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Common bean (Phaseolus vulgaris L.) is a crop of high nutritional interest which is
widespread throughout the world as a result of which it is considered as a potential
crop for ensuring future food security. The effect of organic and conventional
farming systems on the nutritional and functional composition of two cultivars
of market class fabada (a landrace and a modern elite cultivar) is described.
The findings of our study have shown that the common beans from organic
farming have a higher content of protein, phenolic compounds, and relevant
microelements such as iron and zinc than the seeds from conventional farming
trial. However, in conventional crops a higher content of polyunsaturated fatty
acids and lower concentrations of phytic acid and raffinose oligosaccharides
were also detected. In contrast, no significant differences were detected in the
proximate composition of the two genotypes tested, nor in their antioxidant
activity or levels of phenolic compounds. The elite cultivar maintains the nutritional
characteristics of the landrace from which it derives, suggesting the genomic
regions modified in the improvement do not play an important role in their
genetic control.

KEYWORDS

anti-nutritional factors, elite cultivar, landrace, mineral content, nutritional value, organic
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1 Introduction

Common bean (Phaseolus vulgaris L.) is one of the most important grain legumes and is
cultivated widely throughout the world (FAO, Food and Agriculture Organization of the
United Nations, 2023a). Bean seeds are interesting due to their nutritional composition,
characterized by a high content of protein, carbohydrates, vitamins, minerals, and the
presence of functional compounds such as dietary fiber and phenolic compounds, which
exert protective effects against various diseases (Bennink and Rondini, 2008; Camara et al.,
2013; Hayat et al., 2014; Lo Turco et al., 2016; Chédvez-Mendoza and Sanchez, 2017).
Therefore, this legume is considered a potential crop for ensuring future food security
(Parodi et al., 2018; Nadeem et al., 2021), supplying vegetable protein to the increased
world population, especially in Africa and developing countries, and mitigating obesity
in developed countries due to its low glycemic index. In addition, legume crops have
environmental benefits. For instance, legumes have the unique capacity to fix nitrogen in
the soil and hence improve soil fertility, while at the same time reducing the need to use
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conventional inorganic fertilizers and the crop has a small water
footprint. For these reasons, legumes have an important role to
play in the transition toward more sustainable farming systems that
provide economic, environmental, and social benefits.

Agriculture is a significant contributor of greenhouse gas
emissions (CO;, methane and nitrous oxide) related to climatic
change (Muller et al., 2017). A reduction in agricultural emissions
(largely methane and nitrous oxide) could play a significant role in
climate change mitigation (Lynch et al., 2021). Organic agriculture
is an integrated production management system that promotes and
enhances agro-ecosystem health, including biodiversity, biological
cycles, and soil biological activity. It emphasizes the use of natural
inputs (i.e., minerals and products derived from plants) and the
renunciation of synthetic fertilizers and pesticides (FAO, Food
and Agriculture Organization of the United Nations, 2023b). This
means that organic farming tends to have a limited environmental
impact and, owing to the absence of synthetic inputs, organic
produce is generally considered to be safer and healthy (Aulakh
etal., 2022).

On the other hand, it is well-known that agronomic factors
such as the type and fertility of the soil, climatic variables, plant
management, and cultivars used have an effect on the nutritional
and functional value of common bean seeds (Gonzilez et al,
2006; Uyanoz et al, 2007; Medina-Velo et al, 2017; Celmeli
et al., 2018; Nicoletto et al., 2019; Philipo et al., 2020; Bosmali
et al, 2023). However, sometimes there are discrepancies in the
findings of different works studying the same aspect, which could
be due to the difficulty of reproducing the tests and interactions
among the various factors evaluated (genotype, climatic conditions,
soil, etc.).

In this sense, although it seems clear that organic farming is
a sustainable alternative to conventional farming, and its positive
influence on some dry bean phytochemicals has been revealed,
such as a higher content of phenolic compounds (Baranski et al.,
2014; Mastura et al.,, 2017; Barreto et al., 2021; Bosmali et al.,
2023), what is certain that in other cases, the results are still
inconclusive, as Barreto et al. (2021) point out. One possible
cause of this lack of consistency that should be pointed out
is the fact that, on the one hand, there are in fact still very
few works that study differences in organic and conventional
production and, on the other, the works that do exist generally
consist of a comparison of values for commercial samples, and
do not take into account the diversity of factors like cultivated
variety, environmental conditions, fertilizers, land management,
etc. These works, which are undoubtedly of interest from the
point of view of product characterization, do not however allow
information to be obtained on the direct influence of the farming
method (organic vs. conventional) on the nutritional properties of
dry beans.

Seeds of common bean show wide phenotypic variation
On
the basis of seed phenotypes, the diverse range of bean

(coat color, color distribution, seed form, and size).

have been grouped into different market classes (Voysest,
2000). The market class fabada
seed phenotype within the species. Its growth was originally

demonstrates an extreme

described in Asturias (northern Spain) and currently has a
Protected Geographical Indication recognized by the EU,
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due to the particular quality, reputation and characteristics
attributable to the geographical origin (MAPA, Ministerio
2023).
detailed description of the seed’s chemical composition and

de Agricultura, Pesca y Alimentacidn, However, a
nutritional characteristics has not been reported under local
farming conditions.

The goal of this work is to describe the nutritional and
functional composition of bean seeds of the market class fabada
as well as to investigate the effect of organic or conventional
farming systems on those parameters. To this end, the proximate
composition, total phenolic compounds, antioxidant capacity,
sugars, fatty acid profile, phytic acid and mineral content were

determined in a landrace and an elite cultivar of this market class.

