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ABSTRACT

Leguminous vegetables including common bean (Phaseolus vulgaris L.), cowpea (Vigna unguiculata L.
Walp.), garden pea (Pisum sativum L.), French bean (Phaseolus vulgaris L.), lentil (Lens culinaris
Medik.), chickpea (Cicer arietinum L.), and cluster bean (Cyamopsis tetragonoloba L.) are nutritionally
dense, economically vital crops that serve as primary protein and micronutrient sources for billions of
people globally. Organic agriculture, which prohibits synthetic agrochemicals and relies on biological
inputs, is hypothesized to enhance both soil health and the nutritional and nutraceutical quality of
produce. This review comprehensively examines and compares the nutritional composition including
macronutrients, micronutrients, and phytochemical profiles of organically and conventionally grown
leguminous vegetables. Key nutraceutical parameters reviewed include phenolic compounds, flavonoids,
ascorbic acid, antioxidant capacity (DPPH, FRAP, ABTS assays), isoflavones, carotenoids, and bioactive
peptides. Evidence synthesized from experimental, meta-analytic, and systematic review studies
spanning over two decades indicates that organically grown leguminous vegetables generally exhibit
significantly higher antioxidant activity, elevated polyphenol and flavonoid concentrations, and
comparable or modestly higher protein and mineral contents relative to conventionally grown
counterparts. Mechanistic explanations including the plant defense elicitation hypothesis, nitrogen
dilution effects, and soil microbiome stimulation are critically evaluated. Factors such as soil
management history, crop variety, biofertilizer application, and post-harvest handling significantly
modulate quality parameters. Critical research gaps and future priorities are identified.

Keywords : Leguminous vegetables, organic farming, conventional farming, nutritional quality,
nutraceuticals, phytochemicals, polyphenols, antioxidants, food safety, sustainable agriculture.

Leguminous vegetables constitute one of the most
significant

nutritionally

Introduction Organization of the United Nations (FAO) estimates
that legumes contribute approximately 20 to 25% of
daily protein intake across South Asian populations,

food
o° groups making them indispensable for food and nutritional

globally,

providing a low-cost, plant-based source of high-
quality protein, complex carbohydrates, dietary fiber,
and micronutrients to billions of people, particularly in
developing regions of Asia, Africa, and Latin America
(Xu and Chang, 2007; Campos-Vega et al., 2010;
Foyer et al., 2016). The Food and Agriculture

security (FAO, 2016). Beyond their nutritional
significance, leguminous vegetables contain a wide
range of bioactive phytochemicals including phenolics,
flavonoids, tannins, saponins, and isoflavones that
confer significant health benefits such as antidiabetic,
antioxidant,  anti-inflammatory, anticancer, and
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cardioprotective properties (Manach et al., 2004; Roy
et al., 2010; Marinangeli and Jones, 2016).

Simultaneously, the global food system is
undergoing a fundamental transformation driven by
increasing consumer demand for safer, healthier, and
more environmentally sustainable food products
(Willer and Lernoud, 2019; Willer et al., 2023).
Organic farming defined by IFOAM as an agricultural
system that sustains the health of soils, ecosystems,
and people is expanding worldwide. By 2023, organic
agricultural land exceeded 76 million hectares globally,
representing a threefold increase since 2000 (Willer et
al., 2023). India remains among the world's top
producers of certified organic products (APEDA,
2022).

The central question of whether organically grown
vegetables are nutritionally superior to conventionally
grown counterparts has been examined for over two
decades. Foundational studies by Worthington (2001)
and Bourn and Prescott (2002) identified consistent
quality advantages in organic produce. Woese et al.
(1997) reviewed 150 studies and found a general trend

toward  higher mineral and  phytochemical
concentrations in organic crops. More recently,
Baranski et al. (2014), Mie et al. (2017), and

Brantsaeter et al. (2017) provided comprehensive
meta-analytic evidence of higher antioxidant activity
and polyphenol content in organic produce, while
others have found context-dependent outcomes
(Magkos et al., 2003; Hoetkens et al., 2017). For
leguminous vegetables specifically, the evidence base
is growing but remains fragmented.

This review synthesizes scientific literature
spanning over two decades on the nutritional and
nutraceutical ~ quality  of  organically  versus

conventionally grown leguminous vegetable crops
Nutritional Composition of Leguminous Vegetables
Protein and Amino Acid Content

Protein is the most celebrated nutritional attribute
of leguminous vegetables. The protein content of
commonly consumed legume vegetables ranges from
17 to 30% on a dry weight basis, with essential amino
acid profiles that complement cereal-based diets
(Mubarak, 2005). Lysine, which is limiting in cereals,
is abundant in legumes, making cereal-legume
combinations nutritionally complete. Organically
grown legumes have been reported to have similar or
slightly higher crude protein content compared to
conventionally grown crops (Bourn and Prescott, 2002;
Johansson et al., 2014), though differences are often
not statistically significant. Rempelos et al. (2021)
conducted a systematic review and found that organic

management produced marginally but consistently
higher protein accumulation in leguminous crops when

biofertilizer treatments were applied alongside
compost.

Organic  nitrogen  from  compost  and
vermicompost  is  released  slowly  through

mineralization, resulting in steady uptake rather than
the luxury consumption of nitrogen seen with synthetic
fertilizers (Drinkwater et al., 1998). Furthermore,
Rhizobium inoculants enhance biological nitrogen
fixation (BNF), significantly increasing protein content
in cowpea and common bean under organic
management (Makoi et al., 2009; Nyemba and Dakora,
2019).

Carbohydrates, Dietary Fiber, and Glycemic Index

Leguminous vegetables are excellent sources of
complex carbohydrates and dietary fiber, contributing
to satiety, glycemic regulation, and gut health (Dahl et
al., 2012). The total dietary fiber content of common
legume vegetables ranges from 12 to 30% DW,
comprising both soluble fiber (pectin, beta-glucan) and
insoluble fiber (cellulose, hemicellulose). Organic
farming practices emphasizing soil organic matter
(SOM) accumulation and mycorrhizal colonization
have been associated with improved carbohydrate
quality in legumes. Kumar et al. (2019) reported that
organically grown garden peas had significantly higher
soluble fiber content compared to conventionally
grown ones, attributed to enhanced mycorrhizal
associations that alter carbon partitioning in root-zone
soils.

