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Buckwheat is a gluten-free crop under the family Polygonaceae abundant with beneﬁcial phytochemicals that
provide signiﬁcant health beneﬁts. It is cultivated and adapted in diverse ecological zones all over the world.
Recently its popularity is expanding as a nutrient-rich healthy food with low-calories. The bioactive compounds
in buckwheat are ﬂavonoids (i.e., rutin, quercetin, orientin, isoorientin, vitexin, and isovitexin), fatty acids,
polysaccharides, proteins, and amino acids, iminosugars, dietary ﬁber, fagopyrins, resistant starch, vitamins, and
minerals. Buckwheat possesses high nutritional value due to these bioactive compounds. Additionally, several
essential bioactive factors that have long been gaining interest because these compounds are beneﬁcial for
healing and preventing several human diseases. The present review demonstrates an overview of the recent
researches regarding buckwheat phytochemicals and particularly focusing on the distinct function of bioactive
components with their health beneﬁts.

1. Introduction
Buckwheat is an ancient pseudocereal crop under Polygonaceae
family and genus Fagopyrum which occupy a crucial part of the human
diet, consumed globally (Kwon, et al., 2018; Park, Kim, Lee, Lim, &
Hwang, 2019; Sinkovic, Kokalj, Vidrih, & Meglic, 2020). Buckwheat is
broadly cultivated in Asia, Europe, and the Americas but originated
from mountainous provinces of southern China (Ji, Han, Liu, Yin, Peng,
& Wang, 2019; Sinkovic et al., 2020). Buckwheat has numerous ecological adaptabilities, so it can be cultivated in high altitude regions
with low rainfall and temperature (Ge & Wang, 2020; Liu, Lv, Peng,
Shan, & Wang, 2015). Common buckwheat (Fagopyrum esculentum
Moench) and Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn) are
the most widely grown and consumed species throughout the world
(Ahmed, Khalid, Ahmad, Abbasi, Latif, & Randhawa, 2013; Kwon et al.,
2018). The world production of buckwheat was more than 2.90 million
tonnes in 2018. The world-leading buckwheat producing countries are
China, Russia, France, Ukraine, Poland, the United States and Kazakhstan (FAOSTAT, 2020). Moreover, nowadays buckwheat has been becoming more popular in the USA, Canada, and Europe (Giménez-

Bastida & Zieliński, 2015) and is mostly consumed as noodles, pancakes, and muﬃns in diﬀerent countries, such as China, Ukraine, Japan,
Canada, India, and Nepal (Sytar, Brestic, Zivcak, & Tran, 2016).
Buckwheat has been conﬁrmed as a good source of various nutritious
and bioactive components possessing diverse health and pharmaceutical eﬀects (Christa, & Soral-Smietana, 2008; Sinkovic et al., 2020),
therefore it drew more attention for being a potentially valuable food
source.
Throughout recent years, buckwheat has increased demand and
attracted research attention of food scientists because of its identical
chemical compounds and highly eﬀective as a functional food with
healing eﬀects over chronic diseases, such as anti-oxidative, cardioprotective, anti-cancer, hepatoprotective, anti-hypertension, antitumor, anti-inﬂammatory, anti-diabetic, neuro-protection, cholesterollowering, cognition-improving activities, and so on (Ge & Wang, 2020;
Kwon et al., 2018; Lv et al., 2017). These health eﬀects have been
partially or fully correlated with several bioactive compounds that exist
in buckwheat. These bioactive compounds comprise a large number of
chemicals, such as ﬂavonoids, polyphenols, carbohydrates, dietary
ﬁber, proteins and amino acids, fatty acids, vitamins, and minerals
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Triska (2019) observed 0.283 g/kg rutin in embryo axis with the cotyledons of common buckwheat. The concentration of rutin quickly
increases from 0.1 mg/g DW in ungerminated seed to 3 mg/g DW in
27 days aged plant in green and etiolated seedlings (Borovaya &
Klykov, 2020).
Seeds of Tartary buckwheat have higher amount of rutin (14.1 mg/g
DW) compared to common buckwheat (0.2 mg/g DW) (Zhu, 2016).
Similarly, rutin content is higher in groats of Tartary buckwheat compare to common buckwheat, while sprouts of Tartary buckwheat contain 2.2 folds more rutin than sprouts of common buckwheat (Li, 2019)
and rutin content increased 4 times after 7 days of germination (Zhu,
2016). The highest amount of rutin present in Tartary buckwheat
sprouts could be up to 109 mg/100 g FW (Joshi et al., 2020). Maximum
rutin content recorded in ﬂowers and leaves during seed development
and the ﬂowering stage. Rutin acts as a vital element for the protection
of common buckwheat and Tartary buckwheat plants against solar UV
radiation, chilling injury, drought, and insects. Extremely high rutin
content and activity of rutinoside makes very strong bitterness, which
prevents animals to graze the common buckwheat particularly Tartary
buckwheat (Kreft et al., 2020; Joshi et al., 2020). Recently, thirty seven
ﬂavonols i.e., syringetin 3-O-hexoside, dihydromyricetin, kaempferol 3O-robinobioside, kaempferol 3-O-rutinoside, methyl quercetin O-hexoside, quercetin 4′-O-glucoside, kaempferol 3-O-galactoside, quercetin 3alpha-L-arabinofuranoside, kaempferide, isorhamnetin 5-O-hexoside,
dihydroquercetin, isorhamnetin O-hexoside, myricetin, quercetin,
kaempferol, kumatakenin, 3-Hydroxyﬂavone, myricetin 3-O-galactoside, rutin, isorhamnetin 3-O-neohesperidoside, fustin, kaempferol 3,7dirhamnoside, quercetin 3-O-glucoside, quercetin 7-O-β-D-Glucuronide,
quercetin O-acetylhexoside, kaempferol 3-O-glucoside, kaempferol 3-Orhamnoside, aromadedrin, kaempferol 7-O-rhamnoside, kaempferol
3,7-O-diglucoside 8-prenyl derivative, laricitrin, morin, syringetin,
isorhamnetin, di-O-methylquercetin, 7-O-methxyl quercetin, and 3,7di-O-methylquercetin were identiﬁed from leaves of three varieties of
common buckwheat and one variety of Tartary buckwheat (Li et al.,
2019a). Moreover, kaempferol, quercitrin (quercetin-3-O-rhamnoside)
and quercetin-3-O-rutinoside-3′-O-β-glucopyranoside have been identiﬁed from various organs (i.e., leaf, root, stem, ﬂower, and seed) of F.
tataricum and F. cymosum, while quercetin-3-O-β-D-galactoside found in
F. esculentum and F. tataricum. Similarly, isoquercitrin detected from F.
esculentum and isoquercetin detected from F. cymosum (Jing et al.,
2016).

(Gonḉalves et al., 2016; Ji et al., 2019; Wang, Tian, Wei, Chen, & Wu,
2016a; Zhao et al., 2018). Buckwheat is rich in B group vitamins, including thiamine, riboﬂavin, and pyridoxine (Beitane & KruminaZemture, 2017), and also contains some macroelements and microelements, like sodium, potassium, copper, zinc, magnesium, iron, calcium,
and manganese (Krupa-Kozak, Wronkowska, & Soral-Smietana, 2011;
Mota et al., 2016). These nutritious substances present buckwheat as a
better option to make various food products like bakeries, biscuits,
breads, cakes, casseroles, cookies, crepes, porridge, pancakes, pastanoodles, soups, and other confectionery products (Mohajan, Munna,
Orchy, Hoque, & Farzana, 2019; Tien, Trinh, Inoue, Morita, & Hung,
2018). Therefore, this article aims to review the bioactive compounds
isolated from buckwheat with their nutritional and health eﬀects. In
this review, we expect to draw the attention of organic product researchers to focus on the unidentiﬁed bioactive compounds for further
improvement.
2. Bioactive compounds
Several bioactive compounds have been detected from various plant
parts (i.e., leaves, seeds, roots, and so on) of diﬀerent species of buckwheat. These compounds comprise of Flavonoids, Phenolic acids and
their derivatives, Tannins, Fagopyrin, Triterpenoids, Steroids, Stilbenes,
and so on. The compound names, basic skeleton, examples, and sources
of these major bioactive compounds are summarized in Table 1.
2.1. Flavonoids
Flavonoids are the prominent group of polyphenol secondary metabolites that bear an aromatic ring holding minimum one hydroxyl
group presented particularly in plants and diets (Gorniak, Bartoszewski,
& Kroliczewski, 2019; Tungmunnithum, Thongboonyou, Pholboon, &
Yangsabai, 2018; Wang, Li, & Bi, 2018). Various pharmaceutical uses of
bioactive ﬂavonoids exist in buckwheat establish it a highly treasured
crop. Diﬀerent types of ﬂavonoids have been detected from the root,
ﬂower, fruit, seed, sprouted seed, seedling, seed coat, Seed husk, and
processed food of buckwheat (Borovaya & Klykov, 2020; Matsui &
Walker, 2019; Park et al., 2017) by using diﬀerent detection methods
(Table 2). The content of ﬂavonoids depends on various factors including plant growth stage, organ, cultivated buckwheat species,
growing season and area (Matsui & Walker, 2019). Usually, the content
of ﬂavonoids in Tartary buckwheat (~40 mg/g) is more than Common
buckwheat (~10 mg/g), estimating about 100 mg/g in leaves, stems,
and ﬂowers of Tartary buckwheat. (Li, 2019). Moreover, common
buckwheat ﬂowers and leaves contain 8.3–10% and 1.2–2.6% ﬂavonoids, respectively (Borovaya & Klykov, 2020). Flavonoids are classiﬁed into numerous subgroups namely Flavonols, Flavones, Flavanones,
Flavanols, Anthocyanins, Fagopyrins, Proanthocyanidins, Isoﬂavones,
and Flavonolignans.

