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Abstract

Iron and zinc are essential micronutrients for the organism functioning and their lack can result in prejudices to human health.
The information about the presence of minerals in the diet are normally referred to its total concentrations, however these
values do not reproduce the fraction that might be bioaccessible for the human body. The objective of this study was to evaluate
if the promoters increase the iron and zinc bioaccessibility in a rice-and-bean mix. For this, four treatments were elaborated,
all containing rice and bean and varied between each other regarding the promoters added to this mix. Ascorbic acid and
cysteine were the promoters chosen to evaluate the influence in the iron and zinc absorption. For this purpose, the tomato was
chosen to act as ascorbic acid source and garlic and onion were chosen to act as cysteine source. The treatments with tomato
presented a higher rate of iron, significantly differing from those without tomato in their composition. Treatment 4 was the
one which provided the highest bioaccessibility for iron and was the only one that differed from the others. About zinc, there
was no significant difference between the treatments regarding the total rate as well as the bioaccessibility.

Keywords: Caco-2; minerals; legumes; cereals; promoters.

Practical Application: Combination of promoters benefits the absorption of minerals.

1 Introduction

Rice and bean are a classic example of protein quality
synergism between cereals and legumes, once both contain
essential amino acids. An adequate proportion of cereals and
legumes in a meal can present, from the protein point of view,
a nutritional value equivalent to those presented by animal
proteins (Cozzolino, 2012).

Among the legumes, bean is the one which presents the
highest mineral rate, being an important source of iron, zinc,
copper, phosphorus, and aluminium (Shimelis & Rakshit, 2005).
Besides that, beans are great sources of folic acid, tocopherols,
thiamine, riboflavin, niacin, biotin, and pyridoxine (Hayat et al.,
2014), also presenting elevated rates of lysins and complex
carbohydrates. But it presents deficiency of sulphurated amino
acids such as methionine and cysteine, both essential in feeding
(Moura & Canniatti-Brazaca, 2006).

Rice, for its turn, is the most consumed feeding culture in
the world (Fitzgerald et al., 2009; He et al., 2013), providing
21% of the energy and 15% of the daily necessary proteins
(Depar et al., 2011; Rehman et al., 2012). It is classified as the
cereal which present the highest digestibility rate besides a good
biological value (59-70%) and elevated protein efficiency, for it
presents good percentage of sulphurated amino acids such as
methionine and cysteine (Minguita et al., 2015). The polished
rice is poor in micronutrients like iron and zinc (Bouis & Welch,
2010; Rehman et al., 2012).

Adequate levels of minerals are important for the organism’s
good functioning, based on the fact that they perform a great
amount of metabolic functions. They are elements that must
be provided to the human body by feeding (Khouzam et al,,
2011). The information about minerals in the diet are normally
referred to its total concentrations. However, these values do
not reproduce the fraction that may be bioaccessible for the
human body, that is, what is being released from the matrix
being accessible in the gastrointestinal tract.

Nutritionally, bioaccessibility is defined as the fraction or
quantity of the referred compound that is released from the
food matrix during the gastrointestinal digestion and became
available for being absorbed by the intestine (Jacob et al.,
2012); while bioavailability is the fraction of a given food that
the body can use and therefore is a question of nutritional
efficiency that involves many process such as absorption,
distribution, metabolism, and elimination phases (Rein et al.,
2013) The bioaccessible fraction is influenced by the elements’
chemical forms, by the behavior of organometallic species and
complexes in the gastrointestinal tract and by the interactions
with the food matrix (Khouzam et al., 2011).

Normally, bioaccessibility studies are conducted in vitro and
are useful for evaluating possible interactions between nutrients
and the many factors that can affect digestion and, consequently,
the release of the nutrient by the matrix (Etcheverry etal., 2012).
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Improvement of absorption of minerals

The digestion with enzymes along with the Caco-2 cellular model
is a validated in vitro method which simulates the gastrointestinal
digestion and the absorption in the food matrix (Vaz-Tostes et al.,
2016). The iron absorption found in vegetables is considerably
influenced by the solubility and interaction with other meal
components, which can promote it or inhibit it (Institute of
Medicine, 2006). The ascorbic acid acts as promoter because it
potentializes the iron absorption, keeping it in the form of soluble
chelate in the small intestine. Interactions allow the continuous
electrons exchange and the consequent change of the state of
oxidation of the iron from ferric ion to ferrous ion, then being
possible to be captured by the erythrocytes.

