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Abstract: The growing prevalence of environmental pollution and the extensive use of synthetic
chemicals in food production and packaging have led to increased accumulation of toxic substances in
the human body. This study evaluates the detoxification potential of buckwheat (Fagopyrum esculentum)
as a functional food, with a focus on its phytochemical composition and associated mechanisms of
action. A thorough review of existing literature was conducted to assess the bioactive compounds
present in buckwheat and their contributions to oxidative stress mitigation and toxin clearance.
Buckwheat is particularly rich in flavonoids such as rutin and quercetin, along with phenolic acids,
essential vitamins, and trace minerals. These constituents exhibit potent antioxidant activity, modulate
key detoxification enzymes-such as glutathione-S-transferases and cytochrome P450 isoforms-and may
influence epigenetic regulators, notably through activation of the sirtuin (SIRT1) pathway. Both in vitro
and in vivo findings support the role of buckwheat-derived phytochemicals in enhancing cellular defense
against xenobiotics. Overall, buckwheat emerges as a promising candidate for incorporation into
functional foods and nutraceuticals aimed at preventing toxin-induced health disorders. However,
clinical validation is necessary to confirm its efficacy in human populations.

Keywords: flavonoids, antioxidant activity, sirtuins, free radical scavenging, epigenetic regulation;
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1. Introduction how bioactive phytochemicals from edible
Modern lifestyles and environmental plants  can  stimulate = endogenous
exposure have significantly increased the detoxification  pathways, reduce the
human body’s burden of toxins. Persistent bioavailability of toxins, and even repair
exposure to substances such as bisphenol A cellular damage caused by long-term
(BPA), pesticides, and heavy metals can exposure [4]. This has led to the emergence
cause oxidative stress, inflammation, and of functional foods and nutraceuticals that
metabolic disorders [1]. Detoxification are not only nutritious but also possess
refers to physiological processes that therapeutic potential. Buckwheat
neutralize and eliminate these harmful (Fagopyrum esculentum), belonging to the
compounds, primarily through enzymatic Polygonaceae family, 1is increasingly
pathways in the liver and other organs [2]. gaining recognition for its rich profile of
While pharmacological interventions exist, bioactive compounds and associated health
plant-based bioactive compounds offer a benefits [5]. The Fagopyrum genus
safer and more sustainable alternative [3]. comprises approximately 15-20 species,
Over the past two decades, scientific among which F. esculentum (common
interest in natural antioxidants and buckwheat) and F. tataricum (Tartary
detoxifiers has grown due to the limitations buckwheat) are the most agriculturally and
and side effects associated with synthetic scientifically  significant.  Fagopyrum
drugs. Numerous studies have explored esculentum Moench, commonly known as
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common buckwheat, is widely cultivated in
temperate regions across the world. It is
believed to have originated in southwestern
China around 5,000 to 6,000 years ago and
later spread through Central Asia to Europe
and other parts of the world. Currently, the
main cultivation areas include Russia,
China, Ukraine, Poland, France, Japan, the
United States, and Canada. Among these,
Russia and China are the leading producers.
Buckwheat grows best in cool climates with
short growing seasons, typically ranging
from 10 to 12 weeks. It is well-suited to
high-altitude or marginal lands with poor
soil quality due to its low nutrient
requirements and  adaptability.  F.
esculentum prefers well-drained,
moderately acidic to neutral soils and does
not tolerate waterlogging or extreme heat.
Its ability to thrive in low-input agricultural
systems, combined with its fast growth
cycle and minimal pest issues, makes
buckwheat a sustainable crop option,
particularly in organic farming. In addition
to its agricultural resilience, buckwheat’s
increasing popularity is also driven by its
rich content of bioactive compounds, such
as rutin, which offer potential health
benefits [64]. This review evaluates the
phytochemical constituents of buckwheat
and their mechanisms of action in
detoxifying the human body, based on
findings from recent literature. What sets
buckwheat apart is its unique combination
of flavonoids (notably rutin and quercetin),
phenolic acids, D-chiro-inositol, vitamins
(B-complex, E), essential amino acids (like
lysine and arginine), and trace elements
(magnesium, selenium, zinc), many of
which play critical roles in redox balance,
enzymatic  detoxification, and gene
regulation [6]. These compounds not only
neutralize free radicals but also modulate
intracellular signaling pathways, enhance
mitochondrial function, and improve the
excretion of toxic metabolites through bile
and urine. Additionally, mounting evidence
suggests that certain polyphenols such as

rutin and quercetin in buckwheat may
influence epigenetic regulation, including
the activation of sirtuin genes-a family of
NAD+-dependent deacetylases involved in
longevity, DNA repair, inflammation
control, and metabolic regulation [7]. This
places buckwheat within the scope of
cutting-edge research in nutrigenomics and
molecular nutrition. Given the increasing
incidence of lifestyle-related diseases and
environmental toxicity, exploring natural
solutions like buckwheat becomes not only
relevant but essential.

This review evaluates the phytochemical
constituents of buckwheat and their
mechanisms of action in detoxifying the
human body, based on findings from recent
literature.