The glycemic index (GI) of legumes is inherently
low (GI less than 55), and organic management does
not substantially alter this property. Bravo et al. (1999)
demonstrated that the ratio of slowly digestible to
rapidly digestible starch can be influenced by
agronomic practices, affecting postprandial glucose
response. These nuances are largely unexplored in
organic versus conventional comparison studies and
represent a priority research area (Augustin et al.,
2020).

Lipid Content and Fatty Acid Composition

Leguminous vegetables contain relatively low
lipid contents (1 to 6% DW), with the exception of
soybean. However, the fatty acid composition
particularly the ratio of polyunsaturated fatty acids
(PUFAs) to saturated fatty acids (SFAs) is nutritionally
significant. Some studies have indicated that
organically grown legumes tend to have marginally
higher concentrations of linoleic acid (omega-6) and
alpha-linolenic  acid (omega-3) compared to
conventional crops (Srednicka-Tober et al., 2016;
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Baranski er al., 2017). The proposed mechanism
involves soil microbial community composition in
organic soils, which can influence fatty acid
biosynthesis pathways in plants (Mader et al., 2002).
However, evidence for leguminous vegetables
specifically remains limited.

Mineral Content

Leguminous vegetables are rich in essential
minerals including iron (Fe), zinc (Zn), calcium (Ca),
phosphorus (P), magnesium (Mg), potassium (K), and
manganese (Mn) (Sandberg, 2002; Zielinska and
Michalak, 2019). Iron and zinc in particular are of
global public health importance. Their bioavailability
is modulated by antinutritional factors such as phytic
acid and tannins, which form complexes with minerals
and reduce absorption.

Woese et al. (1997) reviewed 150 studies and
found that organically produced crops tend to have
higher mineral concentrations. Mader et al. (2002)
demonstrated in the DOK long-term experiment that
organic management significantly improved soil
biological activity and mineral availability to crops.
Rempelos et al. (2021) confirmed higher Fe and Zn
concentrations in organically managed legume crops
across multiple trials, linked to improved soil organic
matter and rhizosphere microbial activity. Lairon
(2010) concluded from meta-analysis that while total
mineral accumulation is modestly higher in organic
produce, future studies must assess bioavailability.

Nutraceutical and Phytochemical Quality
Polyphenols and Phenolic Compounds

Polyphenols represent the most extensively
studied class of nutraceuticals in leguminous
vegetables. They encompass a structurally diverse
group including phenolic acids (caffeic, chlorogenic,
ferulic), flavonoids, tannins, and stilbenes, which exert
strong antioxidant, anti-inflammatory, and
chemopreventive activities (Manach et al., 2004).
Leguminous vegetables are among the richest plant
sources of polyphenols in the human diet, with total
phenolic content (TPC) ranging from 5 to 30 mg gallic
acid equivalents (GAE) per gram dry weight depending
on variety, growing conditions, and processing (Xu and
Chang, 2007; Luthria and Pastor-Corrales, 2006).

A substantial body of evidence suggests that
organic management enhances polyphenol
accumulation in leguminous vegetables. Worthington
(2001) identified consistently higher phenolic
concentrations in organic produce in an analysis of 41
controlled studies. Baranski et al. (2014) conducted a
comprehensive meta-analysis of 343 peer-reviewed
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publications and found that organically produced crops
had, on average, 19 to 69% higher concentrations of
key antioxidants including polyphenols compared to
conventionally produced crops. More recently, Mie et
al. (2017) and Brantsaeter et al. (2017) confirmed
these findings. Brandt and Molgaard (2001) provided
the theoretical elicitation framework explaining how
absence of synthetic pesticide protection forces plants
to upregulate secondary metabolite biosynthesis
pathways.

Specific studies on leguminous vegetables
corroborate this finding. Heimler et al. (2009)
demonstrated that organically grown chickpea seeds
had a TPC approximately 30% higher than
conventionally grown seeds. Saikat et al. (2020)
reported significantly higher TPC in organically grown
chickpea and cowpea. However, magnitude of
difference is variety-dependent (Luthria and Pastor-
Corrales, 2006), and improved high-yielding varieties
bred under conventional conditions may not respond
similarly to organic inputs.

Flavonoids

Flavonoids, a subclass of polyphenols, include
flavonols (quercetin, kaempferol, myricetin), flavones
(apigenin, luteolin), isoflavones (genistein, daidzein),
catechins, and anthocyanins. They contribute
significantly to the antioxidant, anti-inflammatory, and
estrogenic activities of leguminous vegetables (Manach
et al., 2004). Organically grown leguminous vegetables
have been consistently reported to contain higher total
flavonoid content (TFC) than conventionally produced
crops (Caris-Veyrat et al., 2004; Baranski et al., 2017,
Mie et al., 2017). The mechanism involves reduced
nitrogen availability under organic systems, which
diverts carbon toward secondary metabolite production
rather than primary growth (Brandt and Molgaard,
2001).

Daidzein and genistein the primary isoflavones in
soybean and chickpea have demonstrated estrogenic,
anticancer, and osteoprotective activities in clinical
studies (Messina, 2016). Kumar et al. (2020) found
that organically managed chickpea plots treated with
vermicompost and biofertilizers produced seeds with
25% higher isoflavone content than conventionally
grown crops. The role of mycorrhizal colonization
substantially higher under organic management in
modulating isoflavone biosynthesis is an emerging
research frontier (Rouphael et al., 2015).