Besides ascorbic acid, another promoter related to minerals
absorption is cysteine, a sulphurated amino acid. Amino acids
can increase the bioavailability removing the chelated zinc from
dietetic constituents of linkage to zinc, like phytic acid. Evidence
of this action was presented in studies of zinc absorption in fishes,
in which the beneficial effects of the zinc addition as a chelated
amino acid were higher in diets that contained high levels of
phytic acid (Paripatananont & Lovell, 1995). This increase in
bioavailability can be obtained in two ways: amino acids can
act in order to transport zinc of dietetic constituents with low
linkage affinity to the mineral element, taking it to surfaces
with more affinity (Ackland & McArdle, 1990; Bobilya et al.,
2013; Wapnir et al., 1985); or the formation of a zinc chelate
amino acid can create a substrate for the transport through the
epithelial surface (Wapnir et al., 1983).

Just like the existence of compounds capable of increasing
the mineral absorption, there are also those which inhibit
the absorption and can be called inhibitors or antinutrients.
The dietetic factor that inhibit the bioavailability of the trace
elements act in the solubility of these elements, reducing its
absorption once they do not transfer the mineral element for
the intestinal mucosa receptors (Clydesdale et al., 1991). Given
that, it is essential to have a balanced diet which provides all the
nutrients that the organism needs. However, we must consider
that part of what we eat is not accessible. Thus, investing in
strategies that increase the bioavailability of these micronutrients
can be a good option of improvement.

In this context, the objective of this study was to add food
containing promoters to the classic rice-and-bean mix in
order to verify if there was difference regarding the iron and
zinc bioaccessibility. The chosen promoters were ascorbic acid
(with tomato as source) and cysteine (with garlic and onion as
source). Four treatments were elaborated, being: T1 - rice and
bean; T2 - rice, bean and tomato; T3 - rice, bean, garlic, and
onion; T4: rice, bean, garlic, onion, and tomato.

2 Material and methods
2.1 Material

The grains of common bean (Phaseolus vulgaris) were donated
by the Embrapa Rice and Beans and the chosen cultivar was BRS
Pontal, from the carioca commercial group. The polished white
rice, long thin class (Oriza sativa), the garlic (Allium sativa), the
onion (Allium cepa) and the tomato Débora variety (Solanum
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lycopersicum) were acquired in a local supermarket in the city
of Piracicaba, State of Sao Paulo, Brazil.

2.2 Treatments preparation

Bean: the grains were left in maceration at the proportion
3:1 (water:bean), in 250-mL Erlenmeyer for 10 hours in distilled
water; the water was changed in the proportion 2:1 (water:bean)
and the grains were cooked in autoclave at 121 °C for 10 minutes.

Rice: The grains were cooked for 10 minutes with the
proportion 1:2 of rice/distilled water.

Tomato: It was used raw, so it was added after the thermal
treatment of the rice and of bean. There were used approximately
230g of tomato for each 100g of the rice-and-bean mix, after
cooking, following the proposed by Fantini et al. (2008). After
the addition, it was all homogenized with the aid of a mixer.

Garlic and onion: They were thinly diced and added to the
rice while it was cooking. There were used 0.5g of garlic and 3g
of onion for each 10g of the rice-and-bean mix (weight before
cooking), based on the study of Gautam et al. (2010).

2.3 Methods
2.3.1 Humidity determination

A gravimetric method was used according to Association of
Official Analytical Chemists (2006). The results were expressed
in percentages.

2.3.2 Iron and zinc determination

The mineral elements were determined in accord with the
methodology proposed by Miller (1998): the nitric-perchloric
digestion. The samples were placed in flasks for absorbance
reading in an Optical Emission with Plasma Inductively Attached
spectrophotometer Thermo Scientific iCAP 6300 DUO Series
(ICP-OES), at the Laboratory of Environmental Analyses
from the department of Soil Sciences of the University of Sao
Paulo-Escola Superior de Agricultura Luiz de Queiroz campus.
The wavelengths used were 259.9 and 213.8 nm for iron and
zing, respectively. The analysis was conducted in triplicate and
the results were expressed in mg/Kg.

