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1 INTRODUCTION
Food insecurity is the greatest challenge for many developing countries. Food security
is defined as the access not just to food but also nutritionally balanced food throughout
the year. This is not achieved in most developing countries as stated by (Black et al.
2008) and poverty has a central role in malnutrition worldwide. Obtaining a balanced
diet that provides all required micronutrients as well as vitamins and other compounds
is beyond the reach of many poor people. They are the group that is most vulnerable to
malnutrition, and this great repercussions for a country`s development as well as for the
individual.
“Poor nutrition starts in utero and extends throughout the life cycle” (Gibney et al.
2002). It acts as a vicious cycle, for once the fetus has nutritional deficits its
development will be greatly affected and the mother`s and its own life is put at risk.
Hence the improvement of nutrients in foods, either through agricultural practices or
industrial processes, has been regarded as essential to counteract malnutrition
worldwide. Research to improve micronutrient composition as well as other nutrients
should involve different specialists from different disciplines: plant breeders,
nutritionists, food technologists, health officials, sociologists and politicians (Welch &
Graham 2005). The attention worldwide has been centered toward the production of
higher crop yields, and has started to focus more on the nutritional status of these. Most
efforts in this area are made to address the realities of many developing, low income
countries.
The diet of the poor is not balanced and is often based on a single staple crop with
low protein content and micronutrient deficiencies. There are three forms of nutritional
deficiencies: protein-energy malnutrition, vitamin deficiency and mineral or trace
element deficiencies (Gibney et al. 2002).
A child that presents growth retardation (stunting) and loss of fat presents
Marasmus clinical conditions. This condition, along with Kwashiorkor, which is another
condition where patients seem lethargic and have ulcerations in the skin as well as
atrophied muscle mass, are the most severe forms of malnutrition (Gibney et al. 2002).
Stunting corresponds to low height for age, that expresses itself when there is already a
chronic restriction to the growth of the child (Black et al. 2008).Wasting is another
condition that is evaluated by parameters of weight for height and children whose
weight is lower than that corresponding to their height are considered to suffer this
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condition. According to Boye et al. (2010) an estimated 149.6 million children younger
than 5 years are malnourished in terms of weight for age.
In these two conditions there are severe deficiencies of proteins, vitamins and
minerals.
Protein-energy malnutrition is quite common in developing countries for the lack
of access to protein from animal sources and the low levels of protein content of many
cereals, which are the staple crop of many developing countries. There is heightened
concern over the world protein requirements and the ability to satisfy these (Boye et al.
2010).
Vitamin and mineral deficiencies are also of much relevance, especially because the
symptoms of deficiencies of some are not immediate, leading to a further aggravation of
the individual’s nutritional status. The four most important micronutrients in human
nutrition are vitamin A, iron, iodine and zinc (Hemalatha et al. 2007).
According to Welch & Graham (2005), over 50% of the world`s population in 2000
suffered from Fe deficiency, with an alarming rate of increase among poor women in
developing countries. Iron deficiency is the most widespread nutritional deficiency
(House 1999, Hemalatha et al. 2007). Populations depending almost entirely on a single
crop with little incorporation of meat in their diet are less efficient in absorbing Fe, due
to the presence of many inhibitors of absorption and the nature itself of the iron
(Zimmermann & Hurrell 2007). The situation aggravates itself for women due to their
menstrual cycle as well as the higher demand for iron during pregnancy and labor. The
requirements of iron vary throughout the human cycle, being the highest during infancy
and pregnancy due to increased cell production and growth (Zimmermann & Hurrell
2007). Iron deficiency can affect the neurotransmitter systems in the brain, jeopardizing
the mental development and further functioning of the child. This condition has further
consequences on the country`s development.
Zinc is the most abundant intracellular trace element with an important role in
many fundamental cellular processes (Gibney et al. 2002). It is involved in the synthesis
of different growth hormones, collagen as well as alkaline phosphatase and its
deficiency is considered a public health problem (Ramírez-Cárdena et al. 2010). A
deficiency of this element can account for impaired immune function and growth
retardation (House 1999). After iron, zinc is the micronutrient that is most often
deficient in developing countries (Umeta et al. 2005).
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Vitamin A and iodine are also essential to the human body, due to the importance
of the first for vision and of the second for production of thyroid hormones, a deficiency
in which can cause mental retardation and stunting.
One single food cannot contain all required nutrients, vitamins and minerals, which
is the reason why a balanced diet is usually recommended. In those countries where the
poor depend almost entirely on a single crop, there is much interest to try to ensure that
the crop`s nutritional profile is the most nutritious.
1.1 Country profile: Nicaragua
Nicaragua is a developing country situated in the heart of Central America, with borders
at the North with Honduras and at the South with Costa Rica, a surface area of 130.37
thousand km2 and 5.6 Million inhabitants (World Bank 2010). It is one of the poorest
nations in Latin America and due to its position it is vulnerable to annual hurricanes that
develop in the Atlantic Ocean, devastating the area and causing great losses to crop
production. The agricultural sector is vulnerable to disasters and has low resilience due
to the lack of access to technology for many small producers, as well as an inefficient
use of resources (MAGFOR 2009). According to the Nutrition Landscape Information
System (NLIS) of the World Health Organization (WHO 2010), 15.8% of the
population in 2005 lived below US$ 1.00 per day and 21% of the population lives
below the minimum level of dietary energy consumption. According to MAGFOR
(2009), 2.4 million live below the line of poverty and food insecurity is mostly
attributed to economic factors. The economic status of a large percentage of the
population delimits its lack of access to commodities and jeopardizes its ability to fulfil
its nutritional requirements. The poor infrastructure in the country does not facilitate the
transportation of food to the most needed rural areas, at the same time that these
constraints influence the price of the goods (MAGFOR 2009). Children are the group
most vulnerable to this situation due to their total dependence on their parents’ ability to
provide all benefits.
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Figure 1. Child malnutrition in Nicaragua according to the Nutrition Landscape
Information System, World Health Organization (2010).

Child Malnutrition has decreased significantly from 28.3% in 1998 to 18.8% 20032005 (Figure 1). Wasting condition in children is still present but at only 0.3%, whereas
the percentage of underweight children is still 4.3% (Figure 1).
Deficiency in other vitamins and minerals has also been reported. Anaemia in
children and pregnant women is still at alarming rates, 20.1% and 32.9% respectively
(WHO 2010). According to this review Vitamin A deficiency in both women and
preschool-age children is less frequent in Nicaragua, less than 5.5%, in spite of the low
intake of vegetables and fruits in the diet of most Nicaraguans (MAGFOR 2009).
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1.3 Common bean in Nicaragua: growing zones and climatic conditions
In certain areas of extreme poverty in Nicaragua, the sole crop that provides energy as
well as protein is common bean (Phaseolus vulgaris L.). This is an annual, self
pollinated legume that has two centers of origin, the Andean area and Mexico (Graham
& Ranalli 1997), and it is considered likely that forms consumed in Central America,
known for its distinctively smaller seed size, originated in the highlands of Mexico
where various attempts to domesticate it occurred. Common bean is the most widely
cultivated and consumed grain legume in the world (Boye et al. 2010). According to
PESA/FAO & INTA/MAGFOR (2007), common bean is consumed in all regions of
Nicaragua, with an average of 55.6 g per day which reaches 84.8% of the required
intake of beans per day. Common bean is distributed in all agroecological zones of
Nicaragua (Gómez 2004). According to Jiménez (2009), the main production areas are:
I (Estelí), IV (Rivas, Granada and Carazo), VI (Matagalpa and Jinotega) and in RAAS
(Región Autónoma del Atlántico Sur, Nueva Guinea) (Figure 2). In the four main areas
of production (Figure 2), different cultivars are grown, including those for national
consumption, such as Inta Rojo and other cultivars, like Sen46 that are of interest for
export.
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Figure 2. Map of Nicaragua with the main bean production areas: I (Estelí), IV (Rivas,
Granada and Carazo), VI (Matagalpa and Jinotega) and RAAS (Región Autónoma del
Atlántico Sur, Nueva Guinea). Adapted from Google maps (2010).

There are three main sowing periods with harvesting after approximately 4 months,
depending on the cultivar. The first sowing of the yearr is in May for harvest in late
August-September. Inn September it is again sown for harvest in December and the last
sowing of the year is in November for harvest the following March.

Climatic

conditions favour the growing of crops throughout the year, although
though at the beginning of
May the risk of crop loss increases,
increases due to the beginning of the rainy season that
sometimes can causee flooding and entire loss of crops (Figure 3).
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Figure 3. Climatic Diagram of Nicaragua (INETER 2010). Curva de precipitación:
Rainfall curve, Curva de Temperatura: Temperature curve, Período de Humedad: Rainy
season, Período Seco: Dry season. Región del Pacífico: Pacific Coast, Región Norte:
North Region, Región Central: Central Región and Región Atlántica: Atlantic Coast.
Precipitación Media Anual: Annual average rainfall, Temperatura Media Anual: Annual
average temperature. Monthly average: E:January, F:February, M: March, A: April, M:
May, J: June, J: July, A: August, S: September, O: October, N: November and
D:December.