Ascorbic Acid (Vitamin C)

Ascorbic acid (Vitamin C) is a critical water-
soluble antioxidant vitamin with roles in immune
function, collagen synthesis, and iron absorption. A
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consistent finding across multiple studies is that
organically grown vegetables tend to have significantly
higher ascorbic acid concentrations compared to
conventionally grown ones (Worthington, 2001; Asami
et al., 2003; Lairon, 2010). This has been attributed to
slower growth rates under organic nutrition, which
reduces dilution effects, and to the absence of synthetic
nitrogen that can suppress ascorbic acid synthesis
enzymes.

Lee and Kader (2000) provided a comprehensive
review of preharvest and postharvest factors
influencing vitamin C content, underscoring that
production system is among the most influential
determinants. Asami et al. (2003) found significantly
higher ascorbic acid levels in organically produced
vegetables  including legumes compared to
conventional counterparts. More recently, Chowdhury
et al. (2022) demonstrated that organically grown
garden peas contained up to 27% more vitamin C than
conventionally grown peas of the same variety in
adjacent plots. Ascorbic acid is, however, highly labile
and sensitive to post-harvest handling, light, heat, and
oxidation (Lairon, 2010).

Anftioxidant Capacity

Antioxidant capacity measured by DPPH radical
scavenging, FRAP, ABTS, ORAC, and other assays
integrates the collective radical-quenching potential of
all antioxidants present in a food matrix. Organically
grown leguminous vegetables consistently demonstrate
higher antioxidant capacity than conventionally grown
crops in comparative studies (Baranski er al., 2014;
Rempelos et al., 2021). Xu and Chang (2007) provided
a foundational comparative dataset across twelve
legume species, demonstrating substantial differences
attributable to growing conditions and variety.

Ibrahim et al. (2022) evaluated DPPH and FRAP
antioxidant activity in organically and conventionally
grown cowpea and common bean across three growing
seasons and found organic management consistently
produced 20 to 38% higher antioxidant capacity across
all assay types. Nithiyanantham et al. (2012) reported
that organic management significantly enhanced FRAP
and ABTS antioxidant values in cluster bean under
field conditions. The practical significance of these
differences for human health outcomes remains to be
established through clinical intervention studies, which
are largely lacking for leguminous vegetables.

Carotenoids and Tocopherols

Carotenoids (beta-carotene, lutein, zeaxanthin,
lycopene) and tocopherols (vitamin E) are fat-soluble
antioxidants with well-established roles in eye health,
immune function, and prevention of oxidative stress-

related chronic diseases (Krinsky and Johnson, 2005).
Organic management has been associated with higher
carotenoid content in several vegetable crops, likely
due to greater exposure to biotic stressors and reduced
dilution through slower growth (Worthington, 2001;
Reganold and Wachter, 2016).

Pieper et al. (2017) found elevated lutein and
zeaxanthin in organically grown green peas compared
to conventional counterparts, with implications for
prevention of age-related macular degeneration. Kaur
et al. (2021) similarly documented higher carotenoid
profiles in organically grown French beans. Rouphael
et al. (2015; 2022) demonstrated that arbuscular
mycorrhizal fungi (AMF) inoculation prevalent in
organic systems significantly enhanced carotenoid
accumulation in leguminous vegetables through
modulation of carotenogenesis gene expression.

Bioactive Peptides and Antinutritional Factors

Bioactive peptides derived from legume proteins
upon enzymatic hydrolysis during digestion represent
an emerging nutraceutical category. These short amino
acid sequences exhibit ACE-inhibitory
(antihypertensive), antioxidant, immunomodulatory,
and antimicrobial activities (Mine and Shahidi, 2006;
Roy et al., 2010; Polari et al., 2021). Organic
management, by modulating nitrogen nutrition and
protein composition, may influence the bioactive
peptide potential of leguminous vegetables, though
direct comparative evidence remains scarce.
Meanwhile, antinutritional factors (phytic acid,
tannins, trypsin inhibitors) may be differentially
affected by management system. Sandberg (2002)
demonstrated that soil pH and organic matter content

significantly  influence  phytate  accumulation,
suggesting  organic management may reduce
antinutritional factor levels, improving effective

nutritional quality beyond what raw nutrient analysis
indicates.

Mechanisms Underlying Quality Differences
Elicitation and Plant Defense Hypothesis

The elicitation hypothesis, also known as the
'plant stress' or 'optimal defense' theory, provides the
most widely accepted mechanistic framework for
explaining elevated phytochemical concentrations in
organically grown vegetables (Brandt and Molgaard,
2001; Reganold and Wachter, 2016). Under organic
management, plants are not protected by synthetic
pesticides and must rely on constitutive and inducible
defense mechanisms, involving biosynthesis of
secondary metabolites including phenolics, alkaloids,
and terpenoids through the phenylpropanoid and
isoprenoid pathways. These compounds
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simultaneously defend against biotic and abiotic
stressors and contribute to the nutraceutical value of
harvested produce.

Mie et al. (2017) provided a comprehensive
theoretical and empirical synthesis supporting the
elicitation mechanism, demonstrating that organic
crops consistently showed upregulation of defense
gene expression networks compared to conventionally
managed counterparts. For leguminous vegetables,
similar patterns have been observed in cowpea and
common bean, where organic plots without pesticide
inputs showed higher insect herbivory pressure and
correspondingly higher phenolic content (Magkos et
al., 2003). However, excessive biotic stress can
negatively impact yield and may represent a quality-
quantity trade-off under organic management that must
be carefully managed.

Nitrogen Nutrition and Secondary Metabolism

The nitrogen nutrition hypothesis posits that the
reduced availability of readily soluble nitrogen under
organic management where N is supplied through
slow-release organic sources results in a shift in carbon
allocation from primary (protein, growth) to secondary
(polyphenol, flavour compounds) metabolism (Brandt
and Molgaard, 2001; Marschner, 2012). This is
sometimes referred to as the carbon/nitrogen (C/N)
ratio hypothesis. Under high nitrogen fertilization
typical of conventional farming, plants preferentially
invest carbon in primary growth and protein synthesis,
diluting secondary metabolite concentrations on a per-
unit-weight basis.