The paper also highlights experimental
studies, current applications in functional
food science, and future directions for using
buckwheat as a cornerstone in dietary detox
strategies.

2.  Phytochemical
buckwheat

2.1 Flavonoids
Buckwheat is especially rich in flavonoids,
notably rutin, quercetin, orientin, and
vitexin [6]. These compounds exhibit
strong antioxidant properties by scavenging
free radicals, chelating metal ions, and
modulating enzyme activities|8].
Additionally, quercetin acts as a modulator
of detoxification-related genes. It is known
to upregulate the expression of phase II
detoxification enzymes such as glutathione
S-transferase (GST) and nicotinamide
adenine dinucleotide (phosphate)
(NAD(P)H): quinone oxidoreductase 1
(NQOV1) via activation of the nuclear factor
erythroid 2—related factor 2 (Nrf2) pathway,
a critical defense system against
xenobiotics [9]. Through this mechanism,
flavonoids not only prevent damage but
actively support cellular detoxification
capacity. Recent studies using LC-MS/MS
and metabolomics have identified novel

composition of
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buckwheat-derived flavonoid glycosides
that may exhibit even greater bioavailability
and potency than aglycone forms. These
include isovitexin-2"-O-rhamnoside and
orientin derivatives, which have
demonstrated  potential in  reducing
inflammatory markers and regulating
mitochondrial redox status [10]. Moreover,
the synergistic effect of different flavonoids
in buckwheat enhances their therapeutic
value.

When consumed as a whole food or in
extract form, buckwheat flavonoids interact
in ways that amplify their individual
antioxidant and anti-inflammatory actions.
This "phytocomplex" effect suggests that
whole-plant preparations may be more
effective for detoxification than isolated
compounds. Lastly, buckwheat-derived
flavonoids have shown the potential to
cross the blood-brain barrier, indicating
possible  neuroprotective and  anti-
neuroinflammatory effects in the context of
toxin-induced neurodegeneration [11]. This
opens new avenues for studying their role in
preventing oxidative stress-related diseases
such as Alzheimer’s and Parkinson’s,
especially those triggered or exacerbated by
environmental toxins.

2.2 Phenolic Acids

Phenolic acids such as ferulic acid, p-
coumaric acid, and gallic acid are abundant
in buckwheat [12]. They play crucial roles
in preventing oxidative stress-induced
damage by acting as chain-breaking
antioxidants [13]. Phenolic acids represent
a major class of secondary metabolites in
buckwheat and contribute significantly to
its overall antioxidant capacity. These
compounds possess one or more hydroxyl
groups attached to aromatic rings, allowing
them to donate hydrogen atoms and
neutralize free radicals, thereby interrupting
oxidative chain reactions at the molecular
level [14]. Ferulic acid, in particular, is
known for its dual role as both an
antioxidant and anti-inflammatory agent. It
stabilizes cellular membranes, scavenges

superoxide and hydroxyl radicals, and has
been shown to inhibit the formation of
advanced glycation end products (AGEs),
which are elevated under toxic and
hyperglycemic conditions [15].
Additionally, ferulic acid enhances the
expression of detoxification enzymes, such
as heme oxygenase-1 (HO-1) and
superoxide dismutase (SOD), often via
activation of the Keapl/Nrf2 signaling
pathway [16]. Gallic acid, another key
component, exhibits strong metal chelating
properties. It binds to transition metals like
iron and copper, which catalyze the Fenton
reaction that produces highly reactive
hydroxyl radicals. By inhibiting this
process, gallic acid reduces oxidative DNA
damage and protects against mutagenic
effects induced by xenobiotics [17].
p-coumaric acid contributes to the anti-
inflammatory and hepatoprotective effects
of buckwheat. It downregulates pro-
inflammatory cytokines such as TNF-a and
IL-6, and has been shown to attenuate liver
injury caused by environmental toxins like
carbon tetrachloride and acetaminophen in
experimental models [18].

Moreover, phenolic acid-rich extracts have
demonstrated protective effects in various
in vitro and in vivo models of toxin
exposure, including heavy metals (lead,
cadmium), plastic-derived compounds (like
BPA), and air pollutants, suggesting a
broad-spectrum detox potential. In figure 1
are shown various toxic substances such as
heavy metals, industrial chemicals,
pesticides, and pollutants that individuals
are exposed to through food, air, water, and
consumer products, contributing to health
risks like oxidative stress and inflammation.
Advanced extraction and analytical
methods such as UHPLC coupled with
mass spectrometry have revealed that
buckwheat also contains bound phenolic
acids-those conjugated to cell wall
components-which may be released during
digestion or microbial fermentation in the
gut. This makes buckwheat a potential
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prebiotic functional food, as its phenolics
can modulate gut microbiota composition
and support gut-liver detox axis health
[19].The synergistic action of multiple
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Fig. 1. Common sources of environmental toxins

