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Common buckwheat starch (CBS) has extensive using value in the human diet. In this study, themolecular struc-
ture and physicochemical properties of CBS isolated fromfive cultivars collected from three regions of Chinawere
studied. Variations in molecular structure, crystalline structure, complexity, water solubility (WS), swelling
power (SP), pasting properties, and thermal characteristics were recorded among the starches. The CBS had
both similarities and differences in its properties by comparison with maize starch (MS) and potato starch
(PS). The average molecular weight (MW) and amylopectin average chain length (ACL) of CBS ranged from
3.86 × 107 g/mol to 4.68 × 107 g/mol and from 21.29% to 22.68%, respectively. CBS and MS were divided into
one subgroup and showed typical A diffraction patterns, while PS was divided into two subgroups and exhibited
a typical B polymorphic pattern. TheWS and SP of all the starches significantly increasedwith increasing temper-
ature and had great variation at 70 °C and 90 °C. Pearson's correlation analysis showed that the molecular struc-
ture of starches greatly affected the physicochemical properties. This study revealed that the physicochemical
properties of CBS could be affected by the molecular structures.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Starch, a main nutrient component in the human diet, has been
widely used as an ingredient in many food and non-food applications
[1,2]. Starch consists of amylose (largely linear) and amylopectin
(branched), the former is a basically linear polymer with α-(1–4)-
linked glucopyranosyl units, while the latter is a highly branched mole-
cule with α-(1–4)-linked glucopyranosyl units in a chain connected by
α-1,6 linkages [3]. Currently, the relationship between the structure and
properties of starch components is still a research hotspot [4]. In partic-
ular, the importance of the internal molecular structure of amylopectin
in influencing the functional properties of starch has been increasingly
understood [2].

Common buckwheat, Fagopyrum esculentum, originates from China
[5]. It is widely grown in Asia, Europe, and the Americas, and has proven
to be a healthy food containing large amounts of starch, protein, and
minerals, in addition to other healthful ingredients [6]. Recently,
hwest A&F University, Yangling
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commonbuckwheat has receivedmore attention as a potentialmaterial
for functional food development and production, and many functional
foods derived from common buckwheat have been commercialized, in-
cluding breads, noodles, and honey [7]. Common buckwheat starch
(CBS) accounts for about 70% of the grain, its structural characteristics
determine its quality. Thus, understanding the starchmolecules of com-
mon buckwheat is critical for the food and non-food applications.

Recent studies have shown that the physicochemical properties of
starches could be affected by the molecular structures. Lee et al. [8]
have found that rice starches with larger amylopectin chains (DP ≥37)
have a higher gelatinization temperature, whereas Huang et al. [9] de-
termined that there was a negative correlation of swelling power (SP)
with amylopectin long branch-chain content of maize starch. Similarly,
Zhu and Hao [4] have reported that there are differences in themolecu-
lar weight of various potato starches, manifested by significant differ-
ences in their crystal structure, thermal properties, and pasting
characteristics. However, how the molecular structure of CBS affects
its physicochemical properties has not been reported.

In this study, five common buckwheat cultivars collected from three
regions were selected to determine how themolecular structure affects
the crystalline structure, complexity, pasting properties, and thermal
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characteristics of CBS. Maize starch (MS) and normal potato starch (PS)
samples were employed as references. The results of this work will pro-
vide important basis for its development.

2. Materials and methods

2.1. Materials

Five common buckwheat cultivarswere collected from three regions
in China: Chitian128 (CT), Meng1308 (ME), and Tongqiao4 (TQ) from
Inner Mongolia; Guqiao1 (GQ) from Ningxia Hui Autonomous Region;
andXinong9976 (XN) fromShaanxi Province. The temperature and pre-
cipitation of the three locations were similar. A normal maize
(Shandan683) from theNorthwest A&FUniversity and potato (Xiabodi)
provided by Yulin Modern Agriculture Demonstration Garden were
used for comparison.

2.2. Starch isolation

CBSwas isolated fromfive cultivars through themethod byGao et al.
[10]. MS and PS were isolated followed by Zhu and Cui [11].