All production zones have similar temperatures throughout the year, around 2025°C (Figure 3), but the rainfall patterns differ. Production zone IV, is in the Pacific
Coast region and its rainy season begins in May, as it does in all climatic zones in
Nicaragua, but it presents a more severe sudden decrease in rainfall, due to a short
period in mid June called “canicula”, that causes a short dry period in the middle of the
rainy season (Figure 3).
Production zones VI and I, are within the Northern Region and present a similar
pattern as in the Pacific Coast but with less rainfall during its rainy season and a less
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pronounced dry period. The Atlantic Coast receives regular rainfall all year with up to
460 mm of rain in June (Figure 3).
The climatic diagram and the sowing dates, provide some insight into the
availability of water during the growing season of the three sowing dates of common
bean. The last sowing of the year may require some irrigation during the final stage of
growth, due to the marked dry season. There is much uncertainty in the rainfall pattern
as well as in the exact date of the cessation of rainfall during the rainy season.
According to Graham & Ranalli (1997), slight drought during flowering can
significantly lower yields due to pod and flower abortion. Hence a short dry period,
such as the “canicula”, can greatly affect final yield.
Production is not highly mechanized, and most farmers are subsistence farmers that
do not have access to all inputs nor to the best seed. Due to Nicaragua`s location it is
vulnerable to suffer droughts, floods or hurricanes that can have a direct impact on
crops, such as common bean leading to may even further inadequacy of access to food
for the poor people. Subsistence farmers lose their entire crop and even lose the seeds
needed for the next sowing. The urban poor suffer the fluctuations of prices that restrict
their access to food.
Nicaraguans have a cultural preference toward small red beans and generally do not
accept black coloured bean. Organoleptic characteristics are mentioned as the reason
behind the preference but it is mostly cultural in origin. This supports Michaels (2004)
statement that cultural inertia greatly influences the pulse species consumed in each
particular area.
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1.3 Common bean role in human nutrition
According to Iqbal et al. (2006), legumes play an important role in human nutrition
especially in developing countries, such as Nicaragua, where there is a heavy
dependence on it and it represents for many people the sole source of protein. Common
bean supplies many micronutrients such as iron, zinc and calcium as well as fibre and a
rich amino acid profile, but at the same time certain antinutritional factors can limit the
digestibility of other beneficial compounds. Common bean composition provides many
health benefits that are of great interest for nutrition, including bowel functioning,
reducing LDL cholesterol, satiety, growth and preventing iron deficiency anaemia as
well as preventing possible immune system failure.
Legumes can provide the primary or only source of protein in many vegetarian
diets so proteins represent a major aspect of grain legumes (Durant & Gius 1997).
Legume protein content ranges from 17% to 40%, contributing significantly to the diet
of those individuals that have limited access to animal protein (de Alameida Costa et al.
2006, Pujolà et al. 2007). Legumes combined with cereals can provide a complete
amino acid profile, improving the nutritional status of the individual and allowing for
proper growth. Protein digestibility can be further enhanced, by limiting antinutritional
factors such as phytate.
Dietary fibre is defined by nutritionists the non-digestible oligosaccharides and
polysaccharides that are resistant to digestion and absorption in the small intestine and
that are partially or completely fermented in the colon (Green 2001). These is further
classified into Insoluble Dietary Fibre (IDF) and Soluble Dietary Fibre (SDF). IDF is
mostly composed of cellulose, hemicelluloses and lignin that is mostly fermented in the
large intestine, while SDF is mostly composed of oligosaccharides, pectins, β glucans
and galactomanan gums that are usually slowly digested, which make legumes a low
glycemic index food (Tosh & Yada 2010). Low glycemic index food provides a slower
release of sugar into the system, hence creating a sense of satiety which is beneficial for
diabetics (Chung et al. 2008). For an individual who relies almost entirely on legumes in
the diet, it proves beneficial to have a greater sense of satiety. The fermentation process
in the large intestine benefits bowel functioning as well as improving viscosity in the
gut lumen, acting as a barrier to possible pathogenic microorganisms (Green 2001).
SDF has also been related to sterol metabolism and aids in lowering blood cholesterol
(Tosh & Yada 2010). Improving the viscosity in the gut lumen is a very positive action,
especially in low-income individuals, due to the protection that this might give to them.
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According to Zimmermann & Hurrell (2007), iron deficiencies can be further
aggravated by gastrointestinal parasites.

1.4 Iron and Zinc content of common beans
The possibility of counteracting Fe deficiency anaemia with common bean intake
represents a great opportunity for developing countries to finally overcome this health
burden that has crippled the poorest segments of the population as well as jeopardized
their mental development. Iron is a very common mineral on Earth, occurring in
concentrations of 7,000 to 500,000 mg kg-1 in soils in the form of insoluble Fe

3+

(Barker & Pilbeam 2007). The poor solubility of Fe(III) oxides in water is increased by
organic chelating compounds (Barker & Pilbeam 2007). The authors detail how soil pH
and its aeration as well as the presence of other organic compounds can affect the
solubility of iron. Greater solubility of iron can be achieved in soils with decomposing
organic matter and low pH because the minimum solubility of total organic iron occurs
between pH 7.4 and pH 8.5 and with a low manganese and copper content, due to their
ability oxidize Fe to its less soluble state (Barker & Pilbeam 2007).
Once micronutrients are available for absorption from the soil, the next important
barrier to micronutrient absorption resides in the rhizosphere (Welch & Graham 2005).
Rhizodermis-bound Fe(III)-chelate reductase, reduces Fe(III) in chelates and takes up
the ions to the cytoplasm of the root cell via a Fe2+ transporter, and then to the rest of
the plant (Barker & Pilbeam 2007). The mineral level should be adequate in the soil to
allow as much absorption as possible and the Fe2+ transporters should be active enough
to translocate as much as is diffused in the soil solution (Welch & Graham 2005). The
plant itself has a mechanism to respond to Fe deficiencies by extending the growth of
root hairs and acidifying the rhizosphere to facilitate the reduction of Fe(III), making it
more available for absorption (Barker & Pilbeam 2007). The movement of iron within
the plant is not completely understood. Chloroplasts and mitochondria require a lot of
iron for their activities and in general the levels of iron in seeds are lower than in
vegetative organs.
Iron presents itself in two forms: haem iron and non haem iron, the first of animal
origin and the second of plant origin. According to Shimelis & Rakshit (2005), beans
are one of the best sources of non-haem iron. The “Recommended Daily Allowance”
(RDA) for Fe is 10-15 mg, which is hardly reached in diets solely based on non-haem
iron. The efficiency of absorption of non-haem iron is lower than for haem iron, merely
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2% to 20% (House 1999) because of the different ways in which the two forms enter the
body.
One of the interesting aspects of iron metabolism in humans is the inefficiency of
the body to excrete iron, for which its uptake is tightly regulated to prevent excesses.
There are two mechanisms of absorption of such mineral in the duodenum
(Zimmermann & Hurrell 2007). Haem iron is absorbed into cells of the mucosae as
ferrous iron that is immediately transported by haem iron transporter (HCP1), the
expression of which is regulated according to the iron status of the individual (House
1999), whereas non-haem iron enters the body in the ferric form that must be reduced
prior to absorption (House 1999). The duodenal cytochrome b (DCYTB) is undestood
to reduce the ferric iron to ferrous iron that is later transported by the divalent metal ion
transporter 1 (DMT1).
Ferritin and hemosiderin are the major storage forms of iron, which are stored in
the liver, spleen and bone marrow (House 1999). Ferroportin 1 controls the passage of
iron into the blood as well as the export of iron into the cells. According to
Zimmermann & Hurrell (2007), Hepcidin is secreted by the liver when the iron status is
sufficient to inhibit absorption, and this is part of the body`s form of regulating its
uptake due to its low efficiency in secreting iron. When iron deficiency is present, there
is a constant over-expression of both transporters and a decrease in expression of
hepcidin from the liver to facilitate absorption.
The human body has three mechanisms to ensure iron status in the body, by
creating reserves in the liver as ferritin, recycling iron from old cells in the spleen, and
regulating its absorption to ensure that there is a constant production of new
erythrocytes (Gibney et al. 2002). The demand for iron in the body is expected to be
high due to the requirement of hemoglobin to transport oxygen to the cells as well as a
demand for storage as myoglobin in muscles (Gibney et al. 2002).
Unlike iron, zinc is presented in only one valency state (II) (Hemalatha et al. 2007).
Barker & Pilbeam identified five major pools of zinc in the soil: (a) soil solution; (b)
surface adsorbed and exchangeable; (c) organic matter; (d) oxides and carbonates; and
(e) minerals and alumino-silicates. It is absorbed by the plant as Zn2+ and in high pH
soil as ZnOH+. Due to its one valency state its absorption is higher than that of other
elements, such as iron (Hemalatha et al. 2007).
The RDA of zinc is 8 mg/day for women and 11 mg/day for men (Ramírez-Cárdena
et al. 2010). According to Gibney et al. (2002) the body seems to have no reserve
system for Zn, so a regular supply is necessary. It is absorbed in the small intestine via a
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carrier-mediated transport process and transported by albumin and α2 macroglobulin in
the plasma, where it is later transferred to be used for enzyme activity (Gibney et al.
2002).

