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Abstract

Black rice has very superior medicinal value. Since ancient times, it has been used as a nourishing and
health-care rice for medicine and food. It has powerful functions such as disease prevention, regulation of
circadian thythm, and promotion of physical recovery. It is suitable for long-term consumption. In this paper,
optical microscope, scanning electron microscope and energy dispersive spectrometer (SEM-EDS) were used
successively to visualize and quantitatively analyze the element distribution in the chalky and non-chalky areas
of two indica rice varieties in Southern Henan. The results showed that black rice has rich C and O content,
followed by N, P, S content, Mg, K, Ca, Mn, Zn content is less. The content of the O element in the chalky area
is higher than that of the non-chalky area, while many elements such as C, N, P, S are significantly higher in the
non-chalk areas than in the chalk areas; especially the N and S elements are the best indicators of protein, the
content in chalkiness area was lower than that in non-chalky area. It can be inferred that the protein content in
non-chalky part was higher than that in chalky part, that is, chalkiness character of black rice would affect the
nutritional quality of rice. Therefore, our results showed the distribution of elements and protein in black rice,
which is helpful for the cultivation of new high-quality black rice varieties in the future.

Keywords: black rice, chalkiness trait, element content, protein distribution, SEM-EDS
1. Introduction

Rice (Oryza sativa L.) is an important model organism in crop research (Zhang et al., 2007, 2008) and a staple
food for more than half of the world's population (Zeng et al., 2003; Kim et al., 2013; Wang et al., 2018), and the
demand for high-quality rice is also increasing with the continuous improvement of people's living standards
(Fitzgerald et al., 2009; Peng et al., 2014; Zhou et al., 2015). Black rice is a special rice species named for the
formation of brown or black pigment on the seed coat and husk. There are two types of grain size: glutinous and
non-glutinous. Black rice contains a variety of vitamins, about twice the vitamin content of common rice
(Wanming et al., 2005), about 37% higher protein content than common rice, and 15.8% higher total amino acid
content than common rice (Luo et al., 2015). Compared with ordinary rice, black rice contains amino acid forms
more similar to those required by the human body, and the content of essential amino acids is 25%, the
nutritional value of protein is extremely high (Jin et al., 2016). Black rice cooked rice porridge is rich in nutrients,
has a good tonic effect, in addition, can also be made into a variety of nutritious food, can also be used to brew
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wine. Black rice is also rich in flavonoids, anthocyanins and natural pigments (Ma et al., 2018), which have the
functions of regulating physiological rhythms as well as preventing diseases and promoting physical
rehabilitation in the human body (Zhang et al., 2016). Black rice has become one of the hotspots in food and
pharmaceutical industry because of its unique high nutritional value and special medicinal components.

Rice quality is an extremely complex trait, and the physical and chemical indicators for evaluating rice quality
are basically the same at home and abroad, which can be generally divided into four aspects: appearance quality,
nutritional quality, grinding and processing quality, cooking and eating quality (Zhang et al., 2007; Peng et al.,
2018), and among these quality indicators, people pay the most attention to appearance quality and cooking and
eating quality (Guo et al., 2011). The appearance quality of rice is mainly determined by particle size, chalkiness
or transparency, of which chalkiness not only affects the appearance quality of rice, but also affects the milling
processing quality and cooking and eating quality of rice (Yoshioka et al., 2007; Liu et al., 2011; Sun et al.,
2015). Chalkiness is a white opaque part formed by inflation after the development and enrichment of
endosperm starch granules and protein bodies are affected during the grain filling period in rice, resulting in a
loose arrangement of starch granules (Shi et al., 2002; Patindol & Wang, 2003; Zhou et al., 2015). Chalkiness
may be formed by different accumulation rates of nutrients formed by different channeling pathways during
photosynthetic product accumulation. It has been shown that chalky traits are closely related to the content and
structure of starch within the endosperm of rice (Peng et al., 2016; Sun et al., 2015). It can be divided into heart
white, abdomen white, and back white according to its site of occurrence, and it is affected by both
environmental and genetic factors (Zhao, 1998). The chalky area of rice is caused by the loosely arranged
regional starch grains in the endosperm, which leads to the presence of some cavities and is easy to break during
processing. In general, rice with amylose content > 20% will have poorer taste quality, while rice with amylose
content < 15% will have better taste quality, and amylose and long-chain amylopectin are significantly reduced,
while short-chain amylopectin is significantly increased in cretaceous rice compared with cretaceous rice, which
in turn forms loose, round, and small starch granules (Patindol et al., 2003). However, the higher the cretaceous
rate and the lower the amylose content and protein content in the endosperm of rice with chalky area, the worse
the grinding quality, the lower the transparency and whole polished rice rate, and then the lower the yield of rice
and taste quality (Peng et al., 2016; Sun et al., 2015; Yu et al., 2015; Zhao et al., 2015). Therefore, the chalky
trait of rice is closely related to its appearance quality, taste quality and yield trait of rice, and chalky trait is one
of the most important quality traits of rice. Rice chalkiness traits have been one of the key issues concerned by
rice genetic breeders at home and abroad (Guo et al., 2011).