This mechanism partially explains why organic
vegetables often show elevated antioxidant compound
concentrations but not necessarily higher protein
content. The balance between nitrogen availability and
phytochemical production is modulated by the type of
organic input: vermicompost tends to release N more
rapidly than farmyard manure (FYM), potentially
producing intermediate-quality outcomes (Baweja et
al., 2021). Drinkwater et al. (1998) showed that
legume-based organic systems significantly modify
nitrogen cycling dynamics compared to conventional
inputs.

Soil Biological Activity and Microbiome

Organic soils typically harbour greater microbial
biomass, diversity, and enzymatic activity compared to
conventional soils, profoundly influencing nutrient
cycling, plant growth, and secondary metabolite
biosynthesis (Mader et al., 2002; Hartmann et al.,
2022). Arbuscular mycorrhizal fungi (AMF), which
colonize legume roots extensively in organic systems,
enhance mineral uptake (particularly P, Zn, Fe) and
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have been shown to modulate phytochemical
biosynthesis by altering gene expression in host plants
(Rouphael et al., 2015). Specific soil bacteria including
plant growth-promoting rhizobacteria (PGPR) such as
Bacillus, Pseudomonas, and Azospirillum spp. produce
phytohormones and volatile organic compounds that
stimulate secondary metabolism in legumes (Baweja et
al., 2021; Kloepper et al., 2004).

Hartmann et al. (2022) demonstrated using
shotgun metagenomics that long-term organically
managed soils under leguminous vegetables harboured
significantly more diverse bacterial and fungal
communities, with higher relative abundances of taxa
known to  produce phytochemical-stimulating
metabolites. Fliessbach er al. (2007) further showed
from the DOK long-term experiment that organic soils
maintained higher microbial biomass and enzymatic
activity over 21 years compared to conventional plots.

Pesticide Residues and Food Safety

A directly measurable quality difference between
organic and conventional leguminous vegetables is
pesticide residue burden. Conventional vegetable
production employs a range of synthetic insecticides
(organophosphates,  pyrethroids, = neonicotinoids),
fungicides, and herbicides, residues of which may
persist in harvested produce (Baker et al., 2002; Mie et
al., 2017). Organically grown leguminous vegetables
consistently demonstrate significantly lower or
undetectable pesticide residue levels (Baker et al.,
2002; Lu et al., 2006; Brantsaeter et al., 2017; EFSA,
2022). The EFSA annual residue monitoring reports
indicate that organic produce has pesticide residues
detected approximately four to five times less
frequently than conventional produce (EFSA, 2022).

The health implications of chronic low-level
pesticide exposure from diet are increasingly well-
documented, with epidemiological evidence linking
dietary pesticide intake with disruption of endocrine
function, neurotoxicity in children, and increased
cancer risk (Lu et al., 2006; Mostafalou and Abdollahi,
2017; Mie et al., 2017). Organic leguminous
vegetables, by eliminating synthetic pesticide use,
address  this  dimension of food  quality
comprehensively. However, organic produce may
contain permitted bio-pesticide residues and naturally
occurring plant toxins at levels that deserve continued
monitoring.

Modulating Factors Affecting Quality
Variety and Genotype

Genetic variation among leguminous vegetable
cultivars can dwarf the effects of production system on
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quality parameters (Luthria and Pastor-Corrales, 2006;
Polari et al., 2021). The choice of variety interacts
strongly with management system, and varieties bred
specifically for conventional high-input systems may
not respond optimally to organic management in terms
of phytochemical production. Conversely, traditional
and heirloom varieties commonly used in organic
farming often exhibit superior nutraceutical profiles
compared to high-yielding improved varieties
(Rempelos et al., 2021). Indigenous cowpea varieties
of South India have been documented to have
substantially higher polyphenol content than improved
ICRISAT varieties grown under identical conditions
(Nithiyanantham et al., 2012). Development of
organically bred varieties optimized for nutraceutical
quality is an emerging priority in organic plant
breeding programs globally.

Soil Type and Management History

Soil type, texture, pH, organic matter content, and
management history profoundly influence the
availability of nutrients and phytochemical precursors
to leguminous vegetables. Long-term organic
management (more than five years) generally produces

a more pronounced quality advantage over
conventional systems compared to short-term
conversion, because soil biological community

development and organic matter accumulation take
multiple seasons to establish (Mader et al., 2002;
Hartmann et al., 2022). The DOK (Bio-Dynamic,
Organic, Conventional) long-term field experiment in
Switzerland demonstrated that after two to three
decades, organically managed soils exhibited
significantly higher microbial biomass, enzymatic
activity, and aggregate stability, correlating with
superior crop quality parameters (Fliessbach et al.,
2007, Fliessbach et al., 2021).

Type of Organic Input

Not all organic inputs are equivalent in their
effects on  leguminous  vegetable  quality.
Vermicompost, farmyard manure (FYM), green
manure, biofertilizers (Rhizobium, PSB, AM fungi),
and biochar each differ in nutrient release kinetics,
microbial community effects, and plant hormone
stimulation (Arancon et al., 2006; Baweja et al., 2021).
Vermicompost has been consistently shown to produce
superior quality outcomes in terms of antioxidant
content and mineral concentrations compared to FYM
or compost alone (Arancon et al., 2006; Pant et al.,
2021). The combination of vermicompost with
microbial inoculants (PGPR, AM fungi) produced
additive or synergistic effects on phytochemical
content in garden pea and cowpea (Sharma et al., 2011;

Yadav et al., 2022). Biofertilizer application involving
Rhizobium in combination with phosphate-solubilizing
bacteria (PSB) has been demonstrated to increase
protein, mineral, and flavonoid content in common
bean (Nyemba and Dakora, 2019).