1.5 Antinutritional factors in common bean
Even when the content of these two minerals is sufficient in common bean, their
availability may be reduced by several antinutritional factors (Onwuliri & Obu 2002,
Ramírez-Cárdena et al. 2010) such as tannins, phytic acid and even dietary fibre (but
this mostly due to the presence of phytic acid in them) that limit the bioavailability of
minerals and proteins (Shimelis & Rakshit 2005, Chung et al. 2008).
Bioavailability is defined as “that proportion of the total amount of a mineral
element present in a nutrient medium that is potentially absorbable in a metabolically
active form” (House 1999). Certain compounds can either enhance or inhibit the
bioavailability. Organic acids are well known enhancers of iron absorption, as they
convert ferric Fe to ferrous Fe, facilitating its absorption, and haem iron can facilitate
the absorption of non-haem iron when they are consumed together (House 1999,
Ramírez-Cárdena et al. 2010). Organic acids are also likely to improve zinc absorption
(Ramírez-Cárdena et al. 2010).
Inhibitors, on the contrary, can either render a mineral insoluble or prevent its
transfer to an acceptor site (House 1999). The inhibitors present in legume seeds that
can affect mineral and protein absorption are phytic acid, tannins, lectins and saponins
(House 1999). Phytic acid (Myionositol hexaphosphate, IP6) is considered to be the
most potent inhibitor of the absorption of zinc (Hemalatha et al. 2007) and it also affects
non-haem iron absorption by forming an insoluble chelate with both minerals in the
intestine. Phytic acid is the most common antinutrient in seeds of legume and cereals
(Thavarajah et al. 2009) and it is the principal storage form of phosphorous in legumes
(Hemalatha et al. 2007). It represents up to 88% of the total inositol phosphates in black
beans, mostly bound to protein bodies (Campos-Vega et al. 2010). IP6 is considered the
form of phytic acid that jeopardizes the bioavailability of minerals (Ramírez-Cárdena et
al. 2010). The level of inhibition of both Fe and Zn depend on the amount of phytic
acid, as well as the availability of other compounds such as calcium, due to the
formation of Fe-Ca-phytate complexes (Plaami 1997, House 1999). Phytate as well
behaves as an inhibitor of digestive proteases (Vaintraub & Lapteva 1988). Diets that
have a high intake of dietary fibre, with plenty of phytate and low meat intake are most
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likely to have a low zinc bioavailability, as animal protein can counteract its inhibition
(Plaami 1997).
Flavonoids, specifically flavonol glycosides, condensed tannins and anthocyanins
are the pigments that influence the color of bean seeds (Caldas et al. 2009, Díaz et al.
2010). Tannins are polymeric flavonoids that comprise a group within phenolic
compounds, with variations in the type of monomer and size of polymer, those
possessing 3´, 4´or 4´-5- hydroxyl groups in the B-ring, such as catechin and
gallocatechin are the monomers that are classified as antinutritional compounds (Díaz et
al. 2010). Condensed tannins can form insoluble complexes with Fe, dietary proteins
and polysaccharides limiting their bioavailability (House 1999, Michaels 2004, Caldas
et al. 2009, Díaz et al. 2010). The amount of tannin and its monomers is dependent on at
least three identified genes C, D and J that are expressed in the presence of P, that seems
to control color expression and different intensities are determined by modifier genes
(Caldas et al. 2009). Caldas et al. identified 12 new quantitative trait loci (QTL) that
affected color patterns in common bean. The variation expected within different
accession can be high if these present different seed color.
Phenolic compounds readily undergo oxidaction and these phenolic reactions can
cause structural changes in the seed coat, where most of the tannin is found, affecting
seed permeability and being correlated to bean hardening (Nasar-Abbas et al. 2008).
The tannin content of legumes can limit the bioavailability of other compounds, yet the
decrease of tannins due to phenol metabolism during storage can also prove detrimental
for seed quality, including consumer rejection because of bean hardening.
Cooking of legume seeds enables humans to consume them, decreases the activity
of certain antinutritional compounds and improves the digestibility of protein and starch
(Alameida-Costa et al. 2006), but mineral bioavailability is not increased by cooking
(Mohamed et al. 1986). In general, breeders are interested in potential solutions to lower
the content of the antinutritional compounds and to increase the bioavailability of
beneficial compounds as well as micronutrients (Thavarajah et al. 2009).
Variation in nutrient composition is reported for various legumes due to varietal
effects and environmental interactions (Boye et al. 2010). Improper storage can also
alter the nutritional composition of most grains. Storage conditions at high temperature
and high humidity favour the appearance of the hard-to-cook (HTC) phenomenon, the
main characteristic of which is the extension of cooking time (Plaami 1997, Machado et
al. 2008). This is further supported by the findings of Berrios et al. (1999) that reported
that dry legume seeds stored in such conditions lose the ability to soften during cooking.
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For example, beans stored for six months at 37°C and 76% RH, did not soften after 300
min of cooking. Beans with this defect require more time to cook, and hence more fuel,
so consumers reject them, and most importantly they may also be lower in nutritional
value (Machado et al. 2008). Improper storage can alter the content of many compounds
in seeds and can increase the effect of inhibitors on bioavailability and in the case of
tannin it can lead to a decrease because of oxidative degradation but can also alter the
seed coat structure leading to bean hardening. Postharvesting management is as
important as crop management practices to provide a positive balance between
compounds within grains. Most beans for consumption in Nicaragua are stored in
woven plastic bags in tall warehouses where conditions are not controlled and there are
problems of weevils and rodents that attack the grains.
Since grain composition varies, the relevant question is the balance of the
components rather than their presence. All steps in the production chain can influence
the final food composition, which is a very relevant aspect in the conduct of proper
recommendations to improve nutrient intake by the poor.

1.6 Achieving food security in Nicaragua
Common bean has the potential to provide many nutrients and minerals and support the
effort to achieve food security. Article 63 of the Constitution of Nicaragua establishes
that it is a right of Nicaraguans to be protected against hunger and that the government
will promote programs that assure an adequate distribution and availability for all
(MAGFOR 2009). Different efforts have been made to form a National Policy of Food
Security and Nutrition (PNSAN) in the past but it had failed to meet up with the
compliances of the Millennium Goals. In 2009 the government formulated the Sectorial
Policy of Nutritional Security and Food Sovereignty (POLSSAN), which has 4 pillars:

•

ensure availability of food in quantity and quality,

•

facilitate access that includes improving infrastructure and avoiding fluctuating
prices ,

•

educate society towards nutrition, and

•

improve health conditions by ensuring safe water and basic sanitation
(MAGFOR 2009).

The main objective of this policy is to align all government institutions that are in
the agricultural or rural sector, as well as civil society and private sector to develop and
prioritize actions that will contribute to this goal. This effort includes all aspects of the
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production chain, including: providing better seed material, giving technical assistance
to farmers, providing access to credits and production incentives, post harvest treatment,
storage facilities, open markets, and educating the population in nutrition and
sustainable practices.
As part of this initiative, the Deparment of Seed and Agro biotechnology (CNIAB)
of the Institute of Agricultural Technology (INTA), has taken charge of the National
Bean Program that is focused toward the implementation of molecular technology to
ensure better seed production for farmers from a genetic as well as phytosanitary point
of view. The program is focused on providing farmers and the national population with
the best quality bean. The Nicaraguan government has given much incentive toward
increasing the production of common bean, taking into account that Nicaragua has
much potential for the production of the crop.
INTA has received a biofortified accessions with high iron content, INTA
Biofortificado. This accession has been accepted and studies to evaluate its germination
and viability have been carried out by personnel of INTA. The nutritional and mineral
composition has not been evaluated to verify the performance of this cultivar in
different production zones.
Certain landraces and improved cultivars are widely consumed by the general
population and breeding programs are being implemented, yet little attention has been
given to the nutritional content of the different cultivars. Programs of this size should
involve specialists from different disciplines that provide a different insight on aspects
related to food and nutrition. A proper identification of all links in the production chain
is also necessary to identify critical points where a bad decision can erode the work
previously achieved. As part of this effort to achieve nutritional security and food
sovereignty, it is of heightened importance to determine the proximate and mineral
composition as well as its bioavailability, to determine more accurately the amount of
micronutrients that a healthy individual might receive. Providing information regarding
its nutritional composition and the possible impact that improper postharvesting
management might have on its total composition would greatly improve the livelihood
of the general population.
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Objectives
General objective
•

Evaluate the chemical composition and investigate the relationships among
absorption inhibitor content, total bioavailability of iron and zinc, and
storage in common beans in Nicaragua.

Specific objectives
•

Evaluate the Proximate analysis of protein, starch, moisture, ash, lipid, total
and dietary fibre of the freshly harvested samples

•

Determine the content of the key divalent cations: Fe, Zn and Ca.

•

Determine the antinutritional compounds: phytate and total tannins.

•

Estimate the effects of the phytate and the other inhibitors on zinc and iron
bioavailability.

•

Assess the changes in chosen traits, with an initial focus on the total tannins
and soluble insoluble dietary fibre ratio as these are expected to change in
conditions of storage.
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2 MATERIALS AND METHODS
2.1 Seed material
Four accessions were used, representing three cultivars and two harvesting dates (Table
1). All material was grown in Masatepe, Pacifico Sur Region.
INTA Rojo is the most widely consumed bean cultivar in Nicaragua hence it was
central to the study. It presents visible variability in many morphological aspects
including seed color and size.
INTA Biofortificado has been introduced in Nicaragua for its biofortification with
zinc and iron.This cultivar is of great interest in this study, because it is the result of
breeding programs and has been tested by INTA in different production zones of the
country, but its proximate composition and zinc and iron composition have not been
validated before.
Sen46 was selected because of its contrasting seed color and its potential for export
to Venezuela and other countries. Nicaraguan families consume red beans and do not
readily accept black beans yet it provides a good point of reference to compare
proximate composition and nutritional value of this cultivar (consumed in other Central
American countries) against those culturally preferred by Nicaraguans (Figure 4)
Two different dates of harvesting were selected for this cultivar to examine whether
storage conditions had created a change in its composition.
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Figure 4. Accessions used.