In recent years, the change of people's dietary pattern leads to the increasingly serious problem of mineral
element imbalance, which has become an important factor affecting human health. While mineral elements are
necessary for the normal physiological activity of the human body, they cannot be synthesized in the body and
must be ingested from food (Liu, 2010), and excessive or deficient intake can trigger some diseases (Jiangchuan
et al., 2007). Based on the above reasons, domestic and foreign scholars believe that it may be a safe and
effective way to increase the content of trace elements in edible parts of crops by biofortification. Rice is one of
the most important food crops in the world. The nutritional composition of rice is directly related to people's
health status. The mineral element of rice is a non-negligible nutritional composition, and the amino acid
composition of rice seed protein is relatively balanced compared with other cereal crops, with higher lysine and
threonine content levels. The protein shows good performance in solubility, raw price and energy absorption.
Therefore, rice protein has high nutritional value. Black rice is black in appearance. It has the functions of color
collection, fragrance, taste, nutrition and health care. It is rich in protein, minerals, essential amino acids and
other nutrients. Therefore, the study of protein content in black rice is one of the important directions to improve
the nutritional quality of black rice and is important to promote the development of human health.

In this study, two black rice varieties, Zigu and Youzhizihei, were used to observe the chalkiness of endosperm
under microscope. Combined with the results of SEM-EDS, we analyzed mineral elements and protein in black
rice. This will provide theoretical support for the improvement of high quality black rice varieties and the
cultivation of new varieties, which has important theoretical significance and potential citation value.

2. Materials and Methods
2.1 Test Materials and Instruments and Equipment

Two black rice varieties planted in the experimental field under the same conditions were selected as materials,
which were black rice Zigu and Youzhizihei.

Main instruments and equipment: single thresher (5TS-150A), rice peeler, drying oven, light microscope,
scanning electron microscope SEM-EDS (Hitachi, Japan).
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2.2 Field Planting

According to the different growth periods of two black rice material varieties, they were sown in batches in the
same experimental field of Xinyang Normal University in 2020 to ensure that these black rice resource materials
flowered in mid-August, and the growth conditions at their grain filling and maturity stages were relatively
consistent after flowering. Three rows of 12 plants were planted in each black rice cultivar, with a plant row
spacing of 16.5 cm X 26.4 cm. Two varieties of black rice were cultivated and managed in common fields from
sowing, transplanting to final seed maturity. Black rice seeds were harvested at maturity, naturally dried,
threshed in a single plant thresher (type 5TS-150A), and tested after 3 months at room temperature.

2.3 Observation by Light Microscope

Thirty seeds with the same shape were taken from each variety to remove the husk with a peeling machine,
choose three high-quality rice grains, three heart white rice grains, three belly white rice grains and three back
white rice grains of them. The selected brown rice was fixed with forceps, gently tapped in the near middle of the
brown rice with a single-sided force plate to allow it to break longitudinally in the natural state. The broken part
was cut with a knife to make a sample about 2 mm thick, which was placed on a glass slide to observe and
compare the gap in the appearance morphology of high-quality rice and cretaceous rice under a light microscope.