2.1.2. Flavones
Flavones are another major subgroup of ﬂavonoids. Flavones
broadly exist in seeds, leaves, sprouts, ﬂowers, grains, and hulls of
Fagopyrum species. Zielinska, Turemko, Kwiatkowski, & Zielinski
(2012) have identiﬁed the existence of orientin, vitexin, homoorientin,
and isovitexin in common buckwheat seeds. In contrary, the accumulation of vitexin, isovitexin, orientin, and isoorientin has been reported
in cotyledons and seeds of common buckwheat (Matsui & Walker,
2019), while these ﬂavones noted in F. cymosum (Jing et al., 2016).
Four ﬂavones including orientin, isoorientin, vitexin and isovitexin
have been identiﬁed from common buckwheat sprouts (Kwon et al.,
2018), while these ﬂavones isolated from seeds, sprouts, and germinated seeds of common and Tartary buckwheat (Zhu, 2016). Common
buckwheat hull extracts contain orientin, vitexin, isoorientin, and isovitexin, whereas Tartary buckwheat hull extracts contain isoorientin
(Park et al., 2019). On the other hand, orientin, vitexin, isoorientin, and
isovitexin have been isolated from buckwheat grain and hulls, while
buckwheat seeds contain isovitexin (Gimenez-Bastida, Laparra-Llopis,
Baczek, & Zielinski, 2018; Kwon et al., 2018). Common buckwheat has
a higher amount of vitexin, isovitexin, orientin and isoorientin than
Tartary buckwheat (Sytar et al., 2018a). The concentration of these
ﬂavones increased during seed germination in common buckwheat,
whereas, the concentration remains unchanged (0.1–0.6 mg/g DW) till
9 days of germination (Zhu, 2016). Beside these ﬂavones, quercetin-3-

2.1.1. Flavonols
Flavonols are the principal bioactive compound of buckwheat.
Numerous ﬂavonols have been detected from various Fagopyrum species. Rutin is the main ﬂavonol in buckwheat where it comprises 90% of
the total phenolics (Sytar, Biel, Smetanska, & Brestic, 2018a). Rutin and
quercetin were isolated from diﬀerent organs such as leaves, ﬂowers,
sprouts, and seeds of F. esculentum, F. tataricum, and F. cymosum (Jing
et al., 2016). The content of rutin and quercetin is more in Tartary
buckwheat than common buckwheat (Borovaya & Klykov, 2020; Zhu,
2016). Rutin content is higher in common buckwheat ﬂowers
(47–63 mg/g), followed by stems (6–14 mg/g) and roots (3–8 mg/g)
(Borovaya & Klykov, 2020). Rutin also presents in immature seeds but
its quantity reduces during seed ripening. Usually, rutin content in
common buckwheat is lower in seeds [0.01–0.02% of (DW)] compared
to other organs, whereas during germination, sprouts (cotyledons) may
contain up to 0.6% of DW (Taguchi, 2016). Kalinova, Vrchotova, & Jan
2
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Table 1
Major polyphenolic compounds, basic skeleton thereof and some examples isolated from diﬀerent Fagopyrum species. (Dziedzic et al., 2018; Gorniak et al., 2019;
Jing, Li, Hu, Jiang, Qin, & Zheng, 2016; Karamac et al., 2015; Lv et al., 2017; Martin-Garcia, Pasini, Verardo, Gomez-Caravaca, Marconi, & Caboni, 2019; Matsui &
Walker, 2019; Melini, Melini, & Acquistucci, 2020; Park et al., 2019; Wajid, Aslam, & Uzair, 2015; Zhu, 2019).
Compounds Name

Basic skeleton

Flavinoids
Flavonols

Examples

Source

Rutin

Fc,
Ft
Fc,
Ft
Ft
Ft
Fe
Fe
Fe
Fc,
Fc,
Fc,
Fe
Ft
Fe,
Fc,
Ft
Fc
Fc
Fe,
Fe,
Fe,
Fe,
Fe
Ft
Ft
Fc

Kaempferol
Kaempferol-3-O-galactoside
Kaempferol-3-O-glucoside
Kaempferol-3-O-rutinoside
Kaempferol-3-O-sophoroside
Kaempferol-3-O-glucoside-7-O-glucoside
Myricetin
Quercetin
Isoquercetin
Quercitrin (quercetin-3-O-rhamnoside)
Isoquercitrin
Quercetin-3-O-[β-D-xyloxyl-(1–2)-α-L-rhamnoside]
Quercetin-3-O-β-D-galactoside
Quercetin-3-O-rutinoside-3′-O-β-glucopyranoside
Quercetin-3-O-rutinoside-7-O-galactoside
Rhamnetin
Luteolin
Vitexin
Isovitexin
Orientin
Isoorientin
Homoorientin
Quercetin-3-O-rutinoside-3′-O-glucoside
Quercetin-3-O-rutinoside-7-O-galactoside
3′,4′-methylenedioxy-7-hydroxy-6-isopentenyl ﬂavone

Flavones

Flavanones

Hesperetin 7-rutinoside (hesperidin)
Hesperetin 7-O-neohesperidoside
Hesperetin O-hexosyl-O-hexoside
Hesperetin 5-O-glucoside
Hesperetin O-malonylhexoside
Naringenin
Naringenin chalcone
Naringenin O-malonylhexoside
Naringenin 7-O-glucoside
Phloretin
Homoeriodictyol
Hesperetin
(-)-Liquiritigenin
Catechin
(+)-catechin-7-O-glucoside
Catechin hydrate
Epicatechin

Flavanols/Flavan-3-ols

Epicatechin-3-O-(3,4-di-O-methyl)-gallate
(–)-epicatechin-3-O-p-hydroxybenzoate
Epigallocatechin
Epicatechingallate
Epiafzelechin-(4–6)-epicatechin
Epiafzelechin-(4–8)-epicatechin-p-OH-benzoate
Epiafzelechin-(4–8)-epicatechin-methylgallate
Epicatechin(4–8)-epicatechin-O-(3,4-dimethyl)-gallate
Epiafzelechin-(4–8)-epicatechin(3,4-dimethyl)-gallate
Epiafzelechin-(4–8)-epiafzelechin-(4–8)-epicatechin
Epiafzelechin-(4–8)-epiafzelechin-(4–8)-epicatechin-O-(3,4dimethyl)-gallate
Cyanidin 3-O-glucoside
Cyaniding 3-O-rutinoside
Cyanidin 3-O-galactoside
Cyanidin 3-O-galactopyranosyl-rhamnoside

Anthocyanins

Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fc
Ft
Fc,
Fe
Ft
Fc,
Ft
Fe,
Fe
Ft
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe
Fe,

Fe, Fh,
Ft

Fe, Ft
Fe
Ft

Ft
Ft

Ft
Ft
Ft
Ft

Ft
Ft
Ft
Ft
Ft
Ft
Ft
Ft
Ft
Ft
Ft

Fe, Fh

Fe, Fh,
Fh

Fh
Fh
Fh
Fh
Fh
Fh
Fh

Fe, Ft
Fe, Ft
Fe
Fe

(continued on next page)
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Table 1 (continued)
Compounds Name

Basic skeleton

Examples

Source

Fagopyrins

Fagopyrin
Fagopyrin
Fagopyrin
Fagopyrin
Fagopyrin
Fagopyrin

Proanthocyanidins

Procyanidin
Procyanidin
Procyanidin
Procyanidin
Procyanidin
Procyanidin
Procyanidin

Isoﬂavones

Flavonolignan

Phenolic acids and their derivatives
Hydroxybenzoic acids

Hydroxycinnamic acids

A
B
C
D
E
F

Fc,
Fc,
Fc,
Fc,
Fc,
Fc,

Fe,
Fe,
Fe,
Fe,
Fe,
Fe,

Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fc

Fh
Ft
Ft
Ft
Ft
Fh

6-hydroxydaidzein
2′-hydroxydaidzein
Sissotrin
Formononetin (4′-O-methyldaidzein)
Glycitin
Genistein 7-O-glucoside (genistin)
Formononetin 7-O-glucoside (Ononin)

Fe,
Fe,
Fe,
Fe,
Fe,
Fe,
Fe,

Ft
Ft
Ft
Ft
Ft
Ft
Ft

Tricin
Tricin
Tricin
Tricin
Tricin
Tricin

Fe,
Fe,
Fe,
Fe,
Fe,
Fe,

Ft
Ft
Ft
Ft
Ft
Ft

A1
A2
A3
B2
B3
B5
C1

4′-O-(β-guaiacylglyceryl) ether O-hexoside
7-O-β-guaiacylglycerol
4′-O-β-guaiacylglycerol
4′-O-syringic acid
4′-O-(syringyl alcohol) ether 5-O-hexoside
4′-O-(syringyl alcohol) ether 7-O-hexoside

Ft
Ft
Ft
Ft
Ft
Ft

Benzoic acid
Gallic acid
4-hydroxybenzoic acid
P-hydroxybenzoic acid
P-Hydroxybenzaldehyde
Vanillic acid
Protocatechuic acid
Syringic acid
P-coumaric acid
O-coumaric acid
Caﬀeic acid
Ferulic acid
2,4-dihyroxycinnamic acid
Chlorogenic acid

Fc
Fc, Ft
Ft
Fc
Ft
Ft
Fc, Fe, Ft
Ft
Ft
Ft
Ft
Ft
Ft
Fe, Ft

Resveratrol

Fe, Ft

Hecogenin
Β-sitosterol
Β-sitosterol palmitate
Ergosterol peroxide
Daucosterol
Β-daucosterol
6-hydroxy stigmasta-4,22-dien-3-one
23S-methylcholesterol
Stigmast-5-en-3-ol
Stigmast-5,24-dien-3-ol
Trans-stigmast-5,22-dien-3-ol
Stigmsat-4-ene-3,6-dione

