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Abstract: To satisfy the demands of rapid determination of amylose, amylopectin, protein, fat, and tannin contents in
brewing sorghums, in this paper, 17 spectral data preprocessing methods and 4 wavelength band selection algorithms were
used to establish the near infrared spectral analysis models for these indexes. The results showed that the best spectral
preprocessing methods for each index were 1st der (1st)+multiplicative scatter correction (MSC)+Z-score standardization
(ZS), vector normalization (VN)+mean centering (MC), standard normal variate transformation (SNV)+ZS, MSC,
SNV+ZS, respectively. The best wavelength band selection algorithm for predicting amylose, amylopectin, protein, and
tannin contents was monte-carlo uninformative variable elimination, and that of fat was competitive adaptive reweighted

sampling. The R’ in the optimal models for these 5 indexes of whole grain sorghums were 0.9560, 0.8765, 0.9069, 0.8658,
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0.8841, and the RMSECV values were 1.3222, 2.3477, 0.3549, 0.2164, 0.1077, respectively. The validation results of

external independent samples showed that the models had a high prediction accuracy. The NIR analysis model established

in this study could provide a technical reference for the rapid detection of sorghums in the brewing industry.

Key words: brewing sorghum; near infrared spectroscopy; spectral data preprocessing; wave band selection; non-

destructive analysis
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Fig.1 Near infrared spectra of sorghum samples
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Fig.2 Principal component analysis of near infrared spectrum
for sorghum samples

2.2 RIEHUETALE

T LTAMCRE S3 AT 2 RE i 52 2 15 S b PR IO
FEAE FHE S, FEAGHE BRI 5 B A1,
WEFE L B TCEAS B, IR S T AL B
LR AR A FRAR BRI 1 gl G, S T e B30,
AT X = HE R LT A NG AT AR, 4353 i e Al
B BAEINTRAL RS 17 A —s gl G i G A B
2, BIRE T 456 AR HRLE A X T = SR PR AR AR A 5
M, AR RN AL B 52 P 2 H Ok By Z-score
PRI T2, ST G PAb B, SR A4T, 8 &
P r A A H R? #3EE T 1, RMSECV {Hitlk/)N, 3
B R ZE R i BECY S i Wi B S, 4548
v RMSECV HE/NARAT 10 H4&, g5 Rk 1 Jir
TNe HAETEMFEICATA FALEE 7 R, HL RMSECV
{E>A 2.2603, BRHINTI AL B 7 55 F BB Hpo oAb T A A5
) RMSECV {H A, PR tbise e 2 (E oo AV R e



314 - B Tk B4 2023 4F 5 H

R 1 AEDCHE AL BT % m SRR ) EEATH S

Table 1 Main evaluation parameters of physical and chemical indexes of sorghum with different spectrum pretreatments

G bR =2 AL HL Ty 75 BRI Ak B 2 WRKA et K74 RMSECV
1 ¥ Jc 780 19 2.2603
2 Jo Bifarhaoo ik 780 19 2.1086
3 ¥ Z-scoretr itk 780 19 2.0766
4 B IF A5 A5 A i+ 2= 4 34 Z-scorebrifEfk 780 17 2.0760
N 5 ES =k Z-scorehiififk 780 18 2.0918
FHETER) 6 W —EEK Z-scorefrifEfk 780 17 2.1389
7 ZICHEARLE Z-scorefrifEfk 780 16 2.1504
8 — M R+ ZITHETRE Z-scorefrifEfk 780 15 22052
9 B IE AR AR Z-scorebrififk 780 17 2.2627
10 KaH—k Z-scorebrifEfk 780 18 2.3058
1 o T 780 14 3.3035
2 3 ¥ifarhaok 780 13 3.1574
3 ¥ Z-scoretrifEfk 780 13 3.1807
4 KalH—k Bk 780 16 2.7791
SRR 5 — B ST IR Bifarhao e 780 10 2.8253
6 — B ST AR AR Bifarhao e 780 10 2.8503
7 — B SR 1k Bk 780 10 2.8767
8 ZICHESTRLE Bifarhao e 780 12 2.9310
9 A —kHE Bifarhaok 780 12 2.9604
10 — B SR AR Bifarhao e 780 10 2.9787
1 7 Jc 780 10 0.5933
2 T Bifarhao e 780 13 0.5803
3 ¥ Z-scoretrifEfk 780 13 0.5732
4 TR IE 4SS AR P2 3 Z-scorebrifEfl 780 18 0.4620
ELUT 5 PRIl IEASAS AR Z-scorebrifEfk 780 19 0.4709
6 ZICHSRE Z-scorebrifEfk 780 18 0.4903
7 AR /NE—1k Z-scorefrifEfk 780 13 0.4933
8 — B AR I A AR A Z-scorebrifEfk 780 6 0.4947
9 — ek S EHL Z-scorebrififl 780 8 0.4957
10 — -+ ZITERE Z-scoretrfEfk 780 6 0.5115
1 ¥ 7 780 7 0.3377
2 Jo Bifarhaoo ik 780 7 0.3186
3 ¥ Z-scoretr it 780 7 0.3313
4 FRAfEIEZS AR AR e Bifarhaoo ik 780 6 0.3148
. 5 KH—1k Bifarhaoo e 780 6 0.3148
6 ZICHEARLE Bifarhaook 780 6 0.3175
7 kAL Bifarhaook 780 7 0.3186
8 5L Bifarhaook 780 6 0.3214
9 I K/ ME—1k ¥ifarhaoo e 780 6 0.3239
10 — M R+ 2T R Bifarhaook 780 6 0.3240
1 T TG 780 9 0.2400
2 T ¥ifarhao e 780 9 0.2384
3 I Z-scorebrifEfk 780 9 0.2368
4 R —&HL Z-scorefrifEfk 780 10 0.2107
s 5 — WPk Z-scorebrifEfk 780 9 0.2196
6 Pt 1E AR B AR e+ A 34 Z-scorebrifEfk 780 9 0.2212
7 Bl IE AR AR AR 4 Z-scorebrififl 780 9 0.2235
8 et Z-scorebrifEfk 780 9 0.2245
9 ZICHUNALE Z-scoretRifEfk 780 9 0.2262
10 K IH—1k Z-scorebrifEfl 780 7 0.2292
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R*2H 0.9069( 38 2) . 1 1= 32 1 BT 48 b DU s 744
7, TEZead e WiAb B S i B ke AR, Hod
TEAr SN FE AR Bk Ty iR ST AR A 1 2
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Table 2 Main parameters of the NIR prediction model for physicochemical indexes of sorghums

