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Rapid and nondestructive detection of physicochemical properties

of marzipan based on near infrared spectroscopy
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Abstract: A calibration model of near-infrared spectroscopy for

the determination of water and total sugar is established and opti-
mized in order to realize the rapid detection of physical and chemi-
cal indexes of marzipan. The partial least square method is used
to establish NIR calibration models for the determination of water
Then,

and total sugar in marzipan. the abnormal sample

removal, spectral transformation, sample set partition and char-
acteristic wavelength selection are used to optimize its perform-
ance. The results show that the number of modeling wave points
of the moisture determination model is reduced to 0.8 % of the to-

tal spectrum, R? and R are greater than 0.99, with RMSEC and
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RMSEP about 0.2 and RPD greater than 15.3. The number of
modeling wave points of total sugar determination model is re-
duced to 1.5% of the total spectrum, and R? and R?% are greater
than 0.99, with RMSEC and RMSEP less than 0.81, and RPD
greater than 17.3. There is no significant difference between the
prediction results of the two optimized models and the corre-
sponding reference values (P>>0.05), which can be used in the
actual detection work.

Keywords: near infrared spectroscopy; rapid determination;

physicochemical properties; partial least square; model optimiza-

tion
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BRI B 435 25 (8 U A Mk 0 B0 T o HG TR0 45 SR IR e
T A bR AR I A BT . S B L A SE A AT bG8
R FH B O 2150 06 3 A4 2% ) OPUS. TQ Analyst,
QUANT % 43 40 Lhfi B/ — e i (Partial least
squares, PLS) HEAT AR UM . 0 F 6 58 7 8048
AR L 2% e %500 ] PLS 35 A0 BP 22 B 45 3h S T
KK BB 7K G 55 84 4 I AT A A I A TR HG ke R B
(ROBGRT 0.9 A X AR UERE I /N T 2,600, BRub 45 g
SLYA R 4y RE 43 JC BRI B PLS R A A 43 181 A
(Principal component regression, PCR) 43 ¥ #5 &Y , H. 7K 43
T PLS L  f FH 5C R EC(R) y 0.997 45 KL IE 3 U5 22
(Root mean square error of calibration, RMSEC) ¥
0.044 5, i M ¥ J 22 (Root mean square error of
prediction, RMSEP) 2& 0.367, B 43 Wil il PLS 45 K (1) 41 3¢
ZH (R).RMSEC fl RMSEP 4341} 0.960 78,0.853,
1,64, fa 2 i 45T 7 1 b W R A 7E 2L S 8 R T MR 0 AR
HoK g B 5 LD A Ot 1 A E R YL K gk i T
5.00%6~9.00% B BRI R* Sy 0,98, 38 H. 50 i 34 75 AR 4%
% (Root mean square error of cross validation, RMSECV)
0,26 BLBIE BRI LE AN HE 4 BT Ho AR X 4T
B9 B o B AT E B R A, HC RO TR A R R®
RMSEP FlAH %} 43 #1 % 2% (Residual predictive deviation,
RPD) 43435 £ 0.943 5,0.263 6,4.21, X $64F 55y i F
NIRS Jr 8 R AT B E R IB AR R T H 2 5%
TER 7803 13 P AL 27 1 & 2 05 123 AR 1 R DG A A5 0 4
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55 BN AL R TS0 8 g ARG (R 1 52 W, R AT S R RE A
F T FRE AR B2 3 7 iR e % . © AR 1 LA 0 s A 0 A
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BB R IB AT RO 8 2416 J7 12 00 38 7 AR U 4 3
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MCCV) 59 B 57 FE A 4% P RO 3% T4k 3 KS(Ken-
nard-Stone) % Fl X-Y 3L 4 JF & (Sample set partitioning
based on joint x-y distance, SPXY) ¥ %I 73 £ A £ il 35 4+
P H & W AR #: (Competitive adaptive reweighted
sampling, CARS) 2 & URRAE % 1< % . LA 4 15 B 2L A F350 0
A PR S AT 3 TR R e A L RO A A B AR Ty
S A AT ORI AL A8 A A DR I B2 (A A LB
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1.5 NIRS EfR#ER KR
1.5.1 SHAEASER  LAZER R %R FE L (Monte Carlo
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E B B RIS TR B O 1% B 3 E AT 28 e 4b T L A 45 Y (E
fk ( Mean centralization, MC) ., §% 4 2% H£—% 3€ % ¥
(Savitzky-Golay smoothing, SG) . #5 #f IF &% 4% & 28 it
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(Standard normal variable, SNV) .| 2= # # (De-trending,
DT) 1 £ JC 8 ¥ #& 1F ( Multiple scattering correction,
MSO) L J 3+ MC i 404 5555 IR i 43 0 L KS 3 1
SPXY k4% 2+ 1 Rl 4B AC S L A8 4 b 3 S 14 6 335 24
K508 A DU 53 225 1 43 ) s PLS A5 R S50 7K 43 FH
Wit LB BE 4R AR DA o I 00 6 1% 190 A 3 AR AR
R TTE.
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10, 1IN BAS A5 T A 35 B F AR (Adaptive re-
weighted sampling, ARS)E: |1 m X r; P K & P15 Bk
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Figure 1 Near infrared spectrum of samples
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VBB S 0 1Y NIRS 7 b A5 R 1 fE A0 AR o . 7K 43 )
ERERE R? FR? ¥/0NTF 0.91 . RMSEC I RMSEP #) &
F 114, HX WX P8 ARG #2288 £, RPD /N F 35 &
B E SR RE ARG ¥/F 0.7, RMSEC #il RMSEP
¥IRTF 6.97, H RPD/NF 2, BB, PSS R A 1 ) o
T R AR, T 5 A L 5 25 19 AH DG M AS 0 5 AR
K G300 7 AR B 1 RE 48 A L TSR e B L H A
o 725 B T FH S B R 0 A Bk o L 6 T R AT R
2.2 NIRS EtrEE MR
2,21 REFEARHIBRG RS BHIRIEEE. £S5
G T AR 25 K S AT T TR K S RS B TR AR
P ms 5w B ME, LW 24 7% s, KRR A
MCCV i, A AR 2 5 335 B0 A0 A 00 ok 43 =22 1) 19 26 3R B 5+
R X AR R feke o 1 5 ) [ B B B AN O T Y SRR
R IE DL AR AR AR 1 B 5% 22 MEAN-STD 43 ii [&] 5 0 4t
BRI AR A A I O, RS RN 2 IR