2.3. Methods

2.3.1. Average molecular weight
The GPC-RI-MALS (gel chromatography - differential - multi - Angle

laser light scattering) analysis methodwas used to detect themolecular
weight distribution of samples. The main analysis conditions were as
follows: RI: Optilab T-rEX (Wyatt technology, CA, USA), MALS: DAWN
HELEOS II (Wyatt technology, CA, USA), and Pump: Series 1500 Pump,
waters.

2.3.2. Amylopectin chain length distribution
The branched chain distribution of amylopectin was analyzed using

the method of Yang et al. [12]. An electrochemical detector and
Dionex™ CarboPac™ PA200 (3.0 × 250 mm, 062895) ion column
were used. Mobile phase A (aqueous solution), mobile phase B
(100 mM NaOH and 1 M NaAC), mobile phase C (100 mM NaOH). The
flow rate control was 0.4 mL/min, and column temperature control
was 30 °C.

2.3.3. X-ray diffraction (XRD)
X-ray diffraction was analyzed by employing an X-ray diffractome-

ter (D/Max 2550PC, Rigaku, Japan). The diffraction angle (2θ) was in
the range of 5°-50° with a scanning rate of 10°/min. The diffraction
peaks at 2θ were calculated using MDI Jade 6 software.

2.3.4. Fourier transformed infrared spectrometry (FTIR) analysis
The short-range ordered structures of starches were analyzed using

a Fourier transform infrared spectrometer (7000, Varian, USA) follow-
ing the method of Guo et al. [13]. The spectra was set from 700 cm−1

to 1200 cm−1, and the resolution was 4 cm−1.

2.3.5. Bivariate flow cytometric analysis
2 mg of starch, 3 μL APTS (20 mM) and 3 μL sodium

cyanoborohydride (1 M) were mixed in the tubes, and stained at
30 °C in the dark for 15 h. The samples were washed with ddH2O for 5
times to make starch suspension. Then the starch suspensions were ob-
served under with an inverted fluorescence microscope (Imager M2,
Carl Zeiss, Germany) for the staining to occur. The stained starch sus-
pension was analyzed by flow cytometry [14].

2.3.6. Water solubility (WS) and swelling power (SP)
WS and SP were determined following the method of Liu et al. [15]

with some modifications. 0.15 g starch (m1) and 5 mL distilled water
were mixed and transferred to centrifuge tubes, and heated from
50 °C to 90 °C for 30 min at water bath. Then the samples were cooled
to room temperature and centrifuged (3000 rpm, 15min). The superna-
tant was poured into a beaker and dried to stable weight (m2) at 105 °C,
and the remaining starch paste wasweighed (m3). TheWS and SPwere
calculated as follows:

WS %ð Þ ¼ m2=m1ð Þ � 100 ð1Þ

SP g=gð Þ ¼ m3= m1−m2ð Þ½ � � 100 ð2Þ

2.3.7. Thermal properties
The gelatinization properties of starches were studied following the

modified method of Zhang et al. [16]. Starch (3 mg) and distilled water
(6 μL) were added into an aluminum pan, and kept at 4 °C refrigerator
for 24 h. Then the sampleswere heated from 30 °C to 100 °C at a heating
rate of 10 °C/min using a differential scanning calorimetry (DSC) (Wa-
ters, Q2000, USA).

2.3.8. Pasting properties
The pasting behavior of starches weremeasuredwith a rapid viscos-

ity analyzer (Perten, Stockholm, Sweden) through themethod of Zhang
et al. [16]. The main viscosity parameters were obtained from the past-
ing curves.

2.4. Statistical analysis

All samples were repeated three times. Results were expressed as
mean ± standard deviations. Statistical analyses with Duncan's multi-
ple test (p b .05) were performed with SPSS. 17.0 software.