Initial moisture content and seed color varied between accessions (Table 1).
Moisture content was determined on a 250 g sample using a 53 scale moisture meter
(MOTOMCO MOISTURE METER, No 919, MOTOMCO, Curitiba, Brazil).
All accessions were stored after harvesting in the warehouses of CNIAB INTA in
woven plastic bags, until sampling was conducted for the study. The conditions in these
warehouses are not controlled and environmental conditions such as temperature and
RH are not recorded. The average annual temperature for this area is 26.9 °C and 74 %
RH (INETER 2010).

Table 1. Identification of accessions and relevant information.

Accession
Date of harvesting
Sen46
December 2008
INTA Biofortificado
Linea 628*
December 2009
INTA Biofortificado
Linea 628**
December 2008
INTA Rojo
*Referred as Biofort
**Referred as Biofort2

December 2009

Color
Black

Initial
moisture
content %
11.57

Bright red

12.96

Dark red
Uneven red
color

13.51
13.29
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2.2 Seed sampling
Samples of 2 kg were taken from the storage rooms of CNIAB-INTA on January 19th
2010. These were homogenized and later subdivided into two samples of 500 following
the method of Jiménez (2009) in which the spoon methodology cited by ISTA was use
with modifications by using petri plates. The samples were later stored in -20°C freezer
until the experiment was conducted.

2.3 Storage conditions
The facilities of CNIAB INTA were used to conduct the two different treatments.

2.3.1 In situ
Storage conditions in CNIAB-INTA (Figure 5) are similar to those used in warehouses
throughout the country and thus were suitable in situ treatment.

Figure 5. Actual conditions of the warehouse of CNIAB-INTA.

Temperature was monitored using i-buttons (MAXIM, Sunnyvale, CA, USA) were
programmed to record temperature every six hours during the six months of the study.
The temperatures ranged 10° during the study and up to 5° on any one day often with
large changes between subsequent days (Figure 7).

20
35
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32

°C
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29
28
27
26
25

03/02/yy

03/03/yy

03/04/yy

03/05/yy

03/06/yy

03/07/yy

Daily temperature
Figure 7. Maximum and minimum daily temperature recorded during the six month
study in the in situ treatment.

To prevent rodent attack, a metal cage was designed and lined by a thin sieve
(Figure 6). Inside the cage two paper bags per cultivar, containing 250 g each were
placed with an i-button inside. Two i-buttons were left outside the bags in the cage.
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Figure 6. Metal cage lined by a very thin sieve with
samples inside paper bags in the cage in the warehouse.

RH was not recorded, so the average RH reported by the Instituto Nicaragüense de
Estudios Territoriales INETER for Managua, 75% was used.
2.3.2 Stressed
The stressed treatment was conducted to induce the Hard to Cook Effect (HTC)
develops as seeds age in improper storage conditions. A modified version of the
procedure described by Machado et al. (2008), was used.

Figure 7. Plastic bucket of the stressed treatment of Sen46.
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To create conditions of 75% RH at 40°C, 4 plastic buckets (one for each cultivar)
of 5 L containing a supersaturated salt solution were used. The concentration required
was 220 g NaCl / 100 g distilled water, for which 880 g NaCl (table salt) were mixed
with 400 mL of deionized-distilled water. A plastic base with holes was placed about 7
cm above the level of the salt solution to prevent the beans from becoming wet. The
sample was divided into 2 woven bags of 250 g and placed on the plastic base inside the
plastic bucket (Figure 7).
These were later sealed with lids and laboratory film to ensure a hermetic
environment and to achieve a high RH (Figure 8). The buckets were put into an
incubator at 40°C.

Figure 8. Plastic buckets that were used to create the stress conditions, properly sealed
with parafilm.
2.4 Sampling
The experiment began on February 3rd 2010 and had a six month duration in which
sampling was scheduled every six weeks (Table 2.)

Table 2. Sampling dates for a six month duration experiment.
Sampling date
February 3rd 2010
March 17th 2010
April 28th 2010
June 9th 2010
July 21st 2010

Sampling point
0
1
2
3
4
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At each sampling point, the contents of each bag was stirred and a samples o 100 g
was taken and stored at -20°C until shipment to the Department of Agricultural
Sciences, University of Helsinki, Finland for laboratory analysis. The study included 4
replicates of 25 g in each sample/per cultivar, hence 100 g were sampled.
Sampling point zero represents the base line, before any treatment was conducted.
Due to lack of material Sen46 was sampled only until sampling point 3.
2.5 Screening
2.5.1 Milling
Each replicate was divided into two parts; one of 10 g and another of 15 g (to provide
freshly milled material for the tannin analysis) to be milled in a Retsch ZM 200
(Germany, 0.5 mm sieve). After milling these were stored at -20°C until analysis.
2.6. Proximate composition
2.6.1 Moisture and ash content
Crucibles were dried in an oven at 105°C for 1 h, the cooled for 30 min in a desiccators,
and weighed, then 500 mg of every 4 replicates was weighed, dried for 16 h in the
105°C oven, transferred to a desiccator and cooled down for 30 min before weighing.
Using the following formula, the moisture content was obtained:

Moisture mass = weight of crucible with flour – weight of crucible and flour after heating

These samples were taken to a furnace at 600°C, for 18 hours, transferred to a
desiccator and cooled for 1 h, then weighed. Using the following formula the ash
content was obtained:

Ash mass = weight of crucible and ash – weight of crucible
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2.6.2. Total Fat
The analysis was conducted in the Food Chemistry Department of the University of
Helsinki, using a Soxtec Avanti 2050-extraction system (FOSS, Höganas, Sweden). It
was determined in two replicates per each replicate. Aluminium cups were dried for 30
min at 103°C and cooled for 30 min in a desicator. Samples of 2 g of flour in preweighed cellulose thimbles were covered with a small cotton plug, then 80 mL of
Petroleum ether was added into each extraction cup. The cups were placed in the holder
and the extraction program was started. The following setups were used: Temperature
170°C, Boiling time 45 min, Rinsing time 30 min, Recovery time 10 min, Warm-up
time 1 min and Over temperature setting 210°C. Remaining solvent was evaporated
with air and the cups were dried in the oven at 103°C for 30 min, cooled in a desicator
for 30 min, and weighed.
Residue weight = final weight – weight of cup
Crude fat= Residue weight – weight of sample
% Crude fat = crude fat * 100
2.6.3 Protein
Nitrogen content was determined by the Dumas combustion method on a VARIO MAX
CN (Elementar, Germany), and N concentration was multiplied by 6.25 to obtain the
protein content. AOAC Method 990.03.
2.6.4 Total starch
Total starch was determined according to the AOAC Method 996.11 and AACC
Method 76.13 following the KOH Format of the Total Starch Assay Procedure
(Amyloglucosidase/ α-amylase method) (Megazyme, Wickham, Ireland). It was
determined in two samples per replicate. Samples were transferred to plastic cuvettes
and determination was done by reading absorbance at 510 nm in a UV-Visible
Spectrophotometer (PharmaSpec UV-1700, Shimadzu, Germany).
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2.6.5 Soluble and Insoluble Dietary Fibre
Dietary fibre was determined according to the AOAC Method 991.43 and AACC
Method 32-07. Only 0.5 g of Celite 525 was used instead of the recommended 1.0 g,
and the nitrogen content was determined by the Dumas combustion method as above.
2.6.6 Soluble sugars
A modified version of the Sánchez et al. (1998) anthrone method was followed.
Samples of 40 µg of flour were placed in eppendorf tubes, 2 mL of 70% ethanol were
added and vortexed, and the tubes were centrifuged at 10600 xg for 15 min. The
supernatant was collected and transferred to a glass tube. The pellet was washed again
with 1 mL of 70% ethanol and centrifuged again for 15 min. Supernatant was collected
again and added to the glass tube. A last wash of the pellet was done with 0.5 mL of
distilled water and centrifuged again. The supernatant was collected and mixed with 3.5
mL of chloroform and left for 1 h so the separation of the phases was clear. The aqueous
phase was recovered, brought to 2 mL with distilled water and stored at -20°C till the
analysis was run.
Anthrone dye was prepared the day before the analysis by adding 0.2 g Anthrone
dye and 100 mL 72% H2SO4 mixing, cooling and storing at 4°C until use.
Samples were vortexed, 250 µL of standard or diluted sample was transferred to a 2
mL eppendorf tube with perforated cap, and 1.25 mL of anthrone reagent was added.
The solutions were vortexed, placed in a boiling water bath for 15 min, then cooled in a
water bath for 20 min, and finally transferred to plastic cuvettes and determination was
done by reading absorbance at 620 nm in a UV-Visible Spectrophotometer
(PharmaSpec UV-1700, Shimadzu, Germany). Two samples were analyzed per replicate
and all were diluted 1:20.
A glucose standard curve was made of glucose from 0 µg/ mL to 120 µg/ mL.
2.7 Key divalent cations: Fe, Zn and Ca
The method used for cation determination was that of the Department of Crop Science
of the University of Helsinki. Samples of 250 mg of flour were digested in a microwave
oven (MarsXpress, CEM GmbH) in Teflon vessels with concentrated HNO3 (Baker, for
trace metal analysis) and H2O2 (Garantianalyse, Riedel-de Haën). After dilution, the
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final concentration of HNO3 was adjusted to 12% and the samples were stored in a
freezer (-20˚C) until analysis.
Concentration of the elements (Ca, Fe and Zn) were determined using an
Inductively coupled plasma optical emission spectrometer (ICP –OES, iCAP 6200,
Thermo Scientific).
Standards for analysis were made from stock solution with 10 000 ppm: Zn 0.016 10 mg/l, for Fe 0.08-50 mg/l and for Ca 0.32-200 mg/l.
2.8 Total Tannins
The method of Hemalatha et al. (2007) was followed with slight modifications. This
method was in turn slighty modified from that of Price et al. (1978). All samples were
milled the same day as the analysis was undertaken, due to the rapid oxidation of
tannins. Samples of 200 mg were put into capped tubes with 10 mL of methanol and
incubated for 20 min in a 30°C water bath with constant shaking, centrifuged for 5 min
at 3500 xg, and 1 mL of supernatant was extracted to new capped tubes and put into a
30°C water bath.
Fresh vanillin reagent was prepared daily in which 0.5 mg Vanillin was mixed with
50 mL of MeOH and 50 mL of 8 % HCl in MeOH was added to a final volume of 100
mL. A 1 mL aliquot of Vanillin reagent was added gradually for 5 minutes at 1 min
interval to samples as well as standards. Blanks used were MeOH.
Samples were vortexed and then transferred to plastic cuvettes to determine tannin
content by reading the absorbance at 500 nm in a UV-Visible Spectrophotometer
(PharmaSpec UV-1700, Shimadzu, Germany).
A standard curve was created with catechin (0.018 -0.300 mg/mL) in MeOH.
Although it is generally considered inappropriate to extrapolate the standard curve
beyond the end values, the method of Price et al. (1978) and Hemalatha et al. (2007),
which does this was followed, on account of the limited solubility of catechin. Catechin
equivalents were converted to true tannin values by multiplying by 0.42 (Price et al.
1978). The reported temperature was 27°C during the absorbance reading.
2.9 In vitro method for Fe availability
The method of Hemalatha et al. (2007) was followed. This method was slightly
modified from that of Luten et al. (1996) which in turn was modified from that of Miller
et al. (1981). Previously all glassware and plastic ware was acid washed overnight with
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2% HNO3 and rinsed seven times. The gastric stage was comprised of 10 g of milled
beans mixed with 80 g of water and the pH was lowered to 2.0 by adding 6 M HCl, then
3 g of pepsin digestion solution was added, and the volume adjusted to 100 g with water
and the solution was incubated at 37°C for 2 h with constant shaking. The gastric digest
was then placed in an ice bath for 90 min, in which titratable acidity was measured by
taking 20 g of digest, adding 5 g of freshly prepared pancreatic-bile extract, and
recording the amount of 0.2 M NaOH needed to adjust the pH to 7.5. This procedure
was carried out for all samples and the average of the amount of 0.2 M NaOH was
recorded.
The intestinal stage followed, in which 20 g of the pepsin digest was placed in a
water bath at 37°C for 5 min. A 20 cm length of dialysis tubing (ThermoScientific
SnakeSkin dialysis tubing 10K-MWCO), previously weighed and containing 25 mL of
NaOH solution being equivalent in moles to the NaOH needed to neutralize the gastric
digest, was placed into the digest and incubated at 37°C until the pH reached 5.0. Then
5 g of pancreatin-bile extract was added and incubation continued for other 2 h until the
pH reached 7.0.
The dialysis tube was removed, rinsed, dried and weighed, 10 mL aliquots were
transferred from the dialysis tubes to disposable tubes, and 5 mL of protein precipitation
solution was added. It was boiled for 10 min, centrifuged for 10 min at 3500 xg, and 5
ml aliquots were mixed with chromagen solution and transferred to plastic cuvettes, to
determine iron content by reading the absorbance at 535 nm in a UV-Visible
Spectrophotometer (PharmaSpec UV-1700, Shimadzu, Germany).
A standard curve was created with iron standard solutions (0.1-2.0 µg ml).
This analysis was determined with one sample per replicate, because sample
quantities were limited.
2.10 Phytate
The concentration of phytic acid was determined at MTT Jokionien.
2.11 Statistical Analysis
Data were subjected to analysis of variance and correlation analysis using PASW
(version 18.0, SPSS Inc., Chicago, IL, USA). Data transformation was necessary for
bioavailability data.
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3 RESULTS
3.1 Proximate Composition untreated samples
Moisture content of freshly milled flour bean flour ranged from 5.53% to 5.80%, Sen46
presenting the lowest content and Biofort2 the highest (Table 3) and the differences
were significant (Table 4). Ash content ranged from 3.93% to 4.52%, Sen46 again
having the lowest content and Biofort2 the highest (Table 3). The protein content of the
flour ranged from 20.89% to 23.06% being highest in Sen46. The largest difference in
starch content was between the two different harvests of the same accession, Biofort and
Biofort2 (Table 3). Soluble sugar content varied among accessions with a range of
5.21% to 7.16%, in Biofort and Inta Rojo respectively.
IDF ranged from 20.01% (Biofort) to 22.28% (Inta Rojo) (Table 3) and it presented
a strong significance (Table 4), whereas the range in SDF content from 2.17%
(Biofort2) to 3.18% (Biofort) was not significant. Oil content ranged from 0.71% to
1.00%, Sen46 presenting the lowest oil value and Inta Rojo the highest (Table 3), but
the differences were not significant (Table 4).
Table 3. Proximate composition of different accessions of Phaseolus vulgaris from
Nicaragua. At the start of the experiment (sampling point 0). Data shows means of four
replicates.
Oil
Protein Moisture Ash
Starch
IDF, SDF, Soluble
content, content, content, content, content, %
%
sugars,
%
%
%
%
%
Accession %
Sen46
0.71
23.06
5.53
3.93
33.37 20.68 2.33
5.75
Biofort
0.80
21.99
5.65
4.39
32.18 20.01 3.18
5.21
Biofort2
0.96
20.89
5.80
4.52
35.90 20.38 2.17
6.14
Inta Rojo
1.00
22.20
5.65
4.22
35.47 22.28 2.69
7.16
SE
0.11
0.19
0.04
0.09
0.56
0.19 0.35
0.22
LSD
0.34
0.59
0.13
0.29
1.73
0.57 1.07
0.67
(0.05)
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Table 4. Summary analysis of variance of proximate and mineral composition traits in
four accessions of common bean at sampling point 0.
Dependent Variable
Oil content, %

Accession
Error
Fe mg/kg
Accession
Error
Zn mg/kg
Accession
Error
Ca mg/ kg
Accession
Error
Protein content, %
Accession
Error
Moisture content, % Accession
Error
Ash content, %
Accession
Error
Starch content, %
Accession
Error
IDF, %
Accession
Error
SDF, %
Accession
Error
Soluble sugars, %
Accession
Error
ns, not significant (P> 0.05)

df
3
12
3
12
3
12
3
12
3
12
3
12
3
12
3
12
3
12
3
12
3
12

Mean Square
0.0748
0.0483
290.6
47.1
12.05
3.06
142894
18345
3.174
0.146
0.0506
0.0073
0.2615
0.0348
12.38
1.26
3.982
0.138
0.800
0.481
2.702
0.188

ns
**
*
***
***
**
**
***
***
ns
***

*,**,***, P< 0.05,0.01,0.001, respectively.

3.2 Mineral composition of untreated samples
Biofort presented the lowest value of iron (61.83 mg/kg) and the highest content was
that of Sen46 (80.60 mg/kg) (Table 5).The concentrations of Zn, were closer in range
than those of Fe (Table 5). The lowest value was that of Biofort (21.00 mg/kg) and the
highest was that of Biofort2 (25.13 mg/kg). Inta Rojo presented the lowest value for Ca
(1021 mg/kg) and the highest value was that of Biofort (1411 mg/kg).
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Table 5. Mineral composition of different accessions of Phaseolus vulgaris from
Nicaragua. At the start of the experiment (sampling point 0). Data shows means of four
replicates.
Accessions
Sen46
Biofort
Biofort2
Inta Rojo
SE
LSD (0.05)

Fe mg/kg
Zn mg/kg Ca mg/ kg
80.6
23.90
1032
61.8
21.00
1411
71.9
25.13
1262
64.0
23.05
1021
3.4
0.87
68
10.6
2.70
209
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3.3 Total Dietary Fibre (Insoluble Dietary Fibre + Soluble Dietary Fibre) at
sampling point 0 and sampling point 4.
The IDF content of Inta Rojo (Table 6) was significantly higher than in the other
accessions (Table 7) and the same was true of TDF. The SDF contents of Biofort2 and
Inta Rojo were significantly less than those of Sen46 and Biofort.

Table 6. Means of each accession for content of IDF %, SDF % and TDF %.
Data shows means of four replicates and three [samples/treatments].
Accession
Sen46
Biofort
Biofort2
Inta Rojo
SE
LSD (0.05)

IDF %
19.88
19.57
20.01
21.74
0.17
0.49

SDF %
2.73
2.66
2.05
2.16
0.15
0.43

TDF %
22.61
22.23
22.07
23.90
0.22
0.62

The main effect of treatment was significant for all measures of fibre content (Table
7).

Table 7. Mean squares, ANOVA for IDF %, SDF % and TDF %.
Source
Treatment
Accession
Treatment * Accession
Error
ns, not significant (P> 0.05)

Df

IDF%
15.67 ***
11.42 ***
0.31
ns
36
0.35
2
3
6

SDF%
TDF%
2.52 ***
10.65 ***
1.41 **
8.28 ***
0.89
0.74
*
ns
0.27
0.56

*,**,***, P< 0.05,0.01,0.001, respectively.