Fc
Fc, Ft
Ft
Ft
Ft
Fc
Fe
Fe
Fe
Fe
Fe
Ft

Stilbenes

Steroids

(continued on next page)
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Table 1 (continued)
Compounds Name

Basic skeleton

Examples

Source

Ursolic acid
Olean-12-en-3-ol
Urs-12-en-3-ol
Α-thujene
Α-terpineol
Glutinone
Glutinol

Fc, Ft
Fe
Fe
Ft
Ft
Fc
Fc

3,3-di-O-galloyl-procyanidin B-2
3-O-galloyl-procyanidin B-2

Fc
Fc

Tatarisides A
Tatarisides B
Tatarisides C
Tatarisides D
Tatarisides E
Tatarisides F
Tatarisides G
Diboside A
Lapathoside A
3,6-di-p-coumaroyl-1,6′-di-feruloyl sucrose
1,3,6′-tri-feruloyl-6-p-coumaroyl sucrose
1,3,6-tri-p-coumaroyl-6′-feruloyl sucrose
1,3,6,6′-tetra-feruloyl sucrose

Ft
Ft
Ft
Ft
Ft
Ft
Ft
Fc, Ft
Fc
Ft
Ft
Ft
Ft

Triterpenoids

Tannins

Phenylpropanoid glycosides

Abbreviations: Fc, Fe, Fh, Ft = Fagopyrum cymosum (F. dibotrys), Fagopyrum esculentum, Fagopyrum homotropicum and Fagopyrum tataricum, respectively.

carbon tetrachloride (Bose, Sarkar, Bose, & Mandal, 2018; Joshi et al.,
2020).

O-rutinoside-3′-O-glucoside and quercetin-3-O-rutinoside-7-O-galactoside have been found in F. tataricum and 3′,4′-methylenedioxy-7-hydroxy-6-isopentenyl ﬂavone and Luteolin have been identiﬁed from F.
cymosum (Jing et al., 2016).

2.1.4. Flavanols/ Flavan-3-ols (catechins)
Flavan-3-ols are derivatives of ﬂavans that comprises of diﬀerent
compounds including catechin, epicatechin, epigallocatechin, gallocatechin, proanthocyanidins, epiafzelechin, and so on. Epicatechin and
catechin have been detected from diﬀerent botanical parts (i.e., leaf,
root, stem, seeds, and sprout) of various Fagopyrum species (Zhu, 2016).
Four ﬂavanols namely (−)-epicatechin (25.70 mg/kg), (−)-epicatechin
3-O-p-hydroxybenzoate, (−)-epicatechin 3-O-(3,4-di-O-methyl) gallate
(61.27 mg/kg), and (+)-catechin-7-O-glucoside have been observed in
diﬀerent parts like seeds, fruits, leaves, husks, and so on of common
buckwheat, while (−)-catechins and (−)-epicatechin were isolated
from F. cymosum (Jing et al., 2016; Lv et al., 2017; Kalinova et al., 2019;
Borovaya & Klykov, 2020). Moreover, (−)-epicatechin has been found
in F. esculentum, F. tataricum, and F. cymosum (Jing et al., 2016). Furthermore, catechin (6–66 mg/kg), epicatechin (23–110 mg/kg), epicatehin-3-O-dimethylgallate (1–11 mg/kg), epicatechin(4–8)-epicatechin-O-(3,4-dimethyl)-gallate (1–6 mg/kg), epiafzelechin-(4–6)-

2.1.3. Flavanones
Li et al. (2019a) have isolated a total of twenty four ﬂavanones from
leaves of three varieties of common buckwheat and one variety of
Tartary buckwheat and those are afzelechin (3,5,7,4′-Tetrahydroxyﬂavan), eriodictyol O-malonylhexoside, hesperetin 7-rutinoside (hesperidin), hesperetin 7-O-neohesperidoside, naringenin 7-O-glucoside,
naringenin O-malonylhexoside, naringenin, isoliquiritigenin, xanthohumol, hesperetin O-hexosyl-O-hexoside, hesperetin 5-O-glucoside,
naringenin 7-O-neohesperidoside, hesperetin O-malonylhexoside, eriodictyol, isosakuranetin-7-neohesperidoside, naringenin chalcone, butein, phloretin, homoeriodictyol, hesperetin, 7-O-Methyleriodictyol, 4′Hydroxy-5,7-dimethoxyﬂavanone, isosakuranetin, and pinocembrin.
Besides, ﬂavanone, (−)-liquiritigenin has been detected from Tartary
buckwheat roots (Lv et al., 2017). Buckwheat honey is a good reservoir
of hesperetin that regulates liver and DNA damage in mice caused by
5
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Table 2
Name of various methods used by diﬀerent researchers to detect the bioactive compounds present in buckwheat.
Category

Compounds

Detection Methods

References

Flavonoids

Isoquercetin, quercetin, and Rutin

HPLC

HPLC–ESI–MS, HPLC–UV
UPLC-ESI-MS/MS
HPLC–MS
UPLC-ESI-MS/MS

Gabr, Sytar, Ghareeb, & Brestic
(2019), Ge & Wang (2020), Kalinova
et al. (2019)
Park et al. (2019)
Li et al. (2019a)
Martin-Garcia et al. (2019)
Dziedzic et al. (2018)
Li et al. (2019a)
Kalinova et al. (2019)
Dziedzic et al. (2018)
Martin-Garcia et al. (2019)
Kalinova et al. (2019)
Dziedzic et al. (2018)
Dziedzic et al. (2018)
Li et al. (2019a)
Gabr et al. (2019)
Dziedzic et al. (2018)
Zhu (2016)
Martin-Garcia et al. (2019)
Kalinova et al. (2019)
Joshi et al. (2020)
Dziedzic et al. (2018)
Li et al. (2019a)
Kalinova et al. (2019)
Kalinova et al. (2019), Nam, Lim, &
Eom (2018)
Park et al. (2019)
Li et al. (2019a)
Martin-Garcia et al. (2019)
Li et al. (2019a)

HPLC-ESI-MS
HPLC–DAD and UPLC–DAD

Zhu (2016)
Zhu (2016)

RP–UHPLC–ESI-MS

Dziedzic et al. (2018)

HPLC, MS, and NMRS

Zhu (2016)

HPLC
HPLC
NMRS and MS
HPLC-UV–vis photometry
GC–MS and NMRS
Capillary GC/MS

Kalinova et al. (2019)
Zhu (2016)
Joshi et al, (2020)
Zhu (2016)
Wu, Wang, Qiu, & Li (2018)
Zhu (2016)

Capillary GC/MS
HPLC–PDA/LTQ-FTICR-MS,
NMRS, and MS
HPLC
IRS, GC, GC–MS, NMRS, and
HPLC
HPLC- ELSDs
GC
GLC
HPLC
HPLC-UV-HG-AFS

Jing et al. (2016)
Zhu (2016)

HPLC–ESI–MS and HPLC–UV
UPLC-ESI-MS/MS
HPLC–MS
RP–UHPLC–ESI-MS
UPLC-ESI-MS/MS
HPLC
RP–UHPLC–ESI-MS
HPLC–MS
HPLC
RP–UHPLC–ESI-MS
RP–UHPLC–ESI-MS
UPLC-ESI-MS/MS
HPLC
RP–UHPLC–ESI-MS
HPLC–PAD and LIT–FTICR-MS
HPLC–MS
HPLC
RP–UHPLC–ESI-MS and NMRS
RP–UHPLC–ESI-MS
UPLC-ESI-MS/MS
HPLC
HPLC

Hyperoside and quercetin

Procyanidin B2

Luteolin
Kaempferol

Catechin
Catechin and epicatechin
Catechin, epicatechin, and epiafzelchin
Catechin, epicatechin, and epicatechin gallate
Fagopyrin A to fagopyrin F
Isovitexin and Vitexin

Isoorientin, isovitexin, orientin, and vitexin

Anthocyanins

Anthraquinones
Phenolic acids

Stilbene
Fagopyrins
Fagopyritol
Steroids
Triterpenoids
Phenylpropanoid
glycosides
Proteins
Carbohydrates

Cyanidin, cyanidin-3-O-glucoside, Cyanidin-O-syringic acid, cyanidin-3O-glucosyl-malonylglucoside, peonidin, petunidin 3-O-glucoside, and
cyanidin-3-O-rutinocide
Cyanidin-3-O-glucoside and cyanidin-3-O-rutinocide
Aloe-emodin, aurantio-obtusin, chryso-phanol, emodin, rhein, and
physcion
Caﬀeic acid, chlorogenic acid, ferulic acid, gallic acid, 4-hydrobenzoic
acid, isovanilic acid, p-coumaric acid, p-hydroxybenzoic, and syringic
acids
Caﬀeic acid, chlorogenic acid, ferulic acid, gallic acid, p-coumaric acid, phydroxybenzoic, protocatechuic, syringic, and vanillic acids
Vanillic acid, vanillin, and protocatechuic acid
Resveratrol
Fagopyrin A–F
Fagopyritol A1 and B1
β-sitosterol, β-sitosterol palmitate, daucosterol, ergosterol peroxide,
stigmsat-4-en-3,6-dione, stigmast-5-en-3-ol
Glutinone, glutinol, olean-12-en-3-ol and urs-12-an-3-ol
Diboside A and tatarisides A–G
Amino acid compositions
Polysaccharides and monosaccharides
D-chiro-inositol

Fatty acids
Vitamins
Carotenoids

Fatty acid compositions
Free fatty acid compositions
Vitamins B1, B6, and C
Lutein and β-carotene

