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mol « L'y KOH % 2. 0 mL, JHRZRIENIXE . 26K
UUBE s 5108 S B A B K hoin g 8 min, 3048 1 2% B3¢
B, PR3 EE NIRRT KA K TE . ELTE A AR ok
Je s B AR A A R TE U K Y 2/3, O M A B e s m
P B R I, T B SR i B TSR B E S
~10 min J5 . B FUKIHR N 20 min, K55 E0E P BT KRR
WM 2522 °C), 1 hJF L mm g 500670 &K I B
1.2.2 sk RE

FA AL 4T A5 3 2 B A Gl DAT200) 9 45 BF i 145 4T 21
S S R (E . BRI D 950 ~1 650 nm, YL FE
295 nm. FREGIBEESHRITE 25 °C L AR EE A 4 0 X
JC R H AT S E A AL .
1.3 BAKBEEEIIMERNEST

i The Unscrambler 9. 7(CAMO) 43 #7 &k 4. & T 1 i
/N Z etk (PLS) 43 5 X 458 1E HE A it SR AN [] 30 oAb 38 77 =X
FIAS [R) 9 B 1) 3 £0 A0 DG 1% 36 AT 1A, O T By Ik 48 7 3ot 1)
G R A5 o E e i R T EL
1.3.1 REZMFBAALE G X 67k

B4 W (smoothing) . 22 56 #US #% IF (multiplicative scat-
ter correction, MSC) . ¥ #i 1F 75 2¢ H# % 4 (standard normal
variate transformation, SNV) ., — i 5 % (first derivative) .
T B F % (second derivative) 85 il b B J7 % B a4 5 3L 20
R FAL B T5 253 500 % I G DG i R AT AL S, AR AR A R IE A 48 AR
1 doe A T4 BT 5K
1.3.2 mAERKBEGREF

PRLAE: i (14 300 £ 411 D' 13 7 5 S Yo 4 B ) 8 1) W i 0 4 53
X 3k 6 35 T L B A A S e ) I BB M R K B AT R R
JBE B8 BE 14 3T 2L A0 3 43 AT . T8 X LG A5 15 B F M 48 B 5 o B
FEP KB
1.3.3 BAFM AT

PIACHEAR C R B (R . MHER i 22 (SEC) | AL X J7 i
w22 (RMSEC) . #r ¥ M1 R R E () o KB bn i 22 (SECV) | £
5 4 75 W 22 (RMSECV) A Jhy i 42k A K Jie B8 J32 30 210 41 A5 Y
TR ) B AR AR . BRI AR O R BB IE 1 AT, LR G
i FAH X B 49 b Al 22 (relative percent deviation, RPD) g —

A BRSO ORI AT PR . A RPDZ=3, 35 W] 3208 7L A )
KL . W T A OG A R 5 & 2. S<KRPD<C3, i B
JUT g N7 1) T 2T AMASE RS I KSR — M, TR T AR DG AL 4 1Y
GrAT s (BHRE BE R o — DM IE 3 & 5 47 RPD<C2. 5, T i B fiff
FH AT L1 A RS HEAT 43 477 K 0 B 5 BT
1.3.4 HBA®RE

H AT RIEAL D 30 A& CR S 5 # K8 ] DA7200 R
BT LA 6T . NI T 2 S i e K B B 32 3 21 4 43 #r 5 Y
U0 f ) R sl S N A A T RS B SR T X
R ZE AL ¢ DI 0 p (H . DL W7 3200 20 AR TR A 0 s )
BRI AT

2 #RSTHE

2.1 BREHEENSH

& 1 A TE 41 R B0 I 4 K RSB B 1 43 A 1 DL . AR T 4R
JE K 43.0~94. 0 mm, FHMEH 71. 0 mm, FRfEZE R 12.2
mm, FEAS B B 43 A )T L Bk A Y i AR 7E AR
Rz, RAE TR IO R A9 dERR T S
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Table 1 The chemical value of rice gel consistency
FEA FE SRR JKE A B/ mm Y ME/mm BRIEZE /mm
1 IF 4 107 43.0~94.0 71.0 12.2
LiaT S 30 43.5~88.0 70. 8 11.5

