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Spectroscopy and Spectral Analysis
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SOGHE, HEATIRAL B, W AE P IS /N KR B RVAR AL 45
2%, i 1F (sample set partitioning based on joint x-y dis-
tances, SPXY) ik $E#F §h 88, 3L F 3% 82 5% (successive
projections algorithm, SPA) 3 6 i I Ak 45 1 80 FRAE
K, gEay MLR RS, Mo o iff 300 /oK AL s 1. B TE A
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1.1 ##

SEIGREAS I ST 2 ok T B EARR T K 1
PO XA PR A 28 21 58 6 B 7S /N oK 60 £ . BT T SE
Jo. BEAEAE, BREES, B TRERARTRESH.
1.2 AIM-ELMEERIERE

a8 A 485 2O 35 A I A A 18 S O GRS I S
USB4000 (& [E 1 28 A]D o P i [ 345~1 040 nm. 34
BEF 0. 21 nm, SR A RCGHOGHE B KRR B AR 90 mm,
TRBE 25 mm BUEAE AN . SIS R 1, & Tobask
T 10 mm Zb 7B, MR S EAR AR L, SR, DB
SRR — HAR 20 mm A4 BFIEGHRE. Gk R4E
BESGEFRE DY 75 ms, PN 2 nm (10 g0FHD . BHEATE
3 AR EB AL 43 3 2R AR 3 YR, HUIA(E AR i B 6
1.3 MLHEHEmE
1.3.1 e

KRR AOCIE S, WA, 1 80 HIf, 3%
FR/NKA o SR /N KB 5 K A TR R T 1Y
WAL IE . W A 7 4% B GB/T5009. 32016 A2 #E 47 .
BRE AR 1 19 0 o fef P S B 3B 43 W] 1 RVA-TecMaster
B HORE BE A3 BT A, g I, SRR AR 25 mL ZE K.
B AT H T v 0 8 o R 0T RS MER AR A 3. 00 g (122638
FEACTED /KB BT o . 4 DU S R R 2 A 4 e e
PEER R 0T, L BTE, BERRES I ARG, B BERE AL AR S
PR /N AR B R . D S R N DK T R R TR R 4R T N
P RIEANS EN I — A . ZEME R P, NORTE R B R
TR AL 77 2R R B, RGBT 5 AR A AR I 0 AR A A
WU, [F) e 3 B % JR i DU 5 Y0 £ P I B . I A AR il R R
T VRORY B 0T RE F50H0E A 2t R0 0 A AL RS . 5 3 2 SRR
M) A2 Ay 2, 02 R A0 R Pl £ I RE AR A GBY/
T24852-—2010 J5 3% #E 4T, i Ky BE AU B2 2 K {4 (thermal
cline for windows, TCW) i H8 15 & 45 il #2 ¢ 47 . M 45 o)
J5 o TCW 3 8 3l 23 51 AR & BT AL P IE S 8K
1.3.2 #fcsm £ 24 e R

i | RVA-TecMaster TP K i 43 B 4 AT LA 3K AR 7 oK
MRV Rt 2, anisl 1 s . B a4k 2 FoR il g o
e S o 1 e A A 2 A = e (N i 1 e
2o ERE MR A AR B R M AR R AR AR OB R .
Mg 1] BimE 4 ANRAES B A S 1R R

(peak viscosity, PV), $& [z 0 2 1] o] B AR 1) foc R B {5
B 52 I AR B (trough viscosity, TV) ., 48 i J2& A 1% A1 i
B B B/ R BEAE ;s C o5 2 B &K B (final viscosity, FV),
6 0 SR AR 0 25 SR B RG JEE 5 Da J2 U {E B[] (peak time,
PT), $5 1 2 0t A 3 A3 i 380 e {0 KGR 0D 5 E R AL
R B (pasting temperature, GT), % B {Y #1102 SR
K EET O TR, B RS (R 2K B0 (EDRS B 1/2 B BT R I
REEAE s dehh, oAy 2 MAEAES Bl TCW Bk AR H R B AR
fhth 283152753 . 2 (breakdown, BD) J& g {8 5 1 5
IR BE 1 2208 5 I8 T (setback, SB) & 5 2K B 5 B {15 K B
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Fig. 1 Gelatinization characteristic curve and main
characteristic parameters of typical millet
1. Variation curve of viscosity value with temperature;

2: Instrumentation temperature control curve
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2.1 R ESENESR

L PRN 60 MEEAM A ES BN E LR, WTLUE
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Table 1 Statistics of pasting viscosity properties
value of millet flour samples

