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Introduction
Fagopyrum tataricum Gaertn (Tartary buckwheat) is an annual 

dicotyledonous pseudo cereal of the Polygonate family [1]. It can 
grow under low input conditions and be adapted to marginal lands 
with harsh environments [2], and it is cultivated mainly in southern 
China, northern India, Bhutan, and Nepal [4]. Fagopyrum tataricum 
Gaertn is one of the main minor grain crops and important medicinal 
crops rich in flavonoids over the world. Fagopyrum tataricum Gaertn 
has a great efficacy to reduce hypoglycemia hypolipidemic, even can 
be used to support the prevention and treatment of diabetes, high 
blood fat, hypertension and other diseases because of inutrient—
rich and it’s rich in flavonoid. Nitrogen is an essential nutrient for 
Fagopyrum tataricum Gaertn due to its effects on the yield and 
quality of Fagopyrum tataricum Gaertn. Starch physicochemical 
characteristics represent the important parameters of Fagopyrum 
tataricum Gaertn quality.

Recently, Fagopyrum tataricum Gaertn is catching more 
attentions because it contains high nutritional content (e.g., 
antioxidants, protein, dietary fiber, and resistant starch) and 
disease-preventative roles [3]. Fagopyrum tataricum Gaertn can  

 
be used for the production of many products, such as noodles, 
breads, cakes, teas and alcoholic drink [6]. The starch is the major 
component of Fagopyrum tataricum Gaertn seed and its content is 
high and around 70% [4]. Fagopyrum tataricum Gaertn starch had 
special physicochemical properties and is thereby capable of being 
exploited as a potential source of retrograded starch [5]. And it is 
also responsible for the textural properties of Fagopyrum tataricum 
Gaertn products in the absence of gluten protein [6]. Compared 
with wheat and corn starch, Fagopyrum tataricum Gaertn starch 
has a higher amylose content (20%-28%), a better water-binding 
capacity, more stable pasting properties, and lower percentage of 
retrogradation [7]. Fagopyrum tataricum Gaertn starch consists 
of amylopectin and amylose. The amylose content is one of most 
important traits to impact the quality of Fagopyrum tataricum 
Gaertn.

The structure and physicochemical properties of Fagopyrum 
tataricum Gaertn starch are affected by genetic background, 
soil conditions, climatic conditions and agricultural treatments 
during Fagopyrum tataricum Gaertn growth and development 
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Abstract 
The effects of nitrogen application at different levels (0, 45, 135 and 225 kg/ha in 2015 and 0, 90, 180, 270 kg/ha in 2017) on the 

physicochemical characteristics of Fagopyrum tataricum Gaertn starch were studied by field experiments. Starch from Fagopyrum 
tataricum Gaertn with application of nitrogen showed lower amylose content, particle size, and retrogradation, and higher structure 
complexity, pasting temperature, gelatinization enthalpy, relative crystallinity, light transmittance, solubility of the starch. Nitrogen 
application did not change the ‘A’-type crystalline pattern of Fagopyrum tataricum Gaertn starch. This study indicated that nitrogen 
level and years and the interactions among nitrogen fertilizer levels and years significantly affected physicochemical properties of 
Fagopyrum tataricum Gaertn starch. The integrated results also provide some information into the management of the fertilization 
conditions to obtain starches with special properties for applications in food or non-food industries.
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[8]. Nitrogen is an important and non-negligible environmental 
factor affecting crop quality. Many studies suggested that nitrogen 
fertilizer is not contributing to crop quality improvement, but many 
research results showed that appropriate nitrogen can maintain 
and improve crop quality [9,10]. Previous studies suggested that 
nitrogen fertilizer can significantly lower the peak viscosity, hot 
paste viscosity, cool paste viscosity, breakdown viscosity, amylose 
content and improve the physicochemical properties of rice starch 
[11,12], and affect the biosynthesis and quality of barley starch [13]. 
However, the effects of nitrogen fertilizer on starch were mainly 
studied on maize [14], wheat [15] and barley [13], rice [16]. To 
the best of our knowledge, there are few reports on how nitrogen 
application affects the physicochemical properties of Fagopyrum 
tataricum Gaertn starch. Therefore, it is essential to compare the 
physicochemical characteristics of Fagopyrum tataricum Gaertn 
starch of varied levels of nitrogen application and to evaluate the 
most optimum amount of nitrogen fertilizer applied to achieve high 
quality for its potential use in the food and non-food industries.