2.2 WBARARBEEERLANSTHRERLEFRXFHiE

MALIE L MIGIEE LR AR E . AR 2 /AL R L
PO A TF 4 0 B o A O R B(R) L A AR 1E 22 (SEC) | ¢ i
)77 iR 2% (RMSEC) 43 %1 24 0. 970 0, 2.971 8 1 2. 957 9; I
UERE AR B AR C R B ()« KB bp 1 25 (SECV) | B 24 J7 i
2% (RMSECV) 4+ 524 0. 964 2, 3.342 1 F1 3.227 1, X
B3 A 22 RPD=3. 780 5(>>3), i F ¥ 4b BE A 3 21 4 43
BT AR RO fe £

R2 FARBAETEBREAERLLIMRBEEITN ISR

Table 2 Evaluation indexes of NIR model of rice gel consistency under different treatments

N BIEAR I ik £R

BAL BT R SEC RMSEC r SECV RMSECV RPD
JoAb B 6 0.970 0 2.973 6 2.959 6 0.962 6 3.313 4 3.298 0 3.699 2
SNV 7 0.947 2 3.919 6 3.901 2 0.936 0 4.304 5 4.284 4 2.847 5
MSC 7 0.947 0 3.928 5 3.910 1 0.934 6 4.349 4 4.329 1 2.818 1
R 6 0.970 0 2.971 8 2.957 9 0.964 2 3.242 1 3.227 1 3.780 5
— S5 5 0.951 2 3.774 2 3.756 5 0.941 0 4.138 4 4.119 0 2.961 9
ST 6 0.971 7 2.888 6 2.875 1 0.930 3 4.498 7 4.478 3 2.724 2
SNV-+MSC 7 0.947 0 3.928 5 3.910 1 0.933 8 4.376 8 4.359 2 2.798 7
MSC+ - 8 0.954 7 3.638 8 3.621 7 0.941 8 4.112 3 4.094 0 2.980 0
SNV -+ -7 7 0.946 3 3.951 3 3.932 8 0.932 7 4.414 3 4.394 0 2.776 5
SNV+1 [y 4 0.943 0 4.069 9 4.050 8 0.928 1 4.552 7 4.5315 2.692 3
SNV+2 By 5 0.960 1 3.420 1 3.404 1 0.925 1 4. 645 3 4.623 7 2. 638 6
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MSC+1 fy 4 0.943 0 4.070 0 4.051 0 0.9327 4.409 3 4. 388 6 2.779 9
MSC+2 iy 5 0. 960 0 3.423 6 3. 407 6 0.923 5 4.691 1 4. 669 2 2.612 9
SEWE 1By 5 0.948 5 3.873 1 3.855 0 0.938 3 4. 2277 4.207 9 2.899 3
SEWE 2 By 5 0.951 1 3.777 6 3.759 9 0.930 3 4. 488 5 4.468 1 2.730 5
MSC+F#+1 By 4 0.939 0 4.205 8 4.186 1 0.927 5 4.570 4 4.549 3 2.681 7
MSCHFig 42 By 4 0.944 5 4.017 3 3.998 5 0.932 1 4. 430 6 4. 410 4 2.766 2
SNV-+3F4#+1 pr 4 0.939 0 4.206 0 4.186 3 0.927 3 4.574 9 4.554 4 2.678 7
SNV -+ +2 Fir 4 0.944 6 4.013 8 3.9950 0.928 3 4.546 5 4.526 3 2.695 4
Vw12 By 6 0.961 4 3.363 4 3.347 6 0.9330 4.408 2 4.387 7 2.780 5