2 Materials and methods

2.1 Plant material

The homozygous lines A25 and A4804 were used in this
study (Supplementary Figure 1). Both lines (genotypes) have an
indeterminate climbing growth habit and are classified in the
market class fabada (syn. Faba Granja), a well-differentiated seed
phenotype within the dry beans, with creamy white, very large seeds
(~100 g/100 seeds) that have an oblong shape and a length/width
ratio >2.2. Line A25 (cv. Andecha) is an old cultivar obtained
through a local landrace selection (Ferreira et al, 2012). Line
A4804 derives from A25 through backcrossing programs and it
carries various resistance genes: it carries the Co-2 gene located
at chromosome Pv11 which confers resistance to anthracnose, the
Pm-1 gene, located at chromosome Pv04, conferring resistance to
powdery mildew, and the I gene, located at chromosome Pv02,
which confers resistance to potyvirus.

The crops were grown in Villaviciosa (Asturias, Spain; 3°29’
01" N, 5° 26 11" W; elevation 6.5m) from April to September
2022. A completely randomized design was used in this study
comprising four replicates per farming system/crop management
type (conventional or organic) and cultivar (A25 and A4804). In
the organic farming system, the crop was grown in a field trial of 1
m2 plots which each contained 8-10 plants, while the conventional
farming system took place in a tunnel greenhouse with plots of 2
m2 containing 10-14 plants. Both crops were mulched with plastic
for weed control. The conventional trial took place in soil that had
been intensively used for bean growth for the last 15 years (two
cycles per year) on which synthetic fertilizers and pesticides had
been used. The organic trial was performed in soil that had been
used for a common bean-ryegrass rotation system for the previous
8 years (bean in summer and ryegrass in winter, the ryegrass being
incorporated into the soil as green manure), whose only crop
management was treatment with organic fertilizers and pesticides.

Analysis of the soil characteristics of the conventional
and organic trials were conducted by the company KUDAM
(Laboratorio Kudam S.L., Alicante, Spain). Each soil was sampled
after harvesting using a shovel at a depth of 40-50 cm. Each soil
sample was a mix of 8-10 subsamples spread across the respective
plots in order to capture its variability. The main physical-chemical
characteristics of the soils are described in Supplementary Table 1.
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2.2 Sample handling

The dry pods from each plot were manually harvested and
shelled. The dry seeds were frozen for 48 h to prevent weevil attack
and then kept at room temperature before being processed. Samples
of 50 g of seeds per line and plot were ground in a coffee grinder
and passed through a standard sieve (number 18, corresponding to
a sieve open ring size of 1.00 mm). Each repetition was individually
analyzed and the final value per line and per field condition was
calculated as the arithmetic mean of the four repetitions.

2.3 Chemical analysis

2.3.1 Proximate composition

Moisture was determined by drying at 105°C, ash by
incineration at 550°C, crude protein with the Kjeldahl method
and total fat with the Shoxlet method, all according to AOAC
methods (Horwitz, 2005). Total carbohydrates and energy were
indirectly calculated in accordance with FAO, Food and Agriculture
Organization of the United Nations (2023c). Total carbohydrate
(%) was estimated using the difference method as follows:

Total carbohydrate (%) = 100 — (% protein +
% fat + % water + % ash)

and the energy content was calculated as follows:

Energy (kcal/100 g) = 4 x (crude proteing) + 4 x
(carbohydrate g) + 9 x (crudefat g).

2.3.2 Fatty acid profile

Fatty acids, previously derivatized to fatty acid methyl esters,
were analyzed by GC-MS following Rodriguez-Ruiz et al. (1998).
Briefly, samples (100 mg) were placed in test tubes with 1 ml of
the methylation mixture (methanol/acetyl chloride, 20:1 v/v) and
0.5ml hexane and heated at 100°C for 30 min. After cooling to
room temperature, 1 ml of distilled water was added to establish
two phases. The upper one (hexane) was recovered and injected
into an Agilent 7980 chromatograph equipped with an MSD 5975C
detector (Palo Alto, CA, United States) and a J&W CP 7420 FAME
column (100m x 250 um and 0.25-pm i.d). Oven conditions
were as follows: 180°C (10 min) rising to 200°C (25 min) at a rate
of 1°C/min and then to 240°C (10 min) at a rate of 15°C/min.
Analyses were carried out in split mode (1/50) and the carrier gas
flow (He) was set at 1 ml/min. The identity of the fatty acid methyl
esters was ascertained by comparison with authentic standards. All
analyses were carried out in duplicate.

2.3.3 Mineral composition

The samples (0.5 g) were digested with 10 ml of concentrated
nitric/hydrochloric acid (1/4 v/v) in an Ethos One microwave
system (Milestone, Sorisole, Italy). Digestion conditions for the
microwave system were as follows: increase in temperature up to
96°C in 3min, up to 160°C in 10 min, up to 185°C in 3 min,
after which temperature was kept constant for 15 min; finally, a
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cooling stage (30 min) was carried out to 25°C. The resulting
solution was transferred to a 20 ml volumetric flask and diluted if
necessary. Mineral determination was carried out by inductively
coupled plasma mass spectrometry (ICP-MS, Agilent model 7800).
The ICP-MS operating conditions were optimized using autotuning
functions within the ICP-MS MassHunter software. Quantification
of K, B, S, Mg, Ca, Fe, Zn, Cu, Mo, Ni, Mn, B, V, Co, As and Se was
performed from an external calibration with 4 internal standards:
scandium (Sc), germanium (Ge), iridium (Ir) and rhodium (Rh).
All analyses were performed in duplicate.