2.4 Scanning Electron Microscopy

Ten dried seeds were selected from each variety to remove the husk, from which four were selected, which were
high-quality rice, heart chalkiness rice, belly white rice and back chalkiness rice. The selected brown rice was
fixed with tweezers. The back of a knife was used to tap the middle part of the rice grain to make it break
naturally under pressure. The broken part was cut off with a knife to make a sample about 2 mm thick, which
was adhered to the copper sample table with conductive adhesive, Platinum films were deposited on eiko-ib5 ion
sputtering apparatus. The back, abdomen and middle part of the cross section of rice grains were observed under
s-4800 scanning electron microscope (Hitachi, Japan). SEM-EDS images were obtained under high vacuum
using an acceleration voltage of 30 kV.

3. Results and Discussions
3.1 Element Distribution

The main nutrients in rice seeds are starch, storage protein, amino acids, and lipids, the vast majority of which
are starch and protein, and the sum of their weights accounts for more than 90% of their grain dry weight (He et
al., 2013; Peng et al., 2016). Scanning electron microscopy of black rice Zigu and Youzhizihei sections showed
results in Table 1 and Table 2. The results showed that the heart white rice section, abdominal white rice section
and back white rice section were included, the heart white and abdominal white section selected two loci of the
rice seed section and the rice center, and the middle and abdominal chalky back white rice selected two loci of
the rice seed section and three loci of the rice seed center, that is, the chalky trait site and the non-chalky trait site
of black rice for element content detection. Under the light microscope, the shadow part is chalky area, and the
transparent part is non-chalky area. The specific positions of heart white, abdomen white and back white of
Youzhizihei correspond to A1-A3 in Figure 1 respectively, and Youzhizihei corresponds to b1-b3 in Figure 1.
Table 1 and Table 2 correspond to the element contents detected in the section of black rice Zigu and black rice
Youzhizihei heart white rice, the section of ventral rice and the section of back white rice, respectively. The data
in Table 1 and Table 2 show that in addition to a large number of C and O elements, rice also contains a small
number of N, S, Mg, P, K, Ca, Mn and other elements, which are consistent with the main substances in rice,
including carbohydrates, proteins and lipids.

124



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 9; 2021

Figure 1. Light microscope observation of black rice Zigu and Youzhizihei

Note 1. Figures al-a3 are the sample of black rice Zigu with white center area, white belly area, and back white
trait observed under a light microscope.

Note 2. Figures b1-b3 are the sample of black rice Youzhizihei with white center area, white belly area, and back
white trait observed under a light microscope.

Comparing the data of black rice Zigu ventral white of A1-2 and CI1-2 in Figure 2 revealed that In seeds with
belly white traits in the black rice Zigu. No N element was detected in the abdominal white area, and a small
amount of N element was detected in the non-chalky area, with a mass fraction of 0.43%; while the mass fraction
of S element in the abdominal white area was 0.20%, slightly higher than that in the non-chalky area with a mass
fraction of 0.19%; the mass fractions of P and K in the abdominal white arca were lower than those in the
non-chalky area; meanwhile, Ca and Mn elements with mass fractions of 0.02% and 0.06%, respectively, were
detected in the abdominal white area, while these two elements were not detected in the non-chalky area.
Comparing the data of black rice Zigu heart white of A3-4 and C3-4 in Figure 2 revealed that in seeds with heart
white traits in black rice Zigu, the mass fraction of S elements detected in the heart white region was 0.12%,
which was lower than 0.36% in the non-chalky region; while it is worth noting that N elements were not detected
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in both the heart white region and the non-chalky region. The mass fraction of Ca and Mn elements in the heart
white area was slightly lower than that in the non-chalky area, while the mass fraction of P element in the heart
white area was detected as 1.74%, which was higher than that in the non-chalky area 1.47%, while Mg element
was detected only in the heart white area. Comparison of the data of black rice Zigu back-whitening in A4-7 and
C4-7 in Figure 2, it was revealed that the mass fraction of N elements in seeds with back-whitening traits in
black rice Zigu was 1.16% lower in the central chalky area than 4.05% in the non-chalky area, and it was not
detected in the abdominal chalky area; the mass fraction of S elements showed the non-chalky area > the
abdominal chalky area > the central chalky area; the mass fraction of K elements showed the abdominal chalky
area > the central chalky area > the non-chalky area; the mass fraction of P elements showed the non-chalky
area > the abdominal chalky area = the central chalky area, Ca elements were only detected in the abdominal
chalky area, Mn was only detected in the central chalky area, and only a small amount of Zn elements were
detected in the non-chalky area.