2.3.3 Iron and zinc bioaccessibility

Cellular cultivation: The human intestine epithelial cells of the
Caco-2 lineage (ATCC®HTB37™) were cultivated in the cultivation
laboratory of Caco-2 cells at the Department of Agroindustry,
Food and Nutrition of ESALQ/USP, following the procedures
described by Glahn et al. (1998) and Garret et al. (1999). In the
experiment, cells were used in the passage 28-31 and sown
at the concentration 2.4 x 10° cells/mL. The medium used
for the culture was DMEM - Dulbecco’s Modified Eagle’s
Medium (D7777;Sigma®), which was supplemented with 1%
of L-glutamine, 1% of non-essential amino acids solution,
1% of penicillin-streptomycin antibiotic, 0.8% of fungizone
antimycotic, and 15% of bovine fetal serum (BFS). The flasks
were kept in incubator with humidified atmosphere at 5% of
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CO, and 95% of atmospheric air at 37 °C. The plates presented
to be confluent after approximately 8-9 days after sowing.
The plates T-25 were used for the experimental phase between
the 14™ and 15" after-confluency.

The in vitro simulation of digestion, including the oral,
gastric and intestinal phase followed the procedures described
by Garret et al. (1999) and Glahn et al. (2002). Experimental
phase: The essays were made in triplicate and besides the
treatments the negative control was made (which was used for
iron as well as for zinc) as well as the positive control for iron
(it was added 0.5g of ferrous sulphate and 0.5g of ascorbic acid).
At the end of the in vitro digestion process, the 12 mL aliquot
was removed from the digested materials that were submitted
to centrifugation (1370 x g /45 min/4 °C). The supernatant was
collected, filtered by cellulose membranes (Milipore® 0.22 um
of pore) and added to the cell culture. The soluble fraction was
diluted in the proportion 1:4 in a basal DMEM (pH 6.2) culture
medium. The plates were incubated at 37 °C for two hours. After
the incubation period, the DMEM basal medium was added and
the flasks remained incubated for more 22 hours. After this period,
the DMEM medium was removed from the plates and washes
were conducted using 3 mL of phosphate buffer saline solution
(PBS), with pH 7.0. Next, the cells were collected with the aid of
a scraper. The treatments were transferred to a Falcon tube of
15 mL and after they were centrifuged (4 °C/10 min/250 x g).
The supernatant was discarded and the cell pellet was frozen
at 80 °C. The absorbance of the standards and samples was
measured in spectrophotometer at 595 nm.

2.3.4 Ferritin determination

The tubes with the cell pellets were defrosted at ambient
temperature and there was added 100 pL of PBS. The tubes
were agitated in vortex for 1 minute, left in ultrasound bath for
15 minutes and agitated again for 1 minute. The ferritin analysis
was conducted with ELISA Kit (Phoenix, EK-310-25). The results
were expressed in ng of ferritin/mg of protein.

2.3.5 Zinc determination

It was made in accord with Vasiluk et al. (2011). To the cell
pellet 1 mL of nitric acid 2% was added with 4 mL of deionized
water, which remained resting for one night. Following, the
absorbance reading was conducted in an Optical Emission
with Plasma Inductively Attached spectrophotometer Thermo
Scientific iCAP 6300 DUO Series (ICP-OES) in the samples
and of the standards with known concentrations of zinc at
0.005;0.01; 0.03; 0.05; and 0.1 mg.L™". The results were expressed
in mg of zinc per mg of protein. The analysis was conducted
at the Laboratory of Environmental Analyses, belonging to
the Department of Soil Sciences located in the ESALQ-USP.
The results were expressed in mg of zinc/mg of protein.

2.4 Statistical analysis

The experimental design was entirely randomized. The results
were submitted to the variancy analysis (ANOVA) and the means
compararison was conducted by Tukey test at 5% of significancy.
For all analyses, the statistical pack Statistical Analysis System
(1996) was used.
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3 Results and discussion

The humidity rates in the treatments 2 and 4 were the most
elevated (Table 1) and this is due to the presence of tomato in
these mixes, since it presents 95% of water in its composition
(Ntcleo de Estudos e Pesquisas em Alimentagéo, 2011).

