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Abstract: Inulin, protein, total polyphenols, and ash are important physicochemical components of the Jerusalem artichoke.
They have an impact on Jerusalem artichoke’s processing and nutritional characteristics. Traditional detection methods for these
components often require a large number of chemical reagents and high-standard equipment. To achieve rapid prediction of the
main physicochemical indicators in the Jerusalem artichoke, 56 Jerusalem artichoke samples were examined in this study. Spectral
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data were collected in the range of 900~2 500 nm by using a near-infrared (NIR) spectrometer, and partial least squares regression

prediction models were established in combination with the measured contents of inulin, protein, total polyphenols, and ash. The

results showed that, after outlier elimination, spectral preprocessing, and characteristic band screening, prediction correlation coefficients (Rzp)

for the optimal quantitative models of inulin, protein, total polyphenols, and ash were 0.869 5, 0.930 7, 0.943 3, and 0.920 6, respectively.

The corresponding root mean square errors of prediction were 2.237 2 g/100 g, 0.363 4 g/100 g, 0.107 7 mg-g ', and 0.158 1 g/100 g,

respectively, indicating good predictive ability of the models. External validation showed no significant difference (P>0.05) between

the detection results obtained using NIR spectroscopy and standard chemical methods. This study provides a theoretical basis for the

application of NIR in the rapid prediction of physicochemical components in the Jerusalem artichoke.

Key words: Jerusalem artichoke; near-infrared diffuse reflectance spectrometry; content prediction; characteristic band

screening; partial least squares regression
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Table 1 Specific information of Jerusalem artichoke samples
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24 ETFRELEFAE 7 N BPLSREM 4 K&

BT REREBKBREAE RAAEES, FibiE
B Gt ' 7R FE K4 /3 (Principal
Component Analysis, PCA) &8 3= % 4 K & 57 F S
B A XEE 2 — R I EIE ik, Hp— sk
WeHERR AR HE AN IF TP, R IR E B A

FE AR HEBRAE Zb— IR, e S R AE AR Y s T 4
BRI B ARG AR R Ty 2, A R
FAAS A () 615 Tl ab B2 7 v 9 456 PCA FHEFEEUFIAE X
SO AUE K 22 57 PLSR MY . ACHIF 5 15 B B K 32 oo B0
20, BT 10 738 XK E A R A 0 F R B (PCs)
A 57 PLSR LAY AS[R] S 1 70 4k 21 7 2 4 57 % FRA FR
Fr PLSR B ) S H 25 R LK 3.

% 3 ETARNRERLEAXWPLSREEL R
Table 3 The PLSR modeling results based on different spectral preprocessing methods

AL AT TR T X PCs R RMSEC R, RMSEP RPD

None 19 0.999 9 0.104 5 0.634 3 3.980 6 1.41

SG 20 0.999 9 0.098 9 0.665 4 3.824 4 1.47

MSC 10 0.895 5 27459 0.3955 5.9330 0.95

SNV 12 0.909 0 25785 0.402 5 53635 1.05

FD 13 0.994 6 0.651 4 0.733 8 2703 1 2.08

SD 14 0.999 7 0.164 0 0.850 6 2.406 5 2.34

n SG+MSC 11 0.980 8 1.2352 0.546 7 45714 1.23

o SG+SNV 13 0.993 8 0.729 8 0.5529 4.176 4 1.35

SG+FD 12 0.990 7 0.8559 0.766 7 2.903 2 1.94

SG+SD 12 0.997 2 0.468 6 0.8255 2.5572 2.20

MSC+FD 18 0.966 0 1.854 5 0.524 1 4.959 2 1.13

MSC+SD 12 0.985 3 1.356 5 0.645 6 3.6223 1.55

SNV+FD 11 0.987 8 1.243 4 0.700 9 3.047 5 1.84

SNV+SD 13 0.999 7 0.161 9 0.7772 27825 2.02
------------ I-\-I-(;ne 10 0.9812 0.247 4 0.865 2 0.495 2 3.13