3. Results and discussion

3.1. Molecular weight distribution

A degree of diversity in average molecular weight (MW), radius of
gyration (RZ), and polydispersity index (PDI) of CBS, MS, and PS was re-
corded in Table 1. For example, theMWof CBS ranged from 3.86× 107 g/
mol (XN) to 4.68 × 107 g/mol (TQ). Zeng et al. [17] found that theMW of
waxy rice starch was 10.38 × 107 g/mol, and the MW of waxy potato
starch and normal rice starch were 5.17 × 107 g/mol, 20.17 × 107 g/
mol, respectively [18,19]. Yang et al. [20] reported that the MW of CBS
was 10.7 × 107 g/mol, whichwas higher than our results. The difference
may be related to the genotypes of common buckwheat varieties and
methods of starch isolation. Lee et al. [8] have reported that differences
in relative molecular weight would affect the physicochemical proper-
ties of rice starch. Therefore, the differences in MW of CBS might influ-
ence their physicochemical properties. Compared with MS and PS, the
MW of CBS tended to be the lowest, while PS had the highest MW

(8.35 × 107 g/mol) among the starches. The low MW of CBS indicated
that it was composed of low-polymerized amylopectin.

Amylopectinwith a larger ratio of long branched chainsmight result
in higher RZ [21], so it can occupy a larger volume in the solution due to
the rotation period of the linear structure [22]. In this study, the RZ

values of CBS (115.90–158.10 nm) were lower than that of MS and PS,
which agreed with the amylopectin chain lengths (Table 1).

PDI was related to the diversity of molecular shapes, and the PDI of
typical polymers was usually N1.0 [23]. Similarly, CBS also had the low-
est PDI comparedwithMS and PS, and the results suggested that PS had
more heterogeneous molecular weight distribution and included vari-
ous chains with different DPs.

3.2. Chain length distribution of amylopectin

Normalized chromatograms and peak area ratios of chain length dis-
tributions in CBS, along with those of MS and PS, are shown in Table 1



Table 1
Weight-average molar mass (MW), radius of gyration (RZ), polydispersity index (PDI), chain length distribution, and average chain length (ACL) of amylopectin of starches.

Samples MW RZ PDI Chain length distribution (%) Average chain length

(×107,g/mol) (nm) DP 6–12 DP 13–24 DP 25–36 DP ≥ 37 of amylopectin (%)

CT 4.43 ± 0.25 cd 125.10 ± 0.19e 2.72 ± 0.12a 26.85 ± 0.87c 44.24 ± 0.32bc 11.90 ± 0.27c 17.01 ± 0.28a 22.60 ± 0.44a
GQ 4.16 ± 0.30 cd 127.70 ± 0.20d 2.67 ± 0.18a 28.51 ± 0.52b 43.17 ± 0.28c 12.05 ± 0.31c 16.27 ± 0.19b 22.18 ± 0.37ab
ME 4.36 ± 0.38 cd 158.10 ± 0.18b 2.70 ± 0.17a 27.65 ± 0.56bc 43.63 ± 0.41bc 11.99 ± 0.16c 16.73 ± 0.17ab 22.44 ± 0.51a
TQ 4.68 ± 0.23c 124.90 ± 0.18e 2.68 ± 0.11a 26.66 ± 0.48c 44.36 ± 0.53b 11.95 ± 0.19c 17.00 ± 0.24a 22.68 ± 0.30a
XN 3.86 ± 0.22d 115.90 ± 0.19f 2.70 ± 0.11a 32.04 ± 0.51a 41.89 ± 0.48d 11.77 ± 0.33c 14.30 ± 0.13c 21.29 ± 0.41b
Mean 4.30 130.34 2.69 29.35 43.13 11.86 16.27 22.24
MS 6.21 ± 0.37b 148.25 ± 0.20c 2.75 ± 0.14a 26.76 ± 0.61c 45.94 ± 0.29a 13.58 ± 0.39b 16.72 ± 0.33ab 22.10 ± 0.29ab
PS 8.35 ± 0.43a 172.55 ± 0.18a 2.90 ± 0.22a 22.46 ± 0.32d 44.23 ± 0.38bc 16.31 ± 0.22a 17.03 ± 0.26a 23.19 ± 0.40a