Tien et al. (2018)
Ji et al. (2019)
Zhu (2016)
Sinkovic et al. (2020)
Tien et al. (2018)
Kim, Kim, & Park (2004)
Tuan, Thwe, Kim, Kim, Lee, & Park
(2013)

Abbreviations: HPLC–High-performance liquid chromatography; HPLC-ESI-MS–High-performance liquid chromatography-electrospray ionization-mass spectrometry; HPLC-UV–High-performance liquid chromatography-UV analyses; UPLC-ESI-MS/MS–Ultra performance liquid chromatography–electrospray ionization–tandem mass spectrometry system; HPLC-MS–High-performance liquid chromatography-mass spectrometry; RP-UHPLC-ESI-MS–Reverse-phase ultra-performance liquid chromatography electrospray ionization-mass spectrometry; HPLC-PAD–High performance liquid chromatography with photo-diode array detector;
LIT-FTICR-MS–Linear ion trap Fourier transform ion cyclotron resonance hybrid mass spectrometry; NMRS–Nuclear magnetic resonance spectroscopy; HPLCDAD–High-performance liquid chromatography with diode array detector; UPLC–DAD- Ultra performance liquid chromatography with diode array detector;
MS–Mass spectrometry; GC–MS–Gas chromatography-mass spectrometry; HPLC-PDA/LTQ-FTICR-MS–High performance liquid chromatography photo-diode array
detector/linear ion trap Fourier transform ion cyclotron resonance hybrid mass spectrometry; IRS–Infrared spectroscopy; GC–Gas chromatography; HPLCELSDs–High-performance liquid chromatography-evaporative light-scattering detectors; GLC–Gas-liquid chromatography; HPLC-UV-HG-AFS–High performance liquid chromatography-UV irradiation-hydride generation-atomic ﬂuorescence spectrometry.

6

Food Chemistry 335 (2021) 127653

Md. N. Huda, et al.

epicatechin (3–9 mg/kg), epiafzelechin-(4–8)-epicatechin-methylgallate (1–3 mg/kg), epiafzelechin-(4–8)-epicatechin-p-OH-benzoate
(0–9
mg/kg),
epiafzelechin-(4–8)-epiafzelechin-(4–8)-epicatechin
(0–4 mg/kg), epiafzelechin-(4–8)-epicatechin(3,4-dimethyl)-gallate
(17–57 mg/kg), epiafzelechin-(4–8)-epiafzelechin(4–8)-epicatechin-O(3,4-dimethyl)-gallate (8–34 mg/kg), and epicatechingallate (4–22 mg/
kg) were identiﬁed from diﬀerent plant parts of eight genotypes of
common buckwheat (Zhu, 2019). On the contrary, Kalinova et al.
(2019) observed 161.41 mg/kg catechin in embryo axis with the cotyledons and 257.60 mg/kg epicatechin, 118.6 mg/kg procyanidin B2,
and 61.27 mg/kg epicatechin gallate, 45.55 mg/kg catechin were determined in seed coat of common buckwheat.

2.1.7. Proanthocyanidins
Zhu (2019) isolated procyanidin B2 (3–13 mg/kg) and procyanidin
B5 (4–11 mg/kg) from various parts of eight genotypes of common
buckwheat, whereas procyanidin A1, A2, A3, B2, and B3 were identiﬁed by Li et al. (2019a) from leaves of one Tartary buckwheat and three
common buckwheat species.

2.1.5. Anthocyanins
Anthocyanins are color-producing pigments expressed in ﬂowers,
fruits, and plants. Li et al. (2019a) identiﬁed a total of eighteen anthocyanins namely cyanidin 3,5-O-diglucoside, cyanidin 3-O-glucosylmalonylglucoside, delphinidin 3-O-rutinoside, delphinidin 3-O-glucoside, pelargonin, malvidin 3,5-diglucoside, cyanidin 3-O-rutinoside,
petunidin 3-O-glucoside, pelargonidin 3-O-beta-D-glucoside, malvidin
3-O-galactoside, malvidin 3-O-glucoside, peonidin O-hexoside, rosinidin O-hexoside, cyanidin, peonidin, cyanidin O-syringic acid, cyanidin 3-O-glucoside, and peonidin O-malonylhexoside from leaves of
three common buckwheat and one Tartary buckwheat species. Moreover, four anthocyanins such as cyanidin 3-O-glucoside, cyaniding 3-Orutinoside, cyanidin 3-O-galactoside, and cyanidin 3-O-galactopyranosyl-rhamnoside were detected in the sprout of common buckwheat
(Zhu, 2016; Kwon et al., 2018) and petals of ﬂowers (Borovaya &
Klykov, 2020). The presence of anthocyanins is higher in sprout of
Tatary buckwheat than common buckwheat that reduce the possibility
of heart disease (Kwon et al., 2018). Moreover, cyanidin-3-O-glucoside
and cyanidin-3-O-rutinocide were identiﬁed from Tartary buckwheat
leaves, stems, and sprouts (Borovaya & Klykov, 2020; Jing et al., 2016;
Zhu, 2016), while cyanidin-3-O-rutinocide content was more compared
to cyanidin-3-O-glucoside (Zhu, 2016). In three days of seedlings, the
accumulation of anthocyanins is high in cotyledons and hypocotyls of
buckwheat under light condition (Kwon et al., 2018). In contrary, anthocyanins content is higher in hypocotyls of buckwheat sprouts compared to cotyledons (Borovaya & Klykov, 2020). In buckwheat, anthocyanins mainly deposit at the bottom of the stem, which gradually pales
in color from the bottom to the top of the stem. The expression of genes
responsible for anthocyanin synthesis occurs in the roots of buckwheat.
Therefore, anthocyanins may be carried from the bottom of the stem or
root to the apex of the stem of buckwheat (Matsui & Walker, 2019).
Still, more research is required to explain the process.

2.1.9. Flavonolignan
Li et al. (2019a) identiﬁed several ﬂavonolignan namely tricin 4′-O(β-guaiacylglyceryl) ether O-hexoside, tricin 7-O-β-guaiacylglycerol,
tricin 4′-O-β-guaiacylglycerol, tricin 4′-O-syringic acid, tricin 4′-O(syringyl alcohol) ether 5-O-hexoside, and tricin 4′-O-(syringyl alcohol)
ether 7-O-hexoside from leaves of one Tartary buckwheat and three
common buckwheat varieties.

2.1.8. Isoﬂavones
Isoﬂavones,
sissotrin,
2′-Hydroxydaidzein,
glycitin,
6Hydroxydaidzein, genistein 7-O-Glucoside, formononetin, and formononetin 7-O-glucoside were isolated from leaves of three common
buckwheat and one Tartary buckwheat species (Li et al., 2019a).

2.2. Phenolic acids and their derivatives
Several researchers have been identiﬁed diﬀerent phenolic acids
and their derivatives from Fagopyrum species. The phenolic acids isolated from every milled sample (i.e., hull, coarse bran, ﬁne bran, and
light ﬂour) of Tartary buckwheat including chlorogenic, caﬀeic, ferulic,
gallic, p-hydroxybenzoic, protocatechuic, syringic, p-coumaric, and
vanillic acids (Li, 2019; Zhu, 2016). The concentration of phenolic acids
is highest in the brans, as in the free form and comparatively lower in
the bound form. In bran, the most abundant phenolic acids are p-hydroxybenzoic acid (up to 3.6 mg/g ﬁne bran), caﬀeic acid (0.38 mg/g
ﬁne bran), chlorogenic acid (0.21 mg/g ﬁne bran), and protocatechuic
acid (0.18 mg/g ﬁne bran) (Li, 2019; Zhu, 2016). On the other hand,
protocatechuic acid (54 mg/100 g dry weight) is the most abundant
phenolic acid noted in hulls (Li, 2019; Zhu, 2016). Moreover, ferulic
acid, p-cumaric and protocatechuic acid have been identiﬁed in a lower
amount from diﬀerent parts (i.e., leaves, stems, roots, seeds, and so on)
of common buckwheat, whereas benzoic acid, protocatechuic acid, phydroxybenzoic acid, succinic acid, protocatechuic acid methyl ester,
and syringic acid were isolated from F. cymosum (Wajid et al., 2015).
Still, more comparative investigation is required regarding the phenolic
acid composition of Tartary buckwheat and common buckwheat.
2.3. Stilbenes

2.1.6. Fagopyrin
Fagopyrin is another type of ﬂavonoid, which stores mainly in
buckwheat seeds with low density and diﬃcult to extract. Several fagopyrins were identiﬁed from three species of Fagopyrum (F. esculentum,
F. tataricum, and F. cymosum). Six fagopyrin derivatives were identiﬁed
i.e., fagopyrin A–F (Joshi et al., 2020). Stojilkovski, Glavac, Kreft, &
Kreft (2013) observed the highest fagopyrin content in F. cymosum
ﬂower was 20.7 mg/g. They also determined a considerable amount of
fagopyrin ≤ 4.83 mg/g and 0.322–2.3 mg/g from common buckwheat
ﬂowers and leaves, respectively. During seed germination concentration of fagopyrin is the highest and light is important to transform
protofagopyrins to fagopyrins as the increase of fagopyrin is concentrated by supporting the light condition (Joshi et al., 2020). Due to
consuming a large quantity of buckwheat, it may provoke fagopyrism.
Fagopyrism indicates photosensitization which causes irritation of the
skin, oedema and a serous exudate (Zhu, 2016). The amount of fagopyrin is lower than other antioxidative compounds, and maybe its
presence in grain cannot aﬀect human health negatively (Dziedzic
et al., 2018). Moreover, more advancement of analytical approaches is
required for further fagopyrin study.