SG 10 0.981 0 0.248 6 0.865 0 0.495 7 3.13

MSC 12 0.984 5 0.2251 0.9292 0.368 1 421

SNV 12 0.985 4 02180 0.925 8 0376 4 4.12

FD 9 0.993 9 0.141 1 0.894 8 0.452 4 3.43

SD 5 0.982 4 0.239 6 0.463 2 0.798 3 1.94

SG+MSC 12 0.982 6 0.238 2 0.930 7 0.363 4 426

Ak

SG+SNV 12 0.983 5 0.2318 0.927 3 03718 4.17

SG+FD 9 0.989 6 0.1850 0.880 4 0.469 7 3.30

SG+SD 9 0.998 2 0.077 9 0.8857 0.495 6 3.13

MSC+FD 10 0.997 3 0.093 9 0.914 6 0.416 6 3.72

MSC+SD 14 1.000 0 0.000 1 0.664 0 0.779 3 1.99

SNV+FD 10 0.997 5 0.091 2 0.9275 0.386 3 4.01

SNV+SD 14 1.000 0 0.001 0 0.702 2 0.7399 2.09
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#R3
ZAFE AR Fauk 3 75 X, PCs R RMSEC R, RMSEP RPD
None 12 0.921 4 0.1300 0.670 0 0.2856 1.68
SG 12 09179 0.1327 0.6722 0.283 5 1.69
MSC 6 0.780 1 0.204 5 0.761 3 0.2323 2.07
SNV 6 0.780 0 0.204 5 0.769 2 0.240 6 1.99
FD 12 0.998 2 0.020 4 0.7570 0.261 4 1.84
SD 5 0.964 0 0.089 8 0.173 9 0.300 1 1.60
T SG+MSC 6 0.779 4 0.204 7 0.761 1 0.2323 2.07
SG+SNV 6 0.779 3 0.204 8 0.769 0 0.240 6 1.99
SG+FD 5 0.776 9 0.205 7 0.739 8 0.240 0 2.00
SG+SD 12 0.998 3 0.019 6 0.565 5 0.2775 1.73
MSC+FD 4 0.776 8 0.205 7 0.776 6 0.2254 2.13
MSC+SD 4 0.929 7 0.123 4 0.1792 0.3220 1.49
SNV+FD 4 0.776 8 0.2057 0.781 5 0.2350 2.04
SNV+SD 4 0.928 3 0.124 5 0.376 8 0.2950 1.63
------------ I-\-I-(;ne 13 0.769 7 0.454 1 0.5229 0.776 0 0.81
SG 10 0.885 4 0.336 6 0.468 6 0.898 0 0.70
MSC 12 0.846 0 0.383 4 0.347 4 0.956 9 0.65
SNV 8 0.954 6 0.218 8 0.388 7 0.9217 0.68
FD 12 0.970 0 0.163 4 0.7257 0.328 7 1.90
SD 10 0.998 7 0.0380 0.876 7 0.1977 3.16
o SG+MSC 15 0.828 4 0.401 7 0.454 9 0.876 7 0.71
SG+SNV 11 0.846 8 0.382 6 0.5332 0.741 0 0.84
SG+FD 10 0.994 3 0.078 9 0.684 2 0.376 1 1.66
SG+SD 10 0.9771 0.1570 0.779 2 0.273 4 2.29
MSC+FD 15 0.999 3 0.027 3 0.706 5 0.356 4 1.75
MSC+SD 10 0.998 8 0.036 7 0.773 4 0.284 7 2.19
SNV+FD 9 0.957 3 0.152'1 0.589 3 0.687 9 0.91
SNV+SD 9 0.986 4 0.1215 0.680 1 0.380 8 1.64

ALK I, AN FiAL R 7 200 A5 28 14 R FrD 5 1 A
7], 3 = ) AL B AT DA i B (v s v, T ANS 241
TRAL B V] e 2> PRI B 7 . fE5 B da, SD
AL B 7 AR e, 2 SD WAL FE 5 R, M 0.634 3
EJF % 0.850 6, RMSEP M 3.980 6 g/100 g ~ [% &
2.406 5 g/100 g, RPD M 1.41 L JF % 2.34, H5# fii
PERe B4R E15 3 2 87, 1 MSC. SNV Tl &b
PR B 22 FEE AR T, SGHMSC 1 il 3
77 RBCR e, 4 SGHMSC i &b #E 5 R, M 0.865 2
L F+% 0.930 7, RMSEP M 0.495 2 g/100 g F &%
0.363 4 ¢/100 g, RPD M 3.13 T} % 426, ifi SD k&b
R Bz (ERZMTated, SNVHFD TiiibHE J; sk

Bt £ SNVAFD FiAbEE 5 R, M 0.670 0 L TH40.781 5,
RMSEP M)\ 0.285 6 mg-g ' F[4%% 0.2350mgg', RPD M
1.68 EJH2E 2.04, 1fj SD ACFERUR B % (EK S 4EFR,
SD FHAbFE 7 AR S, 2 SD FUbHE/E R, M 0.5229
7+ % 0.876 7, RMSEP M) 0.776 0 g/100 g F [% =
0.197 7 g/100g, RPD M 0.81 EFF2 3.16, 1fii MSC.
SNV kb 230 R 5 7%

I, 4> Bl % F SD. SG+MSC. SNV+FD.
SD YENZME. EEF. MEW. K& B KK
PR 77 o R T IR 6 £ 0 il #1 S E AY
PEREH B R T, (AU — LB A 1) S 4O 7 B AR
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2.5 E TR AR K B F % 7 X B PLSRE A
#R

NT DR R AT AL, 7R FR bR 1 B T
¥ TR, 23 B CARS. RF. SPA = ffik B i
e 7 VE SR BURFAE I BEF 8 37 PLSR A5, DU %k £ f
(I B 77 2o AN [FIREAE 38 B i ik U7 QA 7 % #i Ak
i br PLSR Y ()5 45 WK 4.