2.3.4 Soluble sugars

Verbascose, stachyose, raffinose and sucrose were extracted
following Gangola et al. (2014). Briefly, 1.5g bean flour was
extracted with 30 ml of 80% (v/v) ethanol in a shaking bath at 60°C
for 45 min. The sample was centrifuged at 12,000 rpm for 10 min,
after which the supernatant was collected and the pellet was re-
extracted. Supernatants from 3 sequential extractions were pooled,
dried at 50°C in a rotary vacuum evaporator, redissolved in 5ml
water and then filtered through a prewashed C18 cartridge and a
0.45 um acetate cellulose membrane. Two extractions were carried
out per sample.

The determination of verbascose, stachyose, raffinose and
sucrose in the extracts was carried out in an HPLC system
(Waters Associates, Milford, MA) equipped with a 510 pump,
a 717 plus autosampler, a temperature controller and a 410
refractive index detector. Separations were carried out in an
cationic exchange column (Sugar-Pak I, Waters Associates) using
an aqueous solution containing 50 mg/L of calcium salt of EDTA
as the mobile phase at 0.2 ml/min. The injection volume was 50
il and the oven temperature 90°C (Manoharlal et al., 2020). The
identity of analytes was ascertained by comparison with authentic
standards. Quantitation was performed according to an external
standard method.

2.3.5 Total phenolic compounds and antioxidant
activity
2.3.5.1 Sample extraction

The extraction of phenolic compounds was carried out
following the previously optimized method (Madrera and Valles,
2020). Briefly, 1.5g bean flour were extracted with 30 ml of 46%
aqueous ethanol (0.1% perchloric acid), over a period of 10.3 min,
in a water bath at 20°C using an ultrasonic homogenizer UP200Ht
(Hielscher, Teltow, Germany) equipped with a 2mm diameter
sonotrode at a frequency of 26 kHz. After extraction, the solids
were separated by centrifugation and the supernatant was dried in
a rotary vacuum evaporator at 40°C, after which the residue was
reconstituted with 4 ml of 20% aqueous methanol (0.1% perchloric
acid) and filtered through a 0.45pum polyvinylidene difluoride
(PVDF) syringe filter. Two extractions were carried out per sample.

2.3.5.2 Total phenolic content
Total (TPC) was
spectrophotometry using the Folin-Ciocalteu method (Singleton

phenolic  content determined by

and Rossi, 1965). The reaction was carried out in 10 ml volumetric
flasks, to which the various reactants were added in the following
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TABLE 1 Proximate composition of common beans culivated under organic or conventional conditions (mean =+ standard deviation).

Factor A25 A4804
G F GxF Organic(n=4) Conventional(n=4) Organic(n=4) Conventional(n=4)
Protein (%) ns. | % n.s. 23.40 £ 0.39 20.08 =+ 0.58 22.50 4 0.44 20.15 + 0.45
Fat (%) ns. | ns. n.s. 0.92 £ 0.05 0.91 £ 0.03 0.96 + 0.03 0.90 + 0.04
Ash (%) ns. | n.s. 3.60 % 0.08 331+£0.10 3.7140.03 3394011
Moisture (%) ns. | ns. n.s. 12.80 £ 0.20 12.75+038 13.07 £ 0.14 12.75 4 0.18
Carbohydrate (%) | ns. | ** ns. 59.29 + 0.46 62.95 % 0.10 59.77 4 0.49 62.81 % 0.45
Energy (Kcal/100g) | ns. = ** ns. 339.03 % 1.00 34031 + 1.8 337.69 £ 0.59 339.97 £ 0.71

G, genotype; F, farming system; GxF, interaction; n.s., not significant.
**Significant at p < 0.01.

order and quantities: 200 pl of phenolic extract, 5 ml of water, 250
ul of Folin-Ciocalteu reagent, 750 pl of 20% sodium carbonate
and water to reach the final volume. The absorbance was measured
at 700 nm after 30 min at room temperature. Gallic acid was used
as standard for the quantification of total phenolic compounds.
The results are expressed as g gallic acid equivalent (GAE)/g. All
extracts were analyzed in duplicate.

2.3.5.3 Reducing power

Reducing power was carried out by the ferric reducing
antioxidant power (FRAP) method, following Benzie and Strain
(1999). Working FRAP reagent was prepared daily from the
following three solutions in the ratio 10:1:1: 300mM acetate,
pH 3.6; 10mM TPZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCI
and 20 mM FeCl3-6H20. Briefly, 100 pl of appropriately diluted
extracts were mixed with 3.0 ml working FRAP reagent in a test
tube and the absorbance was read at 593 nm against a reagent blank
after 20 min at room temperature. FeSO4-7H,0 solutions were
used to construct a standard curve and the results were expressed
as pmol Fe (II)/g. All extracts were analyzed in triplicate.

