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HoAr & IE Bk 52 & 80 (coefficient of determination in calibration,
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Table 1 Statistic results of tryptophan content in milled rice for calibration and external validation sets
Samples Sample No Minimum/ % Maximum/ % Mean/ % SD/ %
Calibration set 232 0. 086 0. 203 0. 133 0. 021
External validation set 40 0. 094 0. 201 0. 132 0. 020

22 BRBEENFESWESKIEHAXESHT

— W EH(1, 4, 4, 1FI SNV+D 4b FKE KB 35 20486
TG . A AR K SO E S AR & B H E AT T A
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2062, 2128, 2 304 nm WK 21 I, S ROGEAE 5 kFH
ZIE) 0 BT R A G . 2 2 e R T A X S R AR
WM T X R 4 € R R RE T 4 p R 3k AL I OIR 3
. HA 1670, 1962, 2062 F1 2 128 nm Ay 24 FE BR 1Y FRAF IR
Wik K A, S KT R AR R O R RS b B R S &
B As S B BB oTik . MRS KR AE 2 062 F1 1 962 nm AYIK
s g 4 ok [ 8% R T CONH, F1 CONH %54 N—H

0 Tt M 2 A A W W R . RIS 7E 1 670 nm Ak B IR TS I L
T EERT RCH=CHR %55 % 5 45 b 3k [7 0 i i {5
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Table 2 Functional group and modes of vibration in tryptophan at important wavelength plots with high correlation

Wavelengths 1196 1760 2 062 2 304 1670 1962 2128
Correlation 0. 621 0. 784 0. 718 0. 682 —0. 767 —0. 652 —0. 769
Mode of vibrati 3XC—H 2XC—H N—H C—H 2XC—H Str. N—H Str. +
ode of vibration Str. Str. Ben. Str+ Ben. Str. N—H -+ amide C=0 Str
Functional group CH CH, CONH; CH, RCH=CHR Ar . CONH Amino acid

Str. # Ben. 433 Al i 4k 2 AR AR By 5 2 >R 35X 3 0 kg — AR AR — A S5 A, D05 7 T RE 1T



S 56 A A 75

%14
1.000
g
2 0
B
Q
o
-1.000+ T T T |
1106 1454 1802 2150 2498
‘Wavelength/nm
Fig 1  Correlation plot for tryptophan reference value vs

wavelength absorbance by using mathematic treatment
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SAEIE (G 1 WAL ¥ 7 %, 43 Bk A MPLS, PLS FiIl PCR =
il IE1 I3 43 AT 5 9k R AT T 2141 18 5T 6% 42 JR (Global) 52 AR i

FE(FK 3) . K MPLS J5 i B s py s8R, gt s iy 7 12
FrifEiR 2= (SEC: 0. 007%; SECV: 0. 008%; SEP: 0. 007 %)
BIMEF HoA W B 7 5, BB R B (RSQ: 88 4% 1-VR:
85. 0% ; R*: 87. 1%) W & + J5 Wi % . SD/SEP i} 2 857,
R T A P R TS P R, R T R 22 (Blas) |
T AT 15 25 (SEP) L Bz SD/SEP {3 — k¢, {H PLS & JEBHY
B IE 77 By SEC, SECV #I Slope ¥/ PCR %:, [ i 5 %
B4 I de E R B(RSQ. 1-VR, ROBERFJ5# . A PLS 1Y
kAL T PCR.

& MR8 (Local) "% 28 F5 B A B A K 4 20 M2 & 2
WA T RAFH T 245 3, B AR MR 2R 0. 007 %, PeiE &
BOKF) T 87 4%, SD/SEP K 2. 857, 5Lk E =Fh [l 477
5 14 A J o B ASE TR 1 T DU SR A B 3B R TR AR A R
I T 45 5 5 MPLS 1) 5 VR AH$E 3T, T 35 1) T00000 4 o 1R 25 4%
AN BRI TR E TR (R 3

Table 3 Statistic results of the calibration for tryptophan content in milled rice with

different methods based on the NIR spectroscopy of milled rice flour

Calibration External validation
Methods ;
SEC RSQ SECV 1-VR Bias SEP Slope R? SD/SEP
MPLS 0. 007 0. 884 0. 008 0. 850 —0. 001 0. 007 1. 009 0. 871 2. 857
PLS 0. 007 0. 881 0. 008 0. 846 —0. 001 0. 008 1. 027 0. 843 2. 500
PCR 0. 009 0. 810 0. 009 0. 803 —0. 001 0. 008 1. 059 0. 825 2. 500
Local-PLS — — — — —0. 001 0. 007 1. 040 0. 874 2. 857