2.3 BAEBEELNSTHRLERKE

AIEL 1 AT RIS TE B A i W WA 0 3 43 A 7 950~1 100,
1 100~1 3001 1 300~1 650 nm, fT L4 BI%F5X 3 4~ ik 4 B
B4 950 ~1 100, 1 100~1 300, 1 300~1 650, 950 ~
1300, 1 100~1 650 FI 950~1 650 nm % 6 4~ 4 B i F5 K
JRE A 2 3T 21 1 61 4o Wy b RS . w2 3 ik (PLS) g
S5 P B R R K SR B AT 20 AN A BT B AL . ph 3% 3 RTHIAE D
KBt (1 100~1 650 nm) By EBIROR IR U7, HAE LB
fe k5 R, SEC #1 RMSEC 4y % & 0.969 4, 3.003 0 i
2.989 0; I IEHB TIN5 47 . SECV FIRMSECV 43 Jji| 24
0.963 8, 3.261 1 f13.245 9, #1 Xt & 4% kb 1 2% (RPD) 3k

3.758 6, R HAC IR 8 iy HCAH O PR

Absorbance

T 1) T T T T
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Fig. 1 Near infrared spectra of the calibration samples
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Table 3 Evaluation Indexes of near infrared analysis models of rice gel consistency at different wavelength bands
N . HIE £ B R4
S R SEC RMSEC r SECV RMSECV RPD
950~1 100 7 0.718 4 8.503 9 8.464 1 0.545 8 10. 481 4 10.433 1 1.169 4
1 100~1 300 8 0.942 1 4.099 1 4.079 9 0.923 3 4.721 8 4.699 9 2.595 8
1 300~1 650 9 0.953 8 3.672 6 3.655 14 0.942 1 4.101 1 4.082 0 2.988 7
950~1 300 10 0.957 4 3.529 4 3.512 8 0.938 7 4.218 0 4.198 2 2.906 0
1 100~1 650 7 0.969 4 3.003 0 2.989 0 0.963 8 3.2611 3.245 9 3.758 6
950~1 650 6 0.970 0 2.971 8 2.957 9 0.963 2 3.287 7 3.272 6 3.727 9
2.4 WBARPEEDHNSMERHNES 95 K4 R=0.979 0 SEC=2.540 6 RMSEC=2.527 3
T, W 2, [ 3. BIR AR B 11 AR g g(s): B4 7=0.974 1 SECV=2.820 6 RMSECV z.xo.s.i .:‘:./.(
BE W5 B4 5B — 24 8. b UL A BB R SEC LR S
1 RMSEC 4351 0. 979 0. 2. 540 6 Fil 2. 527 3; K i 4 10T B o] e il
#r 2% . SECV Hl RMSECY 4§15 0. 974 1. 2.820 6 Al 5 801 / '
2.805 8, RPD 3 4. 419 4, $Lg5 T A 3 o 1 . SE NP ok
5 401 % 45 50 55 6 65 70 75 80 85 %0
E 30 Ll : * s . ° Chemical value/mm
ga0f e, B3 K R ) R A R T
E 10&"0‘:;3%:;‘» R ° < S5ELFENEXER
0\ “?O.—;&:";n P —— o — Fig. 3 The correlation of predicted value and chemical value of
(o:)'l(?_ 20~ rice gel consistency established by regression model
%, 0307 02F.07 0.4E-07 0.6E-07 0.8E-07 1.0E-07
e Residual

2 FEARKRWEERLIMNSIEREFITITE
Fig. 2 The leverage and residual of rice gel

consistency by near infrared analysis

2.5 BARPAEIRIIMER KIS

FH DA7200 W 4E 30 £ 3 ik 42 A% 5 A 3T 2040 i E . H
BT FEE ST P R R IR ) A 1 A T A ) L R B R R R R
PR 04k 4 1 5 3 20 A0 3 4 DA 35 47 % b e i S5 SR an 3k
4, HH X iR 2 G EAE 0. 198 6~6.502 4 mm, &4 GB/T
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e 5 AT 2435