2.3.5.4 Radical scavenging activity

Radical scavenging activity was determined by using the 2,2-
diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method of Dineiro
Garcia et al. (2009). Forty microliter of either appropriately diluted
extract (the standard or methanol in the case of the reagent
blank) were added to 1.460 ml of DPPH solution (1 x 10~% M)
in methanol. Samples were diluted with methanol to ensure that
the readings were in the linear range of the standard curve.
Absorbance at 515nm was measured after 120 min, when the
reaction had reached its stable state. The inhibition percentage (IP)
was calculated as follows:

%IP = ((Aplank — Asample )/ Aplank) % 100

where Agmple is the absorbance of the solution in its stable state
and Apj,k is the absorbance of the DPPH solution when methanol
was added rather than the sample. Trolox solutions were used to
construct a standard curve and the results were expressed as pmol
trolox equivalent (TE)/g. All extracts were analyzed in triplicate.
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2.3.6 Phytic acid

Phytic acid was determined with the K-PHYT test kit
(Megazyme International Ltd, Bray, Ireland) in dry beans following
the instruction detailed by manufacturer. Briefly, 1 g of bean flour
was extracted overnight with 20ml of 0.66N HCI by shaking
vigorously at room temperature. Next, an aliquot was centrifuged
at 13,000 rpm for 10 min, following which 0.5 ml of the sobrenatant
was taken and neutralized with 0.5 ml of 0.75N NaOH. A phytase
was added to the neutralized extract followed by an alkaline
phosphatase and trichloroacetic acid to release the phosphorus
from the sample. Finally, the total phosphorus and the free
phosphorus in the sample were determined by spectrophotometry
at an absorbance of 655nm after derivatization with ascorbic
acid and ammonium molybdate to form molybdenum blue. The
difference between the free phosphorus and the total phosphorus
allowed the estimation of the phytic acid content in the sample
(Megazyme, 2023).

2.4 Statistical analysis

Significant differences in the nutritional and functional
composition were detected by means of a two-factor ANOVA
(genotype and farming system). Pearson’s correlation coefficient
(r) was computed to estimate correlations between variables. The
program used was SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).

3 Results and discussion

3.1 Proximate composition

From the nutritional point of view, there were no significant
differences between genotypes (Table 1), with average values being
within those characteristic for the species (Admassu Shimelis and
Kumar Rakshit, 2005; De Almeida Costa et al., 2006; Celmeli
et al, 2018; Wodajo and Emire, 2022). However, protein, ash,
carbohydrate and energy contents did show significant differences
with respect to the farming system employed. Specifically, the
protein content, one of the main nutritional traits of common
beans, was significantly higher (14% on average) in the organic
crop, as was ash content (>9%), while carbohydrate content was
higher (>5%) in samples from conventional farming.
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Several works have reported differences in nutritional values
due to both the farming system and the cultivars tested (Shellie
and Hosfield, 1991; Gonzédlez et al, 2006; Kargiotidou et al.,
2019; Herrera et al, 2021). Higher protein content has been
associated with higher levels of nitrogen in the soil, although the
genotype effect seems more important (Leal et al, 2021). In this
sense, it should be noted that the organic soil employed in this
work presented a higher total nitrogen (Supplementary Table 1),
although it is also true that higher protein levels have been also
reported in organic crops with lower total nitrogen than the
substrate where the equivalent crop is grown under conventional
conditions (the fixation of atmospheric nitrogen through symbiosis
with rhizobium bacteria and the absence of pesticides perhaps
favoring the accumulation of protein in such conditions) (Barreto
et al, 2021). Contrary to Barreto et al. (2021), our results show
a higher ash content in organic crops, which could be interesting
from a culinary point of view because, as Velasco-Gonzdlez et al.
(2013) pointed out, higher ash content favors water absorption and
reduces the final hardness of the grains.

It is worth noting that it is usual to observe different behaviors
between genotypes for the same growing conditions (genotype
x environmental interaction), so it is not always possible to
extrapolate from published results and it is necessary to replicate
works under the specific conditions of interest.

3.2 Total phenolic content and
antioxidant activity

Phenolic compounds are a family of phytochemicals present
in dry beans that play an important role in human health because
they exhibit antioxidant activity related to antidiabetic, antiobesity,
anti-inflammatory, antimutagenic and anticarcinogenic properties
(Ganesan and Xu, 2017). Although the most important phenolic
compounds, from the functional point of view, are found in
the colored seeds as a result of the greater accumulation of
flavonols present in their coat, the phenolic components of
the cotyledons, basically phenolic acids, constitute a group of
important nutraceuticals because of their antioxidant activity
(Rodriguez Madrera et al., 2020).

The results obtained (Table2) showed a similar TPC in
both genotypes, which were within the characteristic ranges for
this market class (Rodriguez Madrera et al., 2021). However,
the accumulation of phenolic compounds in organic crop was
26.6% higher than conventional one. A higher content of
polyphenols was reported in black varieties grown in organic
farming system (Celmeli et al.,, 2018). The formation of polyphenols
is associated with response to stress and numerous causes have
been suggestedsuch as the water level and the temperature
(Juszczuk et al., 2004; Nicoletto et al., 2019; Herrera et al., 2021).
Although in our trial both crops were subjected to a period
of stress due to unusually high temperatures during the seed
development stage (Supplementary Table 2), this does not seem
to justify the differences in phenolic content between crops.
However the characteristics of the soil could be the explanation
for the differences detected. Juszczuk et al. (2004) observed that
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phosphorus deficiency induces a greater production of polyphenols
in the P. vulgaris plant, and Oney-Montalvo et al. (2020) detected
that in soils with a higher content of nitrogen and organic matter
and less phosphorus (Supplementary Table 1), higher levels of
phenolics compounds are metabolized in habanero peppers.

