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A B S T R A C T

Polyphenols (flavonoids and anthraquinones) are one of the most important phytochemicals in Fagopyrum ta-
taricum L. Gaertn. (tartary buckwheat). However, the relationship between the polyphenols of tartary buckwheat
seeds and their morphological variations is unclear. We developed a liquid chromatography–mass spectrometry-
based targeted metabolomics method to study the chemical profiles of 60 flavonoids and 11 anthraquinones in
40 seed cultivars (groats and hulls). Both flavonoids and anthraquinones were related to variations in seed color;
the fold change from yellowish-brown to black seeds was 1.24–1.55 in groats and 0.26–0.76 in hulls. Only
flavonoids contributed to significant differences in seed shape; the fold change from long to short seeds was
1.29–1.78 in groats and 1.39–1.44 in hulls. Some differential metabolites were identified at higher concentra-
tions in hulls than in groats. This study provides new insights into differences in polyphenols among tartary
buckwheat seeds with different color and shape.

1. Introduction

Fagopyrum tataricum L. Gaertn. (tartary buckwheat), an annual
pseudocereal crop belonging to the Polygonaceae family, mainly grows
in the mountainous regions of southwest China, northern India, Bhutan,
Nepal, etc.; it has excellent agricultural significance (Cai, Corke & Li,
2004). Tartary buckwheat seeds are a type of gluten-free grains, and
they comprise complete proteins with beneficial phytochemicals that
protect against hypertension, fatigue, and hyperlipemia (Tsai, Deng,
Tsai, & Hsu, 2012). The morphological variations in tartary buckwheat
seeds are mainly reflected in two-dimensional characteristics, including
differences in seed color and shape, which are important traits of plant

identification and classification (Wang, Li, Zhao, & He, 2015).
Based on hull coloration and seed length, tartary buckwheat seeds

can be divided into black vs. yellowish-brown and long vs. short. It is
noteworthy that black tartary buckwheat (BTB) is a newly developed
variety based on the traditional yellowish-brown tartary buckwheat
(YTB) (Yao et al., 2017). It has been demonstrated that morphological
variations in seeds are associated with their genetic, physiological, and
ecological aspects involving secondary metabolites (Khan et al., 2018).
To date, the correlation between edible part phenotypes and metabolic
information has been reported in some plants such as wild rice and
sweet potato (Wang et al., 2018; Yan et al., 2019). Chemical profile-
based metabolomics approaches have been applied to distinguish
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cultivars, such as Lactuca sativa. L and Citri Reticulatae Pericarpium, with
different morphologies (Li et al., 2019; Yang et al., 2018). However, the
relationship between the secondary metabolites of tartary buckwheat
seeds and their morphological variations is unclear.

Polyphenols are one of the most important phytochemicals in tar-
tary buckwheat seeds, and they include compounds such as flavonoids
and anthraquinones (Zhu, 2016). The total phenolic content in tartary
buckwheat seeds is reported to be approximately 27.51–36.55 mg/g
(Liu, Zhang, Zhu, & Hu, 2014). Flavonoids such as rutin, quercetin, and
quercitrin have been confirmed as the main active constituents of tar-
tary buckwheat seeds with varied biological activities, including anti-
oxidant, antitumor, antihypertensive, and antiinflammatory activities
(Kumar & Pandey, 2013). Anthraquinones such as emodin are addi-
tional important components, which are narrowly present in higher
plants, especially in Fagopyrum, Rheum, Rumex, Rhamnus, Aloe, and the
Cassia species. Natural anthraquinone and its derivatives exhibit anti-
oxidant, antibacterial, and antifungal properties. To date, approxi-
mately 20 flavonoids have been isolated or identified from the seeds,
leaves, buds, and flowers of tartary buckwheat (Ren, Wu, Ren, & Zhang,
2013; Kim et al., 2008; Watanabe, 1998), whereas only a few anthra-
quinones have been identified in tartary buckwheat seeds (Peng et al.,
2013; Wu, Ge, Liang, Lv, & Sun, 2015).

Metabolomics is useful for investigating the dynamic responses of
some metabolome constituents to alterations in endogenous and/or
exogenous factors (Chu, Zhang, Han, & Wang, 2015; Herman et al.,
2017; Wang, Alseekh, Fernie, & Luo, 2019). Monitoring of metabolic
profiles using metabolomics is being increasingly applied to crop
breeding for evaluating factors such as biomass, genotyping, and cross
performance (Fernie & Schauer, 2009; Peluffo et al., 2010;
Riedelsheimer et al., 2012; Steinfath et al., 2010). Compared with non-
targeted metabolomics, targeted metabolomics is a more sensitive and
accurate approach for measuring metabolites (Yang et al., 2016).
However, currently available methods such as near-infrared reflectance
spectroscopy (NIR) and high-performance liquid chromatography–ul-
traviolet spectrophotometry (HPLC–UV) that have been used for de-
termining the multicomponents in tartary buckwheat seeds could not
comprehensively explore the changes in multicomponents (Bai et al.,
2015; Yang & Ren, 2008). The simultaneous use of ultraperformance
liquid chromatography–triple quadrupole tandem mass spectrometry
(UPLC–MS/MS) and different multiple reaction monitor (MRM) chan-
nels can allow the simultaneous quantification of multicomponents in a
complex matrix (Yang et al., 2019). Therefore, a UPLC–MS/MS-based
metabolomics approach using an MRM scan would be suitable for ex-
ploring the correlation between morphological variations and chemical
components.

Groats produced by hulling tartary buckwheat seeds are used in the
preparation of various breads, cookies, noodles, tea, and cakes; how-
ever, a substantial quantity of hulls is discarded as waste (Huang et al.,
2017). Buckwheat hulls have higher antioxidant activity than buck-
wheat groats regardless of the cultivars; however, the comparative
metabolome between hulls and groats is reportedly limited (Song, Ma,
& Xiang, 2019). In the present study, we selected 40 cultivars of tartary
buckwheat seeds from different regions and harvested their seeds in the
same field to trace the relationship between secondary metabolites and
their morphological variations using UPLC–MS/MS-based metabo-
lomics. This analysis comprised four steps: 1) a UPLC–MS/MS-based
metabolomics method was developed to study the chemical profiles of
flavonoids and anthraquinones in tartary buckwheat seeds; 2) 40 tar-
tary buckwheat seeds, which were divided into groats and hulls, with
different colors and shapes were analyzed; 3) the relationships between
morphological variations and secondary metabolites in tartary buck-
wheat groats or hulls were explored; and 4) the differences between
hulls and groats of tartary buckwheat seeds were identified.