TEH R bR b, CARS W B ik 7 N fE, &
CARS #EHURFE I BUR R, M 0.850 6 _F T % 0.869 5,
RMSEP M\ 2.406 5 g/100 g N[44 2.237 2 g/100 g, RPD
M234 ETHE 251, 5 @EEZ B T 87.2%,
PR TR Y R I B A 2y M AL, T SPA i BT
EROR 22 AEER AR T, 24 CARS. RF. SPA
PEHURFIE D B, AT )1 2R 4 R TN £E (X R 9% R 8
(R )RR, M TMRRZE (RMSE) ¥ L7, # W
BEAY 1 B Lb AU BT AR R BT R B, X AT RE S U B
e i P b — e R B TR R Y fER %
My 485, CARS P Bk 77 i ff, 4 CARS #2H
FRAE P BUR R, M 0.781 5 E T3 0.943 3, RMSEP M
0.2350mgg' FPFE% 0.107 7mgg ', RPD M 2.04 FFF

T 446, ZHEBEAEHIRD T 92.8%, 1 SPA KB
WRUR 2 (EK PR, CARS P BTk 7 etk
2 CARS $EUR LI B R, M 0.876 7 ETFE 0.920 6,
RMSEP ] 0.197 7 g/100 g I % %% 0.158 1 g/100 g, RPD
M 316 ETHE 395, 25 @A EHECD T 84.4%,
M SPA i1k B i ik 5k SR f 22 IR 3% B CARS 1E N %
W S2H. Ko febs WA BORIE T, EBIRE
SG+MSC AbFE 4= B T8 A e AL ST, %
TS 5 @EMRHER B A i 5 s

REAEAR B 150 B T 4 /NS D g By TRl gt
25 TR RABAR I & F I 204284 se B P s B
ff1. {5 H T CARS. RF. SPA %1% 15 5 i 5 1F I L
A SRR, TR B e Ly B (S
BER, BICEEARREE. Fit, FeM il IXE
(9 B 3% 5038, 4n X TA) i B /N — 3 [ 4 (Interval
Partial Least Squares Regression, iPLSR) #2 It H 4§ fiE
W, AR PRI R W RE . H ATE H I
VRl BOm ke O A SR, s v 25 0 i By
BALSIEN S, BN R 2 L, AR R
REMIATIR T, RATReIR> 2 5 A ) ik B

x4 BETFARKERMHIESXHPLSREELER
Table 4 The PLSR modeling results based on different wavelength selection methods

I FEAT FAERE T X REHK PCs R RMSEC R, RMSEP  RPD
Full spectrum 321 14 09997  0.1640 08506  2.4065 2.34
CARS 41 13 09992 02547 08695 22372 2.51
A

RF 20 20 08316  3.3800 04313 52084 1.08
SPA 60 13 0.5054 42289 03845 59967 0.94
Full spectrum 321 12 09826 02382 09307 03634 4.26
CARS 25 9 09780 02672  0.1276 12565 1.23

AR
RF 40 8 09719 03008  0.8373  0.5651 2.74
SPA 27 8 09267 04754 09052 04395 3.53
Full spectrum 321 4 07768 02057 07815 02350 2.04
CARS 23 9 0.985 1 0.0584 09433  0.1077 4.46

% % By
RF 20 10 09618  0.0924 08146 02156 2.23
SPA 48 6 07907 02003  0.6998  0.2880 1.67
Full spectrum 321 10 09987  0.0380 08767  0.1977 3.16
CARS 50 20 1.0000  0.0038 09206  0.1581 3.95

o

RF 40 20 0.9899  0.1051 0.6432  0.5879 1.06
SPA 50 4 0.0000  0.8893 03311 04522 1.38
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Table 5 The modeling results of the optimal quantitative models for various physicochemical indicators

EiuFEkr TR EF X KEBRFX TEHK  PCs R RMSEC R, RMSEP  RPD
e SD CARS 41 1309992 02547 08695 22372 251
AR SG+MSC — 321 12 09826 02382 09307 03634 4.26
% %y SNV+FD CARS 23 9 09851 0.0584 09433 0.1077 446
R SD CARS 50 20 1.0000 0.0038 09206 0.1581 3.95