Xof s K G th R A S AR FE (1, 4, 4, AT SNV+D H
SR IE A GTE WAL B 7 v, 8 F A R b O i RN R ARG 2
B8 0 BB AT T R R & | 40 AN E R 9T G ).
SRR . Hohig i MPLS 94 J5 58 bs 7 5 FJR) 38 K 8 b
T7 I AR B A, AR E R 223 R 0. 010%, AMEEER
WA E REC BN 74 1% H 74 7% . SD/SEP H A ¥ K

2. 00, BARSRATMAE S . WiigH PLS (&5 2 ks ki
BORIRZ 32l PCR WY 4 Jmy s R R fie 22 o TR) 3k TR KR o
T R AR AR L RE KOG YRR A A hR g 25 2 (3R 3, &
4>, H MPLS {4 Jry Fl JRi 3 6 2 45 19 SEP J5 & ik K, SD/
SEP J5 & W/,

Table 4 Statistic results of the calibration for tryptophan content in milled rice

with different methods based on the NIR spectroscopy of brown rice grain

Calibration

External validation

Methods
SEC RSQ SECV 1-VR Bias SEP Slope R? SD/SEP
MPLS 0. 010 0. 762 0. 0116 0. 684 —0. 002 0. 010 1. 079 0. 741 2. 00
PLS 0. 011 0. 730 0. 0118 0. 674 —0. 001 0. 012 1. 008 0. 657 1 67
PCR 0. 013 0. 590 0. 013 5 0. 563 —0. 001 0. 014 1. 029 0. 486 1 43
Local-PLS — — — — —0. 001 0. 010 1 135 0. 747 2. 00
A RS R . B BT P R RO IR . R e
33’ R AN BE T4 BT S BE 1S L B IR (R 2, s SR AR

RO I T HRORROLE . 3 A MPLS B 4 )R &
P 5 1 R T B 0 (B R IR R B AR R S BN
HAH, Jr R BOAREDR 22/ . PRSE A BUBR . IR TR KO
4 A B 45 SR 22 TR OROB L 19 E AR 45 2R . fEH SD/SEP i
2.0, UHAI T & o0 M. m THRE R 22 Sl 20 A7 U5 AT T T R
T BEAE . X0 B R R R B A e LA R L
Hb s TERE S ECE FXT BN DT . SR B RO A A T i L fE

AT 52 v REAS B £ 19 1 T .

AR ST AR AL 6 TS [R) AR 0 AR R TR, AR SR
MR MR L AARRMESR . ERBFARR T IZE SR
e 2 o B a5 R ORI AT SRS B AR A R R Ar . TR A
R P TI0INRE T . SRAN T Wu S0V SRR R SRR A R A
FRAGA AL . X 8 K B 5% B 04 PR o A B S A AN

1B o AR AT SR SE AR R W] LA R TR K LR &
B BRE I L ZL AT SR 9K R AR T AR R AR R e
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Study on the Global and Local Calibration Methods of Tryptophan
Content in Rice by Near Infrared Reflectance Spectroscopy

ZHANG Bin, ZHANG Da-peng, ZHANG Wen-bin, WANG Ke-min, LI Guan, YAO Ya-zhen, WU Jian-guo™ ,
SHI Chun-hai*
Department of Agronomy, College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310029, China

Abstract Tryptophan is one of the essential amino acids in human, and also considered as an important limiting amino acid in
rice. Alkali hydrolysis method was used to determine the tryptophan content of 272 representative samples selected from the
1 256 samples in four years. Based on the milled rice flour spectroscopy, by comparing the prediction abilities of the equations
with global calibrations and local calibration, the global calibration method with MPLS and the local calibration method were bet-
ter than others. Their calibration models could be introduced to application because of low standard errors of prediction for both
methods (0. 007 %) and high coefficients of determination (87.1% and 87. 4%, respectively). Furthermore, the prediction abili-
ty of the equation based on the brown rice spectroscopy could be still used for determination application though their effects were
worse than that of the milled rice flour spectroscopy. It was concluded that the equation could be directly used to estimate the
content of tryptophan in milled rice, and the technology of near infrared reflectance spectroscopy developed in this study could be

applied in selecting breeding materials for higher tryptophan content and in quality control during rice processing.

Keywords Milled rice; Tryptophan content; Near infrared reflectance spectroscopy (NIRS); Global calibration; Local calibra-

tion
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