from pulse cooking water ranged between 46-54 % [111]. Nevertheless, in pulses, variety and
protein fractions are factors that contribute to great variability when discussing emulsifying properties,
different techniques and even sample processing conditions have impact in the functional properties of
extracts. For example, reports show that higher vicilin protein content relates to better emulsifying
properties, and, in some varieties, albumin proteins are better emulsifiers than globulin proteins [49]. A
change to the pH of the environment, altering the net charge of the proteins and their conformation, as
well as enzymatic hydrolysis of proteins, which promotes a change in their globular structures and is
known to improve solubility, could be strategies used to increase the emulsification capacity of the extracts

[112], [113].
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4. CONCLUSIONS AND FUTURE PERSPECTIVES

The non-stopping increase in global population, predicted to reach 9.8 billion of people by 2050 and
11.2 billion by 2100, associated with climate change, increase in global temperature, limited and
declining water resources, decreasing soil fertility and limited arable land are but a few factors in the
multitude of challenges the future holds. The pressing situation regarding diet related health problems
that millions of people face nowadays, ranging from malnutrition and “hidden hunger” to chronic diseases
such as obesity, cardiovascular disease, diabetes and cancer result in millions of deaths around the world
each year. Therefore, providing novel alternatives for a sustainable and nutritionally valuable food
production is the right strategy to assume when combating global micronutrient and calorie malnutrition

[11], [14], [114].

Pulses are considered a suitable candidate for this fight, due to their nutritional richness. As crops,
pulses are able to grow in less favourable soil conditions, with limited access to water and exposed to
higher temperatures and dry climate conditions. At the same time, pulses provide high carbohydrate and
protein content, being important not only in human nutrition but also as livestock feed and have increased
interest in the food industry as they present an appealing option concerning plant-protein alternatives for
food formulation of a vast range of products [9]. This could be helpful to decrease the environmental
impact associated to the excessive exploration of animal-protein production, with the meat industry being
the number one contributor in GHG emissions, land deforestation and water consumption. The positive
health impact attributed to a pulse-rich diet also plays a major role in their importance, having reported
antioxidant, antimicrobial, anti-inflammatory, hypoglycaemic effects important when addressing several
diseases. thus, the need to study and understand how to uncover the potential of pulse biomass and

extracts while minimizing the negative effects observed so far [115].

Overall, the proximate composition of both bean varieties analyzed confirmed the high content of
protein and carbohydrates expected, as well as a very low lipidic content. Cowpea proved to have a higher
protein content than kidney bean. The Osborne fractionation allowed the selection of the best solvent
concerning protein extraction. Water was the solvent which allowed for highest protein recovery in both
dry bean flour varieties, especially in the kidney bean dry bean flour extracts. The use of water and ethanol
as solvents is a “green” approach, when discussing (protein) extraction methods. They are considered
natural, nontoxic and environmentally friendly solvents, and, more importantly, food grade, as the extracts

in question are being studied with the perspective of food formulation for human consumption.
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The different conditions applied to the protein-phenolic extraction suggest that the best temperature
of extraction is 45 °C, showing the highest protein content recovery alongside a high total phenolic
content, though the extraction yield is considerably higher at 98 °C. Regarding antioxidant activity, ABTS
was the methodology exhibiting the highest radical scavenging activity for both kidney bean and cowpea
extracts at 45 °C (146.86 + 5.69 umol TE/g and 124.67 + 4.74 umol TE/g, respectively). FRAP method
showed that the greatest reducing power was also observed in the extracts obtained at 45 °C, for both
bean varieties. Nevertheless, room temperature and 98 °C are very relevant when considering circular
economy approaches where the soaking and cooking waters of cowpea and kidney bean may be used as

co-products from the legume processing industries.

The extraction at 45 °C was the condition chosen to compare the dry bean flour sample used for
water to the dry sprout flour used to obtain protein-phenolic extracts soluble in water. The results for this
analysis suggest that dry sprout flour extracts have the highest protein recovery and also the highest total
phenolic content. The antioxidant activity analysis shows that, again, ABTS was the method exhibiting
highest antioxidant activity for both kidney bean and cowpea extracts, with dry sprout flour extracts
showing the highest results (185.73 + 0.95 umol TE/g and 200.14 + 14.98 umol TE/g, respectively).
The emulsification activity showed promising results regarding stability, which could be useful in a variety

of functional food products where emulsions are utilized.

In the future, it would be interesting to analyse the phenolic profile in the extracts soluble in water
obtained at different temperatures, as well as in the extracts obtained with dry sprout flour (dH20) and
the extracts obtained with dry bean flour (EtOH 70 %). Uncovering the phenolic profile could contribute
not only to establish the extracts’ value as source of antioxidant compounds but also for better
understanding the presence and influence that the anti nutritional and toxic compounds have in the
extracts, since pulse interest and usefulness decrease with their presence, associated with their large
content of protein. There is also a need to perform further analysis to the functionality of the extracts
obtained. Water absorption capacity, oil absorption capacity, foaming capacity and stability are some
functional properties that could contribute to a more adequate commercial processing regarding food
alternatives. Finally, the plant proteins are less digestible than animal proteins which can lead to the
gastro-intestinal discomfort reported for pulse consumption that associated with undesirable flavours
might represent a significant limitation in the nutritional value of the extracts. Thus, digestibility assays

are crucial regarding extracts which are being studied with a future perspective for food formulation.
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This work is a valid contribution to unravelling the potential of dry biomass from bean’s seeds and

sprouts and the respective soaking and cooking waters as functional ingredient source of nutrient.
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