Different letters within a column indicate significant difference among mean values at p b .05.
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and Fig. 1. All of the starches had two obvious peaks. However, some
distinct differences were observed among the starches. For CBS and
MS, the first peak appeared at DP 12, and the other one peaked at ap-
proximately DP 45, while the two larger peaks for PS peaked at DP 13
and DP 49, respectively. Hanashiro et al., [24] reported that the amylo-
pectin branch chainswere divided into four parts by degree of polymer-
ization (DP): DP 6–12, 13–24, 25–36, and ≥ 37, corresponding to A, B1,
B2, and B3+ chains. In our study, the A, B1, B2, and B3+ chains of the
starches were 22.46–32.04%, 41.89–45.94%, 11.77–16.31%, and
14.30–17.03%, respectively. The amylopectin in CBS had a higher per-
centage of A chains but a lower percentage of B3+ chains than MS
and PS, and the chain length distributions of CBS were significantly dif-
ferent among five cultivars, which might be attributed to their geno-
type. Lin and Chang [25] have reported that the amylopectin branch
chains (DP 6–24) would form a double helix structure, while the A
chain could form a sub-crystalline structure. The average chain length
(ACL) of CBS varied from 21.29% (XN) to 22.68% (TQ), whichwas higher
than that of MS but lower than that of PS. Kim et al. [26] believed that
amylopectin chain length distribution greatly affected the physico-
chemical properties, therefore, it could be speculated that the physico-
chemical properties of CBS would also be influnced by the molecular
structure.

3.3. Crystalline structure

Generally, natural starches are divided into type A, B, and C in line
with their X-ray diffraction (XRD) spectra [27]. Grain crystallinity is
thought to be causedby theAP chain clusters of DP 13–15 [28]. XRDpat-
terns and relative crystallinity were presented in Fig. 1 and Table 2, re-
spectively. In this study, all the CBS varieties showed the A-type
diffraction patterns, and the strong peaks appeared near 15° and 23°,
while the unresolved peaks appeared at 17° and 18° (Fig. 2A). There
was no significant difference in peak positions among different culti-
vars, and MS displayed similar results with CBS, which were common
to cereal starches. However, PS exhibited a typical B polymorphic pat-
tern, which agreed with the results studied by Gao et al. [10]. Therefore,
the polymorph type was directly related to the internal unit chain com-
position [29]. Amylopectin is the main crystalline component of starch
granuleswith short chains forming local organizations [27]. The relative
crystallinity of CBS ranged from 24.74% to 27.19%, which was similar to
MS but higher than PS. Raghunathan et al. [28] reported that the differ-
ences in relative crystallinity among different starches could be
influnced by the degree of double helix accumulation in the crystalline
Fig. 1. Peak area ratios of chain length distributions in
layer, and the higher the degree of AP branching, the lower the relative
crystallinity. As shown in Table 1, CBS andMSwith lowerMWand lower
proportion of long chains of amylopectin had higher relative crystallin-
ity, while PSwith higher average chain length of amylopectin had lower
relative crystallinity. These results indicated that the AP branching de-
gree of CBS was lower than PS. Longer chains could form more ferfect
crystalline structures [8]. In this study, PS had the most stable crystal
structure as compared with CBS and MS, this stability may be related
to the crop variety, growing conditions, and starch granule sizes [30].

3.4. Short-range ordered structure

The short-range ordered structure of starch granules can be well
reflected by the FTIR spectra. The order degree and ratio of disordered
carbohydrate structure could be measured by the absorbance ratio of
1045/1022 cm−1 and 1022/995 cm−1, respectively [31]. The
deconvoluted FTIR spectra of CBS, MS, and PS are reflected in Fig. 2B,
and their FTIR ratios are summarized in Table 2. The FTIR spectra of
five common buckwheat cultivars displayed no significant differences,
but the absorbance ratios of 1045/1022 cm−1 and 1022/995 cm−1

weredifferent, and ranged from0.688 to 0.728 (CTbXNbMEbGQb TQ)
and from 0.768 (XN) to 0.852 (TQ), respectively. The ratio of 1045/
1022 cm−1 of MS was higher than that of CBS but lower than PS,
while therewas the lowest ratio of 1022/995 cm−1 in PS but the highest
in MS. Zhang, et al. [32] found that the 1045/1022 cm−1 ratios of purple
sweet potato varied from 0.631 to 0.671, and those of five fruits kernel
starches ranged from 0.576 to 0.654 by Guo et al. [31]. Differences in
FTIR spectra among various starches may be related to biological origin,
amylose content, and molecular structure.