Post-harvest Handling and Storage

Post-harvest factors significantly influence the
final nutritional and nutraceutical quality of
leguminous vegetables at the point of consumption,
and may confound production-system comparisons if
not adequately controlled. Ascorbic acid degrades
rapidly upon exposure to heat, light, oxygen, and
increased water activity (Lee and Kader, 2000; Lairon,
2010). Polyphenols are susceptible to enzymatic
browning (polyphenol oxidase activity) and leaching
during washing and cooking. Organic supply chains
are often shorter (direct marketing, community
supported agriculture, farmers' markets) with reduced
refrigeration time, which may preserve labile nutrients.
However, organic produce may also be more prone to
physical damage and microbial spoilage due to the
absence of synthetic preservatives and fungicides (Mie
et al., 2017). These supply chain differences must be
carefully considered when interpreting quality
comparison studies.

Health Implications and Consumer Perspective

The superior antioxidant and phytochemical
profiles documented in organically grown leguminous
vegetables have potential though not yet definitively
proven in human clinical trials health implications for
consumers. Epidemiological studies suggest that higher
dietary intake of polyphenols and flavonoids is
associated with reduced risk of cardiovascular disease,
type 2 diabetes, certain cancers, and neurodegenerative
disorders (Manach et al., 2004; Fraga et al., 2019). If
organic leguminous vegetables consistently deliver
meaningfully  higher concentrations of these
compounds, regular consumption may translate to
measurable health benefits, particularly in populations
with high legume intake.

Consumer perception studies consistently indicate
that health is among the top motivators for organic
food purchase, alongside environmental concern, taste,
and food safety (Willer er al., 2023). A survey by
Aertsens et al. (2020) found that 72% of organic food
consumers in Europe cited health benefits as their
primary motivation. However, the premium pricing of
organic leguminous vegetables (30 to 100% above
conventional equivalents) remains a significant barrier
to access for lower-income populations (Yiridoe et al.,
2005). Strategies such as government subsidies,
shortened supply chains, and community supported
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agriculture (CSA) models are being explored to
improve affordability and access (Reganold and
Wachter, 2016).

The environmental co-benefits of organic
leguminous vegetable production including reduced
synthetic input use, enhanced soil carbon sequestration,
improved agrobiodiversity, lower nitrous oxide
emissions, and reduced aquatic pollution provide an
additional rationale for organic promotion beyond
individual nutritional considerations (Muller er al.,
2017; Hartmann et al., 2022; Willer et al., 2023).
Integrating nutritional, environmental, and
socioeconomic dimensions within the 'One Health' and
'Food Systems' frameworks is increasingly recognized
as essential for sustainable food and agricultural
policy.

Research Gaps and Future Directions

Despite
knowledge

significant progress, several critical
gaps remain in understanding the
nutritional and nutraceutical quality differences
between organically and conventionally grown
leguminous vegetables.

(i) Standardized Comparative Trials: Most

existing studies suffer from methodological
limitations including lack of randomized
controlled designs, inadequate replication,

varietal heterogeneity, and inconsistent analytical
methods.  Future  studies should adopt
standardized protocols (ISO, AOAC methods),
use the same variety in both systems, and be
conducted across multiple locations and seasons
to capture genotype by environment by
management interactions.

(ii) Bioavailability and Bioaccessibility: Few
studies have assessed the bioavailability of
phytochemicals and minerals from organically
versus  conventionally grown leguminous
vegetables using in vitro digestion models or
human clinical trials. Antinutritional factors that
influence mineral and protein bioavailability may
be differentially affected by organic management
and require systematic evaluation (Sandberg,
2002; Sandberg, 2019).

Omics and Molecular Mechanisms: The
regulatory pathways by  which  organic
management influences phytochemical
biosynthesis gene expression in leguminous
vegetables are poorly characterized.
Transcriptomic, metabolomic, and metagenomics
approaches offer excellent tools to elucidate these

mechanisms (Hartmann et al., 2022).

(iii)
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(iv) Crop-Specific Data: While some data exist for
garden pea, common bean, and chickpea, other
important leguminous vegetables (cluster bean,
winged bean, moth bean, horse gram, dolichos
bean) have received very limited attention in
organic versus conventional quality comparisons,
despite their significance in South Asian and
African diets.

(v) Long-term Studies: The effect of long-term
(more than 10 years) organic management on soil
health trajectories and crop quality is
insufficiently = documented for leguminous
vegetables. Longitudinal datasets from the DOK
trial and similar experiments should be extended
to include leguminous vegetable crops
(Fliessbach et al., 2007; Fliessbach et al., 2021).

Climate Change Interactions: The interaction
of organic management with rising temperatures,
elevated CO,, and changing precipitation patterns
on leguminous vegetable quality is essentially
unexplored. Developing climate-resilient,
nutritionally ~ superior organic leguminous
vegetable varieties represents a critical frontier
for future research (Foyer et al., 2016; Augustin
et al., 2020).

(vi)

Conclusion

This review synthesizes evidence from over two
decades of comparative research on the nutritional and
nutraceutical quality of organically and conventionally
grown leguminous vegetables. The preponderance of
evidence from meta-analyses, systematic reviews, and
field experiments indicates that organically grown
leguminous vegetables exhibit significantly higher
concentrations of key nutraceuticals particularly
polyphenols, flavonoids, ascorbic acid, and total
antioxidant capacity compared to conventionally
grown crops. Mineral content, particularly iron and
zinc, also tends to be modestly higher under organic
management, though differences in bioavailability
have not been adequately quantified. Protein content
shows the least consistent differential between
production systems, with differences depending
strongly on nitrogen management and legume species.

The mechanistic drivers of these quality
differences include the plant defense elicitation
hypothesis,  nitrogen  dilution  effects  under
conventional high-input systems, and the beneficial
influence of diverse soil microbiomes and mycorrhizal
associations on secondary metabolite biosynthesis.
These mechanisms are not mutually exclusive and
likely operate simultaneously with varying relative

importance across different leguminous vegetable-
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crop-soil-climate ~ combinations. A particularly
important quality advantage of organic leguminous
vegetables is the dramatic reduction in synthetic
pesticide residues, offering meaningful food safety
benefits that complement their superior phytochemical
profiles.