Comparison of the data of black rice Youzhizihei abdominal whitening of B1-2 and D1-2 in Figure 2 revealed that
Mn elements in the seeds of black rice Youzhizihei abdominal whitening traits were not detected in the non-chalky
area, and trace Mn elements were only detected in the chalky area; N and Zn elements were only detected in the
non-chalky area, and their mass fractions were 0.41% and 0.13%, respectively; the content of S elements in the
abdominal whitening area was the same as that in the non-chalky area, and the mass fractions were 0.15%; the
mass fractions of K and P elements in the non-chalky area were higher than those in the abdominal whitening area;
the mass fractions of Ca elements in the non-chalky area were lower than those in the abdominal whitening area;
no Mg elements were detected in the rice of black rice Youzhizihei abdominal whitening traits. Comparing the
data of black rice Youzhizihei heart white with B3-4 and D3-4 in Figure 2, it was found that Mn element was only
detected in the non-chalky area and not in the chalky area in the seeds of black rice Youzhizihei heart white traits;
the mass fraction of S element in the non-chalky area was 0.20% greater than 0.07% of S element in the heart area;
the mass fraction of P element in the non-chalky area was 1.31% lower than 1.36% of P element in the heart area;
Mg, Ca, and Zn elements were detected in the seeds of Youzhizihei heart white traits. Comparison of the data of
black rice Youzhizihei back whitening of B5-7 and D5-7 in Figure 2 revealed that the content of N elements in the
seeds of black rice Youzhizihei whitening traits showed central chalky < non-chalky < abdominal chalky, but the
mass fraction of N elements in the chalky area was 1.97% greater than the average mass fraction in the chalky
area 1.73%; the content of P elements showed non-chalky > central chalky > abdominal chalky, and the mass
fraction of P elements in the non-chalky area was 1.67% greater than the average mass fraction in the chalky area
1.56%; the mass fractions of Ca elements in the chalky area were greater than those in the non-chalky area; no K
elements were detected in the abdominal chalky area, and the mass fraction of K elements in the non-chalky area
was less than that in the central chalky area; Zn was only detected in the central chalkiness area of black rice seeds
with Youzhizihei back white; Mg, S and Mn were only detected in the non-chalky area, and their mass fractions
were less than those in the abdominal chalky area. Mg, S and Mn were not detected in the central chalky area.

According to the data of this experiment, black rice Zigu and Youzhizihei contain more C and O elements, in
addition to a small amount of N, Mg, S, P, K, CA, Mn and Zn. Although the types and contents of elements are
different in different rice, the overall content of P element is more. Except for C, O, N and S, P, K, CA, Mn and
Zn in black rice, Zigu and Youzhizihei are mainly P> K > Ca > Mn > Zn. Most of the data in Table 1 and table 2
showed that the contents of other elements such as Mg, S, K and Ca in black rice, Zigu and Youzhizihei were
lower than those in non-chalky parts. The contents of most elements in chalkiness parts were less than those in
non-chalkiness parts.

126



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 9; 2021

529 ‘
50. 4
48 7. 76
44
z
404
44
1.47
0 0 0 0.2 0.090.020.06 0
T T T T T T T T T T
C N 0 Mg P S k Ca Mn Zn
Element
Cc2
52 )
9. 46
487.5
444
R
>
40
4
1. 67
0.43 0 0.190.24 9o o 0
0 T T T T T T T T T T
C N 0 Mg P S k Ca Mn Zn
Element
C3
60 -
b7.02
56
52
484
=
=
444
40.88
404
4]
1. 74
0 0.07 0.120.07 0.1 0.01 0
0 T T T T T T T T T T
C N 0 Mg P S k Ca Mn Zn
Element
C4
56 1
53. 44
52
48
o]
44. 59
44
1.47
oMl o IO o ISMI2-20.010030.0 ¢

C N 0 Mg P S k Ca Mn Zn
Element

127



jas.ccsenet.org

Journal of Agricultural Science

Vol. 13, No. 9;2021

[c5]