Material and Methods
Plant materials and experimental design

Seeds of the variety No. 2019 of Fagopyrum tataricum Gaertn 
were collected in the test farm (109.7E, 38.3N, altitude 1080 m), 
Yulin, Shaanxi Province, China. The soil type is sandy loam. The 
crop previous to Fagopyrum tataricum Gaertn was nursery. Soil 
had 0.15% total nitrogen, 1.82 mg/kg available phosphorus, and 
21.65mg/kg available potassium. These seed samples were grown 
under the same conditions. The meteorological data was offered by 
agricultural meteorological information service platform.

The experiment was arranged in a randomized block design. 
The nitrogen level included 0, 45, 135 and 225 kg/ha in 2015 and 
0, 90, 180, 270 kg/ha in 2017 (non, low, medium and high nitrogen 
level). All the groups were treated with potassium (K) 37.5 kg/ha 
and phosphorus (P) 37.5 kg/ha. Seeds were sown on July 10 and 
the harvest time was October 7. Nitrogen fertilizer was applied in 
the form of base fertilizer and then no longer topdressing during 
the growth of Fagopyrum tataricum Gaertn. Other practices were in 
conformity with local recommendations.

Starch isolation

Five hundred grams of the Fagopyrum tataricum Gaertn seeds 
of the different treatments were separately taken, ground with 
universal high speed smashing machines (FW100, Taisite LTD, 
Tianjin, China) and sieved with 200 mesh (< 75 μm) sieve to obtain 
Fagopyrum tataricum Gaertn flour. Fagopyrum tataricum Gaertn 
flour with 80% ethanol with the solid-liquid ratio of 1:20 was 
treated at 50 °C for 30 min by ultrasonic treatment at the power 
of 500 W to remove the flavonoids. Then add distilled water at the 
solid-liquid ratio of 1:10 (g/mL), and soak in a water bath at 30 °C 
for 18 h to remove protein. Let it stand for a few minutes and then 
pour off the upper suspension and place it in an oven at 40 °C. After 
removing the fat with petroleum ether, the excess petroleum ether 
was washed away with 80% ethanol and washed repeatedly with 

water. Centrifuged at 4000 r/min for 10 min and the supernatant 
was removed. The upper gray matter was scraped until only white 
material and the lower white material was poured in a Petri dish or 
beaker. Finally, the Fagopyrum tataricum Gaertn starch was dried 
in an oven at 40 °C for 24 h and sieved with 100 mesh (< 150 μm) 
sieve. The starch was sealed in self-sealing plastic bags and stored 
at 4 °C for use.

Amylose content

The amylose contents of the starches were measured and 
calculated according to the method of Yang and Zhang et al. [17]. 
The absorbance of the solutions of Fagopyrum tataricum Gaertn 
starches at different nitrogen levels was measured at 434 and 604 
nm using the Blue Star B spectrophotometer (Saith Chemical Co., 
Ltd, Wuhan, China).

Scanning electron microscopy (SEM) observation

The starch samples were affixed to the loading platform of the 
surface processor using a double-sided adhesive tape, and then 
put into the processor. The surface morphology of starch granules 
was observed and then photographed using scanning electron 
microscopy (JSM-6360LV, Jeol, Japan). The magnification was 
2000×.

Granule size analysis

The granule size was carried out using a laser diffraction 
particle size analyzer (Mastersizer 2000E, Malvern, England). The 
starch was in tap water and stirred. The instrument could measure 
starch samples between 0.1 and 1000 μm.

Bivariate flow cytometric analysis

Starch granules were stained according to the method of 
Zhang, Feng et al. [18]. A bio fluorescent microscope (Imager M2, 
Carl Zeiss, Germany) was utilized to examine the starch staining 
efficiency. However, the starch suspension reagent was ddH2O. The 
Fagopyrum tataricum Gaertn starch granule suspensions were 
measured using BD FACSAria™ III, BD, America and analyzed using 
BD Bioscience [18].