2.3 Amino acids and proteins

Buckwheat proteins are well-balanced and
contain all essential amino acids. Lysine
and arginine, in particular, contribute to the
repair of tissues damaged by toxins [6].
Unlike most cereals, buckwheat boasts a
complete amino acid profile, including high
levels of essential amino acids such as
lysine, threonine, methionine, and
tryptophan, which are often limiting in
wheat, rice, or corn [20]. The protein
content in buckwheat varies between 11-
15%, and its digestibility is relatively high,
especially after thermal processing or
fermentation [6]. Lysine plays a vital role in
detoxification, as it is essential for collagen
synthesis and tissue repair. Exposure to
environmental toxins often causes cellular
and tissue damage, and lysine helps in the
regeneration of damaged extracellular
matrices and supports immune response
[21]. Arginine, another abundant amino
acid in buckwheat, is a precursor for nitric
oxide (NO) synthesis, which is important
for vascular detoxification and reducing
oxidative damage. It also contributes to the
urea cycle, helping in the elimination of
excess nitrogenous waste and ammonia,
both of which can accumulate under toxic

stress [22].

Buckwheat also contains sulfur-containing
amino acids like methionine and cysteine,
which are precursors for glutathione-one of
the most critical intracellular antioxidants
involved in phase II detoxification
pathways [23]. Methionine participates in
methylation reactions necessary for DNA
repair and epigenetic regulation during
cellular recovery from toxin exposure.
Recent proteomic analyses have identified
bioactive peptides derived from buckwheat
proteins after enzymatic hydrolysis. These
peptides exhibit antioxidative,
antihypertensive, and  metal-binding
properties [24]. In particular, dipeptides
containing histidine and cysteine have been
shown to inhibit lipid peroxidation and
neutralize heavy metals such as cadmium
and lead. Moreover, studies show that
buckwheat protein hydrolysates can
upregulate Nrf2 signaling, leading to
increased expression of detox enzymes like
glutathione peroxidase (GPx), catalase, and
superoxide dismutase (SOD) [25]. This
makes buckwheat proteins not just a
nutritional source but also a functional
modulator of cellular defense mechanisms.
From a practical standpoint, integrating
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buckwheat protein isolates into functional
foods, dietary supplements, or detox
formulations could offer dual benefits:
nutritional support and enhancement of the
body's natural detoxification capacity.

2.4 Vitamins and Minerals

High levels of B vitamins, magnesium,
zinc, and selenium support enzymatic
detoxification systems, such as cytochrome
P450 enzymes and glutathione peroxidase
[26].

Buckwheat is a rich source of several water-
and fat-soluble vitamins, as well as essential
trace elements that act as cofactors in
multiple detoxification pathways. These
micronutrients are vital for maintaining
redox balance, enzyme activity, and tissue
repair following toxic exposure.
B-complex vitamins, particularly Bl
(thiamine), B2 (riboflavin), B3 (niacin), B6
(pyridoxine), and folate (B9), are
abundantly present in buckwheat. These
vitamins are key participants in energy
metabolism and are indispensable for phase
I and II liver detoxification pathways. For
instance, B6 is involved in the
transsulfuration pathway that converts
methionine to cysteine, which is essential
for glutathione synthesis, a major
intracellular antioxidant [27].

Magnesium,  widely  distributed in
buckwheat, is a cofactor for over 300
enzymatic reactions, many of which are
directly involved in detoxification. It
stabilizes ATP-dependent enzymes and
participates in DNA repair mechanisms
after oxidative damage induced by toxins
[28]. Furthermore, magnesium aids in the
conjugation of xenobiotics, facilitating their
excretion through bile or urine.

Zinc plays a critical role in metallothionein
induction, a family of proteins that bind and
neutralize heavy metals such as lead,
mercury, and cadmium. Zinc also
contributes to antioxidant defense by
maintaining the structural integrity of
superoxide dismutase (SOD) enzymes,
which catalyze the dismutation of

superoxide radicals into less reactive
species [29]. Selenium, though required in
trace amounts, is essential for the activity of
glutathione  peroxidase = (GPx) and
thioredoxin reductase, enzymes responsible
for neutralizing hydrogen peroxide and
lipid peroxides. Selenoproteins also
modulate immune responses and inhibit
inflammation induced by toxicants like
BPA and pesticides [30]. Iron, manganese,
and copper-also present in moderate
amounts in buckwheat-serve as essential
cofactors for enzymes such as cytochrome
P450 oxidases, catalase, and peroxidases.
However, their levels must be tightly
regulated, as excess free metals can catalyze
Fenton-type reactions leading to oxidative
damage. Interestingly, the polyphenols in
buckwheat also chelate excess free iron and
copper, reducing this risk while preserving
enzymatic function [31]. Additionally,
buckwheat provides vitamin E
(tocopherols) and vitamin C, both of which
regenerate oxidized glutathione and act
synergistically with flavonoids to quench
lipid radicals and protect cellular
membranes from peroxidation [6]. In
combination, the vitamin-mineral matrix of
buckwheat forms a nutritionally balanced
and biochemically potent system that
enhances the body’s capacity to process,
neutralize, and eliminate various
environmental and dietary toxins.

