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Prediction of Chemical Composition Using Near Infrared Spectroscopy

in Rice straw

Patima Butcha Atitiya Suksaket” Sadudee Pongpaechan®

Abstract

The research focused on an application of Near infrared spectroscopy (NIRS) technique
in order to predict a chemical composition; dry matter (DM), crude protein (CP), ether extract
(EE), ash, cell wall (Neutral detergent fiber, NDF), lignocellulose (Acid detergent fiber, ADF)
and acid detergent fiber (ADL) of rice straw. A total of 180 samples were analyzed for their
chemical composition by standard laboratory methods and determined by NIR spectrometer
in wavelength region of 1,100-2,500 nm. Determine the relationship between the absorbance of rice
straw and the chemical analysis values using WINISI IV program and statistical analysis of PLS
(Partial least square regression) and MPLS (Modified partial least squares regression) with SNV
(Standard normal variate) and non-SNV (Standard normal variate) spectra modulated and
detrend with derivative, gap , smoothing, second smoothing and math treatment 10
patterns. The result revealed that r? of DM CP EE Ash NDF ADF and ADL were in the range
0.76-0.99. When considering the prediction equations from the RPD value, it was found that
the CP and Ash prediction equations were at excellent level. For EE and NDF equations were
at very good level and DM and ADF equations were at good level, while ADL equation was
showed poor level. When evaluating potential by the standards 1SO12099 : 2017 result
showed that the Bias values of DM CP EE Ash NDF ADF and ADL were 0.19 0.09 0.02 0.11
0.30 0.24 and 0.14, respectively. The values SEP were 0.46 0.22 0.05 0.27 0.76 0.60 and 0.30,
respectively and the Slope values were 1.0 all of parameters, which passed the standard
indicating that the calibration equations accuracy was not significantly different from the
actual value at 95 percentage confidence level and was sufficiently effective for laboratory
to predict the chemical composition of rice straw by NIRS technique to reduce analysis time
and the use of chemical, which achieve operator and the environment safety.
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Table 1 Criteria of prediction efficiency : Williams et al. (2019)

RPD Value Classification Application
0.0-19 Very poor Not recommended
20-24 Poor Rough screening
25-29 Fair Screening
30-34 Good Quality control
35-4.0 Very good Process control
> 4.1 Excellent Any application

RPD = ratio of performance to deviation
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Table 2 Total sample, nutritive value, standard deviation and standard error of laboratory of

rice straw.

Parameter N Minimum Maximum Average +SD SEL
Dry matter, % 162 90.99 96.81 94.42 1.38 0.48
Crude protein, % 155 2.12 5.56 3.88 0.79 0.13
Ether extract, % 128 0.38 1.62 0.91 0.22 0.20
Ash, % 169 5.58 19.14 12.35 2.68 0.39
NDF, % 162 62.56 78.17 70.20 2.59 1.59
ADF, % 166 39.32 49.58 43.62 1.75 1.43
ADL, % 126 3.18 7.27 4.90 0.63 0.30

N, Number of samples; SD, Standard deviation; SEL, Standard error of laboratory; NDF, Neutral detergent fiber; ADF,

Acid detergent fiber; ADL, Acid detergent lignin.
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Table 3 Number of sample and nutritive value of calibration and validation sets of rice straw.

Parameter Calibration set Validation set

N Min.  Max. Mean SD N Min.  Max. Mean SD
Dry matter, % 125 90.99 9681 9442 137 25 91.77 96.68 94.41 1.46
Crude protein, % 123 2.12 5.56 3.88 079 22 2.59 5.35 3.81 0.77
Ether extract, % 94 0.38 1.62 0.90 022 21 0.57 1.30 0.90 0.20
Ash, % 133 5.58 19.14 1234 268 26 8.21 1730 1254 227
NDF, % 127 6256 7817 7021 254 28 6342 7775 6998 290
ADF, % 126 39.61 4958 4361 169 26 4111 4797 4388 1.79
ADL, % 92 3.18 1.27 494 0.61 21 3.41 6.46 4.87 0.63