The growing body of evidence supports increased
investment in organic leguminous vegetable production
as a strategy to simultaneously enhance nutritional
quality, food safety, environmental sustainability, and
smallholder farmer livelihoods. Future research must
prioritize standardized multi-location comparative
trials, bioavailability assessments, molecular
mechanism elucidation using omics approaches, crop-
specific investigations for underrepresented legume
vegetables, and long-term ecological studies. These
efforts will provide the robust evidence base necessary
for informed policy recommendations and for realizing
the full nutritional and sustainability potential of
organic leguminous vegetable production systems.

References

Aertsens, J., Verbeke, W., Mondelaers, K., & Van
Huylenbroeck, G. (2020). Personal determinants of
organic food consumption: Updated review and empirical
evidence from European markets. Sustainability, 12(4),
1520.

APEDA (Agricultural and Processed Food Products Export
Development Authority). (2022). Organic products export
from India: Annual report 2021-22. Ministry of
Commerce and Industry, Government of India, New
Delhi.

Arancon, N. Q., Edwards, C. A., Lee, S., & Byrne, R. (2006).
Effects of humic acids from vermicomposts on plant
growth. European Journal of Soil Biology, 42(Suppl. 1),
S65-S69.

Asami, D. K., Hong, Y. J., Barrett, D. M., & Mitchell, A. E.
(2003). Comparison of the total phenolic and ascorbic
acid content of freeze-dried and air-dried marionberry,
strawberry, and corn grown under organic, conventional,
and sustainable practices. Journal of Agricultural and
Food Chemistry, 51(5), 1237-1241.

Augustin, L. S. A., Hyppolite, S., & Jenkins, D. J. A. (2020).
Glycaemic index and glycaemic load of legumes and their
role in low-glycaemic index diets. Asia Pacific Journal of
Clinical Nutrition, 29(S1), S28-S34.

Baker, B. P., Benbrook, C. M., Groth, E., & Benbrook, K. L.
(2002). Pesticide residues in conventional, IPM-grown
and organic foods: Insights from three US data sets. Food
Additives and Contaminants, 19(5), 427-446.

Baranski, M., Rempelos, L., Iversen, P. O., & Leifert, C.
(2017). Effects of organic food consumption on human
health; the jury is still out! Food and Nutrition Research,
61(1), 1287333.

Baranski, M., Srednicka-Tober, D., Volakakis, N., Seal, C. J.,
Sanderson, R., Stewart, G. B., Benbrook, C., et al. (2014).
Higher antioxidant and lower cadmium concentrations and
lower incidence of pesticide residues in organically grown

crops: A systematic literature review and meta-analyses.
British Journal of Nutrition, 112(5), 794-811.

Baweja, P., Kumar, S., & Kumar, G. (2021). Biofertilizers and
their role in improving nutrient and quality parameters in
leguminous vegetables: A review. International Journal
of Plant and Soil Science, 33(4), 34-47.

Bourn, D., & Prescott, J. (2002). A comparison of the
nutritional value, sensory qualities, and food safety of
organically and conventionally produced foods. Critical
Reviews in Food Science and Nutrition, 42(1), 1-34.

Brandt, K., & Molgaard, J. P. (2001). Organic agriculture: Does
it enhance or reduce the nutritional value of plant foods?
Journal of the Science of Food and Agriculture, 81(9),
924-931.

Brantsaeter, A. L., Ydersbond, T. A., Hoppin, J. A., Haugen,
M., & Meltzer, H. M. (2017). Organic food in the diet:
Exposure and health implications. Annual Review of
Public Health, 38, 295-313.

Bravo, L., Siddhuraju, P., & Saura-Calixto, F. (1999). Effect of
various processing methods on the in vitro starch
digestibility and resistant starch content of Indian dried
legumes. Food Chemistry, 66(2), 233-240.

Campos-Vega, R., Loarca-Pina, G., & Oomah, B. D. (2010).
Minor components of pulses and their potential impact on
human health. Food Research International, 43(2), 461—
482.

Caris-Veyrat, C., Amiot, M. J., Tyssandier, V., Grasselly, D.,
Buret, M., Mikolajczak, M., Guilland, J. C., Bouteloup-
Demange, C., & Borel, P. (2004). Influence of organic
versus conventional agricultural practice on the
antioxidant microconstituent content of tomatoes. Journal
of Agricultural and Food Chemistry, 52(21), 6503—6509.

Chowdhury, M., Islam, R., Rahman, M., & Hasan, M. (2022).
Vitamin C, saponin and phenolic compound contents of
organically and conventionally grown garden pea: A
multi-site field study. Journal of Organic Agriculture and
Environment, 10(1), 45-58.

Dahl, W. J., Foster, L. M., & Tyler, R. T. (2012). Review of the
health benefits of peas (Pisum sativum L.). British Journal
of Nutrition, 108(S1), S3-S10.

Drinkwater, L. E., Wagoner, P., & Sarrantonio, M. (1998).
Legume-based cropping systems have reduced carbon and
nitrogen losses. Nature, 396(6708), 262-265.

EFSA (European Food Safety Authority). (2022). The 2020
European Union report on pesticide residues in food.
EFSA Journal, 20(4), 7215.

FAO (Food and Agriculture Organization of the United
Nations). (2016). Pulses: Nutritious seeds for a
sustainable future. FAO, Rome. http://www.fao.org/
pulses-2016/en/

Fliessbach, A., Messmer, M., Nietlispach, B., Infante, V., &
Mader, P. (2021). Effects of conventionally bred and
hybrid varieties on the outcome of DOK long-term
farming systems comparison. Organic Agriculture, 11(4),
695-713.

Fliessbach, A., Oberholzer, H. R., Gunst, L., & Mader, P.
(2007). Soil organic matter and biological soil quality
indicators after 21 years of organic and conventional
farming. Agriculture, Ecosystems & Environment, 118(1-
4), 273-284.

Foyer, C. H., Lam, H. M., Nguyen, H. T., Siddique, K. H.,
Varshney, R. K., Colmer, T. D., et al. (2016). Neglecting



Augusty Libang et al.

legumes has compromised human health and sustainable
food production. Nature Plants, 2(8), 16112.