The antioxidant activity of dry beans was evaluated using two
complementary methods: the DPPH method, which determines
radical scavenging activity, and the FRAP method, which evaluates
the reducing power of the extracts. The DPPH method reflected
higher antioxidant power in the extracts of seeds grown under
organic conditions (70% higher), in accord with Mastura et al.
(2017) in P. vulgaris and a review by Baranski et al. (2014)
in relation to crops/crop-based foods; on the contrary, there
were no significant differences in the reducing power of the
two conditions. The apparent discrepancies between the results
of the two methods can be explained by taking into account
that the different phenolic compounds present in the extracts
are expressed with different intensity depending on the method
employed (Alcalde et al., 2019), which is linked to the fact that
the methods used are based on different mechanisms: FRAP is
based on single electron transfer and DPPH is based on a mixed
mechanism of hydrogen atom transfer and single electron transfer
(Pisoschi et al., 2016). In addition, the TPC values determined by
the Folin-Ciocalteu method, a method also based on single electron
transfer, presented a lower correlation coefficient with the FRAP
values (rrpc/rrap = 0.862) than with the DPPH values (rrpc/pppH
= 0.920), again revealing the differences in the response of the
extracted components and the methods used. In this sense, the
characterization of the phenolic content and antioxidant activity
of a panel of dry beans showed that polyphenol content does not
always correlate with reducing power or radical scavenging activity,
indicating that using more than one methods seems necessary to
adequately define the antioxidant activity of dry beans (Rodriguez
Madrera et al., 2021).

3.3 Fatty acid profile

Fatty acids (FAs) are functional components of the human
diet that influence metabolic diseases such as type 2 diabetes and
inflammatory diseases such as arthritis, and cancer (Calder, 2015).

Significant differences were found in some of the factors studied
for the 12 FAs detected, of particular note being the differences
detected for the four major FAs: palmitic acid, oleic acid, linoleic
acid and linolenic acid (Table 3), which represented more than 95%
of the total FAs, in accordance with previously reported results for
dry beans (Lo Turco et al., 2016; Adewole et al., 2021; Byrdwell and
Goldschmidt, 2022).

Palmitic acid was the only FA that did not show significant
differences with the farming system used, while oleic, linoleic and
linolenic acids, which demonstrated the greatest changes from a
quantitative point of view, all showed significant differences for
both genotype and farming system, as well as their interaction.
Both genotypes of dry bean presented higher oleic acid contents
in organic farming, the linolenic acid content was higher in
conventional crops and linoleic acid was more abundant in
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TABLE 2 Total phenolic content and antioxidant activity of common beans culivated under organic or conventional conditions (mean + standard

deviation).
Factor A25 A4804
G x F  Organic (n=4) Conventional(n=4) Organic(n=4) Conventional (n = 4)

Total phenolic ns. * ns. 607.61 & 28.71 417.414+33.8 539.87 +183.4 488.84 + 33.85
content®

Radical scavenging n.s. * n.s. 2.65+0.42 1.55 £ 0.66 229+ 1.60 1.35+£0.26

activityb

Reducing power® ns. | ns. n.s. 8.97 +£0.93 7.05 4 1.38 7.30 & 3.36 6.32 £ 1.11

*Total phenolic content. expressed as jug gallic acid equivalent (GAE)/g.

bRadical scavenging activity calculated by the 2.2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method. Values expressed as jmol trolox equivalent/g.
“Reducing power calculated by the ferric reducing antioxidant power (FRAP) method. Values expressed as pmol Fe (I)/g.

G, genotype; F, farming system; G x F interaction; n.s., not significant.
*Significant at p < 0.05.

TABLE 3 Fatty acid profile (expressed as percentage of total fatty acids) of common beans culivated under organic or conventional conditions (mean +

standard deviation).

A4804

Factor A25
F GxF Organic(n=4) Conventional(n=4) Organic(n=4) Conventional(n=4)

Myristic acid (C14) n.s. o * 0.09 £+ 0.01 0.05 £ 0.01 0.07 £ 0.01 0.06 £ 0.00
Palmitic acid (C16) * n.s. n.s. 21.6 £0.41 21.75+£0.7 20.03 £ 0.93 21.5+£0.84
Palmitoleic acid ns. - ns. 0.1540.01 0.09 £ 0.02 0.16 £ 0.01 0.08 £ 0.01
(C16:n1 n7)
Margaric acid (C17) n.s. * o 0.11 £ 0.01 0.1 £0.01 0.09 £ 0.01 0.11 £ 0.01
Stearic acid (C18) n.s. * n.s. 1.53 +£0.14 1.00 + 0.04 1.48 +£0.07 1.03 +£0.07
Oleic acid (C18:1 * > * 15.3 £ 1.08 8.05+ 0.9 21.88 £ 1.44 7.29+0.27
n9)
Vaccenic acid n.s. o ns. 1.80 £ 0.08 1.61 £0.13 1.87 £0.05 1.540.04
(C18:1n7)
Linoleic acid (C18:2 o > o 24.92 +£0.83 18.39 + 0.6 15.70 +0.19 18.39 4+ 0.26
ne)
Linolenic acid o o o 33.78 £ 0.5 48.26 £ 0.62 3792 £ 1.15 49.29 £ 0.55
(C18:3 n3)
Arachidic acid o o n.s. 0.12 £ 0.01 0.1 £0.01 0.15 £ 0.01 0.12 £ 0.01
(C20)
Behenic acid (C22) n.s. n.s. * 0.29 £ 0.03 0.31 £ 0.03 0.36 £ 0.03 0.3 £0.05
Lignoceric acid ns. | ns. n.s. 0.31 +0.04 0.29 4 0.04 0.29 4 0.03 0.34 4 0.05
(C24)

Expressed as %.