2. Material and methods

2.1. Reagents and chemicals

Epicatechin, catechin, quercetin, isoquercitrin, quercitrin, as-
tragalin, kaempferol, rutin, and luteolin were obtained from Shanghai
Yuanye Bio-Technology Co., Ltd (Shanghai, China). Chrysophanol,
aloe-emodin, emodin, rhein, physcion, ω-hydroxyemodin, questinol,
and emodin-8-O-β-D-glucoside were purchased from Chengdu Chroma-
Biotechnology Co., Ltd. (Sichuan, China). The purity of standards
was > 98%. HPLC-grade acetonitrile, methanol, acetic acid, and am-
monium acetate were purchased from Thermo Fisher Scientific Inc.
(Waltham, MA, USA). Ultrapure water was prepared using a Milli-Q SP
system (Millipore Co., Bedford, MA, USA).

2.2. Plant materials and sample preparation

Forty cultivars of tartary buckwheat seeds were collected from
Guizhou, Jiangxi, Sichuan, Yunnan, Hunan, and Gansu provinces in
China in 2016 and identified using morphological and histological
methods conducted by Dr. Taoxiong Shi. To exclude the influence of
cultivation environment, all the cultivars were grown in April 2017
under the same environmental (experimental field of Guizhou Normal
University) and soil conditions using the randomized complete block
design (three rows of every accessions and three plants in each row).
Mature seeds were randomly harvested from three plants, dried for
2 days in August 2017, and stored at 4 °C at the National Gene Bank of
Traditional Chinese Medicine at the Institute of Chinese Materia Medica
until their use for morphological and metabolomics analysis. One bio-
logical replicate was analyzed in this study. Information regarding
tartary buckwheat is presented in Table 1. Parameters L* (represents
lightness from black to white and from 0 to 100), a* (represents green
and red seed hull color from a negative value to a positive value), and
b* (represents blue and yellow seed hull color from a negative value to
a positive value) regarding seed color were measured by a spectro-
photometer NF555 (Nippon Denshoku Industries Co., Ltd., Japan). The
length and width of the seeds were measured by a digital micrometer
(Dongguan Sanliang Instrument Co., Ltd, Guangdong, China).

The tartary buckwheat seeds were crushed in a mortar to separate
the hulls from groats. Then, the groats and hulls were powdered to a
homogeneous size with a high-throughput tissue grinder (Shanghai
Jingxin Industrial Development Co., Ltd, Shanghai, China) and sieved
through a No. 50 mesh sieve. Approximately 1.0 g of sample powder
was dissolved in 5.0 mL of 70% methanol aqueous in an ultrasonic ice
water bath for 30 min. The solution was centrifuged at 12,000 rpm for
10 min at 4 °C and then filtered through a 0.22 μm hydrophilic organic
nylon microporous membrane. Three groats and hulls samples were
prepared in parallel and then mixed into one sample. All the samples
were injected in a random order. In addition, eight groat powder
samples and eight hull powder samples from seeds of different color
and shape were used to prepare a mixed sample solution.

2.3. Preparation of standard solutions

Appropriate amounts of 14 standards were weighed and dissolved in
methanol to prepare individual 1 mg/mL stock solutions. Each stock
solution was mixed in methanol to prepare the quality control (QC)
sample comprising 100 ng/mL rutin, isoquercitrin, quercitrin, as-
tragalin, quercetin, epicatechin, catechin, luteolin, kaempferol, rhein,
aloe-emodine, emodin, chrysophanol, and physcion. QC samples were
placed in the queue for every ten experimental samples, which were
used to determine “system suitability” and provide a means of mon-
itoring the reproducibility and stability of the LC–MS system.
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2.4. Liquid chromatography–mass spectrometry conditions

The Agilent UPLC 1290II system combined with G6500 quadrupole
time-of-flight mass spectrometer (QTOF) (Agilent Technologies, Santa
Clara, CA, USA) was used to determine the accurate mass of metabo-
lites. QTOF was operated using an electrospray ionization (ESI) source.
Sample ionization was achieved in the positive and negative ion modes
within the mass/charge (m/z) range of 100–1,000, with the following
operating parameters: sheath gas temperature 350 °C, sheath gas flow
12 L/min, gas temperature 250 °C, gas flow 9 L/min, nebulizer pressure
35 psi, nozzle voltage 20 V, capillary voltage 4000 V in positive ion
mode and 3,000 V in negative ion mode. The Agilent UPLC
1290II–G6400 triple quadrupole mass spectrometer (QQQ) (Agilent
Technologies, Santa Clara, CA, USA) was utilized to perform MRM and
product ion (PI) scans. Sample ionization was achieved in the positive
and negative ion modes with the following operating parameters:
sheath gas temperature 320 °C, sheath gas flow 11 L/min, gas tem-
perature 250 °C, gas flow 7 L/min, and nebulizer pressure 30 psi. The
capillary voltage in the positive and negative ion modes was set to
3,500 and 3,000 V, respectively. The MS scan functions and UPLC
solvent gradients were controlled with Agilent MassHunter Workstation
Software.

UPLC equipped with a binary solvent delivery system, an

autosampler, and a column compartment was used. The chromato-
graphic separations were performed on an Agilent Eclipse Plus C18

column (2.1 × 100 mm, 1.8 μm) with the column temperature set at
40 °C. The mobile phase A comprised water containing 0.5% acetic acid
and 5 mM ammonium acetate (A) and mobile phase B comprised only
acetonitrile (B), with a linear gradient elution at a flow rate of 0.3 mL/
min. The gradient program was set as follows: 95% A (0–2 min);
95%–81.5% A (2–2.5 min); 81.5%–59% A (2.5–10.5 min); 59%–41% A
(10.5–11 min); 41%–23% A (11–18 min); 23%–5% A (18–22 min); 5%
A (22–24 min); 5%–95% A (24–24.1 min); and 95% A (24.1–26 min).
The temperature of the autosampler was set at 4 °C. The volume of the
sample injected was 1 μL.

2.5. Statistical analysis

Multivariate statistical analysis was performed using SIMCA-P
(version 14.0, Umetrics, Umeå, Sweden), in which the orthogonal
projections to latent structures–discriminant analysis (OPLS–DA) model
was used to identify markers. Then, using SPSS statistics (version 16.0,
SPSS Inc.), we used a t-test to analyze the differences among groups.
Unless specified, a p value of < 0.05 was selected for discriminating
significant differences throughout the study.

Table 1
The information of tartary buckwheat seeds.

