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ABSTRACT

This work aims to identify possibilities of using legume seeds as food for humans and feed
for animals. The family Fabaceae encompasses multiple species, some of which are highly
valuable owing to their nutritional value, as indicated by the high content of amino acids,
minerals, vitamins, and bioactive compounds. The cropping area, yielding, and supply of legume
seeds in Poland, the European Union, and the world varies but tends to grow, which creates
various opportunities for their use. They are a good raw material for the production of feeds
and food, including functional food. Protein and amino acids available in seeds of these plants
are important in human nutrition and animal feeding. Legume species differ in the content
and type of dietary fiber as well as in concentrations of starch, protein, minerals, and vitamins.
Legume seeds contain bioactive compounds, enzyme inhibitors, lectins, phytoestrogens, oligosac-
charides, saponins, and phenolic compounds. Dietary inclusion of legumes has a positive effect
on the human body, as it reduces the incidence of civilization diseases. The use of legume seeds
in moderate doses or as alternatives to other protein-rich feedstuffs, including GM soybean
meal, has a positive effect on production performance, fattening and slaughter results of farm
animals as well as on the quality of meat. The results of scientific research confirm that legume
seeds are an important component of human diet. Legume seeds and products made from them
are recommended in human and animal nutrition owing to their beneficial nutritional and
health effects.
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INTRODUCTION

Few hundred species of legumes are grown across the globe, although
only some are of any economic importance as protein sources in food
and feeds. The Fabaceae family is the third largest family of flowering
plants, comprising 751 genera and 19 500 species. The family legumes
(Latin: Fabaceae) contains pulses and papilionaceous plants, including
coarse-grained plants (lupine — Lupinus, soybean — Glycine max (L.) Merr.,
pea — Pisum sativum L., field bean — Vicia faba L., beans — Phaseolus
vulgaris L., broad beans — Vicia faba L., peanuts — Arachis hypogaea L.)
and fine-grained ones (alfalfa — Medicago sativa L., clover — Trifolium L.,
birdsfoot-trefoil — Lotus corniculatus L., tragacanth — Astragalus christianus
L., chickling pea — Lathyrus sativus L., sweet clover — Melilotus officinalis
L.). Legumes include annual and perennial, spring or winter species.
They are also divided into edible legumes — intended for human consumption
(peas — P. sativum, beans — P. vulgaris, broad beans — V. faba, chickpeas —
Cicer arietinum L., cowpea — Vigna unguiculata L., lentils — Lens culinaris
Medik., peanuts — A. hypogaea) and fodder legumes — intended for animal
feeding (lupines — Lupinus, fodder peas — P. sativum, field beans — V. faba,
soybeans — G. max) (Kapusta 2012).

Nutritional and feeding significance of legumes

The species abundance and variety of properties enable versatile uses
of leguminous plants. Legume seeds are used mainly in human nutrition
(ERBERSDOBLER et al. 2017), but these plants have multiple applications in the
agriculture (in animal feeding: seed meals as components of feed mixtures;
on pastures — as green forage and as green manure for ploughing into soil;
and in reclamation of degraded areas), in medicine — because of their thera-
peutic properties, and also in the timber industry.

Seeds of lupine (Lupinus), peas (P. sativum), soybean (G. max), and broad
bean (V. faba) represent important dietary components for human popula-
tions of developing countries. The cultivation of legumes and their consump-
tion compensate for shortages of protein from other sources (DuranTI 2006,
Karusta 2012, BoucHENAK, LAMRI-SENHADJI 2013). Protein and amino acids
available in high amounts in seeds of these plants are important in human
nutrition and animal feeding. Legume species differ in the content and type
of dietary fiber as well as in concentrations of starch, protein, minerals,
and vitamins (Tables 1, 2). In addition, they contain bioactive compounds,
enzyme inhibitors, lectins, phytoestrogens, oligosaccharides, saponins,
and phenolic compounds. When ingested with food or feed, the phytochemi-
cals of legume seeds provide protection against inflammatory conditions,
metabolic disorders, diabetes, atherosclerosis, and hypertension.