G, genotype; F, farming system; GxF, interaction; n.s., not significant.
*Significant at p < 0.05.

**Significant at p < 0.01.

conventional farming for the A4804 genotype and in organic
farming for A25.

On the other hand, the content of saturated fatty acids and
unsaturated fatty acids did not show significant differences between
farming systems (Supplementary Figure 2). However, there was a
greater accumulation of polyunsaturated fatty acids (PUFA) than
mono-unsaturated fatty acids (MUFA) in the conventional crop
(Figure 1). These facts could be explained by the desaturation
of FAs by fatty acid desaturases (FADs), a highly substrate
specific group of enzyme present in plants (Dong et al., 2016).
The results obtained show that in conventional farming there
was greater activity of FAD2 and FAD6, both w-6 desaturases
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that synthesize linoleic acid (18:2) from oleic acid (18:1), and
FAD3, FAD7 and FADS, both -3 desaturases that convert
linoleic acid (18:2) into linolenic acid (18:3) (Dong et al., 2016).
In addition, from a nutritional point of view, the presence
of linoleic acid (w-6) and linolenic acid (w-3) is of special
interest, given that the human body is unable to synthesize
these PUFAs and thus they are referred to as essential FAs.
However, overconsumption of w-6 PUFAs with a concomitant low
intake of w-3 PUFAs is strongly associated with the pathogenesis
of many modern diet-related chronic diseases, currently health
recommendations are to reduce the current w-6/w-3 ratio from
20-50/1 to 4-5/1 (Mariamenatu and Abdu, 2021). In this sense,
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FIGURE 1

Sum of mono-unsaturated fatty acids (MUFA) and polyunsaturated (PUFA) fatty acids in common beans grown under organic and conventional

conditions.

although the fat content of dry beans is low, the higher
levels of w-3 and the w-6/w-3 ratios of <1 detected in the
common beans (Figure 2) could contribute to decreasing this
consumption ratio.

3.4 Mineral composition

The human diet needs to include relatively small amounts of
the minerals that cannot be synthesized by the body. Minerals fulfill
numerous functions: they are part of all body fluids, participate in
the maintenance of osmotic pressure, are involved in the formation
of bones and tissues as well as in nerve impulse transmission, and
act as cofactors with various enzymes, among other functions. The
lack of certain elements such as Fe, Zn, and P is the cause of
important nutrition problems (malnutrition) and, on occasions,
this can become a health public problem (Latham, 1997). Minerals
can be classified according to the concentrations required by the
body into macrominerals (quantities >100 mg/day, Ca, P, Na and
Cl), microminerals (concentrations <100 mg/day, Fe, Cu, Co, K,
Mg, I, Zn, Mn, Mo, E Cr, Se, and S) and ultra-trace minerals
(concentrations <1 mg/day, B, Si, As, and Ni) (Soetan et al., 2010).

The analysis of the common bean samples showed values
for the different minerals within the range of those reported by
other authors for the species (Guzman-Maldonado et al., 2003;
Ribeiro et al., 2012; Dutta et al., 2016; Espinoza-Garcia et al., 2016;
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Kahraman et al., 2017; Celmeli et al., 2018; Palci¢ et al., 2018;
Gunjacaetal,, 2021). Inall cases (Table 4), K was the most abundant
mineral component, constituting between 1.5 and 1.7% by weight
of the seeds. Other major elements, in decreasing order, were P
(0.43%—0.54%), S (0.20%—0.27%), Mg (0.15%—0.17%), and Ca
(0.08%—0.15%). Seven minerals were found with values higher
than mg/kg: Fe (50.68-66.94 mg/kg), Zn (25.17-39.69 mg/kg), Cu
(8.52-11.25 mg/kg), Mo (4.35-5.74 mg/kg), Ni (0.75-1.78 mg/kg),
Mn (11.39-14.06 mg/kg), and B (5.89-6.85 mg/kg) and five other
were lower than mg/kg: V (80.24-97.4 pg/kg), Co 34.59-90.06
pg/kg), As (29.61-33.29 pg/kg), and Se (35.97-82.59 pg/kg). The
16 elements analyzed showed significant differences for at least
some of the factors studied (genotype, farming system). Regarding
the differences detected between genotypes, it is worth highlighting
the higher fixation of Se (cofactor of antioxidant enzymes) in the
A25 genotype (average: 69 pg/kg), 75% higher than was fixed by
A4804 (average: 39.1 pg/kg). Celmeli et al. (2018) have described
two-three-fold differences in levels of Se between genotypes.

A significant interaction was detected between genotype by
farming system with respect to the content of 10 of the analyzed
elements (Table 4). It is important to note that only Mo levels
showed opposing trends with respect to farming system depending
on the genotype. For the remaining minerals where the farming
system factor was significant, both genotypes behaved in the same
way: B, S, V, Mn, Co, Ni, As, B, K, Ca, Fe, Zn were more abundant in
dry beans grown according to organic practices (with increases that
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ranged between 2% for K and 83% for Ca) and the conventional
crops accumulated higher levels of Mg and Cu (8% and 16%
respectively). Although with small differences, Akbaba et al. (2012)
obtained similar results, with higher levels of Ca, Fe, Mn, P, Zn,
K, Mg in haricot beans samples grown under an organic farming
regime and no detected differences for Cu and S. However, Uyanoz
et al. (2007) detected lower Fe content in organically grown dry
beans (cattle manure) compared to the control (conventional) crop
and another substrate fertilized with ammonium sulfate, and they
detected no differences for Cu, Mn, Zn, P, Ca, K, or Mg. Barreto
et al. (2021) detected significant differences in levels of K, Cu, Mn,
Ca, Na, and Zn between organic and non-organic crops, although
for some elements the detected variations differed depending on
the growing region (environment effect). In this sense, it should be
noted that the genotype x environment interaction in experimental
designs such as that used in the current work and the those
mentioned above has considerable weight, one study finding that
the sum of squares of the genotype x environment interaction
represented more than 26% of variation for Fe and Zn (Philipo
et al., 2020), and this could well be the cause of the discrepancies
between the results in different trials.