No.a Shape Length/Width Color L*b a*c b*d Origin

TB021 Short 1.28 ± 0.05 Yellowish-brown 34.95 ± 0.32 4.72 ± 0.34 14.58 ± 0.37 Weining, Guizhou, China
TB058 Short 1.30 ± 0.02 Yellowish-brown 34.31 ± 0.91 4.99 ± 0.12 13.69 ± 0.67 Weining, Guizhou, China
TB061 Short 1.26 ± 0.05 Yellowish-brown 39.98 ± 2.04 5.04 ± 0.68 14.95 ± 0.52 Weining, Guizhou, China
TB081 Short 1.51 ± 0.27 Yellowish-brown 33.89 ± 0.86 7.93 ± 0.38 17.33 ± 1.36 Weining, Guizhou, China
TB095 Short 1.22 ± 0.06 Yellowish-brown 31.97 ± 0.49 7.82 ± 0.21 17.27 ± 1.51 Weining, Guizhou, China
TB135 Short 1.30 ± 0.13 Yellowish-brown 32.47 ± 0.71 2.17 ± 0.97 13.78 ± 0.56 Weining, Guizhou, China
TB160 Short 1.25 ± 0.03 Yellowish-brown 30.64 ± 1.40 4.54 ± 0.70 14.19 ± 0.42 Weining, Guizhou, China
TB275 Short 1.16 ± 0.03 Yellowish-brown 31.60 ± 1.40 5.11 ± 0.68 14.96 ± 1.08 Weining, Guizhou, China
TB278 Short 1.31 ± 0.02 Yellowish-brown 33.51 ± 0.69 4.40 ± 0.64 13.99 ± 0.25 Weining, Guizhou, China
TB324 Short 1.36 ± 0.05 Yellowish-brown 34.05 ± 0.60 4.92 ± 0.36 15.53 ± 0.18 Weining, Guizhou, China
TB005 Long 1.97 ± 0.09 Yellowish-brown 37.68 ± 0.90 4.75 ± 0.40 15.93 ± 0.17 Jiujiang, Jiangxi, China
TB011 Long 2.07 ± 0.03 Yellowish-brown 30.54 ± 0.97 5.27 ± 0.88 14.21 ± 0.59 Weining, Guizhou, China
TB019 Long 1.78 ± 0.04 Yellowish-brown 30.64 ± 1.32 4.26 ± 0.40 13.17 ± 0.65 Liangshan, Sichuan, China
TB054 Long 2.04 ± 0.11 Yellowish-brown 35.56 ± 0.41 13.19 ± 0.26 20.33 ± 0.42 Nayong, Guizhou, China
TB055 Long 2.00 ± 0.16 Yellowish-brown 35.17 ± 0.29 15.79 ± 2.07 24.15 ± 1.10 Weining, Guizhou, China
TB076 Long 2.11 ± 0.03 Yellowish-brown 32.94 ± 0.36 6.19 ± 0.59 14.99 ± 0.30 Weining, Guizhou, China
TB121 Long 2.03 ± 0.06 Yellowish-brown 36.25 ± 0.97 5.20 ± 0.89 14.04 ± 0.70 Weining, Guizhou, China
TB126 Long 1.93 ± 0.05 Yellowish-brown 36.06 ± 0.42 5.19 ± 0.15 14.49 ± 0.19 Weining, Guizhou, China
TB175 Long 1.92 ± 0.04 Yellowish-brown 36.07 ± 0.49 6.04 ± 0.13 16.29 ± 0.37 Shaotong, Yunnan, China
TB180 Long 1.97 ± 0.15 Yellowish-brown 37.42 ± 0.74 6.10 ± 0.30 15.48 ± 0.33 Weining, Guizhou, China
TB098 Short 1.45 ± 0.10 Black 15.72 ± 1.89 9.16 ± 1.71 8.07 ± 1.27 Weining, Guizhou, China
TB101 Short 1.39 ± 0.06 Black 12.46 ± 1.59 5.91 ± 1.47 5.78 ± 1.88 Weining, Guizhou, China
TB115 Short 1.34 ± 0.09 Black 15.81 ± 1.11 3.38 ± 0.26 5.89 ± 0.36 Weining, Guizhou, China
TB117 Short 1.41 ± 0.20 Black 11.93 ± 1.39 4.38 ± 1.10 4.97 ± 0.74 Weining, Guizhou, China
TB165 Short 1.32 ± 0.04 Black 16.64 ± 1.05 4.72 ± 1.15 6.64 ± 1.08 Weining, Guizhou, China
TB177 Short 1.27 ± 0.10 Black 12.76 ± 0.99 4.24 ± 1.33 3.89 ± 1.14 Qujin, Yunnan, China
TB225 Short 1.32 ± 0.08 Black 14.57 ± 0.49 4.75 ± 0.26 4.73 ± 0.66 Hengyang, Hunan, China
TB291 Short 1.23 ± 0.05 Black 15.79 ± 0.21 2.79 ± 0.19 3.44 ± 0.32 Dehong, Yunnan, China
TB299 Short 1.24 ± 0.04 Black 12.60 ± 0.40 4.60 ± 0.23 5.31 ± 0.27 Weining, Guizhou, China
TB325 Short 1.32 ± 0.16 Black 14.60 ± 0.99 5.59 ± 1.39 7.09 ± 1.51 Weining, Guizhou, China
TB012 Long 1.90 ± 0.05 Black 17.65 ± 1.11 3.17 ± 1.45 6.47 ± 0.77 Dingxi, Gansu, China
TB040 Long 2.02 ± 0.16 Black 12.95 ± 0.64 2.60 ± 0.71 3.64 ± 0.16 Weining, Guizhou, China
TB063 Long 1.93 ± 0.04 Black 15.12 ± 0.63 2.52 ± 1.39 3.50 ± 0.62 Nayong, Guizhou, China
TB068 Long 1.92 ± 0.11 Black 17.07 ± 0.32 3.89 ± 0.06 4.39 ± 0.04 Xichang, Sichuan, China
TB109 Long 1.98 ± 0.07 Black 17.60 ± 1.03 2.52 ± 0.91 4.86 ± 1.39 Hezhang, Guizhou, China
TB114 Long 1.82 ± 0.02 Black 18.64 ± 0.35 5.90 ± 0.15 7.32 ± 0.08 Weining, Guizhou, China
TB128 Long 1.85 ± 0.10 Black 12.98 ± 0.41 2.22 ± 0.68 3.38 ± 1.47 Weining, Guizhou, China
TB143 Long 1.86 ± 0.06 Black 18.65 ± 0.57 3.18 ± 0.26 2.95 ± 0.14 Weining, Guizhou, China
TB190 Long 1.90 ± 0.07 Black 14.42 ± 0.34 4.80 ± 1.81 4.47 ± 0.51 Weining, Guizhou, China
TB320 Long 1.90 ± 0.05 Black 17.93 ± 0.08 3.87 ± 0.14 4.58 ± 0.25 Weining, Guizhou, China

a: number.
b: Parameter L* represents lightness: from black to white and from 0 to 100.
c: Parameter a* represents green and red from a negative value to a positive value.
d: Parameter b* represents blue and yellow from a negative value to a positive value.
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Table 2
Identification of compounds in tartary buckwheat seeds.