WL 25 I /ME SN ¥{H ¥y 2%
PV/cp 717 2 305 1 347. 30 429. 28
TV/cp 63 390 226.01 94. 01
BD/cp 581 2 006 1122.23 375. 66
FV/cp 171 946 528.03 203. 33
SB/cp 104 604 303. 18 114. 83
GT/C 75.10 79.93 76. 89 0.91
PT/min 3.97 4. 80 4.23 0.17

2.2 MEARR SR T E T

B FE A F OGS A AT SR BURE AR 345~1 040 nm I Bt )2 it
Jeik, #E 370~1 020 nm {5 [B SM5 45 58 AR, {5 M AR,
BEHEPE 370~1 020 nm 5 [l N TG 1E#E — 25 0. B 3 2K
Zpt 21 5S-G GETE 4 nm) YEi%E ., MSC 4B %1% F1 1-D
AT . & 3Ca) R () BT R 43 3y R G % &t S-G P
REBEFN MSC Ab 5 Y6k . M X & S-G F i 4 Bk 3%
MSC 4b ¥ 0] A5 %507 Bk 1R R B8 1 5% Wi 00 1% R 4 R AR
A AN . & 3 M) A[F 1, £ 460, 500, 920 K&
980 nm P IT A #BH W Wl g . S AMAE 640 nm BT AEAE 1
AEEEF I, [ 3Co) R 1-D ALHE S i, W T AL
. 7£ 520~565 nm i Bl FOGISE R AR iR K, 945 F11 010
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Fig. 3 Reflectance spectra of millet samples

(a): S-G spectra; (b): MSC spectra; (c¢): 1-D spectra
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nm it 3R R Z , BEANE 450, 470 % 630 nm B A EE AR 4L
W, WAE 630~900 nm i [l N A} A8 AL /)N
2.3 HEAEMERE

SPXY R » & (S-G. MSC # 1-D ¥ f1 y(7
AW S B0 28 55 BITE SRR SR B BT, B REAR R o
K IEE MBS . AR 60 MEA AT SPXY 204, Hid
EIEAE 5 SEL 3/4, Ay 45 AMFEAS, BHIFAE R4 1/4, 5
B 15 AREAR , FEAE MR 43 J5 LI (E S B R b o I 22 Gn 2=
2 fim. PPV AENB, NFE2ATLUIEH, & SG, MSCH
1-D gb 3, i SPXY Jik A EEFEAR PV EE
[¥h 717 ~2 305 cp, Fp 22 4 3l 440. 44, 424.10 Al
420. 82 cp, THUIFEREA PV (4 4> B J& 843 ~2 069, 726~
2 069 Fl1 795 ~ 2 069, %7 fE 2% 4 B J& 408.54, 449.57 A

402. 50 cp, 3 FRIA AL BEZ& A SPXY 43 4 i 5 1E 52 1) 2 4%
{EL Y B R b AR 22 3 K T 9 IR 4R, BT SPXY 43 21 Y 4 A
6o tbsh . EEET MR, 3 GURER SRR 2 | pRiE
i 22 A X UL HARRE A S B B 45 A T A ] . 2
JRA S . SPXY Jr ik b FErE AR W R TG 3% A B AL 2
B B W) I SR S BE R OGiE 2 R R UL B, OB X
FeGTBRRAE & A T 2546, it SPXY Jy ik 3840 R A TR W) Ab 2
O R A A A S B W e AT AR AR A e A X LR
SPXY J5 WA P T BEALSE v o WU 332 A duplex 45 73 21 55
HERITE . M2 T AR R S B A A ] TAL B
Jeikzid SPXY sy S . KUIESR IS BUE L B S s T B
EREASRGEE, HAREm 2K T RauEsE . # i &
B, A7 BT S R E R A TR AR