In the measure of iron bioaccessibility, in order to verify
the viability of the experiment, a treatment named positive
control was conducted, which was composed by 500 mg of
ferrous sulfate + 500 mg of ascorbic acid. The ferrous sulfate
is considered effective as positive control since it induces the
ferritin synthesis (Vaz-Tostes et al., 2016). The positive control
has normally elevated the ferritin rate since it does not present
antinutritional factors, which is present in the food. A treatment
of negative control was also conducted, which did not contain
any sample, only DMEM medium and Caco-2 cells.

Regarding iron total rates, the treatments which contained
rice and bean (T1) and the one which contained rice, bean, garlic,
and onion (T3) statistically differed from the treatments 2 and 4
(Figure 1). This result was expected since these treatments presented
tomato in its mix, suggesting that the iron derived from this fruit
caused this increase in the mineral total rate. Tomato presents
0.2 mg of iron per 100 g in humid base, however this value
becomes meaningful when in dry base. This is due to the high
water rate present in the tomato.

Even with treatment 2 and 4 presenting superior iron rates
in relation with the treatments 1 and 3, its bioaccessibility did
not significantly differ between these treatments, with only the
treatment 4 being significantly different (Figure 1). It presented a
more elevated ferritin concentration, supposing that the promoters

Table 1. Humidity rate of the treatments in %; (n=3).

Treatment Mean + SD
T1 (Rice, bean) 66.84° + 0.08
T2 (rice, bean, tomato) 86.39" +0.03
T3 (rice, bean, garlic, onion) 66.78°+0.12
T4 (rice, bean, garlic, onion, tomato) 86.84* + 0.09

Means followed by the same letter in the same column did not present significant
difference (95% confidence).
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Figure 1. Total rates of iron (mg/Kg) and bioaccessibility of iron (ng of
ferritin/mg of protein) of the four treatments (T1: rice, bean; T2: rice,
bean, tomato; T3: rice, bean, garlic, onion; T4: rice, bean, garlic, onion,
tomato). (a) differs from (b), in the same variable. (A) differs from (B).
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combination (ascorbic acid and cysteine) is promising to elevate
the iron absorption. This is different from the study of He et al.
(2013), who managed to increase the bioaccessibility with only
one promoter added, for the rice already has a natural high rate
of cysteine. The work analyzed eleven genotypes of polished
rice in the cooked form regarding the bioaccessibility of iron
comparing the samples with and without the presence of ascorbic
acid. The study used the Caco-2 cell model and the samples
which received ascorbic acid present a higher bioaccessibility
rate, indicating that the vitamin C increased the iron absorption.
Only two genotypes did not have significant results regarding
the bioaccessibility in the presence of ascorbic acid.

In the study of Yun et al. (2004), different doses of vitamin C
were added to semi-synthetic meals and the quantity of ferritin
formed by the Caco-2 cells increased, confirming that the ascorbic
acid acted as promoter of the iron absorption for the ferritin
synthesis. The vitamin C doses were 0; 25; 50; 100; 250; and 500 mg.
The quantity of ferritin was 16.3; 54; 74.3; 104; 226.6; and 283.9 ng
of ferritin/mg of protein, respectively. The increase in the iron
rate provoked by the ascorbic acid was also found in the studies
of Tetens et al. (Tetens et al., 2005), who proposed six types of
diets with addition of many vitamin C levels, three of them
with low levels (from 26 to 34 mg) and three with high levels
(from 115 to 123 mg). An increase of iron rate was observed
in those meals which received more elevated vitamin C doses.
However, in another study there were no elevated rates of total
iron levels when added with vitamin C, but in the absorbed
fraction there was an increase of 1.5% in fortified oat drinks
(Trinidad et al., 2014).

Treatment 3 received garlic and onion because this food
contain cysteine, a sulphurated amino acid capable of promoting
the bioavailability of some minerals. This treatment had no
significant difference in relation to treatment 1 for iron rate,
which contained only rice and bean. Similar result was found
in the work of Fantini et al. (2008), in which food combinations
were made in order to provide the iron increase using tomato
and rice as source of ascorbic acid and cysteine, respectively.
The iron rate found in the treatment which contained only bean
(17.11 mg/Kg) had no significant difference in relation to the
one which contained rice as source of cysteine (17.45 mg/Kg).