Pasting properties

Pasting properties of starch samples were determined using 
the Rapid Viscosity Analyzer (RVA4500, Parten, Stockholm, 
Sweden). Three grams of each sample with 14.0% moisture were 
directly weighed into aluminum RVA canisters, after which, 25.0 mL 
distilled water was added to achieve a total weight of 28.0 g. The 
parameters were set: The slurry was held at 50 °C for 1 min, then 
heated from 50 °C to 95 °C for 3.7 min, and held at 95 °C for 2.5 min. 
Finally, the sample was allowed to cool to 50 °C for 3.8 min and held 
at 50 °C for 2 min [19].

Thermal properties

The thermal characteristics of the test starches were 
determined by a differential scanning calorimeter (DSC) (DSC2000, 
TA instrument, United States). The DSC analyzer was calibrated 
using indium. A total of 3.0 mg of the dried starch sample was mixed 
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with two times volume of water sealed in an aluminum pan at room 
temperature in 2 hours. The sample pans were heated to 110 °C at a 
rate of 10 °C/min, while one empty aluminum pan was used as the 
control. The starch gelatinization parameters that the DSC curve 
involved were onset temperature (To), completion temperature 
(Tc), peak temperature (Tp) and phase transition enthalpy ΔH [20].

X-ray diffraction analysis

 XRD patterns of samples were obtained on an X-ray 
diffractometer (D8 ADVANCE A25; Bruker, Germany). The starch 
samples were scanned at 4°-60° (2θ) and a rate of 8 °/min at a target 
voltage of 40 kV and a current of 40 mA [5]. Relative crystallinity 
(%) was calculated by using software (MDI Jade 6).

Retrogradation

One percent starch pastes of the samples were prepared and 
placed into 20 mL graduated test tubes with stopper, 20 mL per 
tube, and stored at 25 °C for 24 h. During this storage period, 
the supernatant volumes of the tubes were counted every hour. 
Accordingly, the retrogradation curve of the supernatant volume 
percentages with time was drawn [21].

Light transmittance

The light transmittance was measured according to Chao et al. 
[21] with the Blue Star B spectrophotometer (Lab tech Ltd, Beijing, 
China) using distill water as their control.

Solubility

The solubility of the starch samples was determined by using 
the method described by Chao et al. and Liu et al. [22,23]. Each 
200 mg starch sample was transferred to a dry centrifugal tube, 
weighed, and mixed with 10 mL distilled water. Each tube was 
incubated in a shaking water bath at 60, 70, 80, and 90 °C for 30 min, 
cooled to room temperature, and centrifuged at 2000 r/min for 20 
min. The supernatant was carefully decanted, and the tube with the 
remaining contents was weighed. The residue obtained after drying 
the supernatant represents the amount of starch dissolved in water. 
The solubility of the samples was calculated on a dry-weight basis 
(DB) through the following equation:

 Solubility = the weight of dried supernatant weight of starch

Data processing

All the tests and measurements were repeated trice and the 
data thus obtained were statistically analyzed by SPSS 19.0 (SPSS 
Inc., Chicago, IL, USA). All data represent the mean ± standard 
deviation. Difference significances among the means were tested 
by the analysis of variance and the least significant difference (LSD) 
at p < 0.05.

Results and Discussion
The temperature variation of fagopyrum tataricum 
Gaertn during grain-filling stage

Grain-filling stage is the key period of dry matter and starch 
accumulation and the temperature is an important parameter 
that affects the crop growth and development [24]. Fagopyrum 
tataricum Gaertn began to produce more grains at about 40 days 
after seeding emergence and there were an end of filling stage at 
around 80 days for most of the Fagopyrum tataricum Gaertn grains 
[25]. Therefore, the date from 40 to 80 days after emergence was 
selected in order to investigate the effect of temperature change 
on amylose accumulation and starch characteristics. Compared 
with the maximum temperature in 2017 from 40 to 57 days, the 
higher maximum temperature and minimum temperature in 2015 
could be seen in in the Figure 1A and the similar trend can also be 
observed at mean temperature (Figure 1C). As shown in the Figure.

 1B, there were a lower temperature difference from 40 to 50 
days and a higher temperature difference from 50 to 80 days in 2017. 
Zhang et al. reported that the content of starch and amylose and the 
activities of key enzymes involved in starch synthetic metabolism 
in developing rice grains were influenced by different temperatures 
during grain filling stage [26]. And some studies indicated that heat 
stress during grain filling generally decreases starch contents and 
enlarges starch granules [27]. High temperature during early grain 
development play a more important role in affecting the starch 
pasting properties, crystalline structure, and granule size of cereal 
starches than that during late grain development [28].