TDF values differed as well within the different treatments (Table 8), starting from
high values in the untreated samples and decreasing after 6 month study in both
treatments, with the drop in the stress treatment occurring in the SDF component and
that in the in situ treatment in the IDF component.
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Table 8. Means of each treatment for content of IDF %, SDF % and TDF %.
Data shows means of four replicates.
Treatment
Untreated
Stress
In-situ
SE
LSD (0.05)

IDF %
20.84
20.91
19.16
0.15
0.42

SDF %
2.60
1.94
2.66
0.13
0.37

TDF %
23.43
22.85
21.82
0.19
0.54

A clear increase of SDF was found for Sen46 in-situ treatment with no change in
the stress treatment (Figure 11). SDF of Biofort showed a slight decrease in the in-situ
treatment and a more drastic decrease when submitted to the stress treatment. Inta Rojo
behaved similarly when submitted to both treatments, resulting in a sharp decrease in
SDF value with time. In Biofort2 the differences between treatments were not
significant (Figure 11).

Soluble Dietary Fibre %

4

3

2

Untreated
Stress
In-situ

1

0

Sen46

Biofort

Biofort2

Inta Rojo

Accessions
Figure 11. Soluble Dietary Fibre (SDF %) values for the four accessions in the three
conditions, and treatments: Untreated (Sampling point 0), Stress Treatment (6 months at
40°C, 75% RH) and in situ (6 months in warehouse in fluctuating temperatures at an
annual average of 74% RH).
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3.4 Soluble Sugars
The soluble sugar content of Sen 46 S presented a slight decreased to sampling point 2,
and then increased in its final sampling point. In the in situ treatment the decrease in the
first two sampling points was more gradual and the increase was lower than in the stress
treatment (Figure 12).
The soluble sugar content of Biofort2 in the stressed treatment gradually increased
during the first two sampling points and decreased in the last sampling point (Figure
12). The pattern in the in situ treatment was quite different, with a sharp increase after
the start of treatment and a return to initial values during sampling 2 and 3, with a slight
decrease at the end (Figure 12).
The behaviour of IntaRojo was similar in both treatments in the first three sampling
points, but with a final increase in the in situ treatment and a decrease in the stress
treatment (Figure 12).
8.5
8.0

Soluble sugar %

7.5

Sen 46 S

7.0

Sen 46 I
6.5

Biofort S
Biofort I

6.0

Biofort2 S

5.5

Biofort2 I
5.0

IntaRojo S

4.5

IntaRojo I

4.0
0

1

2

3

4

Sampling point

Figure 12. Soluble sugar content (%) throughout the different sampling points. The
sampling points were at six week intervals in two treatments: S, stressed treatment and
I, in situ treatment. SE for all points 0.26.
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In the stress treatment Biofort presented a gradual increase in sugar content through
the first three sampling points followed by a decrease. Sugar content in the in situ
Biofort remained almost constant until sampling point 2, where it later had a marked
increased followed by a decrease.
When submitted to the stress treatment both Biofort and Biofort2, followed the
same trend (Figure 12). Soluble sugar content decreased in all accessions under the
stress treatment, at the last sampling point (4) (Figure 12). The behaviour of accessions
in the in situ treatment was not uniform, neither did it present a trend, just in the case of
Sen I and IntaRojo I that seem to behave similarly (Figure 13).
Significant

differences

were

found

within

accessions

as

well

as

treatment*accession*sampling point (Table 9).

Table 9. 2-Way ANOVA, dependent variable Soluble Sugars for all 4 sampling points
(0,1,2,3 and 4) as well as all accessions (Sen46, Biofort, Biofort2 and Inta Rojo). A
repeated-measures model was used for the analysis, resulting in adjustments to the
degrees of freedom.
Source
Accession

Hypothesis
Error
Treatment
Hypothesis
Error
Treatment * Accession
Hypothesis
Error
Treatment * Accesion * Replicate
Hypothesis
Error
Sampling Point
Hypothesis
Error
Accession * Sampling Point
Hypothesis
Error
Treatment * Sampling Point
Hypothesis
Error
Treatment * Accession * Sampling Point Hypothesis
Error
ns, not significant (P> 0.05)
*,**,***, P< 0.05,0.01,0.001, respectively.

df
3
23
2
45
6
46
36
66
3
66
8
66
3
66
8
66

Mean Square
22.129
0.233
0.126
0.241
0.546
0.242
0.239
0.266
2.880
0.266
1.037
0.266
1.148
0.266
0.757
0.266

***
ns
ns
ns
***
***
**
**
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3.5 Bioavailability of Iron and Zinc at sampling point 0 and sampling point
4.
The bioavailability of iron and zinc showed no significant differences among cultivars
at the start of the experiment (Table 10). Iron and zinc bioavailability showed a high
significance for treatment*accession interactions (Table 11) even though only two
significant shifts were present. Iron bioavailability of Sen46 decreased under the stress
treatment (Table 10), whereas both Fe and Zn bioavailability in Biofort increased under
the stress treatment (Table 10).
Table 10. Mean values for Accession and Treatment for Bioavailability of Fe % and
Bioavailability of Zn. Data shows the % value and the transformed value.
Bioavailability of Fe
Bioavailability of Zn
(transformed)
(transformed)
(%)
(%)
3.56
10.87 bc
11.86
20.12 ab
3.54
10.84 bc
10.52
18.91 a
3.64
10.98 bc
10.24
18.64 a
3.66
11.02 bc
10.24
18.65 a
2.30
8.72 a
11.43
19.76 ab
5.09
13.03 d
14.65
22.49 b
4.40
12.10 bcd
12.39
20.61 ab
4.50
12.24 cd
12.59
20.77 ab
3.29
10.43 ab
10.66
19.03 a
4.53
12.27 cd
13.31
21.39 ab
3.95
11.46 bcd
11.34
19.68 a
4.18
11.79 bcd
11.68
19.97 ab
0.34
0.54
SE
Numbers followed by the same letter are not significantly different according to Tukey's
HSD test (P < 0.05)
Treatment Accession
Untreated Sen46
Biofort
Biofort2
Inta Rojo
Stress
Sen46
Biofort
Biofort2
Inta Rojo
In-situ
Sen46
Biofort
Biofort2
Inta Rojo

Table 11. ANOVA mean squares of Bioavailability of Fe and Bioavailability of Zn,
using the transformed values (AngFe and AngZn).
Source
Df
AngFe
Treatment
2
1.35 *
Cultivar
3
7.29 ***
Treatment
6
2.78
* Cultivar
***
Error
24
0.35
*,**,***, P< 0.05,0.01,0.001, respectively.

Ang Zn
10.03 ***
3.51 **
2.45
*
0.89
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3.6 Tannins at sampling point 0 and sampling point 4.
The main effect of both accession and treatment for tannin values were significant
(Table 12). The highest value of tannin for untreated accessions was that of Inta Rojo
(43.8 mg/g) and the lowest that of Biofort2 (37.7 mg/g) (Table 13). The older sample of
biofortified, Biofort2, had lower content tannin content than the younger sample,
Biofort, although the difference was not statistically significant (Table 13).

Table 12. ANOVA mean squares of tannin content.
Source
Accession
Treatment
Accession * Treatment
Error
ns, not significant
**, P <0.01

df

Tannin
31.44 **
24.43 **
0.37
ns
22
4.16
3
2
2

The values of treated samples for point 4 of Inta Rojo and Biofort, were lost due to
technical faults. Accession*Treatment interactions were not significant (Table 12) yet
tannin content decreased in both Sen46 and Biofort in both treatments (Table 13).

Table 13. Means of each accession for tannin content. Data shows means of four
replicates and three treatments. Values presented in mg/g.
Accession
Sen46

Biofort

Biofort2
Inta Rojo

Treatment
Untreated
Stress
In-situ
Untreated
Stress
In-situ
Untreated
Untreated

Tannin content
(mg/g)
SE
38.4
35.3
35.6
39.5
35.7
36.9
37.7
43.8

1.0
1.2
1.0
1.0
1.0
1.2
1.0
1.0

LSD(0.05) for comparisons between two values with SE 1.02
LSD(0.05) for comparisons between two values with SE 1.0 and 1.2
LSD(0.05) for comparisons between two values with SE 1.2

3.0
3.2
3.5

37

3.7 Phytate
Biofort2 presented the lowest values of phytate (8.61 mg/g) and the highest value was
that of Sen46 (9.62 mg/g) (Table 14). Biofort and Inta Rojo presented no significant
differences in their values of phytate.
Table 14. Phytate composition in four accessions of Nicaraguan common bean at
sampling point 0. Values presented in mg/g.
Accession
Sen46
Biofort
Biofort2
Inta Rojo
SE
LSD (0.05)