128

521
49. 77
48747. 2
44 1
=
=
=
40 1
44
1. 16 1. 46
o 0. 06 0.160.08 0 0.12 ¢
C N 0 Mg P S k Ca Mn Zn
Element
[ce]
56
p2. 85
524
E 48+
=
45. 24
J =
44
1. 46
o 0 0 0.2 0.180.07 0 9
Cc N 0 Mg P S k Ca Mn Zn
Element
=
521
48. 4
48 1
45. 66
44
®
k4]
=
40 1
o] 4.05
1. 52
oM o BI232005 0 o 003
C N 0 Mg P S k Ca Mn  Zn
Element
D1
52 1.55
48
5. 89
» 44
re]
2=
40
44
1.71
0 0.41 0 0.150.07 0.08 0o 0.13
T T T T T T T T T T
Cc N 0 Mg P S k Ca Mn Zn
Element



jas.ccsenet.org

Journal of Agricultural Science

Vol. 13, No. 9;2021

129

527
50. 1
48 7. 92
444
=
=
=
404
44
1. 69
o 0 0 |_|0.150.030.090.02 0
T T T T T T T T T T
C N 0 Mg P S k Ca Mn Zn
Element
529
0. 59
48
5. 96
44+
=
e
=
40
44
1. 77 1.36
o [ ]02012 0 o o
0 T T T T T T T T T T
Cc N ) Mg P S k Ca Mn In
Element
52
49. 6
484
6. 35
441
=
)
=
40
e
2.51
1.31
AR o Pllooroo ¢ 007 g
C N 0 Mg P S k Ca Mn In
Element
52
49. 47
48
5.7
444
x®
e
=
40
4
2.47
1. 66
0 0o 0.290.12 o 0.25
0—+— T T T T =T =T
C N 0 Mg P S k Ca Mn Zn
Element



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 9; 2021

521

48 4——

Wt%

1. 34
0232651 o 0.140.12 o
C N 0 Mg P S k Ca Mn Zn
Element

o7

48

>
S

444

Wt%

401

44
Lo7 1. 67
0.17 0.21 0.240.08 0.1 0

T T T
C N 0 Mg P S k Ca Mn Zn
Element

Figure 2. SEM—EDS detection results of black rice Zigu and Youzhizihei

Note 1. Figure A and C are SEM-EDS results of morphological structure and elements of black rice Zigu,
respectively. Figure B and D are SEM-EDS results of morphological structure and elements of black rice
Youzhizihei, respectively.

Note 2. Figures AL-A2 and C1-C2 correspond to the central chalky area and non-chalky area in the seeds with
chalky heart and white traits in black rice Zihei in Table 1, respectively; Figures A3-A4 and B3-B4 correspond to
the abdominal chalky area and non-chalky area in the seeds with chalky abdomen and white traits in black rice
Zihei in Table 1, respectively; Figures A5-A7 and B5-B7 correspond to the central chalky area, abdominal
chalky area and non-chalky area in the seeds with chalky abdomen and white traits in black rice Zihei in Table 1,
respectively. Corresponding to Table 1.

Note 3. Figures B1-B2 and D1-D3 correspond to the central chalky area and non-chalky area in the seeds with
chalky abdominal white trait of Youzhizihei in Table 2, respectively; Figures B3-B4 and D4-D6 correspond to
the abdominal chalky area and non-chalky area in the seeds with chalky abdominal white trait of Youzhizihei in
Table 2, respectively; Figures B5-B7 and D5-D7 correspond to the central chalky area, abdominal chalky area
and non-chalky area in the seeds with chalky abdominal white trait of Youzhizihei in Table 2, respectively.
Corresponding to Table 2. Corresponding to Table 2. Bars = 10 pm.

3.2 Differences in the Distribution of Proteins at Different Sites

The cross-sectional SEM-EDS detection data of rice samples showed the content and distribution of multiple
elements, which provided a preliminary evaluation for the identification of proteins. N and S, which are the only
elemental features in rice samples, are the best indicators of proteins (Chen et al., 2015), then the content and
distribution of N and S elements detected by SEM-EDS provide a good basis for the preliminary analysis of the
content and distribution of proteins. The SEM-EDS detection data showed that the contents of N and S elements
in black rice Zigu and Youzhizihei were less in the chalky area than in the non-chalky area, and it was speculated
that the protein contents in the chalky area of black rice Zigu and Youzhizihei were less than those in the
non-chalky area.

