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ABSTRACT

Consumers are increasingly becoming aware of the health benefits of foods and pay
particular attention to the potential disease preventing and health promoting compounds
that a given food contains. This awareness, coupled with a well-known understanding
of how diet affects our health is motivating a quest for natural health products. There is
a growing interest in common beans and their products because of the health claims
associated with their consumption. Common beans are rich in protein, carbohydrate,
fiber, minerals and vitamins. Proteins have always been recognized as the most
significant macronutrient in common beans and though the seed is limited in
methionine (a sulphur containing amino acid), it is often complemented by methionine-
rich cereal sources such maize and wheat. Consumption of common beans has been
linked to decreased occurrence of chronic non communicable diseases such diabetes,
cancer, obesity and coronary heart diseases. Common beans contain a variety of
phytochemicals such as polyphenolic compounds, alkaloids, fibre, saponins, steroids,
lectins and terpenoids among others. These phytochemicals are believed to offer
protective functions and physiological effects in the body. The nutraceutical properties
that have been described for common beans include free radical scavenging activity,
glycemic index lowering activity, anti-lipase activity, anti-mutagenic activity, cancer-
preventive activity, lowering of the plasma cholesterol levels and antioxidant activity.
The objective in this paper is to review the major biological activities of common beans
as reported in the literature. The paper also reports on the opportunities to use common
beans in the formulation of ready-to-use products or products that are quick to prepare
in order to increase its utilisation in both the developed and developing countries. It is
well understood that one of the factors that discourages consumption of common beans
and other legumes is long cooking time. Ready-to-use products or products with short
preparation times provide an opportunity for convenient consumption of common beans
by consumers in busy occupations.
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INTRODUCTION

Among the commonly consumed food legumes in the world, common beans (Phaseolus
vulgaris L.) occupy an important position in human nutrition. The regions of highest
bean consumption include all of Latin America, Sub-Sahara Africa, which utilizes dry
beans and other legumes (example. cowpea and bambara beans), and the subcontinent
of India which uses the greatest quantity [1]. Throughout Southeast Asia, consumption
of legumes is moderate and a great variety of species are produced and used as mature
seeds and immature vegetative pods. The per capita consumption of legume-based food
products in the United States, Europe (encompassing the EU) and other industrialized
economies has generally and consistently been substantially lower than that observed
in other regions of the world [1]. Common beans provide an economical source of
proteins, especially among the low income group who cannot afford the more expensive
meat proteins. Legume-based foods are also one of the best non-meat sources of iron,
providing 23 — 30% of daily recommended levels [2]. A high degree of diversity in
terms of colour, size, growth habits and seed shape is present in P. vulgaris. However,
names like pinto beans, red kidney beans, white beans and black beans are frequently
encountered in many growing regions.

There is a growing interest in common beans and other food legumes because they have
been linked to conveying various positive responses when appropriately positioned in
the diet. There is growing evidence that cereals and legumes play important roles in the
prevention of chronic diseases and that overall, the substantial epidemiological
evidence of legumes in chronic diseases is very promising [3]. Consumption of
common bean has been associated with reduced risk of some diseases such as coronary
heart and cancer [4]. The physiological effects of common bean may be due to the
presence of abundant phytochemicals including polyphenols, which possess both
anticarcinogenic and antioxidant properties [4]. Common beans, like other legumes also
contain high fibre contents. Research has demonstrated that increased consumption of
dietary fibre and resistant starch that are available from dry beans produce specific
physiological responses that are of health significance [1]. Some of the health benefits
associated with high fibre diets may come from other components, not just from the
fibre itself but hundreds of unidentified phytochemicals, such as phytoestrogens,
antioxidants, and phenols, which together with vitamins and minerals such as vitamin
E and selenium may play important roles in disease prevention [5]. These health
benefits are achieved through multifactorial physiological mechanisms including
antioxidant activity, hormonal mediation, immune system enhancement, facilitation of
substance transit through the digestive tract, butyric acid production in the colon, and
absorption and/or dilution of substances in the gut [6]. The potential for common beans
as nutraceuticals is thus very promising. Nutraceuticals are food components that
provide health benefits in addition to their basic nutritional value [7].