No.a tRb(minute) Parent ion(m/
z)

Error
(ppm)

Molecular
formula

Molecular Mass
(dalton)

Fragmentation profile (m/z)
(Relative abundance %)

Identification

Flavonoids (flavonols, flavanols and others)
Flavonols (parent ions: [M+H]+ for compounds 1–43 except for compounds 3 and 31)
1* 9.90 287.0550 0.03 C15H10O6 286.0477 213.1, 153.1 (100%), 121.1 Kaempferol
2 10.50 301.0716 2.99 C16H12O6 300.0634 286.0 (100%), 285.1, 257.9, 153.1 Isokaempferide
3* 8.24 301.0351 −1.00 C15H10O7 302.0427 179.1, 151.1 (100%), 121.1 Quercetin
4 8.81 317.0651 −1.58 C16H12O7 316.0583 302.1 (100%), 301.1, 273.1, 153.0,

123.1
3-O-Methylquercetin

5 10.22 317.0655 −0.32 C16H12O7 316.0583 302.1 (100%), 285.1, 153.2 Rhamnetin
6 10.55 331.0811 −0.30 C17H14O7 330.0740 316.1 (100%), 301.1, 273.2, 121.1 7,4′-Dimethylquercetin
7 10.83 331.0809 −0.91 C17H14O7 330.0740 316.1, 315.1, 301.1 (100%), 273.1,

217.0, 151.1
3,5-Dimethylquercetin

8 5.49 449.1079 0.22 C21H20O11 448.1006 287.0 (100%), 269.0 Kaempferol-3-O-hexoside
9 5.83 449.1074 −0.89 C21H20O11 448.1006 287.0 (100%), 96.8 Kaempferol-3-O-hexoside
10* 5.92 449.1079 0.22 C21H20O11 448.1006 303.1 (100%) Quercitrin
11 6.41 449.1069 −2.00 C21H20O11 448.1006 303.1 (100%) Quercetin-O-deoxyhexoside
12 6.70 449.1079 0.22 C21H20O11 448.1006 303.1 (100%) Quercetin-O-deoxyhexoside
13 4.95 465.1034 1.29 C21H20O12 464.0955 303.0 (100%), Quercetin-3-O-hexoside
14* 5.19 465.1036 1.72 C21H20O12 464.0955 303.0 (100%), 285.0, 257.1, 229.2,

165.0, 137.0
Isoquercetrin

15 6.52 465.1034 1.29 C21H20O12 464.0955 303.1 (100%), 185.0, 114.1 Quercetin-O-hexoside
16 3.95 479.1178 −1.25 C22H22O12 478.1111 317.0 (100%) Methylquercetin-O-hexoside
17 4.85 479.1175 −1.88 C22H22O12 478.1111 317.0 (100%), 191.0, 174.0 Methylquercetin-O-hexoside
18 5.76 479.1175 −1.88 C22H22O12 478.1111 317.1 (100%), 302.1, 123.1 3-O-Methylquercetin-O-hexoside
19 6.22 479.1176 −1.67 C22H22O12 478.1111 317.1 (100%) Methylquercetin-O-hexoside
20 6.53 479.1178 −1.25 C22H22O12 478.1111 317.1 (100%) Methylquercetin-O-hexoside
21 3.97 493.1340 −0.20 C23H24O12 492.1268 331.1 (100%), 316.1, 301.0, 185.1 Dimethylquercetin-O-hexoside
22 5.82 493.1345 0.81 C23H24O12 492.1268 331.1 (100%) Dimethylquercetin-O-hexoside
23 6.24 493.1347 1.22 C23H24O12 492.1268 331.1 (100%), 151.1 Dimethylquercetin-O-hexoside
24 6.92 493.1340 −0.20 C23H24O12 492.1268 331.1 (100%), 316.1, 301.0 Dimethylquercetin-O-hexoside
25 7.35 493.1345 0.81 C23H24O12 492.1268 331.1 (100%), 121.1 Dimethylquercetin-O-hexoside
26 5.49 595.1664 1.18 C27H30O15 594.1585 449.1, 287.0 (100%) Kaempferol-3-O-hexoside deoxyhexoside
27* 4.95 611.1610 0.49 C27H30O16 610.1534 465.0, 303.0 (100%) Rutin
28 6.04 611.1604 −0.49 C27H30O16 610.1534 465.0 (100%), 303.0 Quercetin-O-hexoside deoxyhexoside
29 5.61 625.1769 0.96 C28H32O16 624.1690 479.1, 317.1 (100%), 301.1 Methylquercetin-O-hexoside deoxyhexoside
30 6.12 625.1770 1.12 C28H32O16 624.1690 479.0, 317.0 (100%) Methylquercetin-O-hexoside deoxyhexoside
31 8.30 623.1618 0.00 C28H32O16 624.1690 299.1 (100%) Isokaempferide-O-hexoside-hexoside
32 3.99 757.2181 −0.66 C33H40O20 756.2113 611.0, 449.0 (100%), 287.0 Kaempferol-O-hexoside deoxyhexoside-O-

hexoside
33 5.21 757.2177 −1.19 C33H40O20 756.2113 449.0 (100%), 287.0 Kaempferol-O-hexoside deoxyhexoside-O-

hexoside
34 3.88 773.2143 1.03 C33H40O21 772.2062 465.0 (100%), 303.0 Quercetin-O-hexoside deoxyhexoside-O-hexoside
35 4.28 773.2137 0.26 C33H40O21 772.2062 465.1, 449.1, 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-hexoside
36 4.44 773.2131 −0.52 C33H40O21 772.2062 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-hexoside
37 4.73 773.2130 −0.65 C33H40O21 772.2062 611.0, 465.1, 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-hexoside
38 5.40 773.2130 −0.65 C33H40O21 772.2062 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-hexoside
39 5.00 893.2565 0.90 C37H48O25 892.2485 747.0, 585.1, 303.0 (100%), 265.1,

121.1
Quercetin-O-hexoside deoxyhexoside-O-
xylobiose

40 5.14 893.2557 0.56 C37H48O25 892.2485 585.1, 303.0 (100%), 121.1 Quercetin-O-hexoside deoxyhexoside-O-
xylobiose

41 6.41 893.2559 0.22 C37H48O25 892.2485 585.1, 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-
xylobiose

42 3.82 935.2667 0.43 C39H50O26 934.2590 773.0, 627.0, 611.0, 465.0, 449.0,
303.0 (100%)

Quercetin-O-hexoside deoxyhexoside-O-
hexoside-O-hexoside

43 3.98 935.2663 0.53 C39H50O26 934.2590 627.0, 303.0 (100%) Quercetin-O-hexoside deoxyhexoside-O-
hexoside-O-hexoside

Flavanols (parent ions: [M+H]+ for compounds 44–54)
44* 4.11 291.0864 0.34 C15H14O6 290.0790 273.1, 161.2, 147.1, 139.1 (100%),