In this respect, the large number of parameters that have a
significant influence on the mineral content of dry bean should
be noted. These include available phosphorus, iron, silt %, sand
%, exchangeable potassium, clay and total soil nitrogen (Philipo
et al,, 2020), and sometimes these factors demonstrating opposite
effects within the same trial, which makes it difficult to interpret
the results and extrapolate the conclusions beyond the scope of a
specific experimental design. In other words, the very high number
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of factors that seem to play an important, and sometimes opposite,
role when considering general factors such as environmental
conditions, including parameters with various effects and origins
that are sometimes random (soil, weather conditions), could be the
cause of the interactions detected in the studies and also of the
discrepancies that are sometimes observed between results.

In addition, a significant (p < 0.01) and positive correlation
was detected between the available mineral content of the soils
and the seeds harvested (Table 4, Supplementary Table 1) for Cu
(r = 0.63), Fe (r = 0.85), Mn (r = 0.93), Mg (r = 0.78), Ca (r
= 0.95), along with a negative effect for B (r = —0.93), P (r =
—0.70) and Zn (r = —0.83), while no significant correlation was
detected for K content. Plant intrinsic and extrinsic factors have
been suggested to be the cause of the lack of correlation between
the mineral content of beans and the soils in which they are grown
(Barreto et al., 2021).

3.5 Soluble sugars

There are three main RFOs present in legumes: raffinose
(Gal(al-6)Glc(al-2b)Fruf), stachyose (Gal(al-6)Gal(al-
6)Glc(al-2b)Fruf) and verbascose (Gal(al-6)Gal(al-6)Gal(al-
6)Glc(al-2b)Fruf). Stacchyose and the disaccaharyde sucrose
(Glc(al-2b)Fruf) are the principal soluble sugars in dry bean.

In all the samples analyzed, sucrose was the major sugar,
followed by stachyose, raffinose and verbascose (Table5). In
general, these values are within the range of those reported in
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TABLE 4 Mineral content in common beans culivated under organic or conventional conditions (mean =+ standard deviation).

Factor A25 A4804
G x F  Organic (h=4) Conventional (h=4) Organic (h=4) Conventional (n = 4)

K* o b * 1.60 £ 0.22 1.59 £0.25 1.7 £0.23 1.64 £0.11
P2 o o o 0.54 £+ 0.01 0.43 £ 0.01 0.46 + 0.01 0.45 4+ 0.01
s ns | © 027 +0.01 0.20 £ 0.01 024+ 0.01 0.21 % 0.01
Mg* n.s . * 0.16 £ 0.01 0.16 £ 0.01 0.15+0.01 0.17 £ 0.01
Ca* n.s . n.s. 0.15+£0.01 0.09 £ 0.02 0.16 £+ 0.01 0.08 +0.01
FeP n.s e . 62.25 £ 3.37 56.61 +2.01 66.94 + 2.62 50.68 £ 1.19
Zn® o b o 37.69 £0.71 25.7 £0.57 29.86 £+ 0.62 25.17 £ 0.32
CuP n.s. o n.s. 9.74 £ 0.35 11.25 +2.18 8.52+0.18 10.54 +0.21
Mob | * * © 5.74 4 0.88 4354061 439404 718+ 022
Ni® e . . 1.78 £0.07 0.75 £ 0.08 1.05£0.18 0.8 +0.28

MnP * o n.s. 13.43 £0.47 11.39 +0.28 14.06 £ 0.33 11.69 £ 0.39
B® n.s. b n.s. 6.71 £0.15 597 +0.18 6.85+0.22 5.89+0.21
ve o o * 97.4 £2.58 88.51 £+ 3.64 81.85+28 80.24 + 2.45
Co*¢ o . o 90.09 £ 6.71 74.71 £ 6.95 70.99 £+ 1.79 34.59 + 1.65
As© * . n.s, 3329 +1.04 30.5£0.58 31.9+£0.58 29.61 £ 0.69
Se¢ s n.s. n.s. 82.59 +11.05 55.43 +32.25 4231 +8.1 35.97 £ 4.69

*Expressed as %.
PExpressed as mg/kg.
“Expressed as |Lg/kg.

G, genotype; F, farming system; GxF, interaction; n.s., not significant.

*Significant at p < 0.05.
**Significant at p < 0.01.

TABLE 5 Sugars (mg/kg) in common beans culivated under organic or conventional conditions (mean =+ standard deviation).