Phytochemicals in common beans

Basic qualitative screening for common beans has shown that alkaloids, anthraquinone,
catechitannins, flavonoids, tannins, glucosides, polyphenols, saponins, steroids and
terpenoids are present [8]. Phytochemical screening showed the presence of some
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bioactive components such as alkaloids, anthocyanin, carbohydrate, catechin, fibers,
flavonoids, phasine, phytic acid, quercetin, saponins, steroids, tannins and terpenoids
and trypsin inhibitor [8]. Analysis using HPLC-MS, identified compounds such as
anthocyanins, flavanol monomers, and heterogeneous flavanol oligomers up to
hexamers [8]. The presence of catechin, delphinidin, cyaniding, and phenolic acids such
as gallic, vanillic, caffeic, coumaric and ferrulic in the seed coat of common beans have
been reported [9]. Phenolic compounds such as antocyanins, quercetin glycosides and
protoanthocyanidins (condensed tannins), were isolated and identified in dark red
kidney beans [10]. Kaempferol and quercetin have been reported as the main flavonoids
in different market classes of Mexican beans [11]. The chemical structures of some of
the compounds that were identified in common beans are presented in Table 1.

The nutraceutical benefits of some of the identified phytochemicals have been
previously described. An inverse correlation between flavonoid intake and total plasma
cholesterol concentrations has been shown [12]. Flavonoid intake has also been
reported to have a protective effect against coronary heart disease [13, 14). Quercetin
has been shown to have anti-inflammatory properties and do so by inhibiting the
cyclooxygenase pathway [15]. Quercetin has also been shown to inhibit the growth of
Helicobacter pylori bacteria in in-vitro studies [14]. Methyl-3-(+)-catechin interferes
with the formation of histamine in gastric mucosa and hence produces a protective
effect [16]. Most flavonoids have anti-viral effects against Herpes simplex virus,
respiratory syncytial virus, parainfluenza virus, and adenovirus [15]. Flavonoids have
also been shown to have free radical scavenging properties [17].

Antioxidant activity of common beans

Antioxidants are very important compounds that protect the body against damages
caused by free radical reactions. They offer this protective function by getting oxidised
themselves. Free radicals are atoms or molecules or ions with unpaired valence
electrons. They are very unstable and react very quickly with other molecules or
radicals to achieve a stable configuration. Free radicals are generated through normal
body metabolism, environmental factors such as pollution, radiation, pesticides and
cigarette smoke in which oxygen participates in the reaction. Extreme amount of free
radicals attack cellular components such as DNA, lipids and proteins which is thought
to be an initiating factor for several chronic diseases [18]. Dietary antioxidants may
prevent these cellular components from oxidative damage and consequently reduce the
risk of age related diseases [19]. The antioxidant activity of common beans has been
previously investigated using different methods. Studies on the antioxidant activity of
more than 100 food items using the Oxygen Radical Absorbance Capacity (ORAC)
assay reported common beans (navy, black, pinto, red kidney and small red) among the
food items evaluated to have the highest antioxidant activity [20]. A study on
antioxidant potential of a methanol extract, acetate/acetone and acetone fractions from
common beans using the f-carotene-linoleate and the 1,1-diphenyl-2- picrylhydrazyl
(DPPH) assays demonstrated varying antioxidant activities which were concentration
dependent [21]. Pure flavonoid compounds such as anthocyanins, quercetin glycosides
and protoanthocyanidins (condensed tannins) in the seed coat methanol extract and
tannin fractions from 10 colored genotypes of common bean all demonstrated
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antioxidant activity, with the highest activity reported in extracts that were rich in
condensed tannins [10].