123.1
Epicatechin

45* 4.39 291.0863 0.01 C15H14O6 290.0790 273.1, 207.1, 165.1, 161.0, 147.0,
139.1(100%), 123.0

Catechin

46 6.57 411.1079 1.22 C22H18O8 410.1002 273.1, 139.1 (100%), 123.1 Epicatechin/Catechin-O-hydroxybenzoate
47 6.87 411.1077 0.73 C22H18O8 410.1002 273.1, 151.1, 139.1, 123.1 (100%) Epicatechin/Catechin-O-hydroxybenzoate
48 7.30 411.1077 0.73 C22H18O8 410.1002 273.1, 139.1, 123.1 (100%) Epicatechin/Catechin-O-hydroxybenzoate
49 3.92 453.1390 −0.22 C21H24O11 452.1319 291.2 (100%), 165.1, 139.1, 123.0 Epicatechin-O-hexoside
50 4.09 453.1385 −1.32 C21H24O11 452.1319 291.2 (100%), 273.1, 139.1, 123.0 Catechin-O-hexoside
51 5.88 683.1755 −0.59 C37H30O13 682.1686 515.0, 411.0 (100%), 393.1, 287.0,

273.1, 231.1, 151.1, 123.0
Epicatechin/catechin-O-hydroxybenzoate-O-
epicatechin/catechin

52 6.17 683.1765 0.88 C37H30O13 682.1686 515.0, 411.0 (100%), 393.1, 273.1,
211.1, 151.1, 123.0

Epicatechin/catechin-O-hydroxybenzoate-O-
epicatechin/catechin

53 7.71 683.1759 0.66 C37H30O13 682.1686 287.2, 273.1 (100%), 231.1 Epicatechin/catechin-O-hydroxybenzoate-O-
epicatechin/catechin

54 8.19 683.1761 0.29 C37H30O13 682.1686 273.1 (100%) Epicatechin/catechin-O-hydroxybenzoate-O-
epicatechin/catechin

(continued on next page)
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3. Results and discussion

3.1. Identification of flavonoids and anthraquinones in tartary buckwheat
seeds

We identified the compounds in tartary buckwheat seeds, i.e., the
mixed samples of groats and hulls. The high-resolution full scan of
UPLC–QTOF–MS determined the accurate mass of the compounds. The
fragmentation profiles of the constituents were provided by a PI scan of
UPLC–QQQ–MS/MS. The structures of the constituents were analyzed
by matching the MS and MS/MS spectra to those of authentic standards
and known literatures. Eventually, 71 compounds were identified or
tentatively characterized in tartary buckwheat seeds, namely 60 fla-
vonoids (43 flavonols, 11 flavanols, and 6 other flavonoids) and 11
anthraquinones. Their detailed information regarding their accurate
mass, fragmentation ions of MS2, and retention time is presented in
Table 2.

3.1.1. Flavonoids
3.1.1.1. Flavonols. Several flavonols were isolated from the tartary
buckwheat seed sample. The major flavonol glycosides comprised two
types of aglycones, quercetin, and kaempferol. The sugar moieties such
as glucoside, rhamnose, and rutinoside were mostly cleaved from these
isolated flavonol glycosides, which corresponded to the neutral losses of
162, 146, and 308 Da, respectively. In this study, five flavonols
(compounds 1, 3, 10, 14, and 27) were unambiguously identified as
kaempferol, quercitrin, quercetin, isoquercetrin, and rutin, respectively,
by comparing their retention times, adduct ions, and product ions with
those of authentic standards.

Compound 2 was identified as isokaempferide with the molecular
formula C16H12O6, for which a series of fragment ions [M+H-CH3]+ at
m/z 286.0 and [M+H-CH4]+ at m/z 285.1 and characteristic fragments
of Retro Diels–Alder (RDA) reaction cleavage m/z 153.0 has been de-
tected from tartary buckwheat bran (Bao, Zhou, Zhang, Peng, & Li,
2003).

Two flavonols (compounds 4 and 5) were deduced to have the
molecular formula C16H12O7. In the MS2 spectrum, the ion at m/z 317.1
fragmented to an ion [M+H-CH3]+ at m/z 302.1 and characteristic
fragments of RDA reaction cleavage m/z 153.0. Considering the char-
acteristic ion [M+H-CH4]+ at m/z 301.1 of compound 4, compounds 4
and 5 were tentatively identified as 3-O-methylquercetin and rham-
netin, respectively, both of which have been isolated from Fagopyrum

dibotrys (D. Don) Hara (Wu, Zhou, & Pan, 2008; Wang, Zhang, & Yang,
2005).

Compounds 6 and 7 were tentatively identified as 7,4′-di-
methylquercetin and 3,5-dimethylquercetin, respectively, in agreement
with ions [M+H]+ at m/z 331.0811 and 331.0809, respectively. The
MS2 spectra of both these compounds presented fragment ions [M+H-
CH3]+ at m/z 316.1 and [M+H-2CH3]+ at m/z 301.1, respectively.
Compound 7 had the characteristic ion [M+H-CH4]+ at m/z 315.1,
which has been previously identified in Fagopyrum dibotrys (D. Don)
Hara (Wang et al., 2005).

Five flavonols (compounds 8–12) were identified with the mole-
cular formula C21H20O11. In the MS2 spectra of compounds 8 and 9, the
ion at m/z 449.1 was fragmented to the ion [M+H-162 Da]+ at m/z
287.0. Therefore, compounds 8 and 9 were tentatively identified as
kaempferol-3-O-β-D-galactoside and kaempferol-3-O-β-D-glucoside, re-
spectively, which have been previously detected in tartary buckwheat
(Ren et al., 2013). In the MS2 spectra of compounds 10–12, the ion at
m/z 449.1 was fragmented to the ion [M+H-146 Da]+ at m/z 303.1,
indicating loss of rhamnose, and these compounds were putatively
identified as quercetin-O-rhamnoside. Compound 10 was unequivocally
identified as quercitrin based on the authentic standard.

Three flavonols (compounds 13–15) were determined to have the
molecular formula C21H20O12, with a characteristic ion [M+H-
162 Da]+ at m/z 303.0. Therefore, they were tentatively identified as
quercetin-O-hexose. Compound 14 was unequivocally identified as
isoquercetrin according to the authentic standard. The elution order of
glycosylated flavonoids with a monosaccharide at the same position
was galactoside > glucoside in C18 columns; therefore, compound 13
was identified as quercetin-3-O-β-D-galactoside, which has been pre-
viously identified in tartary buckwheat seeds (Ren et al., 2013).