3.5. Bivariate flow cytometric analysis

Flow cytometry is widely used for particle classification, and the
starch suspension is divided into subgroups of different sizes [20]. The
histograms of SSC versus FSC reflect the overall structural complexity
of starch granules, while FSC versus FITC represent the size and internal
structure of starch granules [16]. As shown in Fig. 3, PS was divided into
two subgroups (P1 and P2) on the flow biparameter diagram. The P1
subgroup was located in the upper right corner of the diagram with a
proportion of 52.8%, which was the largest population in terms of parti-
cle size and complexity. However, the P2 subgroup, accounting for 6.8%,
was smaller than the P1 group in terms of volume and complexity. Un-
like PS, CBS and MS were only divided into one group (P1) by flow
common buckwheat, maize, and potato starches.



Fig. 2. XRD pattern (A), and FITR spectrum (B) of common buckwheat, maize, and potato starches.

Table 2
Water solubility, swelling power, relative crystallinity, and FTIR ratios of starches.

Samples Water solubility (%) Swelling power (g/g) Relative
crystallinity (%)

FTIR ratios

50 °C 70 °C 90 °C 50 °C 70 °C 90 °C 1045/1022 cm−1 1022/995 cm−1

CT 2.04 ± 0.11c 10.90 ± 0.07e 13.95 ± 0.06e 3.13 ± 0.04e 15.22 ± 0.25e 24.45 ± 0.15f 26.73 ± 0.15ab 0.688 ± 0.02e 0.796 ± 0.05c
GQ 2.30 ± 0.14c 11.32 ± 0.10c 15.15 ± 0.10c 3.39 ± 0.03c 16.06 ± 0.14c 27.12 ± 0.25d 24.74 ± 0.41c 0.713 ± 0.01d 0.832 ± 0.04b
ME 2.19 ± 0.09c 11.06 ± 0.05de 14.47 ± 0.04d 3.17 ± 0.05de 15.44 ± 0.16de 24.86 ± 0.04ef 25.35 ± 0.25c 0.712 ± 0.02d 0.851 ± 0.04a
TQ 2.21 ± 0.10c 11.20 ± 0.06 cd 14.60 ± 0.03d 3.27 ± 0.04cde 15.67 ± 0.07cde 25.12 ± 0.17e 27.19 ± 0.12a 0.728 ± 0.03b 0.852 ± 0.04a
XN 2.28 ± 0.11c 11.31 ± 0.05c 15.09 ± 0.08c 3.35 ± 0.06 cd 15.79 ± 0.15 cd 28.38 ± 0.20c 26.69 ± 0.24ab 0.694 ± 0.01e 0.768 ± 0.03d
Mean 2.20 11.16 14.65 3.26 15.64 25.99 26.14 0.71 0.82
MS 3.64 ± 0.12b 14.52 ± 0.06b 24.64 ± 0.13b 4.31 ± 0.10b 19.47 ± 0.12b 32.41 ± 0.14b 26.48 ± 0.12b 0.721 ± 0.01c 0.836 ± 0.05b
PS 4.97 ± 0.08a 18.76 ± 0.09a 32.97 ± 0.18a 6.16 ± 0.09a 34.79 ± 0.26a 48.77 ± 0.21a 17.31 ± 0.11d 0.740 ± 0.02a 0.802 ± 0.02c

Different letters within a column indicate significant difference among mean values at p b .05.
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cytometry, which indicated that the CBS and MS groups were a homo-
geneous group with relatively uniform particle size and complexity.
Zhang et al. [16] reported that Tartary buckwheat starches were com-
posed of three subgroups, with the difference possibly being related to
the starch molecular weight, amylopectin chain length distribution,
and genotype.
Fig. 3. Bivariate flow cytometric histograms of common buckwheat, maize, and potato starches
starch (negative control); D: image of 1-aminopyrene-3,6,8-trisulfonic acid (APTS) stained sta
3.6. WS and SP

Diversity in WS and SP of starches are recorded in Table 2. The WS
and SP of all starches significantly increased with increasing tempera-
ture, and great variationswere observed at 70 °C and 90 °C, respectively.
PS showed the highest WS and SP, followed by MS, while CBS had the
. A: forward scattered-side scattered image; B: fluorescence image; C: image of unstained
rch.