Buckwheat contains only one stilbene called resveratrol. It remains
in trans- and cis-forms, where trans-form is more stable than cis-form.
Trans-resveratrol was identiﬁed from leaves, seeds and hulls of
common and Tartary buckwheat (Jing et al., 2016; Zhu, 2016). Tartary
buckwheat seeds contain 3.43–3.50 mg/kg trans-resveratrol and leaves
contain 0.19–0.20 mg/kg trans-resveratrol. On the contrary, common
buckwheat leaves and seeds contain 1.81–1.82 mg/kg and
0.98–1.68 mg/kg trans-resveratrol, respectively. Hence, Tartary buckwheat showed a good source of trans-resveratrol compared to common
buckwheat (Zhu, 2016).
2.4. Steroids
From seed oil of common buckwheat, ﬁve steroids were isolated
namely stigmast-5-en-3-ol, stigmast-5,24-dien-3-ol, trans-stigmast-5,22dien-3-ol, 23S-methylcholesterol, and 6-hydroxy stigmasta-4,22-dien-3one (Jing et al., 2016). Similarly, from Tartary buckwheat seeds, the
other ﬁve steroids speciﬁcally daucosterol, β-sitosterol palmitate,
stigmsat-4-en-3,6-dione, ergosterol peroxide, and β-sitosterol were
identiﬁed (Jing et al., 2016). Other steroids were isolated as β7
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3. Biosynthesis pathway of ﬂavonoids present in buckwheat

sitosterol, hecogenin and β-daucosterol from F. cymosum roots (Wajid
et al., 2015).

The ﬂavonoid biosynthesis pathway is a part of the phenylpropanoid synthesis pathway, which is indiﬀerent within the plant species,
although their encoding genes and enzymes can be diﬀerent (Matsui &
Walker, 2019).

2.5. Triterpenoids
Seven triterpenoids have been isolated from three Fagopyrum species (F. esculentum, F. tataricum, and F. cymosum). Triterpenoid, olean12-en-3-ol and urs-12-an-3-ol were reported from the seed oil of
common buckwheat, whereas α-thujene and α-terpineol were isolated
from Tartary buckwheat and ursolic acid from both F. tataricum and F.
cymosum (Lv et al., 2017). Similarly, glutinol and glutinone were
identiﬁed from F. cymosum rhizomes (Jing et al., 2016).

3.1. Flavonols and their O-glycosides
Various ﬂavonol-O-glycosides, including quercitrin, rutin, isoquercitrin, quercetin 3-O-robinobioside, kaempferol 3-O-rutinoside and
so on present in buckwheat (Kiprovski et al., 2015; Taguchi, 2016),
therefore buckwheat was used as an ideal plant to investigate the biosynthesis of ﬂavonoids particularly in the old days (Taguchi, 2016).
Flavonols and their O-glycosides have a well-organized biosynthesis
pathway in diﬀerent higher plants (Martin & Li, 2017; Perez de Souza,
Garbowicz, Brotman, Tohge, & Fernie, 2020). The rutin biosynthesis
initiates from phenylalanine which is deaminated by phenylalanine
ammonia-lyase (PAL) to form cinnamic acid, followed by a series of
reactions catalyzed by cinnamate 4-hydroxylase (C4H), 4-coumarate
CoA ligase (4CL), chalcone synthase (CHS) and chalcone isomerase
(CHI) (Davies et al., 2020; Matsui & Walker, 2019; Taguchi, 2016;
Yonekura-Sakakibara, Higashi, & Nakabayashi, 2019). This condensation reaction is a major action in the pathway directing to the synthesis
of ﬂavonoids (Holton & Cornish, 1995). Naringenin is the main substance, from which various types of ﬂavonoids are synthesized (Lehka,
Eichenberger, Bjorn-Yoshimoto, Vanegas, Buijs, & Jensen, 2017). CHS
mainly occurs to form ﬂavonoid pigments and isoﬂavonoids. CHS gene
is important for rutin biosynthesis due to its down-regulation in tomato
fruits by RNA interference (RNAi) of CHS. As a result, CHS reduces
ﬂavonoids accumulation (Chauhan, Gupta, Sharma, Rana, Sharma, &
Jana, 2010). In this state, Flavone 3-hydroxylase (F3H) and ﬂavonoid
3′-hydroxylase (F3′H) catalyze the reactions to form dihydrokaempferol
and dihydroquercetin, respectively, from Naringenin. Then kaempferol
and quercetin are produced from dihydrokaempferol and dihydroquercetin by ﬂavonol synthase (FLS), respectively (Matsui et al.,
2018; Taguchi, 2016; Yonekura-Sakakibara, et al., 2019; Zhao et al.,
2015). The last step of rutin synthesis is the glycosylation of quercetin
by quercetin 3-O-glucosyltransferase (F3GT) to form isoquercitrin, this
isoquercitrin converted to rutin by rhamnosyl transferase (RT) (Davies
et al., 2020; Taguchi, 2016). The activity of F3GT was linked with the
rutin accumulation, which was reﬁned partly from the common buckwheat cotyledons (Suzuki, Kim, Yamauchi, Takigawa, Honda, &
Mukasa, 2005; Taguchi, 2016).
The rutin-degrading enzymes are the catalyzer for the degradation
of rutin in buckwheat, which hydrolyze the glycosidic bonds of rutin
(Taguchi, 2016). Unfortunately, the physiological functions of those
enzymes that degrade rutin in planta have yet not been interpreted
thoroughly. Several researches have been done to identify the rutin
accumulation and biosynthetic gene expression patterns in several developmental stages of buckwheat. The ﬂowering stage of buckwheat
contains the maximum amount of rutin and some important enzymes
are associated with the biosynthesis of ﬂavonoids such as PAL, CHS,
CHI, and FLS (Gupta, Sharma, Rana, & Chauhan, 2011). During the
process of germination, the content of rutin and the expression of biosynthetic enzymes genes (e.g., PAL, 4CL, and F3H) raised in sprouts.
However, in common buckwheat, those genes expressed mostly in stem
and root, while the ﬂavonoids synthesis was higher in leaves and
ﬂowers, which seems that ﬂavonols might be transferred from roots and
stems toward leaves and ﬂowers. The biosynthesis of rutin and anthocyanin of buckwheat is also aﬀected by light irradiation (Taguchi,
2016). In common buckwheat, rutin synthesis was induced in sprouts
by light irradiation, particularly by the UV-B light, which was 1.6 times
greater compared to the amount under dark conditions (Tsurunaga
et al., 2013). A similar observation was found for the accumulation of
anthocyanin (Taguchi, 2016).

2.6. Tannins
Tannins are astringent phenolic compounds present in buckwheat.
Tannins may protect against various biotic and abiotic stresses. Because
of this, buckwheat bran is consumed in a higher amount for nutritional
or medicinal purposes. Usually, throughout the development of buckwheat seedlings, tannin concentration gradually increases (Joshi et al.,
2020). 3,3-di-O-galloyl-procyanidin B-2 and 3-O-galloyl-procyanidin B2 were identiﬁed from rhizomes of F. cymosum (Jing et al., 2016; Joshi
et al., 2020).

2.7. Phenylpropanoid glycosides
A total of thirteen phenylpropanoid glycosides have been isolated
from diﬀerent Fagopyrum species. Among these, tatarisides A–G and
diboside A were isolated from roots of Tartary buckwheat (Jing et al.,
2016; Zhu 2016), while diboside A also extracted from rhizomes of F.
cymosum (Jing et al., 2016). Four compounds namely 3,6-di-p-coumaroyl-1,6′-di-feruloyl sucrose, 1,3,6′-tri-feruloyl-6-p-coumaroyl sucrose, 1,3,6-tri-p-coumaroyl-6′-feruloyl sucrose, and 1,3,6,6′-tetra-feruloyl sucrose were identiﬁed from seed of Tartary buckwheat (Jing
et al., 2016; Zhu 2016). Another phenylpropanoid glycosides lapathoside A was detected from F. cymosum rhizomes (Jing et al., 2016).

2.8. Other compounds
Fagopyrum species also contain some other phytochemicals like alkaloids, anthraquinones, coumarins, and carbohydrate derivatives.
Squalene, n-butyl-β-D-fructopyranoside, γ-tocopherol, and (3Methoxyphenyl)-2-piperidinemethanol were isolated from Tartary
buckwheat, while (3-Methoxyphenyl)-2piperidinemethanol also detected from F. cymosum (Jing et al., 2016). Similarly, N-trans-feruloyltyramine, 3,4-dihydroxy benzamine, 5,5′-di-α-furaldehyde dimethyl ester, uracil, and 5-hydroxymethyl-2-furoic acid were isolated
from Tartary buckwheat (Jing et al., 2016; Zhu, 2016). Moreover,
emodin, emodin-8-O-β-D-glucopyranoside, glycerol mono palmitate, ntrans-coumaroyltyramine, shakuchirin, succinic acid, and 7-hydroxycoumarin were found in F. cymosum (Jing et al., 2016; Lv et al., 2017;
Wajid et al., 2015). Among these compounds N-trans-feruloyltyramine
exhibited neuro-protective functions (Zhu, 2016), whereas emodin
showed several anti-virus activities particularly against novel coronavirus (2019-nCoV/ SARS-CoV-2) (Zhou, Hou, Shen, Huang, Martin,
& Cheng, 2020). As most of these identiﬁed compound’s health eﬀect is
yet unexplored, further research is required to know the pharmaceutical eﬀects of these compounds.
During the last decade, many researchers have been identiﬁed different kinds of bioactive compounds in buckwheat species with their
pharmacological and beneﬁcial health eﬀects including anti-oxidative,
anti-cancer, anti-inﬂammatory, neuro-protection, cholesterol-lowering,
neuroprotective, antidiabetic, cardioprotective, and so on (Table 3).
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Table 3
Signiﬁcant health eﬀects of diﬀerent bioactive compounds of buckwheat.
Bioactive compounds