Amylose content

The amylose content of starches ranged from 25.26% to 28.61% 
and differed significantly among different treatments (Table 1) 
(Figure 1).

Figure 1: Effect of different nitrogen levels on the amylose content and pasting properties of Fagopyrum tataricum Gaertn starch.s
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Table 1: Effect of different nitrogen levels on the amylose content and pasting properties of Fagopyrum tataricum Gaertn starch.

Year Treatments Amylose 
content (%)

Pasting properties

PV (cP) TV (cP) BD (cP) FV (cP) SB (cP) Ptemp (°C )
2015 N0 28.56±0.23a 6744±81a 4149±28a 2595±29a 6885±49a 2736±53a 73.90±0.60d

N1 26.77±0.12b 6258±56b 4033±42ab 2226±45b 6471±102b 2439±46b 73.95±0.70c

N2 26.37±0.09c 5697±52c 3864±47b 1833±37c 6380±77b 2516±48b 74.35±0.30b

N3 25.35±0.11d 5347±34d 3612±29c 1735±32d 5816±83c 2204±64c 74.75±0.10a

2017 N0 28.61±0.15a 6807±68a 4522±36a 2285±28a 7600±64a 3078±37a 74.25±0.30c

N1 27.2±0.21b 6465±43b 4301±50b 2164±23c 7022±51c 2721±36d 74.30±0.10b

N2 25.26±0.32d 6204±36c 4150±35d 2054±40d 6976±92d 2826±21b 74.35±0.80a

N3 26.49±0.18c 6463±74b 4192±48c 2271±31b 7109±69b 2917±55b 74.35±0.60a

Note: Different letters within a column indicate significant difference among mean values (p < 0.05). PV: peak viscosity; TV : trough viscosity; BD: 
breakdown viscosity; FV: final viscosity; SB: setback viscosity; Ptemp: pasting temperature

The amylose content of the starch decreased gradually in 
2015 and decreased at first and then increased in 2017 with 
increasing nitrogen level. The lowest amylose content of 25.26% 
was observed at N2 treatment (180 kg/ha) and the highest of 
28.61% at N0 treatment (0 kg/ha) in 2017. Kossmann et al. 
reported that the activities of soluble starch synthase (SSS) and 
starch branching enzymes (SBE) involved in the biosynthesis 
of branched components within the starch granule may affect 
the amylose content of the different starch fractions [29]. The 
reduction in the amylose content of Fagopyrum tataricum Gaertn 
starch may be attribute to the increase of the activities of SSS and 
SBE with increasing N level. This result was consistent with the 
report of Singh, Pal, Mahajan, and Shevkani [12]. What is more, 
the storage of Wx proteins had been reported to be increased at 
lower temperatures, which may lead to a higher amylose content in 
Fagopyrum tataricum Gaertn starch in 2017 [30]. Amylose content 
plays a key role in the digestion of starches, as starches with low 
amylose content digests easily than that of high amylose content 
[31].

Starch granule morphology of fagopyrum tataricum 
Gaertn

The starch granule morphology of Fagopyrum tataricum 
Gaertn using different nitrogen fertilizer was examined using 
SEM. The granules showed polygonal shapes with smooth edges 
and spherical shapes (Figure2), similar to the finding of Gao et 

al. using common buckwheat starch [5]. The shapes of starch 
granule morphology after different treatments were not altered. 
However, several striking differences were observed between the 
different treatments. For example, the large starch granules and the 
proportion of large starch granules at N0 and N1 treatments were 
bigger than that of N2 and N3 treatments. The similar results also 
were found in rice starch [16].

Starch particle size distribution

The size distribution of Fagopyrum tataricum Gaertn starch 
granules was observed and the differences under different nitrogen 
levels were significant (Table 2) (Figure 2).

Table 2: Effects of different nitrogen levels on the granule size distribution 
of Fagopyrum tataricum Gaertn starch.