Table 3
Pasting properties and thermal properties of starches.

Samples Pasting properties Thermal properties

PV (cP) TV(cP) BD (cP) FV(cP) SB (cP) PT (°C) To (°C) Tp (°C) Tc (°C) ΔH (J/g)

CT 2289 ± 64b 1531 ± 38 cd 758 ± 9b 2465 ± 28d 934 ± 9d 77.63 ± 0.45abc 66.52 ± 0.49a 71.50 ± 0.03a 77.08 ± 0.15a 8.30 ± 0.52bc
GQ 2423 ± 55b 1635 ± 63c 788 ± 8b 3429 ± 58ab 1794 ± 7b 75.53 ± 0.25d 64.95 ± 0.05ab 69.04 ± 0.03c 76.80 ± 0.06e 7.75 ± 0.13 cd
ME 2304 ± 28b 1336 ± 66d 968 ± 38a 3602 ± 8ab 2267 ± 73a 79.60 ± 0.64a 65.02 ± 0.26ab 70.86 ± 0.05b 71.66 ± 0.06d 7.34 ± 0.02 cd
TQ 2376 ± 56b 1903 ± 24b 473 ± 32c 3061 ± 80c 1159 ± 56d 75.63 ± 0.71 cd 65.56 ± 0.41ab 69.12 ± 0.16c 75.08 ± 0.21b 6.83 ± 0.08d
XN 2390 ± 33b 2268 ± 36a 122 ± 3d 2919 ± 66c 651 ± 30e 78.78 ± 0.22ab 62.59 ± 0.36c 65.68 ± 0.28d 70.19 ± 0.02e 7.77 ± 0.02 cd
Mean 2356 1735 616 3095 1361 77.43 64.93 69.24 74.16 7.60
MS 1980 ± 69c 1514 ± 41 cd 467 ± 27c 3381 ± 86b 1867 ± 45b 76.78 ± 0.01bcd 63.88 ± 0.17bc 69.41 ± 0.01c 73.63 ± 0.70c 9.32 ± 0.14b
PS 3038 ± 79a 2210 ± 14a 828 ± 65ab 3679 ± 47a 1470 ± 61c 69.80 ± 0.26e 57.82 ± 0.83d 63.77 ± 0.01e 72.95 ± 0.18 cd 15.07 ± 0.36a

Different letters within a column indicate significant difference among mean values at p b .05.
PV: peak viscosity; TV: trough viscosity; BD: breakdown; FV: final viscosity; SB: setback; PT: pasting temperature; To: onset temperature; Tp: peak temperature; Tc: conclusion temper-
ature; ΔH: gelatinization enthalpy.
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lowest WS and SP, and the mean of WS and SP ranged from 2.20 to
14.65%, and from 3.26 to 25.99 g/g, respectively. WS and SP can reflect
the magnitude of the interaction between starch and water [33]. Lii
et al. [34] reported that the SP was inversely proportional to amylose
content, and the more amylopectin short branched chains, the higher
the SP, while the more long branched chains, the lower the SP [35]. In
this study, different varieties of starch amylopectin length distribution
led to different WS and SP.
3.7. Pasting properties