Eﬀect

References

Polysaccharides, procyanidin dimer, quercetin, and tannins

Anti-tumor

Catechins, coumarins, curcuminoids, mandelic acid, lignans,
polysaccharides, phenolic acids, quercetin, rutin, stilbenes, and
tannins
Apigenin, chrysin, hispidulin, hesperidin, isoorientin, isovitexin,
luteolin, polysaccharides, quercetin, and rutin
Apigenin, naringenin, polysaccharides, quercetin, quercitrin, rutin,
and silymarin
Chlorogenic acid, epicatechin, hydroxybenzoic acid, luteolin,
kaempferol, quercetin, quercitrin, and rutin
Quercetin and esperidin
Apigenin, catechin, dihydroquercetin, emodin, hesperidine, morin,
quercetin, and rutin
Kaempferol, quercetin, and rutin
Globulin
Polysaccharides
Apigenin, hesperidin, luteolin, polysaccharides, and quercetin
Galangin, kaempferol, myricetin, N-trans-feruloyltyramine,
polysaccharides, and rutin
D-chiro-inositol, isoquercetin, polysaccharides, quercetin, and rutin

Anti-oxidant

Apigenin, cinnamic acid, ferulic acid, gallic acid, isorhamnetin,
kaempferol, luteolin, naringenin, quercetin, resveratrol, rutin,
and syringic acid
Apigenin, naringenin, nobiletin, phenylpropanoid glycosides,
procyanidin dimer, quercetin, and tangeretin

Cardioprotective

Ji et al. (2019), Jing et al. (2016), Joshi et al. (2020), Lv et al. (2017),
Wang et al. (2016b)
Bose et al. (2018), Ji et al. (2019), Jing et al. (2016), Joshi et al. (2020),
Lv et al. (2017), Tungmunnithum et al. (2018), Wang, Li, & Bi (2018),
Wang et al. (2016b)
Bose et al. (2018), Giménez-Bastida & Zieliński (2015), Ji et al. (2019),
Tungmunnithum et al. (2018), Wang et al. (2018)
Bose et al. (2018), Ji et al. (2019), Jing et al. (2016), Joshi et al. (2020),
Zhang et al. (2015)
Bose et al. (2018), Jing et al. (2016), Joshi et al. (2020);
Tungmunnithum et al. (2018), Wang et al. (2018)
Bose et al. (2018)
Bose et al. (2018), Wang et al. (2018), Zhou, Hou, Shen, Huang, Martin,
& Cheng (2020)
Bose et al. (2018)
Jing et al. (2016)
Ji et al. (2019), Wang et al. (2016b)
Ji et al. (2019), Tungmunnithum et al. (2018), Wang et al. (2016b)
Giménez-Bastida & Zieliński (2015), Ji et al. (2019), Jing et al. (2016),
Wang et al. (2016b), Wang et al. (2018), Zhu (2016)
Bose et al. (2018), Ji et al. (2019), Joshi et al. (2020), Lv et al. (2017),
Wang et al. (2018), Zhang et al. (2015)
Bose et al. (2018), Gorniak et al. (2019), Joshi et al. (2020),
Tungmunnithum et al. (2018), Wang et al. (2018)

Quercetin
Fagopyritol A1 and rutin
Catechins, ﬁsetin, genistein, hydrobenzoic acids, kaempferol, synigric
acid, toxifolin, and vanillic acid
Catechins, galangin, kaempferol, and myricetin
Kaempferol, myricetin, rutin, and quercetin

Anti-inﬂammatory
Hepatoprotective
Anti-bacterial
Anti-fungal
Anti-viral
Anti-ulcer
Anti-fatigue
Hypolipidemic
Immunoregulatory
Neuroprotective
Anti-diabetic

Anti-cancer

Anti-atherosclerosis
Blood glucose and cholesterol
lowering
Anti-neoplastic

Giménez-Bastida & Zieliński (2015), Gorniak et al. (2019), Jing et al.
(2016), Lv et al. (2017), Tungmunnithum et al. (2018), Wang et al.
(2018)
Bose et al. (2018), Gorniak et al. (2019)
Giménez-Bastida & Zieliński (2015), Joshi et al. (2020), Wu et al.
(2018), Lv et al. (2017)
Bose et al. (2018), Joshi et al. (2020)

Anti-aging
Anti-thrombotic

Joshi et al. (2020), Wang et al. (2018)
Bose et al. (2018), Lv et al. (2017)

A few studies were done until now regarding ﬂavonoid biosynthesis
in buckwheat in the aspect of molecular breeding. In Arabidopsis, ﬂavonoid biosynthesis is positively regulated by the transcription factor
AtMYB12, which also increases the eﬀect of ﬂavonoids biosynthetic
genes and the amount of rutin of common buckwheat hairy root culture
due to its overexpression (Matsui & Walker, 2019; Park et al., 2012).
Luo et al. (2020) revealed that transcription factor TrMYB4 showed a
signiﬁcant regulatory eﬀect in ﬂavonoids, particularly in rutin biosynthesis of F. cymosum. But they suggested, further studies are required
to completely analyze the base of rutin biosynthesis regulatory network
under this transcription factor for molecular function. Another transcription factor FeMYBF1 regulating the biosynthesis of ﬂavonols was
identiﬁed by Rapid ampliﬁcation of cDNA end (RACE) and genome
walking (Matsui et al., 2018; Matsui & Walker, 2019). Flavonoid biosynthetic gene, FeFLS1, is particularly expressed in ﬂowers and buds,
while FeFLS2 is mainly expressed in leaves, stems, and roots of seedlings
and also in seeds. But gene FeFLS is highly expressed in ﬂowers (Matsui
et al., 2018). The whole sequences of FeFLS1 and FeFLS2 are yet unknown (Matsui & Walker, 2019). Matsui et al. (2018) isolated a gene
named FeMYBF1, which encodes an R2R3-MYB TF regulating ﬂavonol
especially rutin and other ﬂavonoids biosynthesis in buckwheat as well.
On the contrary, Bai et al. (2014) identiﬁed two transcription factor
genes, namely FtMYB1 and FtMYB2, from Tartary buckwheat, which
were expressed mostly in the ﬂowers compared to other organs during
ﬂavonol biosynthesis. On the other hand, the accumulation of proanthocyanidins was signiﬁcantly increased by the overexpression of
FtMYB1 and FtMYB2. The R2R3-MYB transcription factors such as
FtMYB1, FtMYB2, FtMYB123L, FtMYB11, FtMYB13, FtMYB14,
FtMYB15, and FtMYB16 were identiﬁed as essential repressors for the
biosynthesis of ﬂavonoids in buckwheat (Bai et al., 2014; Li, Zhang,
Meng, Li, Ding, & Zhou, 2019b; Zhang et al., 2018; Zhou et al., 2017).

These transcription factors regulate the expression of genes (i.e., CHS,
CHI, F3H and FLS) associated with the ﬂavonoid biosynthesis pathway
(Luo et al., 2020; Matsui et al., 2018; Taguchi, 2016; Zhou et al., 2017).
Therefore, the analysis of the transcription factors focusing on those
genes involved in ﬂavonoids biosynthesis in buckwheat would be
needed. Moreover, many unknown regulators associated with the ﬂavonoid biosynthesis of buckwheat require to be identiﬁed.
3.2. C-Glucosylﬂavones
The C-glucosylﬂavones are another important ﬂavonoid present in
diﬀerent cereals and pseudocereals such as buckwheat, rice, maize, and
wheat (Brazier-Hicks, Evans, Gershater, Puschmann, Steel, & Edwards,
2009; Casas, Duarte, Doseﬀ, & Grotewold, 2014). Buckwheat contains
mainly four C-glucosylﬂavones including vitexin, isovitexin, orientin,
and isoorientin. Common buckwheat seeds and cotyledons accumulate
most of the C-glucosylﬂavones (Matsui & Walker, 2019; Taguchi,
2016). At the anomeric carbon, the sugars belonging to C-glycosidic
ﬂavonoids are directly bound to the aglycon of the ﬂavonoids by a CeC
bond (Gan et al., 2019; Nagatomo, Usui, Ito, Kato, Shimosaka, &
Taguchi, 2014). The C-glycosides are more stable than other common
glycosides like O-glycosides since their CeC bonds show resistance to
glycosidase or acid and alkali hydrolysis (Gan et al., 2019; Nagatomo
et al., 2014).
Intensive experiments have been conducted to identify the molecular mechanisms of C-glucosylﬂavones biosynthesis in various crops
like rice (Brazier-Hicks et al., 2009), maize (Ferreyra, Rodriguez, Casas,
Labadie, Grotewold, & Casati, 2013) and buckwheat (Nagatomo et al.,
2014). In the 1980s, Kerscher & Franz (1987) ﬁrst proposed the biosynthesis pathway of C-glucosylﬂavones in buckwheat and puriﬁcation
of C-glucosyltransferase (CGT) was partially done by Kerscher & Franz
9

Food Chemistry 335 (2021) 127653

Md. N. Huda, et al.

buckwheat accounting for as much as 73% of the overall dry weight
(Acanski, Pastor, Psodorov, Vujic, Razmovski, Kravic, 2015; Li, 2019;
Zhu, 2016). Buckwheat ﬂour includes 70–91% carbohydrate relying on
the milling process (Yilmaz et al., 2020). The amount of amylose in
starch is the basis for the presence of degenerated starch throughout the
hydrothermal processing of food materials (Skrabanja & Kreft, 2016).
Nevertheless, nowadays it's far becoming greater and extra vital food
source due to its gluten-free attribute (Acanski et al., 2015). Buckwheat
grain contains 0.65–0.76% lowering sugars, 0.79–1.16% oligosaccharides and 0.1–0.2% non-starchy polysaccharides (Ahmad, Ahmad, Dar,
Bhat, Mushtaq, & Shah, 2018). Buckwheat groats showed a low glycemic index (GI = 34.7) that indicates it does not create unhealthy
spikes in blood sugar levels (Rozanska, Mikos, & Regulska-Ilow, 2020).