Fantini et al. (2008) found higher dialyzable iron rate in the
mix which contained tomato and rice along with bean, that is,
the two promoters in the same treatment, with no observation
ofiron increase in the combination that contained only cysteine
as promoter, in accord with the results of this work.

Treatments 1 (rice, bean), 2 (rice, bean and tomato) and
3 (rice, bean, garlic, and onion) did not differ between each
other in relation to the zinc total rate, while the treatment 4
(rice, bean, garlic, onion, and tomato) differed from the others
being the mix which contains the lowest rate of the element.
This can be due to the fact that the treatment is the one which
contains the lowest quantity of rice and bean, that are the main
sources of zinc in the mix.

Many factors can act in the zinc inhibition, like the iron, however
only when the molar ratio is higher than 25:1 (Sandstrom et al.,
1985), which do not apply to this study. Phytate and nucleic
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acids (all the compounds containing phosphorus) reduce the
zinc absorption and calcium can also affect negatively when in
the presence of phytate (Davies & Olpin, 1979).

Although the treatment 4 (rice, bean, garlic, onion, tomato)
has presented a lower numerical value for zinc rate, there was
no significant difference for the concentration of zinc absorbed
by the cells among the treatments, suggesting that the total zinc
rate do not influence the absorbed quantity, but the components
present in the diet, does (Figure 2).

The treatments 1 and 3 showed itself similar regarding the
total rate and concentration of absorbed zinc, suggesting that the
quantity of garlic and onion was not sufficient for increasing the
bioaccessibility of this element, despite having a crescent evidence
that diets containing sulphurated amino acids can increase the
zinc absorption. Garlic and onion are known for containing these
amino acids, the cysteine in particular. In this study we did not
prove this improvement, however Gautam et al. (2010) obtained
positive results for the increase of bioaccessibility not only of
zinc but also of iron. The authors tested two quantities of garlic
(0.25 and 0.5 g) and of onion (1.5 and 3 g) in different cereals,
including rice (that also presents a great rate of cysteine). There
was also observed an increase in the bioaccessibility resulting
from the addition of both quantities, however it was noted
that the highest level (which was the double of the lowest), did
not provoke proportional increase, such as for iron and zinc.
The authors suggest that this may have occurred due to the
positive effect be reached, that is, it came closer to the saturation
in the lowest dose.

An already published study evaluated the possible interfering
substances in the zinc absorption, such as phytate, polyphenols
and ascorbic acid and verified that the ascorbic acid did not
influence the zinc absorption, just as stated in this work. Besides
that, the study evaluated the characteristics of the zinc absorption
by the cells, like kinetics and interpolar linkages and concluded
that this is a reliable method for evaluating the bioaccessibility of
zinc compared with rats and humans (Sreenivasulu et al., 2008).
There are other works comparing the Caco-2 cells method with
animals and humans (Kruger et al., 2013; Tako et al., 2009),
however it is necessary a wider study about the zinc absorption,

Zinc
30
23.68°
25 21.48° 21.65°
b

2 18.39
15
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5 1.1° 0.97* 1.21% 1.33%

0 | il _— ——

T ™ 3 T4

M Zinc rate (mg/Kg) M Bioaccessible Zn (mg of Zn/mg of protein)

Figure 2. Total zinc rates (mg/Kg) and bioaccessibility of zinc
(mg of zinc/mg of protein) of the four treatments (T1: rice, bean;
T2: rice, bean, tomato; T3: rice, bean, garlic, onion; T4: rice, bean, garlic,
onion, tomato). (a) differs from (b), in the same variable. There was no
significant difference for bioaccessible zinc (A), p<0,05.
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possible competition with other minerals and food that can
promote its bioaccessibility.

4 Conclusion

The ascorbic acid and the cysteine, when together, are more
efficient in the mineral absorption, because the treatment which
contained rice, bean, garlic, onion, and tomato obtained the best
result among the others for as iron as well as for zinc, even being
the treatment that initially contained the lowest rate of this last
element. That is the importance of evaluating the components
of a diet consumed by the Brazilian population.
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