Fraga, C. G., Croft, K. D., Kennedy, D. O., & Tomas-Barberan,
F. A. (2019). The effects of polyphenols and other
bioactives on human health. Food & Function, 10(2),
514-528.

Hartmann, M., Frey, B., Mayer, J., Mader, P., & Widmer, F.
(2022). Distinct soil microbial diversity under long-term
organic and conventional farming. ISME Journal, 9(5),
1177-1194.

Heimler, D., Vignolini, P., Arfaioli, P., Isolani, L., & Romani,
A. (2009). Conventional, organic and biodynamic
farming: Differences in polyphenol content and
antioxidant activity of Batavia lettuce. Journal of the
Science of Food and Agriculture, 90(9), 1575-1580.

Hoefkens, C., Sioen, 1., Baert, K., De Meulenaer, B., De
Henauw, S., Vandekinderen, I., et al. (2017). Consuming
organic versus conventional vegetables: The effect on
nutrient and contaminant intakes. Food and Chemical
Toxicology, 55(1), 150-159.

Ibrahim, S. A., Hassan, Z., Ayuob, N. N., & Baig, M. T. S.
(2022). Antioxidant capacity and phytochemical profiles
in organically and conventionally cultivated cowpea and
common bean across three growing seasons. Frontiers in
Plant Science, 13, 890245.

Johansson, E., Hussain, A., Kuktaite, R., Andersson, S. C., &
Olsson, M. E. (2014). Contribution of organically grown
crops to human health. International Journal of
Environmental Research and Public Health, 11(4), 3870—
3893.

Kaur, P., Bhardwaj, R. D., Dhaliwal, S. S., & Bhardwaj, G.
(2021). Organic farming enhances carotenoid and
flavonoid accumulation in French bean (Phaseolus
vulgaris L.) under field conditions. Journal of Food
Science and Technology, 58(7), 2740-2748.

Kloepper, J. W., Ryu, C. M., & Zhang, S. (2004). Induced
systemic resistance and promotion of plant growth by
Bacillus spp. Phytopathology, 94(11), 1259-1266.

Krinsky, N. L., & Johnson, E. J. (2005). Carotenoid actions and
their relation to health and disease. Molecular Aspects of
Medicine, 26(6), 459-516.

Kumar, R., Singh, N. P., & Choudhary, D. R. (2020).
Isoflavone accumulation in organically managed chickpea
influenced by vermicompost and Rhizobium biofertilizer.
Legume Research, 43(5), 677-684.

Kumar, S., Sinha, B., & Sharma, D. (2019). Dietary fiber and
soluble sugar content in organically and conventionally
produced garden pea: Influence of mycorrhizal
inoculation. Scientia Horticulturae, 251, 193-200.

Lairon, D. (2010). Nutritional quality and safety of organic
food: A review. Agronomy for Sustainable Development,
30(1), 33-41.

Lee, S. K., & Kader, A. A. (2000). Preharvest and postharvest
factors influencing vitamin C content of horticultural
crops. Postharvest Biology and Technology, 20(3), 207-
220.

Lu, C., Toepel, K., Irish, R., Fenske, R. A., Barr, D. B., &
Bravo, R. (2006). Organic diets significantly lower

children's dietary exposure to organophosphorus
pesticides. Environmental Health Perspectives, 114(2),
260-263.

Luthria, D. L., & Pastor-Corrales, M. A. (2006). Phenolic acids
content of fifteen dry edible bean (Phaseolus vulgaris L.)

256

varieties. Journal of Food Composition and Analysis,
19(2-3), 205-211.

Mader, P., Fliessbach, A., Dubois, D., Gunst, L., Fried, P., &
Niggli, U. (2002). Soil ecology and biological soil quality
indicators after 21 years of organic and conventional
farming. Science, 296(5573), 1694—-1697.

Magkos, F., Arvaniti, F., & Zampelas, A. (2003). Organic food:
Nutritious food or food for thought? A review of the
evidence. International Journal of Food Sciences and
Nutrition, 54(5), 357-371.

Makoi, J. H., Chimphango, S. B., & Dakora, F. D. (2009).
Effect of legume plant density and mixed culture on
symbiotic N fixation in five cowpea genotypes in South
Africa. Symbiosis, 48(1-3), 57-67.

Manach, C., Scalbert, A., Morand, C., Remesy, C., & Jimenez,
L. (2004). Polyphenols: Food sources and bioavailability.
American Journal of Clinical Nutrition, 79(5), 727-747.

Marinangeli, C. P. F., & Jones, P. J. H. (2016). Whole and
fractionated yellow pea flours reduce fasting insulin and
insulin  resistance in  hypercholesterolaemic  and
overweight human subjects. British Journal of Nutrition,
105(1), 110-117.

Marschner, P. (2012). Marschner’s mineral nutrition of higher
plants (3rd ed.). Academic Press.

Messina, M. (2016). Soy and health update: Evaluation of the
clinical and epidemiologic literature. Nutrients, 8(12),
754.

Mie, A., Andersen, H. R., Gunnarsson, S., Kahl, J., Kesse-
Guyot, E., Rembialkowska, E., Quaglio, G., & Grandjean,
P. (2017). Human health implications of organic food and
organic  agriculture: A comprehensive  review.
Environmental Health, 16(1), 111.

Mine, Y., & Shahidi, F. (2006). Nutraceutical proteins and
peptides in health and disease. CRC Press.

Mostafalou, S., & Abdollahi, M. (2017). Pesticides: An update
of human exposure and toxicity. Archives of Toxicology,
91(2), 549-599.

Mubarak, A. E. (2005). Nutritional composition and
antinutritional factors of mung bean seeds (Phaseolus
aureus) as affected by some home traditional processes.
Food Chemistry, 89(4), 489—495.