Common beans and colon cancer

There is substantial scientific evidence that regular consumption of common beans and
other legumes reduces the risks of colon cancer. Epidemiological studies show a low
incidence of colon cancer in many Latin American countries where the consumption of
common beans is high [22]. The effect of common beans on the inhibition of colon
cancer induced by the carcinogen, azoxymethane (AOM) in rats has been previously
investigated [23]. At 31 weeks after the second AOM injection, the incidence of colon
adenocarcinomas was significantly lower in rats fed the black beans (9%) and navy
beans (14%) than in rats fed the control diet (36%). The study thus demonstrated that
common beans contain anticarcinogenic components capable of inhibiting AOM-
induced colon cancer. However, the specific anticarcinogenic component has not been
identified and it is not clear whether dietary fibre, phytochemicals or other components
within dry beans are responsible for this effect. Many theories have been offered to
explain the protective effect of foods such as legumes and whole grains on the colon.
These foods contain fermentable carbohydrates, including dietary fibre, resistant starch
and oligosaccharides. Indigestible carbohydrates reach the colon and are fermented by
intestine microfloara to short chain fatty acids such as acetate, butyrate, propionate,
which have been associated with lowered serum cholesterol and decreased risk of
cancer [24]. Legumes contain several antinutrients such as protease inhibitors, phytic
acid, phenolics and saponins. These antinutrient compounds may act as cancer
inhibitors by preventing the formation of carcinogens and by blocking the interaction
of carcinogens with cells [25]. The antioxidant properties may also be important in
cancer prevention [26].

Common beans and blood glucose

Legume starch is more slowly digested than starch from most other sources. Low
glycemic responses have been observed for legumes compared with other starchy foods
such as bread, potato and certain breakfast cereals [1]. Food with low glycemic indexes
produce small rise in blood sugar and may be beneficial to diabetic patients. Low-GI
diets improved adipocyte insulin-mediated glucose uptake in vitro and was found to be
useful in normalizing diet-insulin responses of hyperinsulinaemic subjects [27]. Five
different varieties of beans, both cooked and canned were found to have lower mean
glycemic index (GI = 47) than white bread (GI =100) when fed to a group of diabetic
patients [28]. On the other hand, the rate of hydrolysis of starch from black beans is
markedly slower (41%) compared with white bread (50%) [29]. A study on plasma
glucose and satiety has reported a sharp rise in plasma glucose levels after a meal
containing potato, and in contrast, a slow sustained increase in blood glucose after
consumption of bean puree [30].
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Common beans and obesity/weight management

Obesity is a major health problem in industrialized nations and a new threat among the
middle class in developing countries. This condition is a risk factor for many diseases
such as diabetes, cardiovascular disease and some forms of cancer. It is associated with
a state of chronic inflammation characterised by abnormal production of inflammatory
cytokines and acute phase reactants [31]. Low glycemic index diet might also protect
against the development of obesity [32]. Research has demonstrated links between
overweight and reduced fibre consumption. People of normal weight consumed on
average 19 g of fibre daily whereas obese people consumed only 13 g of fibre daily
[33]. Beans have been noted as a food that can contribute to weight management due
to the relative low glycemic index, high resistant starch and high satiety level [30]. The
potential use of resistant starch in weight management has been previously discussed
[34].

Common beans and cardiovascular disease

Cardiovascular disease (CVD) is a major health concern in the world and one of the
leading causes of death and disability. Epidemiological evidence shows that regular
consumption of beans reduces the risk of coronary heart disease. After adjusting for
confounding factors, individuals consuming legumes at least 4 times per week were
found to have 22% lower risk of heart disease than individuals consuming legumes less
than once per week [35]. According to the findings in the Health Professional Follow-
up study, men that adhered to a more prudent diet, which included greater consumption
of whole grains, legumes, fish, and poultry had a 30% lower risk of having heart disease
[36]. In contrast, individuals following a more western diet, characterized by increased
consumption of red meat, refined grains, sweets, French fries, and high fat desserts had
over 30% higher risk of heart disease [36].