N, Number of sample; Min, Minimum; Max, Maximum; SD, Standard deviation; NDF, Neutral detergent fiber, ADF;
Acid detergent fiber, ADL; Acid detergent lignin.
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al X ) o nd . . ) o ¥V a o A
Houduvesaunasu lnenisasne 27 derivative vesaUnesu agviliinn1suenvesgnuaniiwioy
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nan1siaunsassasadtuludegithivesasuindueyniavuindn vinlinasauni adnluly
Areg1eldszegnianinnInneufvzazviounauesnu1vnlvignaanduuinnit @3 gap uas

smoothing avtieUsuanasuniianvazlusenuauiannszaaliseuiu (eyius, 2548)
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Figure 1 Original spectra (A) and 1% derivative spectra (B) and 2" derivative spectra (C)
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Table 4 Statistical analysis of Calibration and Validation sets.

e 150 1008 na = ne .5 ™ ne 20

Calibration set Validation set
Parameter Treatment

N r?  SEC  SECV N r SEP  Bias RPD
Dry matter, % MPLS  SNV+DETREND 1,4,4,1 125 0.82 0.57 0.77 25 090 046 0.00 3.23
Crude protein,% MPLS  SNV+DETREND 2,8,8,1 123 093 0.21 0.27 22 098 0.10 0.00 7.45
Ether extract, % MPLS  SNV+DETREND 2,8,8,1 94 0.90 0.07 0.11 21 092 0.05 0.00 3.75
Ash, % PLS None 2,10,10,1 133 098 0.36 0.41 26 099 027 -0.01 8.31
NDF, % PLS None 1,551 127 091 0.74 0.93 28 0.93 0.76 -0.01 3.81
ADF, % PLS SNV+DETREND 1,441 126  0.83 0.68 0.81 26 089 0.60 0.03 3.00
ADL, % MPLS  SNV+DETREND 2,4,4,1 92 0.85 0.24 0.36 21 0.76 0.30 0.01 2.09

N, Number of sample; r?, coefficient of determination; SEC, standard error of calibration; SECV, standard error of cross
validation; SEP, Standard Error Prediction; RPD, ratio of performance to deviation, NDF, Neutral detergent fiber, ADF; Acid

detergent fiber, ADL; Acid detergent lignin.
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Figure 2 Relationship between NIRS predicted and actual values of chemical composition of

rice straw in validation sets.
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Table 5 Statistics performance measurement of developed calibration equation for

chemical composition according to I1SO 12099:2017

Bias SEP Slope
Parameter Calculated  Criterion  Result  Galculated  Criterion  Result Observed Calculated  Criterion Result
value (Tp) value (Tue) value (t.y,) value (ta-oyz)
Dry matter, % 0.00 0.19 Pass 0.46 0.73 Pass -0.01 1.00 2.06 Pass
Crude protein,% 0.00 0.04 Pass 0.10 0.27 Pass 0.06 1.00 2.08 Pass
Ether extract, % 0.00 0.02 Pass 0.05 0.09 Pass -0.02 1.00 2.09 Pass
Ash, % -0.01 0.11 Pass 0.27 0.45 Pass -0.04 1.00 2.06 Pass
NDF, % -0.01 0.30 Pass 0.76 0.93 Pass -0.03 1.00 2.05 Pass
ADF, % 0.03 0.24 Pass 0.60 0.86 Pass 0.01 1.00 2.06 Pass
ADL, % 0.01 0.14 Pass 0.30 0.31 Pass -0.00 1.00 2.09 Pass

Ty, The calculation of the bias confidence limits; SEP, standard error of prediction; T g, The unexplained error confidence
limits; tops, The observed t value; t(1_ay2), : The t-value obtained from table t-distribution for a probability of O = 0.05,
NDF, Neutral detergent fiber, ADF; Acid detergent fiber, ADL; Acid detergent lignin.
Usziliudnenmyeann1siiguInsgIUAIENINGEIY ISO 12099:2017
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