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Abstract: [ Objective] The objective of this study was to set up an ideal method of observation of a single starch granule
cross-section, to clarify the relationship between rice transparency and amylose content and to find the structure
foundation that caused the poor rice transparency. [ Method] The pre-treated rice grain cross-section and isolated starch
were observed under a scanning electron microscopy. [Result] The transparency of both indica and japonica soft rice
with amylose content below 15% was significantly decreased. By comparing different methods of grain cross-section
pre-treatments, we found that the direct mechanical fracture method can’t break a single starch granule and the
mechanical fracture with glass scraping method could break down an individual starch granule, however, it will cause
rough surface and thus difficult to be analyzed quantitatively. As for the liquid nitrogen fracture method, we found it’s an
ideal way to break a single starch granule and the cavity in starch granule can be easily observed. We then further
analyzed the starch granule arrangement and the internal structure of an individual starch granule in paddy rice from both
indica and japonica rice cultivars. We found that all the starch granules arranged tightly and obvious air containing space
was observed in an individual starch granule from grains of all dark endosperm rice. Also, we found that the number and
area of starch granule cavity in glutinous rice was significantly higher than those in dark endosperm rice. Furthermore,
we proved that the number and area of starch granule cavity increased as the grain moisture content decreased.
[ Conclusion] The direct liquid nitrogen fracture treatment of rice grain cross-section is an ideal method for the single
starch granule cross-section observation. Besides, the rice grain transparency showed a close relationship with the
moisture content and also the number and size of cavity in the middle of a starch granule but not the starch granule
arrangement. Moreover, the size and number of cavities increased as the amylose content decreased.
Key words: Oryza sativa L.; starch; scanning electron microscopy; transparency; cavity
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Fig. 1. Rice grain appearance of different rice cultivars.
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Table 1. Basic physicochemical characters of grains from different rice cultivars.

EElivin
Crude protein content/%

KGR

Moisture content /%

h A N 8 R EREEH &
Cultivar and Type Apparent amylose content /%

HIFE indica

5 & 11 Qingluzhan 11 24.6440.40 a

9311 15.83#.28 a

VL 502 Diantun 502 13.5440.07 ¢

5 M4 Yaxuenuo 3.2140.45d

PG Suyunuo 2.9740.35d
FEFE japonica

KEH 35 Wuyujing 3 15.6540.43 a

HAI Nipponbare 15.6140.57 a

KK 194 Kanto 194 10.1740.16 b

"B % Guanglingxiangnuo 3.2140.26 ¢

kS Taihunuo 2.8940.52 ¢

12.3840.23 a 8.6840.31 ¢
12.4040.34 a 8.23#0.10 ¢
12.3640.15 a 8.53#0.19 ¢
12.4240.52 a 11.2040.21 a
12.2540.27 a 10.0140.19 b
124334041 a 6.9620.20 ¢
12.9740.12 a 8.8240.15b
12.2540.26 a 8.8440.13 b
12.2640.16 a 9.6740.05a
12.1340.13 a 8.8420.19b

[El—%rh, B 5 BRI NS PR RORE 0.05 KT EEFARE

In the same column, the data followed by the same lowercase indicates that the difference is not significant at the 0.05 level.
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A, Qingluzhan 11; B, 9311; C, Diantun 502; D, Yaxuenuo; E, Suyunuo. 1, Normal snapping treatment; 2, Liquid nitrogen freezing treatment; 3,
Normal breaking after double-sided blade processing. The arrow refers to the starch cavity. Bar=20 um.
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Fig. 2. Scanning electron microscopic images of indica rice cross-section obtained by different methods.
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A, Wuyujing 3; B, Nipponbare; C, Kanto 194; D, Guanglingxiangjing; E, Taihunuo. 1, Normal snapping treatment; 2, Liquid nitrogen freezing
treatment; 3, Normal breaking after double-sided blade processing. The arrow refers to the starch cavity. Bar=20 pum.

El 3 fERRfEKEETE A RLERNEARER I

Fig. 3. Scanning electron microscopic images of japonica grain cross-section obtained by different methods.
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A, Qingluzhan 11; B, 9311; C, Diantun 502; D, Yaxuenuo; E, Suyunuo; F, Wuyujing 3; G, Nipponbare; H, Kanto 194; |, Guanglingxiangjing; J,
Taihunuo. The arrow refers to the starch cavity. 2 and 3 were magnified pictures in the box in 1 and 2, respectively.
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Fig. 4. Scanning electron microscopic images of rice grain cross-section obtained by the liquid nitrogen freezing treatment.
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Table 2. Comparison of cavity number and diameter of individual starch granule in different rice cultivars.

27 Type FHFh Cultivar FLANE Number of holes fLE#: Diameter/nm
AT indica &7 1 11 Qingluzhan 11 . _
9311 _ _
VE 5 502 Diantun 502 1.1740.21b 275.88+28.83 ¢
Mk Yaxuenuo 1714047 a 513.30446.13 b
J3AEH% Suyunuo 1.9440.73 a 627.27434.50 a
YT japonica HEM 35 Wuyujing 3 _ _
HZH Nipponbare _ _
K 7R 194 Kanto 194 1.1340.25 b 318.44422.01 ¢
JBE#H% Guanglingxiangnuo 15740.36a 566.28434.80 b

K Taihunuo 1.8740.40 a 660.56441.04 a
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A, Grain appearance with various moisture content(MC). B, Starch cavity number and diameter of rice obtained by different drying treatments. C,
Diantun 502; D, Suyunuo; E, Kanto 194; F, Guanglingxiangnuo(GLXN).
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Fig. 5. Rice grain appearance and scanning electron microscopic images of grain cross-section.
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—8— i/ 1111 Qingluzhan 11 ——9311 L —m— K HHE3 5 Wuyujing 3 —o— [ Al Nipponbare
30 . & #1502 Diantun 502 —»— 3 IFG Yaxuenuo 4w 4194 Kanto 194 —— | B

—— 75404 Suyunuo —#— Kil# Taihunuo Guanglingxiangnuo

$i4% 44 Distribution / %

9 10 11 12 0 1 2 3 4 5 6 7 8
JERRLELAE Diameter / pm
A—JEF 1 11; B—9311; C—A ™ 502; D—MS ifiLki; E— 5l F—aUEHE 3 5 G— HAMS, H—307K 194; 1—) " BR A, J— Rk K—Hik
KA AT, L—HKRIAR /3 AT o /NEES s TERRLR TN FL,  RE SRom e RkL A LI o

A, Qiangluzhan 11; B, 9311; C, Diantun 502; D, Yaxuenuo; E, Suyunuo. F, Wuyujing 3; G, Nipponbare; H, Kanto 194; I, Guanglingxiangjing; J,
Taihunuo. K, Size distribution of indica rice starch granule; L, Size distribution of japonica rice starch granule; The small arrow refers to the ostiole

9 10 11 12

0o 1 2 3 4 5 6 7 8
VERRIE A Diameter /um

on the surface of starch; The big arrow refers to the starch cavity.
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Fig. 6. Scanning electron microscopic images of isolated starch from different cultivars.
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