Factor A25 A4804
G x F  Organic(n=4) Conventional (n=4) Organic(n=4) Conventional (n = 4)
Sucrose o . n.s, 26.91 £ 0.63 20.61 £ 0.46 2291 + 3.88 13.58 +3.49
Verbascose ns. | ns n.s 0.28 £0.11 0.41+£0.19 0.46 £0.02 0.37+£0.23
Stachyose ** n.s. n.s 17.8 £0.16 15.55 £0.27 12.68 £2.69 12.47 £0.24
Raffinose * i n.s. 2.90 £0.21 2.35+0.10 2.68 £0.71 1.78 4 0.02
Sucrose/ROF ratio n.s. e n.s. 1.28 4 0.04 1.13 £0.01 1.45 £ 0.06 0.93 +£0.21

G, genotype; E farming system; GxF, interaction; n.s., not significant; ROF, sum of verbascose, stachyose, and raffinose.

*Significant at p < 0.05.
**Significant at p < 0.01.

different varieties of dry beans (Naivikul and D’Appolonia, 1978;
McPhee et al.,, 2002; Admassu Shimelis and Kumar Rakshit, 2005;
Nicoletto et al., 2019; Kotha et al., 2020).

In accordance with other authors, the genotype is, together with
the location of growth, a main cause of differences in the content of
RFO and sucrose (Admassu Shimelis and Kumar Rakshit, 2005).
In our study, the genotype factor was significant for the content of
sucrose, stacchyose and raffinose, the levels of the three saccharides
being higher in the A25 genotype than in the A4804. Moreover, the
farming system was also significant with respect to raffinose and
sucrose levels, both saccharides being more abundant (28 and 47%
respectively) in organic crops. Consequently, the sum of ROFs and
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total sugars were significantly higher (p < 0.01) in the assays with
A25 (Supplementary Figure 3), with a difference of 70% between
the total sugar content in A4804 conventional (28.2 g/kg) and that
of A25 organic (47.9 g/kg). A higher sugar content in organic crops
has also been detected for green beans (El-Nafad et al., 2022) and
courgette (Kopczynska et al., 2021).

Kotha et al. (2020) proposed an MD (mono-saccharides and
disaccharides) to RFO ratio, as a direct reference to the flatulence
problems related to dry bean consumption, flatulence problems
being higher the higher the MD/RFO ratio. According to this
criterion, in our assay, organic crops (ratio = 1.37) could cause
fewer problems than conventional crops (ratio = 0.98).
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Phytic acid (mg/g) and molar ratios in common beans grown under organic and conventional conditions. PA, phytic acid.

3.6 Phytic acid

Phytic acid (PA, myo-inositol hexakisphosphate) is a form of
phosphorus and energy reserves in plants, especially in legumes.
The powerful chelating capacity of the six phosphate groups of
this molecule, together with the absence of phytases in monogastric
animals, has led to phytic acid being considered one of the main
antinutrients in dry beans. However, this high capacity to form
complexes has also been associated with possible health benefits
such as reducing the risk of heart disease and cancer, and inhibiting
the formation of kidney stones (Feizollahi et al., 2021).

All the samples in this trial showed a PA content in the range
10.3-13.2 mg/g (Figure 3), in line with values reported in different
genotypes of this species and similar to other legumes (Sinkovic
et al, 2022). In addition, both the genotype (p < 0.05) and the
farming system (p < 0.01) were significant with respect to the PA
content, with differences of up to 33% found between the trials A25
conventional and A4804 organic. Caproni et al. (2020) showed the
influence of the genotype factor in a study of the PA content in
a collection of 192 European genotypes of common beans, with
values between 4.8-19.9 mg/g, and Wang et al. (2017) reported a
phytic acid range between 8.6-17.1 mg/g in 20 cultivars, along with
significant differences due to growing location and farming year.

The consideration of PA as an antinutrient in food can be
evaluated, in addition to its absolute content, in terms of its
concentration relative to the minerals on which it acts as a
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chelating agent. For this reason, in practice, the molar ratios of
phytate:mineral are used as an indicator of the bioavailability of
the minerals, this being higher the lower the ratio. Thus, as an
example, maximum molar ratios of 15 have been suggested for
PA:Zn and 1 for PA:Fe (Hurrell, 2004; Umeta et al., 2005). In line
with data reported for raw and cooked common beans (Castro-
Alba et al, 2019; Hummel et al., 2020; Jepleting et al., 2022;
Wafula et al., 2022), the estimated values for the molar ratios of
the tested samples in this study were in all cases higher than the
recommended values (Figure 3). However, PA:Zn and PA:Fe molar
ratios showed significant differences depending on the genotype (p
< 0.01), and, furthermore, the farming system did not influence
the PA:Zn ratio although for the PA:Fe ratio, a different trend was
found depending on the genotype (significant interaction) (p <
0.01), with a lower ratio in conventional farming for the A4804
genotype and in organic farming for the A25 genotype.

4 Conclusion

The results indicate that the content of different nutritional
and functional parameters of the common bean market class
fabada is dependent on the farming system employed and that the
appropriate management of the practices can favor the production
of crops with a better value from a food point of view. In this
sense, our findings show a higher content of protein, phenolic
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compounds and important microelements such as Fe and Zn in
organic crops, while conventional crops have a higher content
of polyunsaturated fatty acids and lower concentrations of phytic
acid and raffinose oligosaccharides. In contrast, no significant
differences were detected in the proximate composition of the two
genotypes tested, nor in their antioxidant activity or total phenolic
compounds, and although significant differences were detected for
some parameters such as several minerals and fatty acids, these
differences do not seem relevant from a nutritional point of view.
Therefore, it can be established that in general the elite genotype
(A4804) retains the nutritional characteristics of the traditional
genotype (A25) from which it derived. However, the interaction
detected between the genotype and the farming system make it
difficult to generalize about optimal management practices and
should be adapted to the particularities of each growing region and
environmental conditions.
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