Year Treatments
Diameter of starch granule /μm

<5 5-15 >15

2015

N0 2.52± 0.07c 81.97±0.13c 15.51±0.12a

N1 2.70±0.11bc 92.45±0.15b 4.85±0.21b

N2 2.85± 0.17b 92.69±0.06b 4.46±0.17c

N3 3.14± 0.04a 95.47±0.04a 1.39±0.15d

2017

N0 3.65±0.02d 72.70±0.08c 23.65±0.14a

N1 4.06±0.05c 75.70±0.06b 20.24±0.02b

N2 4.53±0.03b 76.27±0.04a 19.20±0.05c

N3 7.29±0.12a 76.30±0.12a 16.41±0.08d

Note: Different letters within a column indicate significant difference 
among mean values (p < 0.05).

Figure 2: Effects of different nitrogen levels on the granule size distribution of Fagopyrum tataricum Gaertn starch.
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Granule size distribution was classified into A- (> 15 μm), B- 
(5-15 μm), and C-granules (< 5 μm) [32]. Among all the starches, 
B-granules had the highest contribution to the total volume 
(72.70%-95.47%), followed by A- (1.39%-23.65%) and C-granules 
(2.52%-7.29%). Starches under N3 treatment showed the highest 
proportion of B- and C-granules and the lowest proportion of 
A-granules, while starches under N0 treatment showed the lowest 
proportion of B- and C-granules and the highest proportion of 
A-granules (Table 2), which is consistent with the starch granule 
morphology using SEM. Previous reports have shown that the big 
starch granules usually developed at early stage while small starch 
granules appeared at late growth stages and had a low amylose 
content [33]. However, Sing et al. indicated that amylose did not 
show any correlation with the proportion of A-, B-, and C-granules 
[34]. In this study, the proportion of granule C-granules decreased 
with increasing nitrogen level, which was nearly conformity with 
the decrease of amylose content. The cause may be that increased 
nitrogen application have extended the duration of grain filling, 
in which big starch granules could be decomposed into small and 
medium granules [33]. In addition, with increasing nitrogen level, 
the SSS and SBE activities increased, which was thought to be the 
reason of the increase of the synthesis of amylopectin and the 
amount of small-size starch granules during late growth stages 
[35]. The present result was in conformity with the finding of Zhu & 
Zhang [16]. The lower proportion of granule C-granules in 2015 than 
that in 2017 may be the reason that the higher temperature during 
the early grain filling stage in 2015 inactivates specific biosynthetic 
enzymes and restrains the production of small granules [36].

Bivariate flow cytometric analysis

As shown in the data above, the Fagopyrum tataricum Gaertn 
starch granule suspensions were analyzed biparametrically 
and plots of side-scattered light (SSC) versus forward-scattered 

light (FSC) and side-scattered light (SSC) versus fluorescein 
isothiocyanate (FITC) were created to reflect the characteristics 
of the starch granules. Specifically, SSC versus FSC histograms 
represent the classification of starch granules considering granule 
size and integral structure complexity. FSC versus FITC refers to the 
particle features of granule size and internal structure. Fagopyrum 
tataricum Gaertn starches under different nitrogen levels all were 
composed of three subgroups, P1, P2, and P3. The fluorescence 
imaging and the fluorescence intensity image indicated that starch 
granules were stained by APTS compared with the negative control, 
where P3 consisted of the highest fluorescence intensity starch 
particles, followed by the starch particles of P2 and P1. P1 consisted 
of the smallest and least complex starch particles, P2 consisted of 
starch granules with medium size and complexity and P3 consisted 
mainly of starch granules with maximum size and complexity. 
The results indicated that nitrogen application did not change the 
number of subgroups but change the proportion of every subgroup 
(Table 3) (Figure 3).

Table 3: Effects of different nitrogen levels on the proportion of starch 
granules subgroups.

Year Treatments
Population(%)

P1 P2 P3

2015

N0 18.40a 10.10d 57.20d

N1 7.00b 13.70b 71.40b

N2 7.50b 12.00c 72.10a

N3 4.40c 20.20a 66.30c

2017

N0 9.10a 12.20a 68.40d

N1 6.80b 8.90c 73.90c

N2 3.80 d 9.80b 77.60a

N3 4.80c 10.30b 75.40b

Note: Different letters within a column indicate significant difference 
among mean values (p < 0.05).

Figure 3: Effects of different nitrogen levels on the proportion of starch granules subgroups.

With increasing level, the proportion of P1 subgroup decreased 
while the proportion of P3 increased at first and then decreased. 
The fluorescence intensity of the P1 subgroup was weaker, 
probably because the proportion of the P1 subgroup was lower 
and the starch granules were lower in size and complexity, which 

may lead to the starch particles of P1 subgroup with the combined 
fluorescent dyes were fewer.