26 wmitEEHEANET

203 6 PAL B AR AE I8 B O 32 3 i) o AR AR gk
ITRAL G, L B TR 1 R R AR B AR T, AR T
45 3 % BAL SR AR SR A K BT PN S H R 5
FiR. S EAGIR R € BB RS H o By - S 0%
R’,=0.869 5. RMSEP=2.2372 g/100 g. RPD=2.51 ; &
F i R*=0.930 7. RMSEP=0.363 4 g/100 g. RPD=426 ;
MZW R=0943 3. RMSEP=0.107 7 mg.g '« RPD=4.46 ;
5y RP=0.920 6. RMSEP=0.158 1 g/100 g. RPD=3.95.
TERERI I PEREVEAN S 80, 24 R IUMA.TE 0.82~0.90 18
FEI I, FoREA R AF AT 852 ; R IMERF 091 &
MR AR R R A gEIRR A, 4 DEALE

SERBA P R B KT 0.86, RMSEP ¥J/N T i 48 5
WAk FAE kR HEZ, H RPD Y9 KT 2.5, BRI
S8 S S I BE I IA B R AT B DL PR

TE B HIBIE 9T 4R 38 1, Meenu 25 7E 700~1 300 nm
LT F 5% M FE b p- A 5B B A PLSR Tl AR Y
(R’ =0.789, R’,=0.735) ; Fan %:"7F 940~1 660 nm &
STT KRy R R B e PLSR TSR (R®,=0.93,
RPD=3) ; Meenu %" 7E 700~2 500 nm 43 5 &7 7 %
oM A AN A B (1) PLSR FUAS R, R® 43
HM 0.65 F10.67, 1T WLAHF 78 7 N7 AR AL TN g e
DNERAR . B BRALAE bR E A A )l SR AR R T A 1
MATATEITEL 6 B, SRR mUBR B A S S
M, R 2 LA 5 R LT
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B 5 SCIME R S5 R IR 6 fius. — ok, AR
S5 R B IR ZEAE 10% AN RS ZIR T % B A R
MIHER . S5 R EIR, KB bR TG 5 S
(RIAF G 5% 2 30 R —14.61%~9.64%, A 8. K5
FEPR &A1 REASHR XS R 22 B 48 00 B8 10%, 73
BN -10.13% F1 -14.61%, FEAHHE. K5 @ w R
(I FIRS BEIE A R 32 T, MEER. 2 E R
Xof AR FHAE it B TG R BT o B R A A LR
PR RS Koy TN B b RMSEP 2. 3% 15 T
RMSEC, AR BALN R, 155 1.000, XERA]
I — i i 40h 5 KUK, 75 Bk — A R R R R R R
SRS, 25 R AT 2 AR AR AN R R A i
I IE MR B AR R PR R ) R 2R . 2
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Table 6 External validation results of the unknown sample

WALIEAT HERBT EAME FMME xR 2 ARxTiRE/%

1 7177 6450 727 -10.13
‘ 2 60.10 6511  5.01 8.34
/(jﬁg) 3 6728 6224  5.04 ~7.49
4 7404 6776 628 -8.48
5 6780  67.66  0.15 -0.22
""""""" 1 9.85  9.88 0.03 0.33
2 9.14 853 0.61 -6.71
éﬁ’)éﬁg) 3 1204 1244 039 3.26
4 596 608 0.12 1.97
5 1321 1264  0.57 431
""""""" 1 246 226 021 -8.39
) 2 249 273 0.24 9.64
/§;g§§) 3 260 237 0.24 -9.07
4 250 237 0.13 -5.37
5 254 232 0.22 -8.71
""""""" 1 539 542 0.03 0.53
2 567 581 0.14 2.52
«éﬁézg> 3 587 549 0.38 ~6.49
4 471 493 0.22 4.60
5 693 591 1.01 ~14.61

JS7 A A ¢ A6 360K T 5 s A 3k 47 LR
RTEREW, IEAICERIbR A 7R 2 1)
R g i s B EER (P=0.194>0.05)", [H
I, REARE. Koy e SRz R R, He
o6 8 Lt — DA S T R U LA 61 T 4 2 4
W BAR. B2B. KOSREMITH.
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Table 7 Paired sample t-test results of measured versus predicted values

Fest A A Tl AEE

E48 95% BAZ XA

HARE B

&

BoE BEE (RE)

TR

ERME - FAME 0.79500  2.640 91 0.590 53

-0.440 98  2.030 98

1.346 19 0.194
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3 g

A Ry ARSI 0F 3 5 R0 T JSE R ST A
AEEEH, BRI o b 75 E A d o &
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ARAE 900~2 500 nm Vi B P9 @245 g, SR E
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