(1988). The biosynthesis of vitexin and isovitexin begins from the intermediate compound of ﬂavonol synthesis (Naringenin), which was
hydroxylated by F2H at the 2-position of ﬂavanone and produces 2hydroxyﬂavanone. This 2-hydroxyﬂavanone is in equilibrium with its
another open-ring form (dibenzoylmethane form), which is C-glucosylated by using C-glucosyltransferase (CGT) (Gan et al., 2019; Nagatomo
et al., 2014; Taguchi, 2016; Vanegas, Larsen, Eichenberger, Fischer,
Mortensen, & Naesby, 2018). Two closed-circular forms of C-glucoside
are 2-hydroxyﬂavanone 6-C-glucoside and 8-C-glucoside which are also
in equilibrium with produced C-glucoside to form two ﬂavone C-glycoside (vitexin and isovitexin) by dehydration after the sugar moiety
conjugation (Vanegas et al., 2018). The dehydration process seems to
be done enzymatically, but the enzymes are still missing (Gan et al.,
2019; Nagatomo et al., 2014; Taguchi, 2016).
Nagatomo et al. (2014) reported that the FeCGT genes mostly exist
in developing cotyledons of common buckwheat, recommending that
FeCGT genes expressed mainly in cotyledons during seed germination.
Like rutin biosynthesis, the accumulation of C-glucosylﬂavones was not
inﬂuenced by light irradiation (Taguchi, 2016). Therefore, advanced
researches will be needed to identify the causes of C-glucosylﬂavones
accumulation occurred particularly in cotyledons during seed germination of buckwheat.

4.1.1. Polysaccharides
In buckwheat, polysaccharides mostly accumulate in the seed coat,
hull, and cells of the aleurone layer (Skrabanja & Kreft, 2016). Buckwheat polysaccharides comprise diﬀerent compounds and monosaccharide content, resulting in structural diﬀerences that may show
diﬀerent biological activities (Ji et al., 2019). Tartary buckwheat ﬂour
(3.16%) contains 1.28-fold more polysaccharide than Tartary buckwheat bran, that decreased by 76.4% in Tartary buckwheat bran and
59.6% in Tartary buckwheat ﬂour after baking (Ge & Wang, 2020). The
buckwheat polysaccharides also aid the excretion of cellular factors,
such as TNF-α, NO, IL-2 and IL-1β, in macrophages and exhibit signiﬁcance for leukemia treatment. On digestion in the intestine, buckwheat polysaccharides create short-chain fatty acids on digestion in the
intestine, which produce mucosal resistance through connected with
intestinal epithelial cells and may cause apoptosis of tumor cells by
entering in the blood circulatory system (Ji et al., 2019).
Dietary ﬁber is another analogous carbohydrate that prevents digestion and absorption within the human short intestine, but it partially
or fully fermented via micro-ﬂora inside the large intestine. The amount
and proportion of dietary ﬁber depends on the nature of processing
technology used for the production of buckwheat groats, which aﬀects
its functional properties (Ahmed et al., 2013; Dziedzic, Górecka,
Kucharska, & Przybylska, 2012). For nutritional purposes, total dietary
ﬁber is categorized as insoluble and soluble. In buckwheat grains, the
total dietary ﬁber contains 8.4%, whereas the soluble ﬁber is 0.2%, and
the insoluble ﬁber is 8.2%. On the other hand, buckwheat seeds and
groats constitute about 10.9% and 7.3% dietary ﬁber, respectively,
indicating that dietary ﬁber is mainly present in the outer seed cover
including seed coat and hull (Li, 2019). On contrary, the total dietary
ﬁber counted 6.7–9.1%, while the soluble ﬁber is 4.3–6.5%, and the
insoluble ﬁber is 2.3–3.2% in whole buckwheat ﬂour (Suzuki, Noda,
Morishita, Ishiguro, Otsuka, & Brunori, 2020).
Resistant starch (RS) is another type of dietary ﬁber. Resistant
starches are smaller in buckwheat (2–15 μm) compared with other
crops like 12.2 μm in maize, 18 μm in tapioca and 30.5 μm in potato
(Ahmed et al., 2013; Li, 2019). The starch contains 20–30% amylose
and 70–85% amylopectin in buckwheat, which depends on the species
and variety (Suzuki et al., 2020). Common buckwheat ﬂours contain
higher amount of resistant starch compared to Tartary buckwheat ﬂours
(Zhu, 2016). Dietary ﬁber can protect from diabetes (particularly type 2
diabetes), hyperglycaemia, hypercholesterolaemia, heart disease, obesity and some kinds of cancer, particularly colon cancer (Ahmed et al.,
2013; Dziedzic et al., 2018; Suzuki et al., 2020).

4. Nutritional constituents
Besides numerous bioactive compounds buckwheat is rich in highquality carbohydrates, protein and amino acid, fatty acid, vitamins, and
minerals. Compared to other major cereal grains, buckwheat has superior nutritional value (Table 4).
4.1. Carbohydrate
Carbohydrate

is

the

maximum

considerable

constituent

in

Table 4
Comparison of nutritional compounds with their concentration among buckwheat, rice, wheat, and maize. (Joshi et al., 2019; Sindhu & Khatkar, 2019).
Nutrients

Buckwheat

Proximate composition (g/100 g grain)
Energy (Kcal)
355
Total Carbohydrates (g)
72.9
Total ﬁber (%)
17.8
Crude protein (%)
12
Moisture (%)
11
Fat (g)
7.4
Essential amino acids (% of total protein)
Leucine
6.7
Lysine
5.9
Valine
4.7
Phenylalanine
4.2
Methionine
3.7
Isoleucine
3.5
Threonine
3.5
Histidine
2.2
Cystine
2.2
Tryptophan
1.4
Minerals and trace elements (mg/100 g grain)
Potassium
450
Magnesium
390
Phosphorus
330
Calcium
110
Iron
4
Manganese
3.4
Zinc
0.8
Vitamins (mg/100 g grain)
Niacin
18
Riboﬂavin
10.6
Thiamine
3.3
Choline
440
Tocopherols
40

Rice

Wheat

Maize

345
78.2
4.5
6.8
13.7
1.5

346
71.2
12.5
11.8
12.8
2.5

365
74.3
7.5
9.4
10.4
4.7

8.2
3.8
5.9
5.7
3
4.5
3.8
2.4
2.2
1

6.3
2.6
4.5
4.4
3.5
3.4
2.8
2.3
1.8
1.2

13
1.9
5.0
4.5
3.2
3.8
3.9
2.4
2.2
0.6

268
65
160
10
0.7
0.5
1.3

284
138
298
30
3.5
2.3
2.7

287
127
210
7
2.7
1.9
2.3

1.9
0.06
0.06
–
–

5.5
0.2
0.5
–
–

3.6
0.2
0.4
–
–

4.1.1.1. Iminosugar. Amezqueta, Galan, Fuguet, Carrascal, Abian, &
Torres (2012) ﬁrst isolated iminosugar, named D-fagomine, from
common buckwheat seed, and they also detected its diastereomers
namely 3-epi-fagomine and 3,4-di-epi-fagomine in buckwheat groats,
bran, leaves, and ﬂour. Usually, common buckwheat contains higher
amount of D-fagomine compared to Tartary buckwheat (Joshi et al.,
2020). The most leading amount of D-fagomine and 3,4-di-epifagomine
was 44 mg/kg and 43 mg/kg, respectively in buckwheat groats (Ahmed
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respectively) in the seeds of F. tataricum var. Rotundatum, while
Krumina-Zemture, Beitane, & Gramatina (2016) reported lysine content
(0.56–0.68 g/100 g) in buckwheat ﬂours. For making the well-balanced
amino acid composition of buckwheat, albumins and globulins contain
a higher amount of lysine (Skrabanja & Kreft, 2016; Zhou, Kreft, Woo,
Chrungoo, & Wieslander, 2016). Buckwheat protein shows the glutenfree nature due to the presence of a small proportion of prolamines and
absence of α-gliadin protein in buckwheat. This is the main speciality of
buckwheat protein compare with protein of other cereals and pseudocereals crops like barley, oats and wheat (Joshi et al., 2020). The lifelong adherence to a gluten-free diet is the only available remedy for
coeliac disease but in most cases, these products are poor in minerals,
vitamins and/or proteins (Sytar et al., 2016; Sytar et al., 2018b). As
buckwheat is gluten-free, it is an ideal food material for patients with
celiac disease (Skrabanja & Kreft, 2016; Gimeenez-Bastida & Zielinnski,
2015; Zhou et al., 2016). Buckwheat proteins particularly lysin can
decrease the concentration of cholesterol (Ge & Wang, 2020; Ji, et al.,
2019; Li, 2019), increase the fecal excretion of steroids, removal of bile
acid, obstruct gallstone formation, may slow mammary carcinogenesis,
and suppress colon carcinogenesis (Skrabanja & Kreft, 2016; Zhou et al.,
2016).