Five flavonols (compounds 16–20) were determined to have the
molecular formula C22H22O12, with a characteristic ion [M+H-
162 Da]+ at m/z 317.0. Therefore, compounds 16, 17, 19, and 20 were
identified as methylquercetin-O-hexose; compound 18 was identified as
3-O-methylquercetin-O-hexose owing to the similar fragment ions of
compound 4.

Five flavonols (compounds 21–25) with the same molecular formula
C23H24O12, a characteristic ion [M+H-162 Da]+ at m/z 331.1, and
fragment ions at m/z 316.1 and 301.0 were presented in the MS2

spectra of compounds 21 and 24. Therefore, compounds 21–25 were
determined to be dimethylquercetin-O-hexose.

Compound 26 exhibited the deprotonated ion [M+H]+ at m/z

Table 2 (continued)

No.a tRb(minute) Parent ion(m/
z)

Error
(ppm)

Molecular
formula

Molecular Mass
(dalton)

Fragmentation profile (m/z)
(Relative abundance %)

Identification

Other flavonoids (parent ions: [M+H]+ for compounds 55 and 58–60, [M−H]− for compound 56 and 57)
55 8.20 273.0753 −1.46 C15H12O5 272.0685 255.0, 137.0 (100%) Naringenin
56* 8.17 285.0405 0.00 C15H10O6 286.0477 229.1, 171.1, 133.0 (100%) Luteolin
57 6.79 287.0557 −1.39 C15H12O6 288.0634 259.0, 241.1, 125.0 (100%) Tetrahydroxyflavanone
58 4.00 435.1284 −0.46 C21H22O10 434.1213 273.1 (100%) Naringenin-O-hexoside
59 6.93 435.1287 0.23 C21H22O10 434.1213 273.1 (100%) Naringenin-O-hexoside
60 6.02 449.1085 1.56 C21H20O11 448.1006 287.0 (100%), 137.1 Cyanidin-3-O-hexoside
Anthraquinones (parent ions: [M−H]− for compounds 61–71)
61* 11.97 269.0452 −1.12 C15H10O5 270.0528 240.1(100%), 225.1 Aloe-emodin
62* 12.76 269.0451 −1.49 C15H10O5 270.0528 241.1, 225.1 (100%) Emodin
63 6.94 271.0242 −2.21 C14H8O6 272.0321 253.0 (100%), 225.1 Tetrahydroxyanthraquinone
64 9.05 271.0243 −1.84 C14H8O6 272.0321 253.1 (100%), 227.1 Tetrahydroxyanthraquinone
65* 7.35 283.0250 0.71 C15H8O6 284.0321 239.1 (100%), 211.0, 183.0 Rhein
66* 12.25 283.0609 −1.06 C16H12O5 284.0321 268.0, 240.0 (100%) Physcion
67* 9.98 285.0405 −1.75 C15H10O6 286.0477 267.0, 257.0, 229.0, 211.1 (100%) ω-Hydroxyemodin
68* 7.87 299.0560 −0.33 C16H12O6 300.0634 256.1 (100%) Questinol
69 5.75 431.0981 −0.70 C21H20O10 432.1056 269.1 (100%) Aloe-emodin/Emodin-O-hexoside
70 6.68 431.0978 −1.39 C21H20O10 432.1056 269.1 (100%) Aloe-emodin/Emodin-O-hexoside
71* 8.40 431.0980 −0.93 C21H20O10 432.1056 269.1 (100%) Emodin-8-O-glucoside

a: number; compounds identified with standards are marked with*.
b: tR indicates retention time.
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595.1664. The fragment ions [M+H-146 Da]+ at m/z 449.1 and [M
+H-146 Da-162 Da]+ at m/z 287.0 were recorded in the MS/MS
spectrum; therefore, it was tentatively identified as kaempferol-3-O-
rutinoside, which has been previously identified in tartary buckwheat
seed (Jiang et al., 2015)

Two compounds (compounds 27 and 28) were detected to have the
same molecular formula C27H30O16 and a series of the fragment ions at
m/z 465.0 and 303.0. Compound 27 was unequivocally identified as
rutin based on an authentic standard, whereas compound 28 was ten-
tatively identified as quercetin-O-rutinoside.

The molecular formulas of three flavonols (compounds 29–31) were
deduced to be C28H32O16. Compounds 29 and 30 exhibited the adduct
ion [M+H]+ at m/z 625.1769 and 625.1770, respectively. Fragment
ions [M+H-146 Da]+ at m/z 479.1 and [M+H-146 Da-162 Da]+ at m/
z 317.0 were observed in their MS/MS spectra; therefore, they were
tentatively identified as methylquercetin-O-rutinoside.

Compound 31 exhibited the deprotonated ion [M−H]− at m/z
623.1618 and major ion [M−H−162 Da-162 Da]− at m/z 299.1 and
was deduced to be isokaempferide-O-glucoside-glucoside.

Compounds 32 and 33 were tentatively identified as kaempferol-O-
rutinoside-O-glucoside in agreement with the molecular formula
C33H40O20 and a series of the same fragment ions [M+H-308 Da]+ at
m/z 449.0 and [M+H-308 Da-162 Da]+ at m/z 287.0.

Compounds 34–38 were tentatively identified as quercetin-O-ruti-
noside-O-glucoside in agreement with the molecular formula C33H40O21

and the same fragment ions [M+H-308 Da-162 Da]+ at m/z 287.0.
Among them, quercetin-3-O-rutinoside-3′-O-β-glucopyranoside has
been previously identified in tartary buckwheat seeds (Jiang et al.,
2015).

Compounds 39–41 (C37H48O25) were tentatively identified as
quercetin-O-rutinoside-O-xylobiose for a series of the same fragment
ions [M+H-308 Da]+ at m/z 585.1 and [M+H-308 Da-282 Da]+ at m/
z 303.0, whereas compounds 42 and 43 (C39H50O26) were temporarily
recognized as quercetin-O-rutinoside-O-glucoside-O-glucoside for the
same fragment ions [M+H-308 Da]+ at m/z 627.0 and [M+H-308 Da-
162 Da-162 Da]+ at m/z 303.0.

3.1.1.2. Flavanols. In the present study, 11 flavanols were detected in
tartary buckwheat seeds. Epicatechin (compound 44) and catechin
(compound 45) were unequivocally identified in reference to the
authentic standards. The retention time of epicatechin is consistently
earlier than that of catechin.

Three flavanols (compounds 46–48) were determined to have the
same molecular formula C22H18O8. Fragment ions [M+H-138 Da]+ at
m/z 273.1 corresponded to the loss of hydroxybenzoate. The same
fragment ions at m/z 273.1, 139.1, and 123.1 were identified for epi-
catechin and catechin; therefore, these compounds were deduced as
epicatechin/ catechin-O-hydroxybenzoate. According to the literature,
epicatechin-3-O-hydroxybenzoate has been previously isolated from
buckwheat (Watanabe, 1998).