Phytate content (mg/g)
9.62
9.02
8.61
8.86
0.15
0.59
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4 DISCUSSION
The results of the study showed the presence of useful variation in the proximate and
mineral composition of the different accessions, some of which was expected due to the
different varietal and environmental interactions that influence the chemical
composition. Certain components such as sugars, dietary fibre and bioavailability
presented very interesting data, that will be discussed further.
The range of variation of protein content within accessions and across different
growing sites is quite wide within legumes, for example the range of 27 site means of
protein content in pea was from 23.1% to 17% and the range among 94 accessions was
4.8% (Stoddard et al. 1993). The authors cited an unavailable report of a 13% range in
protein content in common bean. All accessions in the present study were grown in the
same region, in different years, so the variation present most likely was due to cultivar
and other interactions such as nitrogen availability during crop development. The
present protein values of 21 to 23% were within the range expected in this species.
Comparable protein content range in 8 cultivars of Common bean from Ethiopia
(17.96% to 22.07%) was reported by Shimelis & Rakshit (2005). de Alameida Costa et
al. (2006) reported a protein content of 20.9% for common bean Cv. IAC carioca Ete
from Brazil, comparable to the protein content of Biofort2 (20.89%). Values were
higher than those reported for Red Kidney (16.89 %) and lower than those reported for
Kidney bean (23.58 %) (Boye et al. 2010) and such lower than those reported for cv.
Baki-wake (31.1 %) and Kwakiul (33.1 %) from Northern Nigeria (Onwuliri & Obu
2002). Cultivars grown in Canada, also presented higher protein content range (23.1%
to 26.6%) (Chung et al. 2008).
Starch values of 32-36% were lower than those reported by Chung et al. (2008) for
3 cultivars of Common bean grown in Canada (36.8% to 40.3%). Hedley (2001) also
reported for common bean a starch content of 41.5 %, comprising most of the total
carbohydrate composition of 61.3 % of seed DM. The values are also lower than the
41.4% to 51.1% from 9 cultivars of Common bean grown in Spain (Pujolà et al. 2007).
Starch deposition is greatly influenced by genotype and climatic conditions during
grain filling. Heat or water stress is detrimental to starch accumulation, which is
favoured by more temperate conditions. The results reported by the literature are not of
surprise, due to the fact that both growing sites (Spain and Canada) enjoy more
temperate growing conditions, than the ones in which the accessions of this study were
grown. These two factors may have greatly impacted the starch content, attributing the
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low value of starch content to genotype-environment interactions and possibly either a
heat or water stress during grain filling
Ash content values of 3.9-4.5% are comparable with those of Shimelis & Rakshit
(2005) who reported 3.12% to 4.26% for 8 cultivars of common bean from Ethiopia, but
marginally lower than those reported for common bean grown in Idaho, 4.65 % (Berrios
et al. 2009).
The oil content of 0.7-1.0% is at the low end of values presented in the literature.
Hedley (2001) reported a range of 0.9 % to 2.4 % for Common bean, while comparable
values have been reported for kidney bean (0.83 %) (Boye et al. 2010) and cvs.
Bakiwake (1.22 %) and Kwakiul (1.02 %) (Onwuliri & Obu 2002).
During grain filling, grains become sinks to which the plant sends via the phloem
nutrients to be stored in the seed coat and as the embryo develops, these are later
transferred to the embryo where they are further metabolized into storage compounds
(Gallardo et al. 2008). As the seed matures, the water content is reduced and reserves
are formed to prepare the seed for a period in which its biological activity will decrease,
staying in a latent form, to later reactivate when conditions are favourable for
germination. The ability of orthodox seeds to survive certain levels of dehydration have
made them crucial for the development of agriculture (Sun 1997).
Desiccation tolerance is achieved in orthodox seeds at the late phase of grain filling
and maturity through different mechanisms, including ultra structural modifications
such as formation of vacuole, synthesis of heat shock proteins, dehydrins, and raffinose
family oligosaccharides (RFOs), and mechanisms for antioxidant defence and DNA
maintenance (Lehner et al. 2006).
The accumulation of RFO and sucrose seems to be the most effective mechanism of
membrane protection during desiccation. Upon withdrawal of water, the cell membrane
is vulnerable due to its dependence on water`s organizing force (Caffrey et al. 1988).
High levels of sugars, mainly sucrose in seeds, are able to increase the cytoplasmic
viscosity, forming intracellular glasses during the loss of water (Sun 1997). Sucrose
itself presents good hydrogen bonding properties, facilitating its role as a stabilizer of
macromolecules during drying (Buitink et al. 2000). According to Wolfe & Bryant
(1999), glasses protect membranes, because further dehydration is no longer possible
once the glassy state has been formed, and vitrification also prevents crystallization,
allowing fluidity in the lamellar phase. As glasses increase the viscosity of the
cytoplasm, the mobility of molecules and diffusion is decreased, slowing any biological
activity that could lead to deleterious reactions (Sun 1997, Buitink et al. 2000, Murthy
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et al. 2003). Sucrose can however, crystallize, so the presence of RFOs is required to
stabilize the glassy state, the sucrose:raffinose (Su:Ra) ratio has been considered the key
factor for the formation of a glassy state thus preventing the deterioration of seeds
(Koster & Leopold 1988, Wolfe & Bryant 1999, Buitink et al. 2000, Lehner et al. 2006,
Lehner et al. 2008).
As seeds undergo desiccation, monosacharides are polymerized to sucrose and
RFOs, increasing the content of both soluble sugars in many species including wheat
(Lehner et al. 2006), soybean (Sun 1997) and white lupin (Górecki et al. 1996). This
process occurs to protect the seed as well as lowering the simple sugar content that is an
easily available respiratory substrate (Hedley 2001).
Maintaining the glassy state in dry seeds has been found to be associated with
stability of seeds in storage and a reduced deterioration rate (Sun & Leopold 1995, Sun
1997). According to Sun (1997), the long term seed storage stability is interdependent
with water content and temperature, which may drastically interrupt the glassy state to a
viscous liquid state, where the molecular mobility and diffusion increases. When the
glass transition temperature Tg falls below the storage temperature, the glassy state can
no longer be maintained (Murthy et al. 2003). In soybean, bean and pea, as storage
temperature goes above or below Tg, the seed viability was decreased, quite sharply for
soybean, which is an oilseed with a high lipid content that as the glass state is lost, can
be readily reactive for biochemical deleterious reactions (Sun 1997). The rate constants
of several deleterious reactions including Amadori and Maillard reactions, peroxidation
of lipids and hydrolysis of sugars, increase with increasing temperature (Murthy et al.
2003).
The hydrolysis of sugars during the loss of desiccation tolerance has been recorded
in different species. According to studies conducted in wheat (Lehner et al. 2008), loss
of seed viability was associated with a decrease of sucrose due to the activity of
hydrolytic enzymes. Studies in soybean, corn and pea (Koster & Leopold 1988) showed
that during germination there was a sharp decrease in RFOs and still some presence of
sucrose. This further supports the idea that RFOs are essential for desiccation tolerance
and that the loss of one or both oligosaccharides was associated with the loss of
desiccation tolerance. Sugar hydrolysis can provide the reducing sugars necessary to
undergo Amadori and Maillard reactions, unchaining deleterious processes in the seeds.
Reducing sugars are not present normally in seeds, but aged seeds can contain
substantial amounts when stored under moderate to high RH, depending on species, the
conditions of development, and physiological stage of the seed (Koster & Leopold
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1988, Lehner et al. 2008). In mung bean stored at 30°C at 80% RH, the accumulation of
glucose increased significantly as moisture content increased, suggesting the
involvement of sugar hydrolysis from sucrose and other oligosaccharides (Murthy et al.
2003). This species presented as well traces of reducing sugars at very low moisture
contents. Maize behaved quite differently when stored at 25°C and 45°C for six months,
as a gradual increase of soluble sugars was observed at 25°C while a marked decrease at
45°C (Rehman et al. 2001). The increase of soluble sugars was attributed to an increase
in amylolytic activity while the decrease was believed to be due to the involvement of
these sugars in Maillard reactions. RH was not recorded in that experiment an important
aspect that can clearly influence the moisture content of seeds and directly have an
impact on sugar hydrolysis. In soybean stored at 36°C and 75 % RH, no reducing sugar
was detected (Sun & Leopold 1995), which the authors found surprising due to the
usual decline in oligosaccharide content through either nonenzymatic degradation or
hydrolysis by α galactosidase.
The Amadori reaction involves a reducing sugar attacking an amino group and
forming fructosyl derivatives that are later used by the Maillard reaction to form
polymeric, brown colored products (Wetlaufer & Leopold 1991). A relationship was
noted between an increase in temperature and the formation of fructosyl derivatives in
soybean, as more glucose reacted with lysozyme. The products of lipid peroxidation
may also be involved in these nonenzymatic reactions (Sun & Leopold 1995). As the
glassy state is lost, due to increased temperature and RH, molecular mobility and sugar
hydrolysis facilitate both reactions.
The fluctuation of soluble sugar content in the present study may be attributed to
the previous storage conditions of seeds, that most likely had already prepared the seed
for further heat stress, and some enzymatic activity had already began. Both the in situ
and the stress treatment subjected the seeds to further stress, from which we can expect
a loss of desiccation tolerance and transition from a glassy to a rubbery state inducing
sucrose hydrolysis and an acceleration of deleterious reactions including lipid oxidation
as well as Amadori and Maillard reactions.
Through the study the soluble sugar content, expressed as monosaccharides,
increased sometimes and decreased at others, and the accessions differed in their
response to the different stresses. The trend of all accessions under stress treatment to
have a reduced level of sugars at the last sampling point may be attributed to a severe
deterioration of seed quality and viability. Increases followed by decreases may have
occurred due to the rapid hydrolysis of sugars and later use of reducing sugars for
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Amadori and Maillard reactions, increasing levels of reducing sugars that are later
consumed and further accumulated. It was worth noting the parallel performance of
both Biofort and Biofort2 during the stress treatment, suggesting a major role for