The amount of total cholesterol in the plasma may influence the risk of developing heart
disease. A 1% reduction in total cholesterol has been reported to correspond to about a
2% decrease in the risk of developing heart disease [37]. A regular consumption of
beans may contribute to lowering the plasma cholesterol levels ([38, 39]. The inclusion
of 450 g baked beans into the daily diet of normocholesterolaemic men resulted in a
significant reduction in the mean plasma cholesterol level from 5.1 to 4.5 mmol/l within
1 week. In contrast, no reduction in plasma cholesterol was observed when 440 g
spaghetti with tomato sauce was included in the daily diet of the same subjects for 2
more weeks [39]. Beans are a good source of soluble dietary fibre, containing
approximately 4 g per 1 cup cooked portion [38]. Soluble fibre from different fibre
sources is associated with small but significant decrease in total cholesterol [40]. The
hypocholesterolemic effect of dietary fibre has been attributed to its ability to inhibit
intestinal absorption of bile acids and neutral steroids, resulting in greater faecal bile
acid and total steroids excretion [41]. Resistant starch, which is part of the dietary fibre
family, has gelling and bile acids binding properties, thus increasing viscosity of
intestinal contents and reducing bile acids absorption [42]. On the other hand, butyrate-
dependent acceleration of fecal steroid excretion facilitates decreases in plasma
cholesterol level [42]. Other health benefits associated with common beans may come
from unidentified phytochemicals, such as phytoestrogens, antioxidants, and phenols,
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which together with vitamins and minerals such as vitamin E and selenium may play
important roles in disease prevention [43, 44, 45, 46].

Utilization of common beans

In Africa and Latin American countries where common beans are staple foods, the seed
are prepared by traditional cooking that involves boiling followed by the addition of
various seasonings. In rural areas, the tradition cooking method is laborious as it
requires large quantities of fuel in form of wood and enough water for boiling.

In order to increase the utilization of common beans in industrialized nations where
most people opt for fast foods, processors in the food industry have come up with ready-
to-use products or products that are quick to prepare [1]. Categories of common bean-
based products utilized in industrialized regions with wide market distribution channels
include:

Canned beans: This processing method is widely practiced in both developing and
developed regions. Canned bean market segment perhaps represent the greatest level of
bean consumption in developed nations [1]. Beans are basically canned in tomato sauce
and this product is widely accepted by the consumers. Pork and beans, which typically
is canned in a tomato sauce with a small portion (< 2%) of pork, is one of the canned
bean-based products with wide acceptance throughout the United States [1].

Pre-cooked and dehydrated bean flakes and powders: Instant pre-cooked bean
powders prepared by soaking, cooking, slurrying and drum or spray drying of beans are
feasible [47]. Fully-cooked dehydrated bean flakes, flours, formulated refried bean
mixes and bean crumbles are commercially available in the United States of America
market [1].

Pasta-type products: Attempts to include legume ingredients in the formulation of
pasta products have been done by several workers. Fortified spaghetti prepared from
blends of legume composite flours or protein concentrates demonstrated higher levels
of protein, ash and fibre when compared to control spaghetti made from durum
semolina [1]. Spaghetti supplemented with up to 10% legume flours or protein
concentrates was judged acceptable by a taste panel [1]. Noodles prepared with pinto
bean flour substituted at 5, 10 and 20% levels were tender and slightly darker; and
increased substitution levels resulted in decreased flavour and acceptability [48].

Specialized food ingredients: Specialized pre-processed food ingredients possessing
definitive and diversified functional properties have been prepared from dry edible
beans [1]. High protein food ingredients can be produced as either flour fractions
processed by pin milling & air classification, or as concentrates and isolates processed
by alkali, salt and acid extraction with subsequent use of isoelectric precipitation or
ultrafiltration [49]. Air classification of roasted beans produces high fiber, starch and
protein fractions, each suitable as food ingredients in a variety of food products such as
cookies, donuts, quick breads and leavened doughs [48].
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CONCLUSION

Common beans, undoubtedly has a very big potential for use as a nutraceutical food.
Encouraging its consumption may help in the prevention of chronic diseases that are on
the increase worldwide. Processing of common beans into a variety of products may
increase the opportunities for its consumption.
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