Legume seeds are rich in minerals, such as potassium (K), phosphorus
(P), molybdenum (Mo), manganese (Mn), iron (Fe), copper (Cu), zinc (Zn),
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calcium (Ca), and magnesium (Mg) (ERBERSDOBLER et al. 2017), of which
the most important ones are Fe, Ca, and Zn. The consumption of ca 85 g kg
of dry bean (P. vulgaris) seeds by an adult man may cover 22% of the
demand for Fe, 54% for Ca, and 29% for Zn. Bean (P. vulgaris) seeds can
also provide copper (Cu), phosphorus (P), manganese (Mn), and magnesium
(Mg). In addition, legume seeds represent an excellent source of water-
-soluble vitamins. When included into a diet, they alleviate mineral deficien-
cies, improve life comfort, and - in extreme cases — minimize the risk
of death. According to data provided by the America Department of Agricul-
ture, a cup of dry bean (P. vulgaris) seeds satisfies the daily demand
of a human for thiamine (45-107% of the demand), riboflavin (20-27%),
and niacin (11-27%) (United States Department of Agriculture 2015).

The synergistic and/or antagonistic effects of a mixture of legume phyto-
chemicals, their interactions with other dietary constituents, and mecha-
nisms of their action pose a challenge to scientists who attempt to determine
their role in both human and animal organisms, both healthy and ill. Accor-
ding to BoucHENAK and LAMRI-SENHADJI (2013), legume seeds are good raw
material for the production of feeds and food, including functional food.

Legumes in scientific research

Medical books published in the previous centuries lack information
about the use of legume seeds as therapeutic agents. Some information can
be found in books from the Far East (China, India), where local species
of legumes used in medicine are mentioned. Their phytotherapeutic effects
have been known for centuries also in the Mediterranean region. They have
been used for prophylactic and therapeutic purposes in addition to being
dietary components (GUARRERA 2005). Nowadays, they serve to produce
nutraceuticals, which in turn are used in the prevention of civilization
diseases in humans (DUraNTI 2006). They represent a source of nutrients,
have traits and properties of pharmaceuticals, and produce a positive effect
on energy balance, concentrations of blood glucose and lipids, arterial blood
pressure, peristalsis, and defecation. Active substances of legume seeds
are used in the treatment of pathological conditions, e.g. visceral obesity,
elevated level of triglycerides, hypertension, and hyperglycemia. Dietary
administration of lupine (Lupinus) additives demonstrated their beneficial
effect on the health of patients with obesity, hypertension, and hypercholes-
terolemia.

BARTKIENE et al. (2013) conducted an experiment on model Wistar rats
to determine the effect of their diet’s supplementation with unprocessed
or lacto-fermented flours from soybean (G. max), flaxseed (Linum usitatissi-
mum L.), and lupine (yellow and white lupine (Lupinus luteus L., Lupinus
albus L.)) on their intestine condition. The specific goal was to elucidate
the effect of the type of flour on intestinal epithelium, considering its protec-
tive effect against pathogenic bacteria. The study demonstrated the impact
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of the type of a diet on body weight of the animals. The rats fed diets con-
taining fermented plant products were significantly larger than ones receiv-
ing diets with unprocessed seeds. The diet with fermented yellow lupine
(L. luteus) enhanced activities of a-glucosidase and f-galactosidase, which
reduced postprandial glycemia. Analyses of the small intestine, cecum,
and colon of rats fed a diet with fermented yellow lupine (L. luteus) demon-
strated high levels of lactic acid bacteria, Bifidobacteria, enterococci. Fermen-
tation of plant products contributed to a significant decrease in the number
of E. coli in rat cecum compared to the groups fed diets with unprocessed
seeds. The diet with fermented yellow lupine (L. luteus) seeds was conducive
to the richness of Bifidobacterie and anaerobes in the colon. It seems justified
to advocate the implementation of these research results into production
practice, especially when rearing young grower pigs which often show disor-
ders in the coli/lacto bacteria ratio.

Consumption of legume seeds is believed to prevent cancer development,
including a colorectal cancer. Seeds ingested with a food ration accelerate
the passage of digesta through the gastrointestinal tract, which facilitates
excretion. This, in turn, results in diminished absorption of cholesterol,
incomplete digestion of starch and less intense fermentation processes,
all being important for health (PROBERT et al. 1995). These benefits of legume
seed consumption are mainly viewed from the persepctive of advantages
human health, but they are also important for the well-being and homeosta-
sis of animals. Despite high concentrations of lipids, starch and proteins,
legumes can help to maintain the right body weight. They induce the feeling
of satiety, hence reducing the daily intake of other foods (DuranTI 2006).
As reported by LEE et al. (2006), bread enrichment with lupine seed
(Lupinus) flour diminished appetite and reduced energy intake, having
caused the sensation of satiety. Interesting observations were also made
by ARcHER et al. (2004), who included dietary fiber from lupine seeds (Lupi-
nus) into a diet. The addition of dietary fiber ensured the feeling of satiety
which lasted up to 4.5 h after food ingestions and allowed reducing the daily
energy intake by 15%. These findings can be useful and practical in human
nutrition and in maintenance of gestating sows.