%1 NIRS EREE ML R

Table 1 Prediction results of NIRS calibration model

ERRBEEL PCs R? RMSEC R} RMSEP RPD

KAMME 2 0.9039 1.1445 0.8559 1.3477 2.85

SR A 2 0.693 7 6.9756 0.6930 7.4658 1.82
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Figure 2 Mean-STD distribution of predicted residuals

of all samples
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T 52 B I FAE SEBF 5T v R B 22 5 SPXY 35 W AE T+ 53 4
A PR RIS R T ORI M S S EA R RRA S S 2
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Table 2 The result of two methods to divide sample set

%
BB rdk REARSE moME R CPMME ARk
ERRE 6.8 18.6 13.52 3.62
KS
I E4E 7.0 18.1 13.92 3.64
Koy
ERRE 6.8 18.6 14.07 3.45
SPXY
R4 7.0 16.4 12.82 3.84
EFRE 33.2 68.7 45.49 12.15
KS
‘ U 32.7 68.2 44,20 13.47
pEyiis o
EFRE 327 68.7 46.43 11.63
SPXY
B4 33.2 68.2 42.33 14.00

B3R 2 WA T KS 3300 437K 43 DN 7 A6 TR0 1) e A AR 3
VTN IIR G I el i SRS o S o NI s s A [ L )
[6.8,18.6].[7.0,18. 1. R # 56 & W a5 T J5 & ; HoK 50 &
OV P{E (13,52, 13.92) AR E 25 (3.62.3.64) HRAH 25 41
JIN 5 3 B S A A R B A A S 0R S A AR DL L TS S T
KA A R TR A