222942008 ¢ K e B3 BE () I 58 DR 22 b vtk . AR BE 40~ 60
mm B %2 AT 5 mm, B E KT 60 mm B iR 25 A #
7 mm,

X 36 418 7 K TR A 2 3 21 M A I A Al 2 0 7 i 1 A TR

X K, S5 5, p {HM 0.726>>0.05, FHH ML
HME IR I A 2 07 i AT A B A 45 R O B e . BT
ST A A A0 T IR TR A T AR K R B T AR Y

x4 BIEERBEBNVEESUENEE

Table 4 Predicted value and chemical value of validation set

FE it O i b2 fH 2 % 1R 9% FE i T L1l ERORTE =
1 48.294 5 43.5 4.794 5 16 75.904 8 73.0 2.904 8
2 52.380 1 47.5 4.880 1 17 70.315 9 74.0 3.684 1
3 57.740 7 53.5 4.240 7 18 71.725 1 74.5 2.774 9
4 54.501 1 56.0 1.498 9 19 70.693 6 76.5 5.806 4
5 55.580 0 57.0 1. 420 0 20 75.629 2 77.0 1.370 8
6 57.957 7 60. 5 2.542 3 21 78.783 3 78.0 0.783 3
7 57.957 7 62.5 4.542 3 22 76.977 8 79.5 2.522 2
8 63.698 6 63.5 0.198 6 23 74.497 6 81.0 6.502 4
9 67.740 0 64.5 3.240 0 24 84.062 9 81.5 2.562 9
10 66. 835 4 65.5 1. 3354 25 77.737 6 82.5 4.762 4
11 68.602 2 67.0 1. 602 2 26 87.601 7 83.0 4.601 7
12 73.697 1 68. 0 5.697 1 27 83.284 8 84.5 1.215 2
13 64.304 1 68. 5 4.195 9 28 83.049 9 85.0 1.950 1
14 71.836 8 70.5 1.336 8 29 82.190 9 86. 0 3.809 1
15 73.229 0 72.0 1.2290 30 89. 367 6 88.0 1. 367 6

x5 WIEIEBARBAEHERLUNEMKZNEEHES LI
Table S5 Paired ¢ test of model prediction value and chemical value of rice gel consistency in validation set
LA (30 1)
B ) 950 & 5 X 8]
et K % SEERE S sig. AU K2l _ R
2R an=h —0.353 29 0.726 0.643 33 —1.543 17 1. 088 35

I3 ML TR BT P TR K TR BE A I o 5 [ 2 2 0 G A B 5
34 ® SFATEC™ o D20 51 53 TR AG I 80 R o o G A T 0 4

JH DA7200 #3848 7 137 4 J7 R X Rl K AY I 410 50 18
R, FE SR Dy 43.0~94. 0 mm, 3 T KHP
3 8 A T A B L. SR FH O e /N 3R 9k (PLS) 433l 48 20 B 5
AL SR 6 2 ik 1 B TR # SL AT 2T Ah o AT AR A AR i A5 78
B 48 B F T o A A 3 O AL me R RN R B
1100~1 650 nm, X} £ P HAAH A 1 100~1 650 nm
B ST 13 2040 43 B A T R AT S B M. R IEE W R,
SEC il RMSEC 433k 0. 979 0, 2. 540 6 fl 2. 527 3, il &
¥ r» SECV, RMSECV F1 RPD 43 %4 0.974 1, 2.820 6,
2.805 8 il 4. 419 4, BT SHUA . FHr 2 I 3T 21 S A5 7 Xof
30 MY B ERE B CR 2 5 @B TR, 5102 k47 B X
r R B, I LT A R WA 5 Ak S 46 % R 25 FE 0,198 6 ~
6.502 4 mm, EEXT ¢ # 3 p=0.726(>>0. 05), FI L0 4b