R2 FREZELETEMUSFESH SPXY 2 HBFR

Table 2 The partition of sample sets based on different spectral preprocessing and SPXY
" N B IE4E LOaTES
Wb E S ek A — — — — —
BENEE| HE o 18 Al 22 ¥ B {H o 1 Al 22
S-G 717~2 305 1345.3 440. 44 843~2 069 1353.2 408. 54
PV/cp MSC 717~2 305 1320.5 424.10 726~2 069 1427.7 449. 57
1-D 717~2 305 1820.1 420. 82 795~2 069 1 548.9 402. 50
S-G 64~390 233.62 92. 20 63~342 203. 40 98. 96
TV/cp MSC 63~390 226.29 95.02 66~344 225. 40 94. 17
1-D 63~390 222.67 95.92 66~342 236.27 90. 44
S-G 581~2 006 1 120. 80 385. 47 670~1 685 1126.3 357. 32
BD/cp MSC 581~2 006 1 082. 80 370. 39 670~1 811 1 240.4 378.92
1-D 581~2 006 1089.12 375. 88 670~1 811 1219 370.51
S-G 171~946 541. 20 208. 79 177~717 488.53 187.08
FV/cp MSC 171~946 526. 20 216. 75 188~732 533.53 162. 93
1-D 177~946 543. 84 205. 65 171~680 480. 60 195. 20
S-G 104~604 313. 89 116.78 113~419 271.07 105. 97
SB/cp MSC 105~604 305. 98 118.53 104~409 294. 80 106. 36
1-D 104~604 302. 82 121. 83 121~406 304. 27 94. 42
S-G 75.10~79.93 76.98 0.99 75.53~177.50 76. 646 0. 59
GT/C MSC 75.10~79.93 76.95 0.99 75.85~77.50 76. 7153 0. 65
1-D 75.10~79.93 76.94 0. 99 75.80~77.50 76.7553 0.62
S-G 3.97~4.80 4.259 6 0.186 8 4.07~4.27 4.174 0 0.053 6
PT/min MSC 3.97~4.80 4.234 2 0.170 1 4.07~4. 60 4.220 0 0.161 1
1-D 3.97~4. 80 4.247 3 0.175 1 4.07~4.60 4.180 7 0.1311

2.4 HFMEIRKH SPA E#F

i F SPA J7 2358 5 A~ 4o 1E 2 8500 A% 1E AR B B E AT 6
PSR, AU PR BRI y 2~20, KA
PEREIT . AKHE 7 M 1% 25 RMSE B /& 5 ¢ 09 5 AE 3% K A4
VLW EORS B2 SR ], MSC 43RG, 4ad SPXY #E# K IE 4,
] SPA SEHAFAE B S5 RN 4 Fios.

Kl 4Ca) N AP AR R PR A 2R, I 4 (b) SRR AR R
KoE eSS 5L, i B SPA B3k, X4 RMSE 4 170. 5234 B,
M MSC 43 3% 3387 AU P 81l 9 AN ARAE I K AR 1
Ay 385, 417, 424, 432, 510, 527, 778, 912 Fl 950 nm,

RIPIRAETRIELEMN SG, MSC Fil 1-D i 4b 2 ¥ i
il SPA 53k Jr o W (B0 R B . AR ARORS R . R . AR
BE L WITHE M4 R RE DL R W {E B[R] S 7 A 4K R 4 AR
SPA P B IR P KA i K eI . LA PV (B ], PRl
LB, 3 SGAFIERE, SPA 38T 5 MREK K, 4
S 380, 389, 420, 440 HI 600 nm; %3t MSC &b 3 ¥ %,
SPA 4534 T 385, 417, 424, 432, 510, 527, 778, 912 Al
950 nm 4 9 MK M4l 1-D 4 Ok %, BT 480,
603, 659, 859, 869 Ml 874 nm % 6 UK . FFH SPA X%
AR B AT L A AR AR TR I A R B B AR R B TR A
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Final number of selected variables: 9 (RMSE=170.523 4)
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Fig. 4 Key wavelength variables of peak viscosity selection by SPA
(a): Optimal number of wavelength variables; (b): Optimal wavelengths
£3 TEWLIESHET SPXY-SPA $#H{E R KEFLER
Table 3 Key wavelength variables selection by SPA based on different spectral preprocessing and SPXY
WAL R LERNRIEIS 1
BH Tisb 3 it K /nm
S-G 5 380, 389, 420, 440, 600
PV/cp MSC 9 385, 417, 424, 432, 510, 527, 778, 912, 950
1-D 6 480, 603, 659, 859, 869, 874
S-G 14 370, 376, 382, 390, 395, 401, 407, 419, 422, 702, 880, 961, 1 001, 1 019
TV/cp MSC 17 370, 382, 390, 396, 402, 408, 425, 436, 445, 766, 775, 798, 962, 981, 991, 1 006, 1 018
1-D 13 499, 556, 610, 619, 852, 862, 932, 940, 953, 968, 977, 991, 1 006
S-G 15 382, 390, 393, 401, 417, 426, 446, 496, 605, 833, 962, 974, 991, 1 003, 1 007
BD/cp MSC 7 382, 390, 425, 430, 444, 920, 929
1-D 12 385, 606, 615, 622, 660, 799, 835, 853, 865, 916, 921, 986
S-G 6 382, 389, 554, 810, 955, 1 020
FV/cp MSC 10 373, 382, 415, 430, 666, 784, 861, 962, 974, 1 007
1-D 16 474, 604, 616, 624, 673, 850, 853, 862, 865, 887, 920, 922, 928, 934, 972, 991
S-G 7 387, 390, 442, 495, 731, 897, 985
SB/cp MSC 18 373, 382, 389, 396, 401, 410, 425, 429, 442, 450, 776, 789, 964, 970, 975, 982, 999, 1 006
1-D 14 447, 602, 620, 742, 827, 852, 862, 932, 935, 941, 953, 965, 991, 1 006
S-G 5 382, 392, 678, 947, 1 006
GT/C MSC 2 458, 831
1-D 3 430, 505, 930
S-G 5 380, 417, 495, 983, 1 020
PT/min MSC 4 373, 413, 518, 983
1-D 2 468, 574