Compounds 49 and 50 (C21H24O11) were tentatively identified as
epicatechin-3-O-glucoside and catechin-3-O-glucoside, respectively,
sharing the same fragment ions [M+H-162 Da]+ at m/z 291.2 and
C6H3O3

+ at m/z 123.1. Epicatechin-7-O-glucoside and catechin-7-O-
glucoside have been previously identified in buckwheat and tartary
buckwheat, respectively (Ren et al., 2013; Watanabe, 1998).

Four flavanols (compounds 51–54) were tentatively identified as
epicatechin/catechin-O-hydroxybenzoate-O-epicatechin/catechin for
the same molecular formula C37H30O13 and characteristic ions [M+H-
272 Da]+ at m/z 411.0 and [M+H-272 Da-138 Da]+ at m/z 273.0.

3.1.1.3. Other flavonoids. In the present study, we tentatively identified
four dihydroflavonols (compounds 55, 57, 58, and 59), one flavone
(compound 56), and one anthocyanidin (compound 60) in tartary
buckwheat seeds. Based on the authentic standards, luteolin
(compound 56) was unequivocally identified in tartary buckwheat

seeds.
Compound 55 was identified as naringenin with the molecular

formula C15H12O5, fragment ion [M+H-H2O]+ at m/z 255.0, and the
characteristic fragment of RDA cleavage at m/z 137.0, which has been
previously isolated from other species of the Polygonaceae family, such
as Polygonum cuspidatum (Ma et al., 2009). Compound 57 (C15H12O6)
was tentatively identified as tetrahydroxy flavanone with its fragment
ions [M−H−CO]− at m/z 259.0 and [M−H−H2O]− at m/z 241.1,
whereas compounds 58 and 59 (C21H22O10) were tentatively classified
as naringenin-O-glucoside, cleaving the same fragment ion [M+H-
162 Da]+ ay m/z 273.1. Compound 60 (C21H20O11) was tentatively
identified as cyanidin-3-O-glucoside with the characteristic fragment
ions [M+H-162 Da]+ at m/z 287.0 and RDA cleavage at m/z 137.0,
which has been previously identified in buckwheat sprouts (Kim et al.,
2007).

3.1.2. Anthraquinones
Based on previous qualitative and quantitative analysis of anthra-

quinones in tartary buckwheat (Peng et al., 2013; Wu et al., 2015), we
speculated that more anthraquinones exist in tartary buckwheat seeds.
Seven anthraquinones (compounds 61, 62, 65–68, and 71) were un-
ambiguously identified as aloe-emodin, emodin, rhein, physcion, ω-
hydroxyemodin, questinol, and emodin-8-O-glucoside, respectively, by
comparing their retention times, adduct ions, and product ions with
those of authentic standards. Compounds 63 and 64 (C15H12O5) were
deduced to be tetrahydroxyanthraquinone with the same fragment ion
[M−H−H2O]− at m/z 253.1, whereas compounds 69 and 70
(C21H20O10) were tentatively identified as aloe-emodin/emodin-O-glu-
coside for their same characteristic fragment ions [M+H-162 Da]− at
m/z 269.1.

3.2. UPLC–MS/MS-based metabolomics analysis of flavonoids and
anthraquinones in tartary buckwheat seeds

The 71 compounds identified in both groats and hulls of tartary
buckwheat seeds (Fig. 1) were quantitatively analyzed using an MRM
scan (Sun et al., 2020; Li et al., 2019). The MRM transitions of these
compounds were obtained by analyzing their fragmentation profiles
and structures. For optimization of MS conditions, the MRM transitions
of all compounds were investigated in both the positive and negative
ion modes. Compared with that observed in the negative ion mode, we
found that a higher relative intensity of ion responses was demonstrated
in the positive ion mode, except for flavonoid compounds 3, 31, 56, and
57 and all the anthraquinones. The collision energy of the 71 compo-
nents was optimized. UPLC conditions were optimized for achieving
satisfactory chromatographic settings, including the best chromato-
graphic separation and peak symmetry (Plazonić et al., 2009). The
optimized extracted ion chromatograms (EICs) and MRM transitions of
the 71 identified compounds are shown in Fig. 2. All the 71 compounds
identified in the groats and hulls of different cultivars of different shape
and color seeds were used in OPLS–DA.

It is well known that the technical and analytical errors must be
small enough to avoid interruptions in multivariate data analysis and
ensure that reliable and high-quality data are acquired with UPLC–MS/
MS-based metabonomics. The line plots of the QC samples generated by
principal components analysis (PCA) were plotted between standard
deviations of 2SD and −2SD.

3.2.1. Difference between various colors of tartary buckwheat seeds
The coloration of tartary buckwheat seeds is critically an important

discriminatory factor for their cultivars. Fortunately, our collected
samples comprised cultivars of tartary buckwheat seeds including BTB
seeds (n = 20) and YTB seeds (n = 20) from different locations.
Information regarding the color of seeds is presented in Table 1. The L*
values of BTB and YTB seeds were 11.93–18.65 and 30.54–39.98, re-
spectively. The b* values of BTB and YTB seeds were 2.95–8.07 and
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13.17–24.15, respectively. Those samples provided an excellent model
to evaluate the metabolic variation in both groats and hulls between
BTB and YTB seeds.

Representative compounds from groats of cultivars with black or
yellowish-brown hulls could be revealed by OPLS–DA. High predict-
ability (Q2) and strong goodness of fit (R2X, R2Y) of the OPLS–DA
models were observed on comparing the groats of BTB and YTB seed
(Q2 = 0.694, R2X = 0.555, R2Y = 0.921). In the plot of OPLS–DA, the
groats of BTB and YTB seeds showed clear separation (Fig. 3A). Dif-
ferential metabolites, including twelve flavonoids (compounds 1, 4, 7,
9, 21, 25, 46, 47, 48, 51, 53, and 58) and three anthraquinones
(compounds 62, 63, and 67), were identified using filter criteria of
p < 0.05 and variable importance for projection (VIP) > 1. The
screening results have been illustrated using volcano plots (Fig. 3B).
These compounds could be used to distinguish the groats of BTB and

YTB seeds. As shown in Fig. 3A, the hulls of BTB and YTB seeds also
showed obvious separation on OPLS–DA (Q2 = 0.836, R2X = 0.563,
R2Y = 0.960). A total of 18 differential metabolites were identified
using filter criteria of p < 0.05 and VIP > 1, namely 16 flavonoids
(compounds 5, 9, 16, 19, 22, 23, 29, 37, 44, 45, 49, 56, 57, 58, 59, and
60) and two anthraquinones (compounds 64 and 69). The differential
metabolites, except for compounds 9 and 58, contributed to the various
colors of groats and hulls.