3. Mechanisms of detoxification

3.1 Antioxidant Activity

The antioxidant capacity of buckwheat is
primarily attributed to its flavonoids and
phenolic content. These molecules inhibit
lipid peroxidation, protect DNA from
oxidative damage, and enhance endogenous
antioxidant systems. Buckwheat's potent
antioxidant activity is a result of multi-
pathway interactions at the cellular and
molecular levels. The key compounds-
rutin, quercetin, catechins, and phenolic
acids-act not only as free radical
scavengers, but also as signal modulators
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that upregulate the body’s natural defense
systems [32]. Free radicals such as reactive
oxygen species (ROS) and reactive nitrogen
species (RNS) are byproducts of normal
metabolism but are greatly increased under
toxic exposure (e.g., BPA, pesticides, or
heavy metals). These radicals damage
lipids, proteins, and nucleic acids, leading
to chronic diseases. Buckwheat
antioxidants donate electrons to these
radicals, terminating chain reactions of
oxidative damage. More importantly,
certain buckwheat polyphenols activate the
Nrf2 (nuclear factor erythroid 2-related
factor 2) signaling pathway-a master
regulator of antioxidant and cytoprotective
genes. Activation of Nrf2 leads to increased
expression of detoxification and antioxidant
enzymes, including glutathione  S-
transferase (GST), heme oxygenase-1 (HO-
1), NAD(P)H:quinone oxidoreductase 1
(NQO1), and catalase (CAT) [33].

Recent studies indicate that the antioxidant
effect of buckwheat is dose-dependent and
synergistic. For example, rutin and
quercetin together show greater efficacy in
reducing oxidative stress than either
compound alone, due to complementary
absorption and metabolism profiles [34].
Moreover, buckwheat antioxidants can
chelate pro-oxidant metal ions such as Fe**
and Cu*, reducing Fenton-type reactions
that generate hydroxyl radicals. In addition
to their effects in isolated biochemical
assays,  buckwheat  extracts  have
demonstrated membrane-stabilizing
properties in cell models exposed to
oxidative agents. They reduce
malondialdehyde (MDA) levels, enhance
superoxide  dismutase  (SOD)  and
glutathione (GSH) activity, and preserve
mitochondrial  integrity [35]. When
compared to other antioxidant-rich plants
such as green tea or turmeric, buckwheat
shows comparable or superior activity in
scavenging DPPH, ABTS, and hydroxyl
radicals, especially when using sprouted or
fermented forms [36].

3.2 Modulation of Detoxification
Enzymes

Buckwheat bioactive compounds modulate
phase I and II detoxification enzymes. Rutin
and quercetin upregulate glutathione S-
transferases and UDP-
glucuronosyltransferases, improving toxin
conjugation and excretion [37].
Detoxification is a multi-step enzymatic
process, primarily occurring in the liver,
that converts lipophilic toxins into water-
soluble  compounds for  excretion.
Buckwheat compounds have shown the
ability to intervene in both Phase I
(functionalization) and Phase II
(conjugation) enzyme pathways.

In Phase I detoxification, enzymes such as
cytochrome P450 monooxygenases (CYPs)
introduce functional groups (-OH, -
COOH) to xenobiotics. While this phase
sometimes creates reactive intermediates,
buckwheat's flavonoids-especially
quercetin and orientin-have demonstrated a
modulatory effect on CYP1A1, CYPIBI,
and CYP3A4 gene expression, potentially
reducing harmful metabolite accumulation
[38].

In Phase II detoxification, conjugation
reactions further modify these
intermediates via enzymes such as:
Glutathione  S-transferases (GSTs) —
conjugate glutathione to electrophilic
compounds.UDP-glucuronosyltransferases

(UGTs) — attach glucuronic acid.
Sulfotransferases (SULTs) — sulfate
conjugation.

Studies show that rutin enhances the
expression and activity of GSTP1 and
UGTI1Al, improving the clearance of
endocrine-disrupting chemicals like BPA
and phthalates. This modulation is achieved
partly via the Keapl-Nrf2-ARE signaling
axis, through which buckwheat polyphenols
induce the transcription of detox genes via
antioxidant response elements (AREs) [39].
Overall, the evidence suggests that
buckwheat does not merely scavenge toxins
but strategically activates endogenous
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enzymatic defenses, positioning it as a
nutritional modulator of biotransformation

pathways.
3.3 Inflammatory Pathway
Inhibition Toxins often induce

inflammation via pathways like NF-kB.
Buckwheat flavonoids inhibit this pathway,
reducing pro-inflammatory cytokines and
preventing tissue damage [40]. Chronic
exposure to environmental toxins such as
bisphenol A (BPA), heavy metals, and
agrochemicals is closely linked to low-
grade systemic inflammation, which
contributes to a range of diseases, including
cancer, diabetes, neurodegenerative
disorders, and cardiovascular disease.
Inflammation is primarily mediated by
signaling pathways such as NF-kB (nuclear
factor  kappa-light-chain-enhancer  of
activated B cells) and MAPK (mitogen-
activated protein kinase)[41].