Pasting properties

Pasting properties of starch showed significant variation under 
different nitrogen levels (Table 1). With increasing nitrogen level, 
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peak viscosity, trough viscosity, breakdown viscosity, setback 
viscosity and final viscosity decreased, and pasting temperature 
increased. Peak viscosity is the maximum viscosity attained by 
gelatinized starch during heating in water, reflecting the water 
binding capacity of the starch granule and the extend of swelling of 
starch granules [37]. The differences of peak viscosity could be due 
to variation in the rate of water absorption and swelling of starch 
granules during heating. Pasting temperature is the temperature 
when the viscosity begins to increase during the heating process 
[37]. Low breakdown viscosity value means high ability to resist 
heating [38]. Final viscosity contributes stability and rigidity to 
the swollen granule structure, leading to a higher ultimate paste 
viscosity.

The starch pastes under N3 treatment (225kg/ha) in 2015 and 
N2 treatment (180kg/ha) in 2017 had lower viscosities. The reason 
may be that larger granules possess a loose packing ability and 
occupy a relatively larger volume, and starch rheology is mainly 
influenced by particle size [39]. Hence, the suspensions (N0) of 
large size particles tend to be more viscous compared to those (N3 
in 2015 and N2 in 2017) of the counterpart smaller size. The present 
result was in conformity with the finding of Zhu et al. [40] that rice 
flour had a lower peak viscosity under high nitrogen level. Setback 

viscosity reflected the recovery of the viscosity of the heated starch 
paste and was caused by leached amylose rearrangement during 
cooling [41]. Lower setback of the starch under the N3 in 2015 and 
N2 in 2017 may be due to the amount and the molecular weight 
of the amylose leached from the granules and the remnants of 
the gelatinized starch [42]. Final viscosity increased upon cooling 
may be due to the aggregation of the amylose molecules [43]. With 
increasing nitrogen level, the pasting temperature of Fagopyrum 
tataricum Gaertn starch increased (p < 0.05), which shows that 
nitrogen application significantly improved the thermal stability 
of Fagopyrum tataricum Gaertn starch and made it more difficult 
to gelatinize [44]. Pasting properties of starch has been reported 
to be affected by concentration of starch, amylose, and branching 
architecture of amylopectin, the ratio of amylose/amylopectin, 
granule size, and the presence of lipids that can complex with 
amylose [34].

Thermal properties

Thermal properties (onset temperature, To; peak temperature, 
Tp; endset temperature, Tc; and enthalpy of gelatinization, ΔH) of 
starch under different nitrogen treatments are shown in (Table 4) 
(Figure 4).

Table 4: Effect of different nitrogen levels on thermal properties and relative crystallinity.

Year Treatments
Thermal properties

Relative crystallinity (%)
To (°C ) Tp (°C ) Tc (°C ) ΔH(J/g)

2015 N0 65.24±0.01a 68.51±0.03b 72.56±0.06c 5.37±0.21c 26.04±0.2c

N1 64.84±0.37ab 68.34±0.03b 72.56±0.04c 6.21±0.43bc 27.81±0.1b

N2 65.46±0.37a 68.76±0.13a 73.14±0.04b 6.46±0.38b 28.18±0.3b

N3 64.44±0.06b 68.46±0.03b 74.44±0.10a 10.07±0.32a 30.84±0.2a

2017 N0 66.95±0.08b 69.61±0.06b 73.45±0.40b 7.94±0.12b 29.91±0.2d

N1 66.44±0.06c 69.53±0.09b 74.51±0.04a 9.37±0.17a 31.72±0.1c

N2 67.00±0.08b 70.04±0.12a 74.65±0.59a 9.95±0.60a 33.53±0.3a

N3 67.56±0.08a 70.21±0.16a 74.46±0.26a 9.40±0.15a 32.32±0.2b

Note: Different letters within a column indicate significant difference among mean values (p < 0.05).

Figure 4: Effect of different nitrogen levels on thermal properties and relative crystallinity.