R X T A A2 B 68 R O 3% WAL B 7 i )5 . SPA
JIT 1 P AL IS A A A R 22 S T ALk X R AIE 90 I Y 32
FHA BRI . 2 AR, (132 4 o) 5] R 0] DL
TR ok, (ARHAAAFTES ISR BG . T SPA 5k
TR AL M/ MU AT AR R AR, N EES
61 (5 B P SR IO 205 B R I R A8 BR OGS R R P TT AR
B A5 L TE T T O R A 2 I A 05 e IF . BB 5 A AN I B
WA, fRRBERRRE M.

2.4 E-T SPA #fEKIKH MLR #E

XA [ b B ' 38 5 2% A 2 O] SPA B8 5 A 4R A 35 1K
HEA7 MLR BCIERERY , {8 T 90 i 48 64T 300, 3R 4 FTR A
AR A 3R T7 2 4 A R M S 400 SPA BT 3 R AT 4 A 7 A5 R
MR IE RS IESS R . NRHBTATE H . (DXF PV EH. SG
A MSC OB i SPA 7p B EE £ 5 ASH 9 AFRAE I BT
32 MLR B3 T AR OC R B R, 35014 0. 902 0 A1 0. 934 7.,
SEP 43512k 201. 934 2 F1 147.039 7, fF 1-D &k Frfdi 6
AL P 4 8 BY ) BN AR O & L 0. 860 5 AN B A% 2%
227.680 5; (2)BDAHAf T S-G St 1 7 A i 1< A 37 48 A Y 5
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W45 S A5 TR X 2 A ) 0924 4. {f I MSC g il A
1D g S B8 O R 5 R BB W . E 0,89 JEAT. (3)H
F TV (. MSCOREEFRI0 17 A K 0 B0 A 5 R $
B 0.825 55 (OFV M 1-D BEHE 16 3K B8 i
gk R AT, FEE R B 0.853 15 (5)SB{H ., MSC #i1 1-D )¢
3 7 R K AR O 45 S S B € 0. 86 F A

(6) X F GT g (E IS ] PT, R AL IF 50 IES5 AL, 25
RAEA IR, JEE A AR, A AR S bRl 13X 7 A~ 2 4L
ERBUN, MERSHEFRRNWESR. SIEME. PV A
BD [ 858 A 11 F0 55 GF 25 SR B A, T B e A OG R B A
0.92 AL, TV, FV fl SBIEHWZERKZ . GT fl PT {H )45
W%,