Frequent intake of dry legume seeds and a diet poor in saturated fats
can help to regulate lipid homeostasis in the body and thereby reduce
the risk of cardiovascular diseases. The contributing factors are a high con-
tent of dietary fiber, low glycemic index and the content of saponins, phytos-
terols and oligosaccharides (DUraNTI 2006). Lupine (Lupinus) varieties
with a low content of alkaloids are characterized by very low allergenicity
and lead to a decreased incidence of cardiovascular diseases, hence their
increased use in food is highly advisable. An experiment on model animals
and a clinical trial were conducted to determine the effect of lupine proteins
on health (ArnoLpI et al. 2015). The addition of proteins of white
lupine (L. albus) and blue lupine (L. angustifolius) (experimental group)
to rats’ diet reduced blood cholesterol and triglycerides compared to the con-
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trol animals not receiving this protein. The inclusion of whole lupine seeds
(Lupinus) into a diet for monogastric animals was reported to reduce blood
cholesterol in chickens (Viveros et al. 2007) and pigs (MARTINS et al. 2005).
The positive effect of lupine protein isolates and dietary fiber on the lipid
concentration in blood serum was also demonstrated by SIRTORI et al. (2004),
who reported blood cholesterol decreasing by 21% in model animals upon
their use. Dietary inclusion of legume seeds can reduce the level of the LDL
cholesterol fraction due to changes in the entero-hepatic circulation of bile
salts and enhanced cholesterol secretion by the liver (SHAHWAR et al. 2017).
KarraveLou et al. (2013) evaluated the effect of white lupine (L. albus)
protein hydrolysate given with or without insoluble dietary fiber of lupine on
various blood, hepatic and renal markers as well as on the colon of model
animals. They used Wistar rats in the experimental model of hypercholester-
olemia induced in vivo by a diet. The administration of the experimental diet
decreased the concentration of triglycerides in blood plasma and liver, had
a positive effect on glucose metabolism and a protective effect on kidneys.
In the groups fed the high-fat diet, the lupine protein hydrolysate produced
a protective effect at the early stage of hypercholesterolemia. Insoluble resi-
dues of dietary fiber increased fat excretion with feces as well as improved
physiological parameters of the colon and capabilities for fermentation and
water retention KAPRAVELOU et al. (2013).

Dietary inclusion of legume seeds decreases arterial blood pressure
(Benisi-KoHANsAL et al. 2016). Bean seeds (P. vulgaris) have a beneficial
dietary fiber to protein ratio and a high content of folic acid, which positively
affects blood vessel tension (SAFAEIYAN et al. 2015). Investigations conducted
on salt-sensitive rats (a model predisposed for hypertension) demonstrated
mitigation of hypertension and improvement in functions of blood vessel
endothelium upon inclusion of lupine protein into a diet for experimental
animals (PiLvi et al. 2006). Lupine proteins are characterized by a relatively
high content of arginine, a precursor of nitrogen oxide synthesis. Therefore,
the observed blood pressure decrease may be due to the improvement
in blood vessel tension (Vaspev, GiLL 2008). Legumes are also rich in potas-
sium, magnesium and dietary fiber, which positively affect blood pressure.
As evidenced in scientific research, consumption of legumes can contribute
to the reduction of systolic and average blood pressure (JAYALATH et al. 2014).

Legume seeds are also rich sources of lutein and zeaxanthin. Their inclu-
sion into a diet can retard the onset and development of macular degenera-
tion. Macular carotenoids contained in legumes are unable to cure this
disease but they can slow down its progression (Kang, Kim 2019).

Isoflavones from legume seeds regulate the endocrine metabolism, pro-
tect against breast and endometrium cancer, alleviate menopausal ailments,
and regulate the calcium-phosphorus balance and bone mass (WAWRYK,
ZproJEWICZ 2016). In Europe, the intake of isoflavones is low (0.2-5 mg/day),
being significantly higher in Asian countries (25-45 mg/day), which WAwWRYK
and ZproJeEwicz (2016) claim can be attributed, among other factors,
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to a milder course of the menopause in Asian women than in women from
other parts of the world.