Buckwheat-derived flavonoids, particularly
rutin, quercetin, and vitexin, are capable of
downregulating the NF-kB signaling
cascade by preventing the phosphorylation
and degradation of IkB-a, an inhibitory
protein that retains NF-kB in the cytoplasm.
By stabilizing IkB-a, these flavonoids
inhibit the translocation of NF-kB to the
nucleus, thereby reducing the transcription
of pro-inflammatory genes such as TNF-o,
IL-6, IL-1B, and COX-2 [42]. This study
looks into how buckwheat and buckwheat-
enriched foods affect colon myofibroblasts,
which play a key role in inflammation in the
gut. The researchers checked how these
foods influenced cell behaviors like
movement and growth, especially when
inflammation was triggered. They found
that buckwheat-enriched bread decreased
harmful cell migration and helped fix
inflammation-driven cell cycle changes.
This suggests buckwheat might help with
conditions like inflammatory bowel
diseases [43]. In summary, buckwheat
flavonoids act at multiple levels to attenuate
inflammation: they inhibit key pro-
inflammatory transcription factors,

suppress cytokine production, reduce
oxidative mediators, and preserve tissue
integrity-making them valuable agents in
managing toxin-induced and metabolic
inflammation[44].

3.4 Activation of Sirtuin genes

Recent studies suggest that buckwheat
components may influence  sirtuin
expression, especially SIRT1. This gene is
involved in DNA repair, anti-inflammatory
responses, and longevity, playing a key role
in  cellular  detoxification.  Sirtuins,
particularly SIRT1, are known to regulate
the body’s response to metabolic stress,
such as that induced by toxins like BPA and
heavy metals. They help in maintaining
cellular homeostasis by modulating the
activity of antioxidant systems, improving
mitochondrial function, and enhancing
cellular repair mechanisms.

Figure 2 illustrates how toxic substances
such as BPA and heavy metals affect
various organs, while activation of sirtuin
genes (particularly SIRT1 and SIRT3) plays
a protective role. Sirtuins regulate oxidative
stress (ROS), inflammatory cytokines (IL-
6, TNF-a), and detoxification enzymes
(e.g., SOD2, CYPI1AIl), contributing to
cellular defense mechanisms across organs
-like the heart, liver, kidney, and intestine
Emerging evidence suggests that the
polyphenolic compounds in buckwheat,
particularly quercetin and rutin, can activate
sirtuin genes, leading to enhanced cellular
detoxification processes.

These compounds may induce the
expression of SIRT1 by increasing the
NAD+/NADH ratio, a key factor in sirtuin
activation. The activation of sirtuins may
not only support detoxification but also
contribute to improved metabolic metabolic
health, protection against
neurodegenerative diseases, and enhanced
resistance to aging-related oxidative stress
[45]. Additionally, research has indicated
that the activation of sirtuins through
dietary polyphenols like those found in
buckwheat could be a viable strategy for
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counteracting the adverse effects of chronic
exposure to  environmental  toxins.
Buckwheat's potential to influence sirtuin
pathways underscores its importance as a
functional food ingredient capable of
promoting longevity and enhancing the
body’s resilience to toxic insults [46].

4. Experimental evidence

4.1 In Vitro Studies

Cell culture experiments show that
buckwheat extracts protect against
oxidative stress and toxic insults from
substances like bisphenol A (BPA), arsenic,
and lead. Treated cells exhibit higher
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Fig. 2. Role of sirtuins in response to toxic components

viability, lower ROS levels, and enhanced
expression of detox enzymes. Cell culture
experiments have consistently shown that
buckwheat extracts provide significant
protection against oxidative stress and toxic
insults from various harmful substances,
including BPA, arsenic, lead, and cadmium.
These studies demonstrate that treated cells
exhibit higher viability, reduced levels of
reactive oxygen species (ROS), and
enhanced expression of detoxification
enzymes, such as glutathione peroxidase
and superoxide dismutase. Furthermore,
buckwheat bioactives have been shown to
reduce lipid peroxidation and protect
cellular membranes from oxidative damage
[47]. In addition to general antioxidative
effects, buckwheat components such as
rutin and quercetin also play a role in
modulating gene expression in response to
toxic stress. Studies have demonstrated that

these flavonoids activate the Nrf2 pathway,
a key regulator of cellular defense
mechanisms against oxidative damage. The
activation of Nrf2 leads to increased
expression of phase II detoxifying enzymes,
including heme oxygenase-1 and NAD(P)H
quinone dehydrogenase 1, which are critical
for the elimination of xenobiotics and free
radicals [48]. Moreover, buckwheat extracts
have been shown to reduce inflammatory
markers in vitro, such as TNF-a and IL-6,
which are commonly elevated in response
to toxin exposure [5]. This anti-
inflammatory  effect  suggests that
buckwheat not only mitigates oxidative
stress but also helps reduce the systemic
inflammation often associated with
environmental toxin accumulation.

Recent in vitro studies have also
highlighted the potential of buckwheat in
counteracting the toxic effects of BPA.
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Fig. 3. Protective effects of buckwheat against BPA-induced toxicity

Specifically, cell lines exposed to BPA and
treated with buckwheat extracts showed
increased expression of detoxification
enzymes like glutathione S-transferases, as
well as a reduction in BPA-induced
cytotoxicity. This suggests that buckwheat
could serve as a potential therapeutic agent
in reducing the harmful effects of endocrine
disruptors such as BPA [49].