0 S HR 45 UL 4 R A TG . RE P TR K B AR B A o BT A
I8 Ry 4 J R K I A8 BE 10 30 2181 43 A7 A G F S 4R B i 5
%,

T LA BE 23 i 78 A4 M IR B4 BT 5T T 1o P 3 A 155 03
oY R AR HERR M . SRAT T 20 RO T Y AL B 5 SR 6
KB AL HE, ZMATVHALIAY 1 100~1 650 nm i K Bt
T SL AT LT Ah o M B B SOR e i . L 2 RE o W] B RS L AT
TR R BE A S AT AR o R R AT A A T S k7 2
0 HAD 8 1 B 35 O 2 A S AR A5 U 7 2 7 Al e A vk
TESL MBI B 7 X S R — PR . WL, O T ARR
SRR YT LA BT, (D) AT L 223K R 8 2 O % AL
PR3 1 BOE T R B AL B 5 ik DL D ot 1 B 5 ma RR
(277 25 TS [ B4 T A 468 280 A s A8 L 2 43 0 %
B .
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Construction and Verification of a Mathematical Model for Near-Infrared
Spectroscopy Analysis of Gel Consistency in Southern Indica Rice

LIU Hong-mei, SHEN Tao, ZHANG Wen-yi, SHI Xi-wen, DAI Tao, BAI Tao, XIAO Ying-hui”
College of Agronomy. Hunan Agricultural University, Changsha 410128, China

Abstract Cultivating high-quality and high-yielding rice varieties is one of the important tasks of current rice breeding, and gel
consistency is one of the most important indicators of rice cooking and eating quality. The traditional chemical method for
measuring the gel consistency of rice has complicated pretreatment, complicated process, and high reagent consumption. It is
difficult to meet the needs of rapid non-destructive testing of the gel consistency for large batches of rice varieties
(combinations). The near-infrared spectroscopy analysis technology can quickly, non-destructively, and non-pollutingly analyze.
In this study, 137 indica rice varieties (combinations) mainly cultivated or newly bred in southern rice areas were used as the
test materials, and their near-infrared spectra were measured by traditional chemical methods to collect their near-infrared spectra
to establish near-infrared spectra of southern indica rice. Build an analysis model, and then correct and verify the model. The
results showed that the partial least squares method (PLS) was used to establish their respective near infrared analysis models
after 20 kinds of mathematical preprocessing and 6 kinds of wavelength bands (or combinations). By comparing the model
evaluation indexes, it was determined that smooth pretreatment was the best pretreatment method, and the wavelength band of
1100 to 1 650 nm was the best modeling wavelength band. Evaluation index of smoothing model: calibration correlation
coefficient (R), test correlation coefficient (r), relative analysis error (RPD) were 0. 970 0, 0. 964 2, and 3. 780 5 respectively;
wavelength evaluation range: 1 100 to 1 650 nm Model evaluation indicators: R, r, RPD They were 0.969 4, 0.963 8, and
3. 758 6 respectively; after smoothing, the best near-infrared analysis model of rice gel consistency was established in the
wavelength range of 1 100 to 1 650 nm, and the model evaluation indicators: R, r, and RPD were 0.979 0, 0.974 1, and
4. 419 4 respectively; Then used 30 samples to verify the obtained optimal model. It indicated that the absolute error between the
near infrared predicted value and the chemical value was 0. 198 6~6. 502 4 mm, and paired ¢ test showed that p=0. 726>0. 05,
indicating no significant difference between the predicted value and the chemical value. The near-infrared model was feasible for
rapid non-destructive testing of rice gel consistency. This study provides technical support for the rapid screening of high-quality

rice varieties (combinations) in the early generation of materials and the rapid batch analysis of the gel consistency of rice.
Keywords Indica rice; Gel consistency; Near-infrared model; Partial least squares
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