ScaraFONI et al. (2008) and CLEMENTE et al. (2011) confirmed legume
seeds to contain a biologically active protein molecule called a serine inhibi-
tor (Bowman-Birk proteinase). Interest in this protein is owed to its capabil-
ity of preventing or inhibiting pathological processes, including inflammatory
conditions which accompany cancers and rheumatoid arthritis, as well
as neurodegenerative and cardiovascular diseases (SCARAFONI et al. 2008).
The Bowman-Birk inhibitor exerts a health-promoting effect on the gastroin-
testinal tract. It can resist effects of acids and proteolytic enzymes in the
stomach and small intestine. By escaping digestion, it exhibits anti-inflam-
matory and anti-carcinogenic properties in the colon (CLEMENTE et al. 2011).

y-Globulin of lupine seeds (Lupinus) reduces the blood level of glucose,
which was confirmed in experiments on animal models (Lovarti et al. 2012).
Today, studies are in progress to confirm this effect in humans. Increasing
the consumption of beans has been shown to reduce tissue insulin resistance
in patients with type 2 diabetes. This is mainly due to a high content of com-
plex saccharides, which are more slowly absorbed in the gastrointestinal
tract. Owing to this, the pancreas produced less postprandial insulin, which
allows for its longer retention in the region of the Langerhans islets (JENKINS
et al. 2012). ScHOPEN et al. (2017) tested short-time effects of lupine protein
and whey protein on glucose and insulin levels in the body. They demon-
strated that both additives reduced postprandial glycemia to the same
extent, which offers the possibility of using lupine protein as an alternative
to whey protein. In addition, they found the lupine protein extract to be
10-fold more potent than a standard antidiabetic drug. A low glycemic index
and a high content of non-digestible dietary fiber in dry legume seeds can
help control glycemia in diabetic patients (DuranTI 2006). Dietary inclusion
of legume seeds and products made from them may prevent the development
of resistance to insulin, which i1s a frequent problem in patients suffering
from type 2 diabetes.

According to AMarowicz and Prca (2008) and to ZHAO et al. (2014),
legumes are natural sources of antioxidants. Amarowicz and Prcc (2008)
confirmed that oxidative stress is strongly associated with the development
of neoplasmic and cardiovascular diseases, and thus legume seeds are highly
recommended in nutrition and prophylaxis in both human and animal
patients. Technological processes and germination of seeds can affect the
content of endogenous antioxidants, e.g. phenols, tocopherols and vitamin C.
The content of phenolic antioxidants in seed coats is high and can by modi-
fied by heat treatment (AMarowicz, PEca 2008). This type of treatment,
however, has an adverse effect on many compounds exhibiting nutraceutical
properties, which is an argument in favour of using unprocessed seeds,
for example in animal feeding. The heat treatment can minimize, eliminate
or enhance the allergenic potential of legumes. Most investigations have
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demonstrated alleviation of allergenic effects of leguminous seeds after ther-
mal treatment (VERMA et al. 2012), which is beneficial, especially considering
their use in human diet.

Legume plants in animal production

Breeders and producers of slaughter animals increasingly often reach
for domestic sources of protein, like sweet lupines (Lupinus), pea (P. sativum)
or field bean (V. faba). Both scientific research and production practice have
confirmed the lack of any negative effects of moderate amounts of legume
seeds used in diets for animals on their basic production traits (SoNTAa,
REkIEL 2017). However, the continuously changing quality of protein
feedstuffs available on the market suggests it is advisable to determine ef-
fects of various legumes not only on the production performance of animals
but also on the body homeostasis and quality of animal products (meat, milk,
eggs). Breeding advances in plant production enable us to use seeds of yellow
and blue lupine (L. luteus and L. angustifolius), pea (P. sativum), field bean
(V. faba), rape (in the form of cake or extracted meal), and soybean (G. max.)
of domestic cultivars, in the feeding of monogastric animals. The current
possibilities in the field of production and quality assurance of domestic
legumes were presented by Fieporowicz and SoBoTka (2013), HANCZAKOWSKA
and SWIATKIEWICZ (2015), and by Kasprowicz-Potocka et al. (2017). The intro-
duction of new cultivars into cultivation practice has turned out to be nutri-
tionally beneficial owing to the increased nutritive value and reduced content
of anti-nutrients in their seeds.