et al., 2013; Joshi et al., 2020). Iminosugars has gained more interest as
a glycosidase inhibitor because of its high bioactivities. Iminosugars is
used as a dietary supplement or functional food composition, Dfagomine may lessen the chance of increasing insulin resistance,
sucrose‐induced hypertension, F2‐IsoPs (markers of oxidative stress),
anti-hyperglycaemic eﬀect and suﬀering from an excess of potentially
pathogenic bacteria, urine uric acid, steatosis, and liver DAGs, without
extensively aﬀecting perigonadal fat deposition, and impaired glucose
tolerance (Dziedzic et al., 2018; Joshi et al., 2020; Ramos-Romero et al.,
2020).
4.1.1.2. D-chiro-inositol. The D-chiro-inositol is a soluble carbohydrate,
an epimer of myoinositol which engaged in insulin signaling pathways
(Li, 2019; Zhu, 2016). Buckwheat is the most abundant source of Dchiro-inositol. Farinetta is a speciﬁc type of buckwheat ﬂour that
contains high levels of D-chiro-inositol when it milled especially
(Martin-Garcia et al., 2019). Fagopyritols are an important derivative
of D-chiro-inositol which accumulates mainly in aleurone tissue and
embryo of buckwheat seeds. The fagopyritols present in Tartary
buckwheat is 11-fold of free D-chiro-inositol (Wu et al., 2018). In
buckwheat, six fagopyritols have been identiﬁed namely A1, A2, A3,
B1, B2, and B3 (Suzuki et al., 2020), among these A1 and B1 are the
principal fagopyritols (Wu et al., 2018; Zhu, 2016). Fagopyritols act as
an insulin mediator so it is beneﬁcial for treating Non-Insulin
Dependent Diabetes Mellitus (NIDDM) disorder and Polycystic
Ovarian Syndrome (PCOS) (Jing et al., 2016; Suzuki, et al., 2020).
Furthermore, D-chiro-inositol could have capabilities to reduce blood
pressure, glucose concentration, and plasma triglycerides in humans
(Zhu, 2016; Li, 2019). It also may improve polycystic ovarian syndrome
(PCOS), a condition that can reason of infertility (Suzuki, et al., 2020).
Besides, Wu et al. (2018) recorded the enhancement of insulinstimulated phosphorylated PI3K and AKT by D-chiro-inositol and
fagopyritol A1, fagopyritol B1 at the 0.5 mM dose.

4.3. Fatty acid
Fatty acid comprises a small portion of buckwheat seed, but they
have a vital role to determine the food quality (Ge & Wang, 2020;
Subedi, 2018). Generally, buckwheat fat presents as monounsaturated
and polyunsaturated fat which are considered as healthy fat. The fatty
acids present in Tartary buckwheat compose of palmitic, stearic, oleic,
linoleic, linolenic, and eicosenoicacids (Ge & Wang, 2020). Common
buckwheat and Tartary buckwheat show similar fatty acid composition,
about 3.8% (Li, 2019). The lipid content in Tartary buckwheat ranges
from 2.5 to 2.8% (Ahmed et al., 2013) and 2.45% (Xiao, Liu, Wei, Shen,
& Wang, 2017), while the lipid content in common buckwheat ranges
from 1.6 to 2.9% (Sindhu, 2016), and 3.16% (Xiao et al., 2017). The
total lipid content in the whole grain of Common and Tartary buckwheat varies from 1.5 to 4.0% and 1.2–4.3%, respectively (Subedi,
2018). Ge & Wang (2020) determined unsaturated fatty acid 84% in
Tartary buckwheat bran and 83% in Tartary buckwheat ﬂour. Furthermore, buckwheat oil has 16–25% of saturated and 74.79% of unsaturated fatty acids. The dominant fatty acids are palmitic acid
(15–20%), oleic acid (30–45%), and linoleic acid (31–41%) among
other fatty acids (Ge & Wang, 2020). The embryo contains the highest
amount of lipids and hull contains the lowest amount of lipids ranges
from 7 to 14% and 0.4 to 0.9%. in common buckwheat, respectively
(Ahmad et al., 2018). A high level of saturated fatty acids contains in
the hull, whereas the unsaturated fatty acids present mostly in the
embryo. Buckwheat seed coat contains highest amount of Linoleic acid
(essential fatty acid) compared to other organs. The lipid content is
diﬀerent among buckwheat seed parts ranges from 9.6 to 19.7%,
2.0–3.0% and 0.4–0.7% in embryo, endosperm, and hulls, respectively
(Subedi, 2018). After baking, total fatty acid decrease in Tartary
buckwheat at the rate of 69.6% in bran and 17.3% in ﬂour. Buckwheat
has been exhibited to lower the possibility of myocardial infarction
because of its Polyunsaturated fatty acids (Ge & Wang, 2020).

4.2. Protein and amino acid
Buckwheat contains high nutritive value due to presence of balanced amino acid compositions. Diﬀerent kinds of amino acid mainly
lysine is present in buckwheat protein (Skrabanja & Kreft, 2016). This is
especially important due to the fact human bodies cannot produce lysine (a building block of protein), therefore we must obtain it from
food. Threonine is the ﬁrst and methionine is the second limiting amino
acids for both common and Tartary buckwheat (Li, 2019). The protein
content in common and Tartary buckwheat ranges from 6.4 to 13.15%
depending on the species and other external factors (i.e., environment)
during plant growth (Li, 2019). Buckwheat proteins composed of
12–20% glutelin, 50–60% albumin and globulin, 1–7% prolamin and
5–10% other components (Joshi et al., 2020). From buckwheat, a gene
had cloned, coding a speciﬁc protein that contained 2% methionine and
6% lysine (Chrungoo, Dohtdong, & Chettry, 2016). Legumin genes in
maximum angiosperm like Pisum sativum occupy three introns with
exactly ﬁxed locus (Maraccini, Deshayes, Petiard, & Rogers, 1999),
while the buckwheat legumin gene possesses two-intron structure.
This two-intron structure of the legumin gene was ﬁrst conﬁrmed
from buckwheat which played a key role in gaining advanced information for methionin enriched legumins in lower angiosperms
(Chrungoo, et al., 2016). Buckwheat grain contains a balanced amino
acid composition with high amount of essential amino acids includes
leucine and lysine (6.92, 5.84, and 7.11, 6.18 g/100 g of protein in
common and Tartary buckwheat, respectively), but the protein content
is low (10.6 and 10.3 g/100 g of dry weight in common and Tartary
buckwheat, respectively) (Skrabanja & Kreft, 2016). Ge & Wang (2020)
observed the low ratio of lysine/arginine (0.79) and methionine/glycine (0.22) in Tartary buckwheat which shows a signiﬁcant cholesterollowering eﬀect. Moreover, Sytar et al. (2018a) observed the highest
quantity of leucine and lysine (1.25 g/100 g and 1.03 g/100 g,

4.4. Vitamins and minerals
Buckwheat is rich in thiamine (vitamin B1), niacin (vitamin B3),
vitamin B6, vitamin K, and choline but it does not contain vitamin A
(Subedi, 2018). In buckwheat seeds, thiamine (vitamin B1) strongly
adhered to thiamine-binding proteins. Most of the vitamin E exists as γtocopherol (117.8 μg/g), δ-tocopherol (7.3 μg/g) and α-tocopherol
(2.1 μg/g) in buckwheat seeds (Li, 2019). Zhou et al. (2015) recorded
an increase in the amount of some vitamins, i.e., vitamins B1 and C
because of germination. Diﬀerent types of vitamin present in Tartary
11

Food Chemistry 335 (2021) 127653

Md. N. Huda, et al.

CRediT authorship contribution statement

buckwheat, such as vitamins B (B1, B2, and B6), vitamin C, and vitamin
E (Zhu, 2016; Yiming, Hong, Linlin, Xiaoli, Wen, & Xinli, 2015). The
buckwheat ﬂour is the more reliable source of vitamin B than the maize
and rice ﬂour. Generally, Tartary buckwheat has a higher amount of Bgroup vitamins than common buckwheat, while common buckwheat
contains higher amount of vitamin E compared to Tartary buckwheat
(Joshi et al., 2020).
Diﬀerent minerals are present in various parts of the buckwheat
seed such as hull; aleurone tissues and embryo contain most of the
minerals (Subedi, 2018). Mineral elements are very abundant in
buckwheat, particularly, trace elements including K, P, Cu, Ca, Se, Mg,
Ba, B, I, Fe, Pt, Zn, and Co. These trace elements are excessively present
in the outer membrane of buckwheat seeds and seed coat. Buckwheat
contains signiﬁcantly higher amount of trace elements including Ca, Fe,
Mg, K, Zn, Cr, Co as well as other elements compared to other cereals
(Li, 2019). The mineral present in buckwheat seeds and their morphological proportion ranges from 2.0 to 2.5%, 1.8–2.0%, 2.2–3.5%,
0.80–9% and 3.4–4.2% in the whole grains, kernel, dehulled grains,
ﬂour, and hulls, respectively (Christa & Soral-Smietana, 2008). Tartary
buckwheat seeds contain relatively higher proportion of Co, Fe, Ni, Se,
and Zn than common buckwheat (Zhu, 2016). Common buckwheat
contains 70.14 mg/ 100 g Ca, while common and Tartary buckwheat
contains 3.4–6.4, 2.47–21.5 mg/100 g Fe, respectively (Subedi, 2018).
The ash content in Common buckwheat varies from 1.4% to 2.5%
and in Tartary buckwheat it ranges from 1.8% to 2.3% (Thakur, Kumar,
Awasthi, Madan, & Verma, 2017). Vitamins like thiamin assist the body
to transform carbs into energy, vitamin B6 helps in brain development
and function, folate is crucial for making red blood cells and niacin used
in digestive system, skin, and nerves. On the other hand, some trace
minerals such as phosphorus, used in the formation of teeth and bones,
zinc is essential for the immune system, copper assists the body to
produce collagen and absorbs iron and manganese helps to build up
bones and connective tissue. Magnesium helps to maintain muscle
health (Gilbert, Witt, & Hasjim, 2013). Magnesium also can regulate the
functions of the myocardium and the nervous system, resist arteriosclerosis and myocardial infarction and treat and prevent hypertension
(Li, 2019).
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