R4 MUEEN MLR KREMBIFER
Table 4 Calibration and validation results of MLR models

WL R LS R T 4k 2 R SEC R, SEP
S-G 0.935 3 139.613 3 0.902 0 201.934 2
PV/cp MSC 0.913 1 177.075 5 0.934 7 174.039 7
1-D 0.918 8 153. 506 4 0. 860 5 227.680 5
S-G 0.857 9 49.118 2 0.757 4 76.969 9
TV/cp MSC 0.910 5 37.597 1 0.825 5 67.220 3
1-D 0.915 4 35.154 1 0.784 3 69.436 6
S-G 0.910 7 142.572 9 0.924 4 178.020 1
BD/cp MSC 0.943 4 121.433 3 0.888 9 182. 608 1
1-D 0.947 7 114.222 4 0.894 2 194.336 9
S-G 0.843 8 97.004 1 0.709 0 156.402 3
FV/cp MSC 0.746 9 101. 404 6 0.802 9 144.867 9
1-D 0.937 6 65.562 3 0.853 1 132.166 7
S-G 0.736 4 69. 256 8 0.686 9 92.549 5
SB/cp IMSC 0.845 9 54.788 2 0.874 6 74.251 8
1-D 0.903 2 39.1317 0.857 2 76.737 2
S-G 0.622 1 0.895 1 0.515 3 0. 889 4
GT/C MSC 0.152 2 — 0.308 7 0.947 9
1-D 0.733 6 0.503 9 0.493 7 0.882 7
S-G 0.196 5 — 0.683 2 0.143 2
PT/min MSC 0.911 8 0.132 9 0.696 5 0.126 5
1-D 0.823 6 0.1111 0.551 6 0.147 7
TR, 25 ], BRI PV A BD {8 59 B0 25 R i 4, R,
34 Bk 0.934 7 A 0.924 4, SEP 4%l 174.039 7 F

BRIy 0 /I3 K T WL-3E 20 40 S 5 o it () S-G S 3
%, MSC #1 1-D 4B, 15 21/h K S-G, MSC #1 1-D S, fif
A RAV BREOR B2 U %E /N K k3 g PV, BD, TV, FV, CB,
GT LI J PT 48 7 MRt e b . (i SPXY U5k, S8R
[ 7 Ak R 5 % OB A i At 2 M 3 P A GE A AR TR 4 L T
SPA Jy PR 7E 3 Uk 45 1 B0 1 2 SR R AE I IS, 52 MLR
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Detection of Gelatinization Properties of Millet Using Visible/Near
Infrared Reflectance Spectroscopy

WU Jian-hu', LI Gui-feng', PENG Yan-kun' ** , DU Jun-jie' , XU Jian-guo' , GAO Gang'
1. College of Food Science, Shanxi Normal University, Linfen 041000, China
2. College of Engineering, China Agricultural University, Beijing 100083, China

Abstract Gelatinization is one of the most important processing properties of millet, which has an important influence on the
processing performance and product quality of millet. In this study, a rapid non-destructive detection method for the gelatiniza-
tion characteristics of millet was proposed based on visible/near infrared spectroscopy technology which was used to detect the
gelatinization properties of millet without crushing millet granules. Firstly, the VIS/NIR diffuse reflectance spectrum of millet in
the range of 370~1 020 nm was collected, and crushed the millet into millet flour subsequently, then seven gelatinization charac-
teristics such as the peak viscosity (PV), trough viscosity (TV), breakdown(BD), final viscosity (FV), setback (SB), pasting
temperature (GT) and peak time (PT) were determined by RAV rapid viscosity analyzer. After that, the reflectance spectrum
was preprocessed by Savitzkye-Golay smoothing (SG), multivariate scattering correction (MSC) and first derivative method (1-
D). Finally, combined different preprocessed spectra and millet gelatinization characteristics, the calibration sets and validations
set of the samples were determined by Sample set partitioning based on joint x distances (SPXY), and then based on the Succes-
sive projections algorithm(SPA) the optimal wavelengths were selected, the multivariate linear regression (MLR) prediction
models of millet gelatinization characteristic were established using optimal wavelength reflection spectral signal, and the valida-
tion set samples were used to verify the prediction accuracy of the MLR model. MLR models prediction results; for the parame-
ters of PV, TV and SB, after MSC pretreatment, the MLR model established by 9, 17 and 18 optimal wavelengths was the
best, the predicted correlation coefficients (R,) were 0. 934 7, 0. 825 5 and 0. 874 6 respectively, and the standard error of pre-
dicted residual (SEP) were 174.039 7, 67.220 3 and 74. 281 8 respectively; for BD value, the MLR model with 14 optimal
wavelengths after S-G pretreatment was the best with the R, was 0. 924 4, and the SEP was 178. 020 1; in addition, for the FV
parameters, after 1-D pretreatment., the prediction R, and SEP of MLR model based on 16 optimal wavelengths were 0. 853 1
and 132. 166 7 respectively. The results show that it is feasible to detect the gelatinization properties of millet without crushing
millet by using VIS/NIR diffuse reflectance spectroscopy combined with SPXY and SPA algorithm. This study provides a new
technical means for millet products enterprises to determine the gelatinization characteristics of millet raw materials in the early
stage of production rapidly and evaluate the processing quality of millet products, which has a high practical application poten-

tial.
Keywords Millet; Gelatinization; VIS/NIR reflectance spectroscopy; SPXY algorithm; SPA algorithm
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