Seeds of pea (P. sativum), lupine (Lupinus) and field bean (V. faba)
contain anti-nutrients, which curbs their applicability in animal feeding.
Although they can restrain the utilization of dietary ingredients and even
adversely affect animal health, they are still used in animal feeding,
but in lesser amounts (Diaz et al. 2006). The anti-nutrients contained
in legume seeds include phytates, tannins, inhibitors of proteolytic enzymes
and alkaloids. The usability of legume seeds for feed production may also
be improved by various technological treatments, like dehulling, extrusion,
toasting, micronization, as well as soaking or fermentation (MILCZAREK, OSEK
2016a, MILCZAREK et al. 2017).

The use of unprocessed and processed legume seeds in the feeding
of various species and production groups of animals has been researched
at numerous national and foreign research centers. The usability of the
aforementioned protein feeds as partial substitutes of soybean meal has been
confirmed in experiments on model animals (SoBoTKkA et al. 2016, ZAWORSKA
et al. 2016) and described in a review paper (SoNTA, REKIEL 2017). Extensive
investigations have also been conducted on farm animals, including pigs
(MoRDENTI et al. 2012, SoXTA et al. 2015, MiLczZAREK, OSEK 2016b, HANCZAKOWSKA
et al. 2017, Tusnio et al. 2017, DEcoLa, JoNKUS 2018, HANCZAKOWSKA et al.
2019) and poultry (layer hens, broiler chickens, turkeys) (SuchY et al. 2010,
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DrazBo et al. 2014, ZpuNczyK et al. 2014, Krawczyk et al. 2015, Juopka et al.
2017, MiLczaReK et al., 2017, TomaszEwskA et al., 2018), as well as rabbits
(VoLEK et al. 2013, GucoreEk et al. 2017, ZwoLINsSKI et al. 2017), cattle
fatteners (MELICHAROVA et al. 2008, TUFARELLI et al. 2012), dairy cows
(MELICHAROVA et al. 2008, TurarRELLI et al. 2012, BaRcHIESI et al. 2018),
and fish (MazurkiEwWICZ et al. 2007, HERNANDEZ, RoMaN 2016). Results
achieved in these research projects as well as findings from previous experi-
ments (MARTINS et al. 2005, VIvEROs et al. 2007) lead to a general conclusion,
namely the feeding materials used, that is legume seeds instead of GM soy-
bean meal, had no significant negative effect on fattening and slaughter
parameters of various species of livestock.

Legume seeds can affect the quality of products obtained from farm ani-
mals. Investigations conducted by ZraLY et al. (2006), Z1IJLSTRA et al. (2008),
and by SoxNta et al. (2015) showed no statistically significant differences
in the quality of fatteners’ meat between groups administered feed mixtures
with various concentrations of yellow, blue and white lupine (L. luteus,
L. angustifolius, L. albus) as well as field bean (V. faba) and the groups fed
diets without their addition. Inclusion of pea seeds (P. sativum) to diets for
dairy cows had no negative impact on the chemical composition of their milk
(MELICHAROVA et al. 2008, TUFARELLI et al. 2012). VoLEK and MAROUNEK (2011)
demonstrated a positive effect of white lupine (L. albus) seeds on the quality
of rabbit meat. They determined a decrease in SFAs and PUFAs levels
and an increase in MUFAs. Furthermore, DraZBO et al. (2014) and Krawczyk
et al. (2015) demonstrated decreased levels of SFAs and MUFAs and an
increased content of PUFAs in egg yolk of layer hens fed diets supplemented
with blue and yellow lupine seeds (L. angustifolius, L. luteus). In turn,
Przywitrowski el al. (2016) used yellow lupine (L. luteus) in feed mixtures
for turkeys, and demonstrated a reduced content of SFAs and an increased
or decreased content of PUFAs in their breast muscles. SucHY et al. (2010)
and OseK et al. (2013) used legume seeds (lupine, pea or field bean (Lupinus,
P. sativum, V. faba)) in feed mixtures for broiler chickens, and showed diffe-
rences in the chemical composition of their breast and thigh muscles,
although — according to these researchers - the feed mixtures used in the
experiment had no negative effect of the quality of meat.

CONCLUSION

The abundance of legumes throughout the globe and the production
of legume seeds for food and feeds make them a very good, practical source
of protein, minerals, vitamins and bioactive compounds for humans and
animals. Legume seeds can be a valuable substitute for GM soybean meal
in the feeding of various farm animals, primarily monogastric ones, such
as pigs and poultry. Numerous scientific studies justify recommending them
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as an important component of human diet or animal feeding, owing to their
beneficial nutritional and health effects.
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