genetics in the response.
The study was not constructed solely for sugar content analysis, and further
research, including its characterization, is required to provide a greater insight on the
role of soluble sugars in stressed seeds.
Mineral content differed strongly between accessions and the values were within
published ranges. An almost identical range of Fe contents, 61.8 mg/kg to 84.0 mg/kg
(Shimelis & Rakshit 2005), was reported in 8 cultivars of Ethiopian common bean.
These values were higher than those reported for different legumes from Pakistan, 30
mg/kg, 26 mg/kg, 31 mg/kg and 23 mg/kg for chickpea, cowpea, lentil and green pea
respectively (Iqbal et al. 2006). Hemalatha et al. (2007) reported 49 mg/kg for red gram
and 64 mg/kg for black gram, suggesting a greater Fe content in black Vigna mungo
cultivars. The only black bean present in the study, Sen46 was also the accession with
the highest Fe content. Biofort and Biofort 2, which are the same biofortified cultivar
but of different harvesting dates, showed some differences in mineral composition but
this may be attributed to varying soil and climatic conditions during plant development.
Seed mineral concentration is believed to be a stable heritable trait in which different
soil conditions may be responsible for different mineral concentrations of the same
cultivars (Blair et al. 2010). Biofort presented the lowest values for Fe content which
was expected to present a higher Fe content than the other accessions, due to its
fortification. The ability of the plant to absorb more Fe, is strongly correlated to the soil
pH, the plant`s ability to absorb Fe and the soil profile as well, taking into account the
availability of nutrients present. The source of nitrogen in the plant can also greatly
affect the uptake of Fe, as a high incidence of nitrate can alkalize the rhizophere,
limiting its capacity to take up iron (Barker & Pilbeam 2007).
The Zn content reported in this study, 21-24 mg/kg are much lower than those
reported for black and white cowpea, 46 mg/Kg and 49 mg/Kg, respectively (Mitchikpe
et al. 2008) and lower than the values for two cultivars of common bean in Northern
Nigeria, Baki wake (27.5 mg/kg) and Kwakiul (24.6 mg/kg) (Onwuliri & Obu 2002).
A similar range of values was reported by Shimelis & Rakshit (2005) in their 8
Ethiopian cultivars of common bean, 15.4 mg/kg to 28.2 mg/kg. The values of Ca fall
within those values reported (Shimelis & Rakshit 2005, Mitchikpe et al. 2008), are also
dependent on genotype*environment interactions just like Fe and Zn.
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Determination of mineral bioavailability in legumes that contain phytate, is quite
complex due to the interactions between certain inhibitors such as phytic acid and
minerals (Ramírez-Cárdenas et al. 2010). The values obtained for Fe bioavailability, are
within range of values for whole green gram (2.25%), red gram (3.06%) and black gram
(2.76%) but are lower than the values reported for whole chickpea (6.89%) (Hemalatha
et al. 2007). Zn bioavailability, although three times higher than that of iron, was lower
than the 27% to 45.7% reported by Hemalatha et al. (2007). Decortication increased the
bioavailability of both Fe and Zn indicating that there may be inhibitors in the seed coat
(Hemalatha et al. 2007). The amount of bioavailable Fe and Zn will also be dependent
on the amounts absorbed by the plant and the enhancers that could facilitate the
absorption (House 1999).
Bioavailability remained stable during the treatments, indicating that there was not
a significant increase in the effect of the different inhibitors of absorption of minerals
except in Sen 46 in the stress treatment. The increase in bioavailability of both minerals
in Biofort during the stress treatment, may be associated with the Biofortification
characteristics for which this accession was developed. Nevertheless, the old seed of
this same accession (Biofort2) showed no such increase.
Dietary fibre content presented an interesting behaviour as well. The values
obtained of TDF, SDF and IDF, were within ranges presented by Tosh & Yada (2001),
23%-32% for TDF, 20%-28% for IDF and 3%-6% SDF in this species. TDF in common
bean is 92% to 100% insoluble (de Alameida Costa et al. 2006). In the case of black
gram from India, SDF represents only 1.30 % from a TDF of 16.5 %, which is very low
(Hemalatha et al. 2007). In the present study, the two cultivars harvested in 2008
showed no significant difference in TDF % and IDF %, but differed in the decrease in
SDF % following storage, which may be due to unknown differences in the composition
of the cell walls. The role of the different sugars present and the form of its bonding can
have great impacts on the total portions of TDF %.
The significance of the accession*treatment interaction in SDF % may be an
indication of possible increased carbohydrate metabolism during treatments.
The increase in SDF % during in situ treatment for both accessions harvested in
2008, with a markedly higher increase in the case of Sen46, may be attributed to further
degradation of complex polysaccharides into total sugars. SDF fraction showed a loss in
pectic polysaccharides while the content of free sugars, mainly arabinose and mannose,
increased, and during germination of pea seeds there was a decrease in IDF/SDF ratio
(Tosh & Yada 2001). Further research on cell wall composition is required to determine
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the biochemical changes during storage and if these changes may be attributed to a
rearrangement of sugars or the increased carbohydrate metabolism could be related in
part to the loss of desiccation tolerance.
The phytate content reported in this study, 8.61-9.62 mg/g is within range of those
reported for wild and cultivated Mexican common bean, 7.8-17.6 mg/g (Díaz-Batalla et
al. 2006). Values were higher than those reported for dried black cowpea (7.69 mg/g)
(Mitchikpe et al. 2008), black gram (5.39 mg/g) and chickpea (2.63 mg/g) (Hemalatha
et al. 2007). The values are lower than those reported for cv. Baki-wake (14 mg/g) and
Kwakiul (16.3 mg/g) from Northern Nigeria (Onwuliri & Obu 2002). Values reported
for kidney bean stew presented very low phytate content, 1.68 mg/g (Umeta et al. 2005),
showing that cooking lowers phytate content.
The differences in phytate values presented between Biofort and Biofort2 were
significant and it is worth investigating more deeply for it seems that phytate content
may be influenced by growing conditions.
Tannin values of 37.7 mg/g to 43.8 mg/g are comparable with faba bean (43 mg/g)
(Nasar-Abbas et al. 2008), but significantly higher than those reported for chickpea
(1.47 mg/g), red gram (0.65 mg/g), French bean (30.75 mg/g) and cowpea (22.08 mg/g)
(Hemalatha et al. 2007). The low value presented by Biofort2, may be attributed to
oxidative degradation accelerated by improper storage conditions, considering that this
accession was stored in the warehouses of INTA for over a year before sampling. The
seed color difference present between Biofort and Biofort2, in which Biofort2 presented
a clear color darkening that may be attributed to air-and light-catalysed oxidations of
phenolics, which further supports the hypothesis of an accelerated degradation. The
tannin value of Sen46, which was also harvested in 2008, did not present a significant
difference with Biofort, that was harvested in 2009 and this may be attributed to the
greater concentration of anthocyanins in black beans.
Differences between point 0 and point 4 for tannin values, was significant
according to the ANOVA and it seemed to decline, which supports the findings of
Nasar-Abbas et al. (2008) in which faba bean exposed to different temperatures,
presented a clear reduction with higher storage temperature. The fact that they are all in
the same direction, decreasing, implies that further investigation is needed.
The study has given insight on certain aspects that need to be further studied,
specifically genotype*environment interactions for the different inhibitors and minerals,
for which further studies in which growing conditions are controlled would prove
beneficial.
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5 CONCLUSION
To tackle malnutrition in Nicaragua, the government must continue doing cultivar trials
in multiple locations to determine genotype*environmental interactions but not only
evaluation productivity and plant development but nutritional composition as well.
In general terms, the controlled stress treatment proved to be a good model for the insitu evaluation of the impact of improper storage conditions in grain quality. Sugar
content and tannin content decreased after six months, and so did the concentrations of
IDF in the in-situ condition and SDF in the stress condition. Storage conditions of high
temperatures and high relative humidity proved detrimental to the overall quality of the
grain but seemed not to affect so directly the final bioavailability of Fe and Zn.
The results did not confirm any advantage of iron content in the biofortified
accessions (in fact it had the lowest Fe content and moderate content of phytate) and the
bioavailability was much the same in all accessions. The significant difference between
years (Biofort and Biofort 2) shows that growing conditions clearly have an effect on
iron content (Table 15). If this biofortified accession is as genetically improved as stated
in the literature, its susceptibility to growing conditions needs to be investigated in
future studies.
Sen46 presented the highest Fe content, as well as the highest phytate content yet
its bioavailability was similar to that of the other accessions. Inta Rojo presented the
highest values for IDF and tannins but still its bioavailability was not drastically
influenced, for it remained much the same (Table 16).
Further studies should be conducted to demonstrate the ability of an accession to
have a higher uptake of Fe, when grown in constant conditions. Soil analysis of growing
sites are also of interest to determine the amount of available Fe and Zn for the plant to
take up, as well as the content of other micronutrients that can interfere with the
absorption. Fertilization programs should also be monitored to make sure that
fertilization is not actually interfering with uptake of Fe by alkalizing rhizosphere.
This study can serve as a baseline for further studies in the area of mineral
composition, antinutritional compounds and sugar metabolism, as well as for future
breeding programs.
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Table 15. Summary of the key aspects of composition of the different accessions at the
start.
Accession
Fe
Zn
Ca
IDF
Sen46
***
**a
a
a
Biofort
*a
*
***
*a
Biofort2
**
***
**
a
Inta Rojo
a
**a
*a
***b
*** Highest value
** Medium value
* Lowest value
Same letters are not significantly different.

SDF
***b
b
*a
a

TDF
a
a
*a
***b

Phytate
***
**a
*
**a

Tannins
**a
**a
*
***

Table 16. Summary of the changes in composition of the accessions during the different
treatments.
Accession Treatment IDF
Sen46

SDF

TDF Tannins Fe Bioavailability Zn Bioavailability

Stressed
0
0
––
––
––
In–situ
––
++
––
––
–
Biofort
Stressed
0
––
––
––
++
In–situ
––
0
––
––
+
Biofort2
Stressed
0
–
––
nd
+
In–situ
––
0
––
nd
+
Inta Rojo Stressed
0
––
––
nd
+
In–situ
––
––
––
nd
+
–, non significant decrease; – –, significant decrease, from time 0
+, non-significant increase; ++, significant increase, from time 0
nd, no data

–
–
++
+
+
+
+
+
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