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Contents of Crude Protein, Crude Starch and Amylase in Rice Flour
by Hyperspectral Data

LIU Yun', TANG Yan-lin', HUANG Jing-feng’, CAI Shao-hong', LOU Jia'

(‘College of Science, Guizhou University, Guiyang 550025; *Institute of Agricultural Remote Sensing & Information System
Application, Zhejiang University, Hangzhou 310029)

Abstract: [Objective] The contents of crude protein, crude starch and amylase are three important indices to evaluate the
nutrition and taste quality of rice. To study the method for quick inspecting the contents of crude protein, crude starch and amylase of
rice flour may provide a basis for monitoring rice quality by remote sensing. [Method] The 5 varieties of rice flour sample under 3
nitrogen application levels were obtained through field testing. The crude protein, crude starch and amylase were extracted from the
rice flour, and their contents were determined. The hyperspectral reflectances of samples themselves, their crude protein, crude starch,
amylase and mixture with crude protein and crude starch were measured by a ASD FieldSpec Pro FR™. The hyperspectral
characteristics and their correlation were analyzed. [Result] The hyperspectral reflectances of crude protein was different from that
of crude starch and amylase. The contents (%) of crude protein, crude starch and amylase in rice were very significantly correlated to
their some hyperspectral parameters. The squared multiple correlation coefficients (R*) were about 0.7. For the inspection of
estimating models, the precision degree were above 80%. [ Conclusion ]It is concluded that it can be possible to estimate the contents
of crude protein, crude starch and amylase in rice flour by hyperspectral data.
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P, S and A stand for crude protein, crude starch and amylose, respectively
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Fig. Spectra of rice crude protein, crude starch and amylase
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Table 1 Correlation coefficients between the contents of crude protein, crude starch, amylose of rice flour and their spectra
TG AR HEAFE R ek &= AR R

Spectral variables Content of crude protein (%) Content of crude starch (%) Content of amylase (%)
Ries -0.157 0.768%* 0.755%*

DXAi199 0.848** -0.102 -0.134

DAs37 0.339%* 0.794%* -0.770%*
Dlog(1/Rue) -0.379%* 0.758%* 0.779%*
Dlog(1/R;190) -0.850%* 0.026 0.048

R362/Ro14 -0.264* 0.798%* 0.786**

Ros7/Rss3 0.840* -0.203 -0.192
DA793/DAse7 0.853* 0.185 0.207

Dlo15/DAsg; -0.277* 0.803** 0.794%*

* R LRI 0.05. 0.01 BEMERL. FE

*, *%* stand for significant difference at P<<0.05 and P<<0.01 levels, respectively. The same as below
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x2 AMHEERR BEREHIENEERTLE (n=60)

Table 2  Regression equations of estimating the contents (%) of crude protein, crude starch and amylose of rice flour

B HL A x EVEppE R? F LARGSTN
Biochemical parameters Spectral variables Regression equations Std.E

AT D)i199 18.838exp(1148.5x) 0.727%% 154.3 0.1049

Crude protein Rog7/Rss ~23.973x%+77.138x-51.918 0.743%+ 82.4 0.8193
DA703/Dhsgr 20.589x%31% 0.746%* 170.4 0.1011

~15.522 Rsp3+13.903 Roos+342.88 Re71~347.32 Regs+7.4240 0.789%* 51.3 0.7571

5228.39 DA, 199+4095.47 Dhgs; —3149.24 D)y450+10.9390 0.872%* 127.2 0.5834

FHLIERY DAs37 290.24exp(—1584.9x) 0.615%* 93.2 0.1459

Crude starch Rsc/ Rota -358.92x% +438.68x —26.755 0.628%* 48.1 1.7967

Dig;s/ Dhag, 71.357exp(5.1747x) 0.6517%* 1102 0.1418

496.65 R363-334.27 Ry356-67.524 R70+205.92 R 405+68.335 0.778%* 483 1.4571

~77982.8 DAs37+16638.2 DAjg73 —23126.7 Dhoor+120.54 0.716%* 46.4 1.5732

HHEER Dss7 74.112exp(~1584.9x) 0.608** 90.1 0.1567

Amylose Ric/ Rota -86.866x% +106.74x —6.3189 0.620%* 46.4 1.8484

Dhors/ Dhsgy 17.413exp(5.1747x) 0.640%* 102.9 0.1504

125.20 R353-85.226 Ry556-15.981 Re70+50.600 R j495+18.285 0.762%* 44.1 1.4881

~19535.3 DAs37+4118.44 DAyo73 —5853.94 Dhoor+30.4670 0.705%* 447 1.6414

*3 AMHEEAR. AEMNEEENS NS HBEEREBEST (n=60)
Table 3 Analysis of precision for the hyperspectral estimating models of the contents (%) of crude protein, crude starch and
amylose of rice flour (n=60)

B HL S A x  [AE R BR®  BLFE KK R s Fo RBORE R (%)
Biochemical Spectral Regression equations Imulated Simulated Inspected Inspected Inspected
parameters variables R? F R’ F precision
biikc S P DAi199 18.838exp(1148.5x) 0.727%* 154.3 0.764%** 188.2 91.3
Crudeprotein o @ Rsss  -23.973x +77.138x 51,918 0.743%% 82.4 0.343%* 289 82.5
DAs7o/ DAz 20.589x"31% 0.746%* 170.4 0.679%* 122.0 92.0
~15.522 Rsp3+13.903 Roos+342.88 Re71-347.32 Rees+7.4240  0.789%* 513 0.584% 31.6 82.6
5228.39 DA, 19974095.47 Dhg31—3149.24 DAy450+10.9390 0.872%% 1272 0.749%* 55.8 93.2
FLEH Diss7 290.24exp(~1584.9x) 0.615%* 93.2 0.712%* 1415 922
Crudestarch b JRow  -358.92x7 +438.68x-26.755 0.628%% 481 0.713% 1429 93.1
Dhos/ Dhas;  71.357exp(5.1747x) 0.651%*  110.2 0.701%* 133.7 943
496.65 R363-334.27 Rygs6-67.524 Rg701205.92 Ry405+68.335  0.778%* 483 0.857** 78.8 90.5
~77982.8 DAs37+16638.2 Dhyor3 —23126.7 Dhoort+120.54 0.716%* 46.4 0.744% 52.6 949
HEETER Dss7 74.112exp(~1584.9x) 0.608%* 90.1 0.706%* 139.3 93.8
Amylose Ri/ Rois  —86.866x°+106.74x —6.3189 0.620%% 464 0.708%*  140.9 92.4
Dhois/ DAzgi  17.413exp(5.1747x) 0.640%*  102.9 0.686%* 126.8 94.0
125.20 R353-85.226 Ry556-15.981 Re+50.600 Ry405+18.285  0.762%* 441 0.843%* 74.1 91.2

~19535.3 Dis37+4118.44 Dhyg73 —5853.94 Dhog+30.4670 0.705%* 44.7 0.753%* 56.9 94.2
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