Eit s 22 Bk PRk P Bt (em™) S abF Iy ik PR HFH RMSECV R
1 RINXIEPLS-X[H-BA10 4598, 4606. ... F e+ Z-scorebrifiAl 546 17 1.4690  0.9457
- 2 Tefs BAS R bR 4058 4066, ... vﬁ£~%ﬁéﬁ+z-scoreﬁiﬁ1t 156 13 1.6136  0.9345
3 FEHRP-LERAENE 4027.4035. ... —HrS+ZonHitE+Z-scorebRifEfk 220 14 13222 0.9560
4 T G IMABCRAE 4042, 4050, ... —Br S IUHU IE+Z-scorebrifEAL 43 13 0.9561  0.9770
1 RINXIEPLS-X[A4-BA10 4004, 4011, ... K H—fAEE Ok 390 14 2.5854  0.8502
B 2 Tefw B BR 4035, 4042, ...  —BrFHRfEIESAS AR E Ok 164 8 25727  0.8516
3 FRRP-RERAENEER 4197, 4413, .. R H— a0 90 13 23477 0.8765
4 A HIENEPCREE 4081, 4197, ... Kt E Al 24 12 2.0409  0.9067
1 RIGXIEPLS-X[E4-B10 4004, 4011, ... FRUEIE AR AR+ Z-scorebRifEIL 546 20 03631  0.9025
B 2 jtﬁE'{l—'E%?ﬁfi% 4104, 4112, ... ARUEIESAE R+ I A Z-scorebrifEfb 118 14 03894  0.8879
3 FNRP-LERAENEER 4135, 4359, ... FrfiE IE 2528 AR i+ Z-scorebr itk 230 15 0.3549  0.9069
4 TEHENEIBCREE 4652, 4937, ... FREIESAS AR+ KA+ Z-scorebRifEfL 30 14 0.2668  0.9474
1 RIX[EPLS-X[E4-B410 4004, 4011, ... JaH—fe+BfE ok 624 7 0.2834  0.6963
2 RIMX[EPLS-X[E43EB 520 5200, 5207, ... — M-+ R — b+ Z-scorebRifE AL 234 11 0.2340  0.7235
3 RInX[EPLS-X[A4-EB530 5254, 5261, ... — R A — A+ Z-scorebRifEAL 234 11 0.2337  0.7269
e 4 Tefm BRI BR 4011, 4019, ... SR 197 4 03069  0.6222
5 FERP-LERARENELR 4343, 4613, ... ZICHSTRIE - b 60 5 0.2936  0.7036
6  FRRP-LERARNELR 4027, 4050, ... bRl IEAS AR A i+ Z-scorebrifEfk 210 6 0.2567  0.7704
7 TG HIENMEMBCREE 4760, 4775, ... — B SR 43 4 0.2606  0.8405
8 TR FEN EIACREE 4613, 4629, ... Bt (E AR A+ Z-scorefr i fL 36 7 0.2164  0.8658
1 RIAX[EPLS- XA/ BE10 4598, 4606, ... F 4+ Z-scorebrififl 468 11 0.1546  0.8136
2 InX[EPLS-X[A43Bi520  3996-5192, ... KA +Z-scorebrifELL 546 18 0.1288  0.8569
3 RIEXEIPLS-X [H5r B30 3996-5007. ... THBR B RS B+ Z-scorebRifEfk 546 13 0.1256  0.8608
s 4 Tefs BAS R IR 4096, 4212, ... Z-scorefrifEfk 239 11 0.1449  0.8188
5 FERYUGEEAENE 4212, 4220, ... bREESAREH LA Z-scorebrmififl 150 11 0.1438  0.8103
6 e FER EMACREE 4189, 4235, ... TR AL i+ Z-scorefrifEfk 40 7 0.1078  0.8975
7 X 6061~10000 THBRH BURAS B+ Z-scorebrififl 492 13 0.1468  0.8212
8 SR RP-FEAREINEE 4259, 4266. ... ZICHUNALE 140 12 0.1077  0.8841

T BERIBEE Ty 2Ry MRS SURAIE, SR iERAE I 2 A KT R A .
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Fig.3 Quantitative NIR model of sorghum proteins
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T A s & B AR SR T S5 4 F & S S INACRAE
A BERkIE s, SCIEALHE s MR IE AR R AR
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FRAZ L HAIE, H: RMSECV {H) 0.2164, R? 4 0.8658.,
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Fig.4 NIR prediction model for physicochemical indexes of sorghums verified by external independent samples
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