The figure 3 illustrates how bioactive
compounds in  buckwheat  exhibit
antioxidant properties that counteract the
harmful effects of BPA exposure.
inflammation, and DNA damage across
various organs, while promoting sirtuin
activation, detoxification enzyme activity,
autophagy, and apoptosis regulation, thus
supporting  cellular  protection  and
homeostasis. Overall, in vitro research
demonstrates that buckwheat bioactives
exhibit significant protective effects against
a wide range of toxic agents by modulating
antioxidant systems, detoxification
enzymes, and inflammatory pathways.
These findings lay the foundation for
further exploration into the therapeutic
potential of buckwheat in detoxification
strategies.

4.2 In vivo studies

Animal studies demonstrate that oral
administration of buckwheat extracts
reduces biomarkers of liver toxicity,
restores antioxidant levels, and improves

histopathological outcomes. Mice exposed
to BPA and treated with buckwheat showed
upregulation of antioxidant genes and
suppression of inflammation. Animal
studies have provided compelling evidence
of the detoxifying effects of buckwheat
extracts. In one study, mice exposed to BPA
and treated with buckwheat extracts
exhibited a significant reduction in liver
biomarkers associated with toxicity, such as
ALT (alanine aminotransferase) and AST
(aspartate aminotransferase), indicating
improved liver function [50]. Additionally,
buckwheat-treated animals showed a
notable increase in antioxidant levels,
including superoxide dismutase (SOD) and
catalase, which are key enzymes involved
in the defense against oxidative stress.
These findings suggest that buckwheat
compounds can effectively reduce
oxidative damage in the liver, a major organ
involved in detoxification. In another in
vivo study, rats subjected to chronic
exposure to lead and arsenic demonstrated
a significant decrease in oxidative stress
markers after receiving a diet supplemented
with  buckwheat extracts ([51]. The
protective effects were linked to an
upregulation of phase II detoxification
enzymes, such as glutathione S-transferases
(GSTs) and UDP-glucuronosyltransferases
(UGTs), which are responsible for
conjugating and facilitating the excretion of
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toxic substances [52]. This suggests that
buckwheat may enhance the body's capacity
to detoxify xenobiotics through the
modulation of key enzymatic pathways.
Buckwheat has also been shown to
modulate inflammation in animal models.
Mice exposed to toxic substances such as
cadmium and BPA, followed by treatment
with buckwheat extract, exhibited reduced
levels of inflammatory cytokines, including
TNF-a, IL-1B, and IL-6 [53]. This reduction
in inflammation could help mitigate the
long-term negative effects of chronic
exposure to environmental toxins, which
often trigger inflammatory pathways that
contribute to tissue damage and disease
development. Furthermore, recent studies
have explored the potential synergistic
effects of combining buckwheat with other
natural compounds in animal models. For
instance, when combined with other
antioxidant-rich plants, buckwheat has been
shown to enhance the detoxification effects,
particularly in mitigating the adverse
impact of heavy metals like mercury [54].
This suggests that buckwheat could be used
as part of a broader dietary strategy for
managing environmental toxin exposure.

In summary, in vivo studies confirm that
buckwheat extracts offer significant
protection  against oxidative  stress,
inflammation, and toxin-induced organ
damage. The ability of buckwheat to
modulate detoxification enzymes and
reduce inflammation in animals further
supports its potential as a functional food
for detoxification and health promotion.

4.3 Dietary studies in human

Limited but promising data suggest that
dietary buckwheat improves liver function
markers, reduces oxidative DNA damage,
and enhances overall antioxidant capacity
in humans exposed to environmental toxins
[55]. Indicate that dietary intake of
buckwheat may have beneficial effects in
counteracting  oxidative  stress and
improving detoxification processes. In a
clinical trial involving individuals exposed

to environmental pollutants, such as
pesticides, daily consumption of buckwheat
was shown to reduce markers of oxidative
DNA damage, suggesting its protective
effects against genotoxicity. Participants
who consumed buckwheat for several
weeks  exhibited increased  plasma
antioxidant capacity, as measured by total
antioxidant status (TAS), and a decrease in
lipid  peroxidation,  reflecting  the
antioxidative action of buckwheat bioactive
compounds [56]. Additionally, a study
involving individuals with a high intake of
polyphenol-rich foods, including
buckwheat, showed a significant reduction
in oxidative stress markers, such as serum
malondialdehyde (MDA) levels, and an
increase in the activity of antioxidant
enzymes like superoxide dismutase (SOD)
and catalase. The presence of bioactive
flavonoids and phenolic acids in buckwheat
was hypothesized to play a central role in
enhancing the body's natural detoxification
processes,  potentially  through  the
modulation of both antioxidant and
detoxification enzyme systems [57].
Emerging evidence also suggests that
buckwheat’s ability to modulate gut
microbiota may play a role in its
detoxification effects. A study of human
subjects consuming a diet rich in buckwheat
found alterations in the gut microbiota
composition, with an increase in beneficial
bacteria known to support the body’s
detoxification mechanisms [58]. These
microbial changes are thought to enhance
the breakdown and excretion of xenobiotics
and reduce the overall toxic burden on the
body.