Pasting properties of starches showed significant variation (p b .05)
among the cultivars (Table 3). For example, the PV, TV, BD, FV, SB, and
PT of CBS ranged from 2289 to 2423 cP, from 1903 to 2268 cP, from
122 to 969 cP, from 2465 to 3429 cP, and from 75.53 °C to 79.60 °C, re-
spectively. PV is caused by the friction of starch granules after full water
absorption and expansion, and can reflect starch swelling capacity [36].
FV is due to the decreased movement of the water molecules
surrounded by amylose and amylopectin after the temperature drops,
causing the viscosity to rise again [37]. Among the tested CBS, CT
Fig. 4. Pearson's correlation analysis of structure-property relatio
showed the lowest PV and FV, and GQ had relatively higher FV. MS
was found to have lower PV than the CBS, while having similar TV, BD,
FV, and SB to some of the CBS, and PS had the highest PV and FV. PT
shows that starch viscosity starts to increase during heating [38]. Com-
pared with MS and PS, CBS has the highest PT value, which may be re-
lated to the molecular weight distribution. Zhou et al. [39] found that
high amylose contents contributed to higher pasting temperatures,
these data indicated that CBS had the highgest amylose content
among the tested samples. Amylopectin branch chain distribution and
molecular weight are the main factors affecting starch pasting perfor-
mance [40]. Patindol et al. [41] found that PV may be determined pri-
marily by the size of amylopectin molecules. Higher PV in PS might be
attributed to its higher MW and ACL (Table 1).
3.8. Thermal properties

The starch gelatinization transition temperatures (onset, To; peak,
Tp; and conclusion; Tc), along with gelatinization enthalpy (ΔH) of
starches were summarized in Table 3. Compared with MS and PS, it
was found that CBS exhibited the highest To and Tc but the lowest ΔH.
nships of common buckwheat, maize, and potato starches.
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In contrast, the highest ΔH was shown in PS. The results of this study
were consistent with those of Gao et al. [10]. For CBS, the To, Tp, Tc,
and ΔH varied significantly among different cultivars. For example, the
To of five cultivars ranged from 62.59 °C to 66.52 °C
(XN b GQ b ME b TQ b CT), and the ΔH were found in a range of
6.83–8.30 J/g (TQ b ME b GQ b XN b CT), the highest thermal perfor-
mance of CT may be related to the higher average chain length of amy-
lopectin. Though the five common buckwheat cultivars had typical A
starch, different amylose content, Mw, and ACL may lead to different
thermal properties. Gelatinization temperature can be used to evaluate
whether the crystal is perfect, the higher the gelatinization temperature
is, the more perfect the crystal structure is [42,43], and the molecular
structure of amylopectin is related to the crystal structure of starch
granules [44]. Park et al. [45] reported that gelatinization temperatures
were positively correlated with long chains of amylopectin. Noda et al.
[46] found that short chains (DP 6–12) of amylopectin were negatively
correlatedwith gelatinization temperatures, and the short chains of am-
ylopectin might induce a decrease in the stability of the double helices.
Shin et al. [18] also determined that amylopectin with longer average
chain lengths could accelerate the retrogradation. Gidley and Bulpin
[44] reported that high proportion of short amylopectin chains contrib-
uted to lower gelatinization temperatures, while our results showed
that CBS with the highest amount of short chains compared with MS
and PS exhibited much higher To, Tp and Tc. The difference could be
influnced by the molecular architecture of the crystalline region [28].
3.9. Correlation analysis of starches

Pearson's analysis revealed the correlation among the molecular
structures and physicochemical properties of CBS, MS, and PS (Fig. 4).
In this study, the data reflected that WS and SP (at 50 °C, 70 °C, and
90 °C) were significantly negatively correlated with the short chains of
amylopectin and positively correlated with ACL. Shi et al. [47] found
that the long branched chains in amylopectin could increase the stabil-
ity of the double helix and induce higher gelatinization temperature.
The gelatinization temperature was positively correlated with amylo-
pectin long branch chains (DP ≥37) and negatively correlated with
ACL, while the gelatinization enthalpy was positively correlated with
average chain length and significantly negatively correlated with amy-
lopectin proportion of DP 6–12. The results were consistent with the
various maize starches reported by Lin et al. [33].
4. Conclusion

Five common buckwheat varieties collected from three regionswere
investigated compared with maize and potato starches in this study.
Starches from different cultivars had different molecular weight distri-
bution, amylopectin chain length distribution, water solubility, swelling
power, pasting properties and thermal characteristics, but all had one
subgroup and exhibited typical A crystalline structure, while potato
starch were divided two subgroups and showed typical B polymorph
pattern. The differences of physicochemical properties of starches had
significant relationship with the molecular structure. The results of
this study indicated that common buckwheat starch can be a new
source of starch with potential food and nonfood applications.
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