Both flavonoids and anthraquinones contributed to the relationship
between the secondary metabolites and seed color of tartary buckwheat
seeds. As shown in Fig. 3C, the concentrations of all the differential
metabolites in the groats of YTB seeds were higher than those in the
groats of BTB seeds, and the fold change from YTB to BTB groats was
1.24–1.55. Instead, the concentrations of all the differential metabolites
in the hulls of YTB seeds were lower than those in the hulls of BTB

Fig. 1. Seeds, groats, and hulls of four tartary buckwheat cultivars (TB063, TB177, TB054, and TB278) with different color and shape.

Fig. 2. The optimized extracted ion chromatograms (EIC) of the 60 flavonoids (A) and 11 anthraquinones (B) in tartary buckwheat groats (TB068). All the 71
compounds were analyzed in the positive ion mode (ESI+), except for compounds 3, 31, 56, 57, and 61–71. Compound number is consistent with the compound
number in Table 2.
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Fig. 3. Relationship between secondary metabolites (flavonoids and anthraquinones) and their morphological variations (color and shape) in tartary buckwheat
seeds (groats and hulls). (A) OPLS–DA of tartary buckwheat seeds with different morphological variations; (B) Volcano plots of secondary metabolites; (C) Peak areas
of differential metabolites identified in tartary buckwheat seeds with different morphological variations.
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seeds. The fold change from BTB to YTB hulls was 1.32–3.78. The
changing trend of differential metabolites was opposite between groats
and hulls. Compared with the groats of BTB seeds, the groats of YTB
seeds possibly exhibited better biological activities. To better under-
stand the distinct features of tartary buckwheat seeds, groats and hulls
should be investigated separately.

3.2.2. Difference between various shapes of tartary buckwheat seeds
The shapes of both BTB and YTB seed were simply classified into

long and short, which can be determined by the length/width ratio. Our
sample collection included long (n = 20) and short (n = 20) tartary
buckwheat seeds, and their length/width ratio values were approxi-
mately 1.78–2.11 and 1.16–1.51, respectively (Table 1).

Good predictability (Q2) and strong goodness of fit (R2X, R2Y) of the
OPLS–DA models were observed in the comparison between the long
and short shapes of groats (Q2 = 0.552, R2X = 0.590, R2Y = 0.893).
Long and short groats showed clear separation in OPLS–DA, indicating
significant differences in various groat shapes (Fig. 3A). A total of 11
flavonoids (compounds 4, 7, 17, 19, 20, 22, 25, 30, 47, 52, and 54)
were identified with p < 0.05 and VIP > 1 (Fig. 3B). As shown in
Fig. 3A, the segregation between the long and short shapes of hulls was
not clear in OPLS–DA (Q2 = 0.368, R2X = 0.467, R2Y = 0.756), and
only two flavonoids (compounds 7 and 22) were identified with sta-
tistical significance (Fig. 3B).

No significant difference was observed among anthraquinones in
terms of the relationship between the secondary metabolites and shape
of tartary buckwheat seeds. The concentrations of all the differential
metabolites in the groats of long seeds were higher than those in in the
groats of short seeds, and their fold change was 1.29–1.78 (Fig. 3C).
The concentrations of these two flavonoids (compounds 7 and 22) were
also higher in the hulls of long seeds than those in the hulls of short
seeds, and their fold change was 1.39–1.44 (Fig. 3C). The change trend
of differential metabolites in groats and hulls was consistent. Therefore,
it is suggested that long seeds could have better biological activities
than short ones.

3.2.3. Difference between hulls and groats of tartary buckwheat seeds
The data of the 71 compounds identified in the 40 groats and 40

hulls were used to identify differential metabolites between groats and
hulls. Regardless of morphological variations, groats and hulls were
well distinguished in OPLS–DA (Q2 = 0.934, R2X = 0.982,
R2Y = 0.956), as shown in Fig. 4A. A total of 64 different metabolites
were identified with p < 0.05 and VIP > 1, namely 53 flavonoids and
11 anthraquinones (Fig. 4B). These metabolites can be assigned to two
groups based on their change fold trends, as shown in volcano plots
(Fig. 4B). We found that 17 compounds were present at higher con-
centrations in hulls (Fig. 4C) and 46 compounds were present at higher
concentrations in groats (Fig. 4D). It is noteworthy that the con-
centration of rutin (a major component of tartary buckwheat) was
higher in hulls than in groats, and the change fold was approximately
twice more than that in groats. Nine flavonoids (compounds 2, 4, 6, 13,
27, 29, 56, 57, and 59) and eight anthraquinones (compounds 61,
64–66, and 68–71) identified in hulls were present at higher content
than that observed in groats; the fold change was 1.36–29.05. It has
been reported that buckwheat hulls have higher antioxidant activity
than buckwheat groats regardless of the cultivars (Dziadek & Kopeć, A.,
Pastucha, E., Pia˛tkowska, E., Leszczyńska, T., Pisulewska, E.,
Witkowicz, R., & Francik, R. , 2016). Therefore, hulls should not be
discarded. The utilization of tartary buckwheat hulls as feedstock could
not only reduce environmental pollution but also increase the addi-
tional value of tartary buckwheat seeds.

Regarding the contribution of differential metabolites to the various
colors of groats, all the 15 metabolites, except for compound 4, were
present at higher concentrations in groats than in hulls. Among the 18
differential metabolites that contributed to the various colors of hulls,
the concentrations of six metabolites (compounds 29, 56, 57, 59, 64,

and 69) were higher in hulls than in groats. Regarding the 11 differ-
ential metabolites that contributed to the various shapes of groats, 9
metabolites (compounds 7, 17, 19, 22, 25, 30, 47, 52, and 54) were
present at higher concentrations in groats. Two differential metabolites
(compounds 7 and 22) that contributed to the various shapes of hulls
were present at higher concentrations in groats. The findings of the
present study could be used to select and breed specific compositions of
tartary buckwheat seeds, which was possible by monitoring the varia-
tions in metabolomics among different cultivars.

4. Conclusion

An LC–MS/MS-based target metabolomics method was developed to
study the chemical profiles of 60 flavonoids and 11 anthraquinones in
tartary buckwheat seeds. This method was used to study 40 cultivars of
tartary buckwheat seeds from different regions. Both flavonoids and
anthraquinones contributed to the relationship between the secondar-
y metabolites and color of tartary buckwheat seeds. However, the
changing trend of differential metabolites was different between groats
and hulls. Regarding the relationship between the secondar-
y metabolites and shape of tartary buckwheat seeds, only flavonoids
contributed to a significant difference. The changing trend of differ-
ential metabolites in groats and hulls was consistent. Meanwhile, dif-
ferent metabolites in hulls and groats of tartary buckwheat were ex-
plored. This research provides reference for the selection of tartary
buckwheat seeds with optimized metabolic profiles for the precise
breeding of new cultivars and also aids in assessing metabolic quality.
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