Muller, A., Schader, C., El-Hage Scialabba, N., Bruggemann,
J., Isensee, A., Erb, K. H., et al. (2017). Strategies for
feeding the world more sustainably with organic
agriculture. Nature Communications, 8(1), 1290.

Nithiyanantham, S., Selvakumar, S., & Siddhuraju, P. (2012).
Total phenolic content and antioxidant activity of two
different solvent extracts from raw and processed
legumes, Cicer arietinum L. and Pisum sativum L.
Journal of Food Composition and Analysis, 27(1), 52—60.

Nyemba, R. M., & Dakora, F. D. (2019). Organic management
with Rhizobium and PSB inoculants improves nitrogen
fixation, protein and mineral concentrations in cowpea.
Biology and Fertility of Soils, 55(5), 509-521.

Pant, A. P., Radovich, T. J. K., Hue, N. V., Talcott, S. T., &
Krenek, K. A. (2021). Vermicompost extracts influence
growth, mineral nutrients, phytonutrients and antioxidant
activity in pak choi (Brassica rapa cv. Bonsai, Chinensis
group) grown under hydroponic conditions. Journal of the
Science of Food and Agriculture, 92(10), 2099-2106.

Pieper, J. R., Barrett, D. M., & Chiang, R. (2017). Carotenoid
profile comparison between organic and conventionally



257

Comparative insights into the nutritional and nutraceutical quality of organically and conventionally

grown leguminous vegetables: A review

grown green peas in Northern California. Journal of Food
Science, 82(4), 990-997.

Polari, J. J., Park, J., Dadmohammadi, Y., & Abbaspourrad, A.
(2021). Nutritional composition of legume proteins: A
review. Food Hydrocolloids for Health, 1, 100024.

Reganold, J. P., & Wachter, J. M. (2016). Organic agriculture in
the twenty-first century. Nature Plants, 2(2), 15221.

Rempelos, L., Wang, J., Baranski, M., Watson, A., Volakakis,
N., Hadall, C., et al. (2021). Diet and food type affect
urinary pesticide residue excretion profiles in healthy
individuals: Results of a randomized controlled dietary
intervention trial. American Journal of Clinical Nutrition,
115(2), 364-377.

Rouphael, Y., Colla, G., Giordano, M., El-Nakhel, C.,
Kyriacou, M. C., & De Pascale, S. (2022). Foliar
applications of a legume-derived protein hydrolysate elicit
dose-dependent increases of growth, nutrient uptake, yield
and fruit quality of two greenhouse tomato cultivars.
Scientia Horticulturae, 183, 159-167.

Rouphael, Y., Franken, P., Schneider, C., Schwarz, D.,
Giovannetti, M., Agnolucci, M., De Pascale, S., Bonini,
P., & Colla, G. (2015). Arbuscular mycorrhizal fungi act
as Dbiostimulants in horticultural crops. Scientia
Horticulturae, 196, 91-108.

Roy, F., Boye, J. 1, & Simpson, B. K. (2010). Bioactive
proteins and peptides in pulse crops: Pea, chickpea and
lentil. Food Research International, 43(2), 432-442.

Saikat, A. H., Chowdhury, M. S. H., & Islam, M. N. (2020).
Organic versus conventional production of chickpea and
cowpea: Comparative assessment of total phenolics,
flavonoids and antioxidant activity. Journal of the
Bangladesh Agricultural University, 18(3), 485-493.

Sandberg, A. S. (2002). Bioavailability of minerals in legumes.
British Journal of Nutrition, 88(S3), S281-S285.

Sandberg, A. S. (2019). Developing foods for improved nutrient
absorption: Challenges and opportunities. Nutrients,
11(2), 494.

Sharma, H. K., Agnihotri, P. K., & Bhatnagar, P. K. (2011).
Effect of biofertilizers and vermicompost on growth, yield
and quality of garden pea (Pisum sativum L.). Indian
Journal of Horticulture, 68(1), 82-87.

Srednicka-Tober, D., Baranski, M., Seal, C. J., Sanderson, R.,
Benbrook, C., Steinshamn, H., et al. (2016). Higher PUFA
and omega-3 PUFA, conjugated linoleic acid, alpha-
tocopherol and iron, but lower iodine and selenium
concentrations in organic milk: A systematic literature
review and meta-analysis. British Journal of Nutrition,
115(6), 1043-1060.

Willer, H., & Lernoud, J. (2019). The world of organic
agriculture:  Statistics and emerging trends 2019.
Research Institute of Organic Agriculture (FiBL).

Willer, H., Schlatter, B., Travaini, A., Kemper, L., & Lernoud,
J. (2023). The world of organic agriculture: Statistics and
emerging trends 2023. Research Institute of Organic
Agriculture (FiBL).

Woese, K., Lange, D., Boess, C., & Bogl, K. W. (1997). A
comparison of organically and conventionally grown
foods: Results of a review of the relevant literature.
Journal of the Science of Food and Agriculture, 74(3),
281-293.

Worthington, V. (2001). Nutritional quality of organic versus
conventional fruits, vegetables, and grains. Journal of
Alternative and Complementary Medicine, 7(2), 161-173.

Xu, B. J., & Chang, S. K. C. (2007). A comparative study on
phenolic profiles and antioxidant activities of legumes as
affected by extraction solvents. Journal of Food Science,
72(2), S159-S166.

Yadav, V., Singh, A., Lal, M. K., & Kumar, R. (2022).
Vermicompost combined with plant growth-promoting
rhizobacteria enhances flavonoid and carotenoid content
in organically managed cowpea. Journal of Soil Science
and Plant Nutrition, 22(3), 3012-3025.

Yiridoe, E. K., Bonti-Ankomah, S., & Martin, R. C. (2005).
Comparison of consumer perceptions and preference
toward organic versus conventionally produced foods: A
review and update of the literature. Renewable Agriculture
and Food Systems, 20(4), 193-205.

Zielinska, D., & Michalak, M. (2019). Minerals in leguminous
vegetables: Composition and bioavailability. Journal of
Nutritional Science and Vitaminology, 65(3), 199-210.