With the increase of nitrogen application, the gelatinization 
temperature and ΔH increased significantly. The results were 
consistent with those obtained from RVA (Table 1). Gelatinization 
enthalpy (ΔH) was used to study starch crystalline structure and 

relative crystallinity [45]. The results were in agreement with 
those obtained from XRD, which reveals that the starch with a 
high ΔH at the high nitrogen level had a high relative crystallinity 
[46]. The difference of gelatinization temperatures might result 
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from the different starch granule sizes at different nitrogen 
levels, amylose content, and amylopectin fine structure [47]. The 
amylose can restrict the hydration of amorphous regions, hinder 
the gelatinization of crystallinity, and raise the gelatinization 
temperature [48], and the starch with large size of starch granule 
has high gelatinization temperature [34]. However, in this study, the 
gelatinization temperature of the starches showed an increase with 
decreasing granule size and amylose content. The gelatinization 
properties may be influenced by other significant differences, 
such as their shape distribution, amylopectin molecular weight 
distribution, and branch chain length distribution of amylopectin, 
rather than amylose contents of starches [45].

XRD and relative crystallinity

The X-ray diff raction patterns of Fagopyrum tataricum Gaertn 
starch samples obtained under different nitrogen levels are 
presented in Figure 4. Generally, natural starches can be divided 
into A-, B- and C-type according to their XRD patterns [49]. The 
starch samples presented strong peaks at 15.03°, 17.07°, 17.96°and 
22.78° 2θ. The resulting X-ray diffraction patterns of the Fagopyrum 
tataricum Gaertn starch all presented the “A” type pattern, which 
indicated different N levels did not change the X-ray diffraction 
pattern. However, with increasing N level, the relative crystallinity 
increased as shown in the Table 1, which are similar to the findings 
that relative crystallinity is negatively correlated to amylose 
content [16]. In addition, the variance of the relative crystallinity in 
2015 and 2017 may affected by the different temperature at early 
development stage [24].

Retrogradation

The starch paste retrogradation percentages of the samples are 
shown in Figure. All the starch pastes had higher retrogradation 
rates during the initial 10 h standing. After 10-20 h standing, the 
starch paste retrogradation of Fagopyrum tataricum Gaertn under 
N3 treatment (225 kg/ha) in 2015 and N2 treatment (180 kg/ha) 
in 2017 gradually slowed down, and tended to stabilize after 20 
h, with their average retrogradation percentage reaching 55.0%, 
which were obviously lower than those of Fagopyrum tataricum 
Gaertn under other treatments. The different retrogradation 
percentages probably attributed to the differences of their amylose 
contents caused by different nitrogen levels, which implicated that 
nitrogen fertilizer application may be helpful to restrain starch 
retrogradation. It is worth noting that high retrogradation can 

cause the great changes on the mechanical properties of starch 
foods, such as decreasing the digestive characteristics of starch and 
increasing the hardness, thus affecting their nutritional values and 
sensory qualities [21,50,51]. The retrogradation of starch was also 
affected by starch structure, hot processing conditions, moisture 
content, and pasting temperature [52].

Light transmittance

With increasing nitrogen fertilizer application, the 
transparency of Fagopyrum tataricum Gaertn starch pastes 
significantly increased in 2015 and increased at first and then 
decreased in 2017 (Figure). The starch light transmittance under 
N3 treatment (225 kg/ha) averaged 34.7% and was higher than 
the starch light transmittance under other treatments in 2015. 
Fagopyrum tataricum Gaertn under N2 treatment (180 kg/ha) had 
the highest starch transmittance of 30.6% in 2017. Starch paste 
transparency is affected by many factors, such as amylose content 
of starch, starch granule size and amylose/amylopectin ratio. This 
result was consistent with previous report that amylose content 
was negatively correlated with starch paste transparency [53]. And 
the difference of temperature during grain development in 2015 
and 2017 may affect the amylose content and further result in the 
variance in the transparency.