The N element in rice is an important element of protein, and the S element is a characteristic element of protein.
The analysis of the data in Tables 1 and 2 showed that the content of N and S elements in the abdomen of Zigu
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and Youzhizihei seeds was generally less than the content of non-chalky traits. The average mass fraction of N in
the chalky area of Zigu was 0.29%, and the average mass fraction of N in the non-chalky area was 1.49%. In
Youzhizihei, the average mass fraction of N element in the chalky area was 1.31%, and the average mass fraction
of the non-chalky area was 1.63%. The average mass fraction of S in the chalky area of Zigu was 0.17%, while
the average mass fraction of the non-chalky area was 0.29%. In Youzhizihei, the average mass fraction of
element S in the chalky area was 0.38%, while the average mass fraction of the non-chalky area was 0.14%. The
results showed that chalkiness could affect the content of N and S, and then the content and distribution of
protein.

Table 1. Element distribution of different Chalkiness Characters in black rice Zigu

C N (0] Mg P S k Ca Mn Zn
White bell Wit% 4792 - 50.10 - 1.69 0.15 0.03 0.09 0.02 -
ite belly area
White bell Y At% 5554 - 4359 - 0.76 0.06 0.01 0.03 0.01 -
ite be
Y Non-chalk Wit% 4589 041 5155 - .71 0.15 0.07 0.08 - 0.13
on-chalky area
Y At% 53.53 041 4514 - 0.77 0.06 0.03 0.03 - 0.03
Whit . Wt% 4596 1.77 50.59 - 136 020 0.12 - - -
ite center area
Whit ; At% 5338 1.76 44.11 - 0.61 0.09 0.04 - - -
ite center
¢ cente Nomchalk Wt% 4635 251 4964 - 131 007 004 - 007 -
on-chalky area
Y At% 53.69 249 4316 - 059 0.03 0.02 - 0.02 -
Central chalk Wt% 45.73 247 4947 - 1.66 - 029 0.12 - 0.25
entral chalky area
Y At% 5329 247 4328 - 0.75 - 0.11 0.04 - 0.05
. ) Wt% 48.05 099 4846 023 0.65 134 - 0.14 0.12 -
White back  Chalky area in abdomen
At% 5568 098 42.17 0.13 0.33 0.60 - 0.05 0.04 -

Wt% 4647 197 49.10 0.17 1.67 021 024 0.08 0.10 -

Non-chalky area
At% 54.07 196 4289 0.09 0.75 0.09 0.08 0.03 0.02 -

Note. At% = atomic percentage; Wt% = mass percentage respectively.

Table 2. Element distribution of different chalkiness characters in black rice Youzhizihei

C N (0] Mg P S k Ca Mn Zn
White bell Wit% 4792 - 50.10 - 1.69 0.15 0.03 0.09 0.02 -
1€ bC arca
White bell Y At% 5554 - 4359 - 0.76 0.06 0.01 0.03 0.01 -
ite be
Y Non-chalkc Wit% 4589 041 5155 - .71 0.15 0.07 0.08 - 0.13
on-chalky area
Y At% 5353 041 4514 - 0.77 0.06 0.03 0.03 - 0.03
Whit . Wit% 4596 177 5059 - 1.36 020 0.12 - - -
ite center area
Whit . ' At% 5338 176 44.11 - 0.61 0.09 0.04 - - -
1 nter
¢ cente Nonchalk Wi% 4635 251 4964 - 131 007 004 - 007 -
on-cha arca
Y At% 53.69 249 4316 - 059 0.03 0.02 - 0.02 -
Central chalk Wit% 4573 247 4947 - 1.66 - 029 0.12 - 0.25
entral chalky area
Y At% 5329 247 4328 - 075 - 0.11 0.04 - 0.05
. . Wit% 48.05 099 4846 023 0.65 1.34 - 0.14 0.12 -
White back  Chalky area in abdomen
At% 5568 098 42.17 0.13 033 0.60 - 0.05 0.04 -

Wt% 4647 197 49.10 0.17 1.67 021 024 0.08 0.10 -

Non-chalky area
At% 54.07 196 4289 0.09 0.75 0.09 0.08 0.03 0.02 -

Note. At% = atomic percentage; Wt% = mass percentage respectively.