Overall, while human studies are still in the
early stages, the available evidence points
to the potential of dietary buckwheat as a
functional food for improving
detoxification and mitigating the effects of
environmental toxin exposure. More
extensive clinical trials are necessary to
confirm these benefits and better
understand the mechanisms through which

Hamzayeva Nargiza RAJABBOYEVNA, Ishimov Uchkun JOMURODOVICH, Bioactive compounds of
buckwheat (fagopyrum esculentum) in detoxification processes: a comprehensive review, Food and Environment

Safety, Volume XXIV, Issue 3 — 2025, pag. 176-192


https://www.zotero.org/google-docs/?lZyYFE
https://www.zotero.org/google-docs/?MYurE4
https://www.zotero.org/google-docs/?fBVZ0V
https://www.zotero.org/google-docs/?X3rZv1
https://www.zotero.org/google-docs/?yCxtoP
https://www.zotero.org/google-docs/?wKQ3x6
https://www.zotero.org/google-docs/?dpFpuf

Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXIV, Issue 3 — 2025

buckwheat promotes human health in the
context of toxin-induced stress.

5. Applications and future perspectives
5.1 Nutraceutical development
Buckwheat’s detox potential makes it a
strong candidate for functional food and

nutraceutical ~ formulations.  Capsules,
powders, and beverages containing
buckwheat bioactives are under

development. Buckwheat’s detoxification
potential makes it an attractive candidate for
nutraceutical development. With its rich
profile of bioactive compounds, such as
flavonoids, phenolic acids, and essential
amino acids, buckwheat has the potential to
be incorporated into various functional food
products designed to support detoxification
and overall health. These could include
capsules, powders, teas, and functional
beverages that harness the antioxidant, anti-
inflammatory, and detoxifying properties of
buckwheat  bioactives [59]. Recent
advancements in nutraceutical formulation
techniques have led to the development of
buckwheat-based products with enhanced
bioavailability, ensuring that these
compounds are efficiently absorbed and
utilized by the body. Innovations such as
nanoencapsulation and enzymatic
hydrolysis have been explored to increase
the stability and bioactivity of buckwheat
extracts in functional foods [60].
Furthermore, the potential of buckwheat to
be combined with other natural detoxifying
agents in nutraceutical products opens up
possibilities for synergistic effects. For
example, buckwheat could be incorporated
into supplements that combine its
detoxifying effects with those of other
antioxidant-rich plants, such as green tea or
turmeric, to create more potent detox
formulations [6].

5.2 Biotechnological enhancements
Enzymatic hydrolysis, nanoencapsulation,
and fermentation techniques are being
explored to improve the bioavailability and
stability of buckwheat compounds. The
biotechnological potential of buckwheat in

enhancing its detoxification properties is a
rapidly evolving area of research. As a rich
source of  bioactive compounds,
buckwheat’s therapeutic effectiveness can
be significantly improved through various
biotechnological approaches aimed at
increasing the bioavailability, stability, and
efficacy of its bioactive constituents [61].
One promising strategy is enzymatic
hydrolysis, which involves the breakdown
of complex molecules into their simpler,
bioactive forms. By using specific enzymes
(cellulase, pectinase, amylase, protease,
tannase, hemicellulase), researchers can
enhance the release of phenolic compounds,
flavonoids, and other bioactives from
buckwheat, making them more readily
available for absorption in the human
digestive system. This process has been
shown to increase the antioxidant and
detoxifying effects of buckwheat by
improving the solubility and bioactivity of
its compounds, which may have limited
bioavailability in their natural form.
Nanoencapsulation is another advanced
biotechnological technique being explored
to enhance the delivery of buckwheat
bioactives. Nanoencapsulation involves
embedding bioactive compounds in
nanocarriers, such as liposomes or
nanoparticles, to protect them from
degradation during digestion and facilitate
their targeted delivery to specific sites in the
body. Studies have demonstrated that
nanoencapsulated buckwheat flavonoids
have improved stability, controlled release,
and enhanced antioxidant and anti-
inflammatory effects, making them more
effective in detoxification processes [62].
This method could significantly increase
the therapeutic potential of buckwheat in
combating oxidative stress and toxin-
induced disorders.

Fermentation is another biotechnological
method that can improve the health benefits
of buckwheat. Through fermentation,
beneficial microbes such as lactic acid
bacteria can be used to break down complex
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carbohydrates and proteins in buckwheat,
resulting in the production of bioactive
peptides and other health-promoting
metabolites. Fermented buckwheat
products have been shown to exhibit
enhanced antioxidant properties, improved
gut microbiota modulation, and increased
availability of nutrients like vitamins and
amino acids [63]. This process also creates
prebiotic compounds that support gut
health, which, in turn, can enhance the
body’s detoxification capabilities by
facilitating the elimination of toxins
through improved digestion and absorption.
Additionally, genetic modifications or
selective breeding of buckwheat plants may
provide opportunities to increase the
concentration of  specific  bioactive
compounds, making the plant even more
potent in its detoxification effects. Through
the use of advanced genomic tools and
biotechnological techniques, scientists can
identify genes responsible for the synthesis
of key bioactives and enhance their

expression,  potentially  leading  to
buckwheat  varieties ~ with  higher
concentrations of  antioxidants  and
polyphenols.