Starch solubility

The solubility of Fagopyrum tataricum Gaertn starch increased 
with increasing temperature. The solubility of all samples increased 
from 60 °C to 90 °C. As shown in Figure, the starch solubility of all 
treatments ranged within 3.0%-11.7% at 60 °C, 4.2%-5.9% at 70 °C, 
7.7%-10.9% at 80 °C and 9.9%-12.1% at 90 °C. Solubility indicates 
the ability of solids to dissolve or disperse in an aqueous solution 
(mostly water) [54]. The solubility of starch under the N3 treatment 
(225 kg/ha) from 60°C from 70°C in 2015 was the highest. In 2017, 
the starch under the N2 treatment (180 kg/ha) from 60 °C from 70°C 
possessed the highest solubility. Higher solubility at high nitrogen 
level were attributed to higher water affinity of small granules at 
high nitrogen level as compared with large ones [55]. In addition, 
lower amylose content may lead to the increase of the solubility, 
as amylose can restrain further swelling and help maintain the 
structure of swollen starch granules. And the difference in solubility 
in two years may be relevant to the granule size distribution and 
amylose content affected by the temperature during filling stage.

The effect of nitrogen fertilizer levels and years on the properties of starch
Table 5: Effect of different nitrogen levels and years on physicochemical properties of Fagopyrum tataricum Gaertn starch.

Variation Treatments Years Treatments × Years

DF 3 1 3

Amylose content (%) 182.1** 1.8 24.3**

Granule size distribution 
(%)

＜5 (μm) 432.5** 2082.8** 234.9**

5-15 (μm) 6676.0** 108606.4** 2085.0**

＞15 (μm) 4672.3** 40453.3** 684.2**

Pasting properties
PV (cP) 200.7** 271.4** 66.0**

TV (cP) 91.2** 360.8** 13.0**
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BD (cP) 174.2** 32.4** 115.6**

FV (cP) 76.4** 437.1** 20.8**

SB (cP) 46.0** 308.2** 18.5**

Ptemp (°C) 0.8 0.1 0.5

Thermal properties

To (°C) 6.7* 419.5** 15.2**

Tp (°C) 21.5** 769.6** 9.1**

Tc (°C) 20.0** 64.0** 9.5**

ΔH (J/g) 58.0** 162.9** 32.6**

Relative crystallinity (%) 213.9** 1169.3** 56.6**

Transparency (%) 245.7** 44.3** 162.8**

Solubility

60 (°C) 239.3** 410.2** 19.7**

70 (°C) 24.6** 96.3** 88.4**

80 (°C) 23.0** 77.5** 40.3**

90 (°C) 290.5** 95.3** 21.1**

Note: “*” indicate statistical differences at p <0.05, “**” indicate statistical differences at p <0.01. PV: peak viscosity; TV: trough viscosity; BD: breakdown 
viscosity; FV: final viscosity; SB: setback viscosity; Ptemp: pasting temperature; To: onset temperature; Tp: peak temperature; Tc: endset temperature; 
ΔH: enthalpy of gelatinization.

The result of analysis of variance showed that the properties of 
Fagopyrum tataricum Gaertn starch were significant differences in 
nitrogen fertilizer levels, years and the interactions among nitrogen 
fertilizer levels and years except the pasting temperatures (Table 
5), which indicated that the properties of starch were affected by 
different nitrogen treatments and years (Table 5).

The quality of crop is affected by many factors. For example, 
the structure and composition of amylose and amylopectin and the 
chain length distribution of amylopectin are affected by temperature 
variances in two years [56]. In addition, nitrogen fertilizer also has 
an effect on grain quality [57]. Sing et al. found that the apparent 
amylose content, final viscosity and setback viscosity were higher 
in the delayed transplanted paddy and the changes in milled rice 
caused by delayed transplanting of paddy might be because of cool 
nighttime air temperature [58], which were consistent with the 
results of this study. From the Table 5, the variances in temperature 
led to some significant changes in Fagopyrum tataricum Gaertn. 
Previous study reported that the amylose content was most 
sensitive parameter under changing environmental conditions 
[59].

Conclusion
With increasing nitrogen level, the starches of Fagopyrum 

tataricum Gaertn presented similar starch granule morphologies 
but lower granule sizes and higher structure complexity. The 
application of nitrogen fertilization increased pasting temperature, 
gelatinization enthalpy, light transmittance, solubility, and 
decreased the amylose content and retrogradation of the starch. 
The nitrogen level did not change the XRD patterns but increased 
the relative crystallinity. The result of analysis of variance indicated 
that nitrogen fertilization and years significantly affected the 
physicochemical properties of Fagopyrum tataricum Gaertn 
starches. Overall, the fertilization of 180 kg/ha and 225 kg/ha 
nitrogen fertilizer could obtain Fagopyrum tataricum Gaertn with 
desirable starch physicochemical properties.
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