4. Discussion
4.1 Elemental Distribution in Black Meters

Black rice is rich in Fe, Mn, Zn elements (Qiu, 1993), the lack of Fe elements in the human body will cause
anemia, although the absorption and utilization rate of Fe in rice 1%, but eating black rice can be more than 1.5
times higher than ordinary rice. Mn is a component of various enzymes such as arginine, which affects the
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normal growth and development of the human body. Zn is involved in making up more than 160 enzymes in
human life activities, and when Zn is deficient, it can affect human intelligence, appetite and reproductive
function (Zhu, 1991). Gongkui (Gongkui et al., 2009) used inductively coupled plasma-atomic emission
spectrometry (ICP-AES) and atomic absorption spectrometry (AAS) to determine the contents of trace elements
such as Mn, Cu, Fe, and Mg in black rice and found that Mg and Zn were abundant, followed by Fe and Mn.

In this study, the contents of mineral elements in the cross sections of rice grains with three different chalky traits:
heart white, ventral white, and back white from black rice Zigu and Youzhizihei were detected by scanning
electron microscopy combined with energy dispersive spectroscopy (SEM-EDS). The results showed that both
black rice and Youzhizihei contained a large number of C, H, O elements, and the phenomenon was consistent
with the main substances contained in rice, that is, carbohydrates, proteins, lipids and water. The data in Tables 1
and 2 showed that there were also other elements such as N, S, Mn, P, K, Ca, and Zn in black rice Zigu and
Youzhizihei, of which N and S elements were the best indicators of protein, and the contents were more than those
of the other five elements, while the contents of these five elements, P > K > Ca > Mn > Zn, are roughly P > K >
Ca > Mn > Zn. According to the table analysis, it can be concluded that most of the element contents in the
cretaceous trait parts of black rice Zigu and Youzhizihei are less than the corresponding element contents in the
non-chalky area, which indicates that the chalky trait of black rice will affect the element content. In addition to
the same results as previous studies, it is also different and needs further study.

4.2 Protein Distribution in Black Rice

It has been found that black rice contains 9.56-11.8% protein, which is about 37% higher than the protein content
of common rice, and the total content of 17 amino acids is 15.8% higher than that of common rice (Luo, 2015).
The average content of amino acids per 100 g of brown rice was 9.34 g (3868 rice varieties), and the average
content of amino acids per 100 g of black rice was 11.28 g (163 black rice varieties), up to 15.11 g. Compared
with common rice, the lysine (Lys) content in black rice was 2-2.5 times that in common rice (Jin, 2016).
Compared with ordinary rice, black rice contains amino acid forms that are more similar to those required by the
human body, with an essential amino acid content of nearly 25% and a very high nutritional value of protein.

By analyzing the contents of N and S elements detected by SEM-EDS at different sites, the protein contents of
corresponding parts can be roughly speculated. The results showed that the contents of N and S elements in the
non-cretaceous trait sites of black rice Zigu and Youzhizihei were higher than those in the sites with cretaceous
trait, so it was speculated that the protein content in the cretaceous trait sites was less than that in the
non-Cretaceous trait sites. It conforms to the results of previous studies on cretaceous traits.

5. Conclusions

The distribution of C, O, N, P, S, Mg and other elements in the chalky area and non-chalky area of black rice
Zigu and Youzhizihei were visualized and quantitatively analyzed by light microscopy and scanning electron
microscopy combined with energy dispersive spectrometer (SEM-EDS). The results showed that the contents of
C and O elements in black rice were more, the contents of N, P and S were the second, and the contents of Mg, K,
Ca, Mn and Zn were less, and most of their element contents showed that the element contents in the chalky
character site were less than the corresponding element contents in the non-chalky character site. At the same
time, the mineral element concentration contained in the area without chalkiness is higher, and the protein
content is also higher, so the chalkiness trait contained in black rice will reduce the nutritional quality of black
rice, and improving the chalkiness phenomenon is conducive to improving the nutritional quality of black rice
and providing a better basis for the research and development of black rice in the food and pharmaceutical
industries.
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