5.3 Integrating buckwheat into detox
diets

Buckwheat can be incorporated into the
daily diet in the form of groats, flour,

Buckwheat salad

Buckwheat
porridge

Buckwheat
pancake

Buckwheat+kefir
detox

noodles, and  pancakes. = Regular
consumption of buckwheat may provide
protective effects against chronic exposure
to toxins.

Its versatility and health benefits make
buckwheat highly suitable for inclusion in
detox diets. Being naturally gluten-free,
buckwheat is well-tolerated by individuals
with gluten sensitivities and can serve as a
key ingredient in various detox recipes.
Buckwheat contains high levels of bioactive
compounds such as rutin, quercetin, and
other polyphenols, which exhibit potent
antioxidant properties that support the
body’s defense against toxins. Studies have
demonstrated that the consumption of
buckwheat enhances liver detoxification
processes and reduces oxidative stress.
Popular detox recipes incorporating
buckwheat include warm buckwheat
porridge with fresh fruits, buckwheat salads
enriched with vegetables such as beetroot
and kale, and gluten-free buckwheat
pancakes made with natural sweeteners.
These dishes are not only nutritionally rich
but also aid in the elimination of harmful
substances from the body. To maximize the
detoxifying benefits, it is recommended to
consume buckwheat at least three times per
week, particularly for individuals exposed
to environmental toxins or undergoing
detoxification programs [59], [65], [66].

Rich in antioxidant

Il

Support liver

function

Aids digestion

Promotes cleansing

Fig. 4. Buckwheat-based meals such as salad, porridge, pancakes, and kefir combinations contribute to
detoxification by providing antioxidants that support liver function, aid digestion, and promote bodily
cleansing.
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Common dietary forms such as buckwheat
salad, porridge, pancakes, and kefir-based
detox combinations provide a diverse range
of nutrients that contribute to systemic
cleansing.

As shown in Figure 4. antioxidants present
in buckwheat support liver function by
enhancing the activity of detoxification
enzymes and improving the body's ability to
eliminate toxins. Additionally, the high
fiber content in buckwheat aids digestion by
promoting gut motility and supporting a

balanced microbiota. As a gluten-free
pseudocereal, buckwheat is suitable for a
wide range of individuals, including those
with gluten sensitivity. Its role in
detoxification is further supported by its
ability to regulate blood sugar levels and
reduce inflammation. Overall, regular
consumption of buckwheat-based meals
can support the body's natural
detoxification pathways, promote digestive
efficiency, and enhance liver function.

Table 1.

Highlights buckwheat detox diets rich in antioxidants like rutin and quercetin, supporting detoxification,
gut health, and reducing inflammation

Detox Diet Name Main Ingredients Detox Benefit Reference
Warm Buckwheat | Buckwheat groats, | Delivers antioxidants
Porridge berries, nuts (rutin, quercetin); [67]
supports gut health and
metabolism
Sprouted Buckwheat | Sprouted buckwheat, | Sprouting increases
Bowl fruits, salad vegetables polyphenols and [68]
antioxidant levels
significantly
Buckwheat-Rich Buckwheat-based meals | Provides anti-
Flavonoid Meal with rutin/quercetin inflammatory,
antioxidant, and [69]
detoxification-enhancing
compounds

As shown in Table 1, some researchers have
also highlighted the health benefits of
buckwheat-enriched foods for the body.

5.4 Research Gaps and Future Directions
More clinical trials are needed to validate
detox effects in human populations.
Genomic and proteomic tools should be
employed  to uncover  molecular
mechanisms of action. Standardization of
buckwheat extracts is also necessary for
consistent therapeutic outcomes.
Buckwheat can be easily incorporated into
detox diets due to its versatility and health
benefits. As a naturally gluten-free
pseudocereal, buckwheat can be consumed
in various forms, such as groats, flour,
noodles, and pancakes, making it a valuable
addition to a wide range of detoxifying meal
plans.

It is especially beneficial for individuals
seeking to reduce their intake of processed
foods, refined grains, and synthetic
additives while increasing the consumption
of natural detoxifying agents. Including
buckwheat in detox diets could help support
the body’s natural detoxification processes
by providing essential nutrients like fiber,
antioxidants, and essential amino acids,
which promote the elimination of toxins
and enhance liver function. The fiber
content in buckwheat helps in the binding
and excretion of heavy metals, pesticides,
and other toxins from the digestive system.
Its high levels of flavonoids, such as rutin
and quercetin, contribute to reducing
oxidative stress and protecting against DNA
damage, which is common during toxin
accumulation.
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6. Conclusion

Buckwheat is a potent source of bioactive
compounds with significant detoxifying
properties. Its ability to combat oxidative
stress, modulate detox enzymes, and
potentially activate sirtuins positions it as a
promising agent in managing toxin-induced
disorders. Future research should focus on
translational approaches to integrate
buckwheat-based products into public
health strategies.
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