S E B LA SPXY i K 43 B A S B L K
E B B R IR TIE AR R AR 1Y RUOBE & B X 4 B D [032.7,
68.7].[33.2,68.2], i # IR 58 4 W w5 5 7 s L UE SRR A
B SRS BN T AR AR bR 2E KT E bR AR, R
0 TE A A BR300 X P, HL R )
LA A R F ST — AT RE ) 5 U2 Ak M AR A e A
EERE, 52 M L. KSHER S ERET Ras R
Wi it {H de /N I RE A L 4 ) T 4 NTRS 5 b3 B 1Y M i 7 A=
AFIFE A

(2) JET AR 4 Ab 3 45 S PO« T 20 A0 b 3 W AR 59
T HLAF AR B R R 2 o i A B A g
AN R R S W, SO A TR R AR OGS E B 2 A R
M LU L L2 B B M LA K A5 T A SR R 5 4 il
ST Z RO RE AR 4 A0 FR 3, AR B PLS 2 AR AR T 1
I, R 3 Frs.

HI 2% 3 AT R AR S i 45 ga 4% o A5 46 b B L T K
G RS RE E bR AR ) MERE B T BT R . A 2 R TAL B Oy
A 7 R ROR AL TR O ik P AR LU
“MSC+MC” A5 e kb B BT 75 25 5 e £E . AR DL 7K 43 700 ) A8
B R? F1 R #1KF 0.99, RMSEC #l RMSEP 43 %1l
0.218 9,0.326 4, RPD Jy 11.16; i 85 751 i 4 %1 (1) R? F0
R% 7R K F 0.99, RMSEC #1 RMSEP 4> 5| J 0.762 6,
1.203 2,RPD 3 11.64, AR H 63 F“MSC+MC” 41
B 05 TAL B S o BT K 3 R B A b A R T o A a2
FikasE  OAE 5 4 0 2 25 0 A e M i UM REE & 38
2] FH T 9 RS A B

AT v T B 1 £ B MISC 44 vk B A 25008 IR K 5 5
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BL KN B FL 43 A A 359 7= A 1) O R i 3 5 O 5 8 diE
Z TR] B AR S 5 MC 78 8 m 18 T B 3% =2 Il ) 22 5L A
T % i A5 2R 1 R fde o R T R . R SE BRSO G L K
W T A R T [ ACIR B A R 3 PORERE O R
Ab B AR TR A A O R ROR
2.2.3  FEAEMCKGEECEE R R BAE S R4S NIRS
FETEAHG 1 000 A, H o A2 78 R TUAR (5 SR L 2k ¢
AR b b BEER AL B & e R T B e 5 o A R 4 50
R RE F0A2 A7 38 B o IR I 78 A5 I 5 3k BB A 78 0 S e 15 T A
OME B R AE A, DA AR B I B e RE . fE G B
R (UVE) |3 82 48 5% 55 1k (SPA) K skt 1% 53 1
(GAFEMRZTITIET IR ] CARS 35 347 g A5 45 1iE ¢
Kkt A a R R 4 iR

M2 4 a1, H CARS 345 45 PLS BB G 8 )5, /K 4%
FEVMEREE T 8 MR AR AU WK 0.8%, H
mAANEPRAE D590 ~1 692 nm P B IF &AL F D
1652 nm RFHOLBEBFN; I 440 EF 2 DT
1938 nm Kb AU 0 X80 .1 AN F 1 468 nm 4b (1% 9 06 i

FREW B TIEANMRENTCEOTEELIERREL RGN

B AALT 1848 nm AR A X, BARLEH B 8 4>
A R G P R AE B AR A L AR L 1 ' 95 B B
FIEA A I HORAE S oK s R A S

EREEAMRBE IR 15 M KT E N EBERDY
1.5%, Hd 7 AL 1550~1 566 nm B, % 4 8 4>
FH 3 AT 1 848 nm ALY P A K EL2 AT
1208 nm ALY PRI .2 DML T 2 094~2 098 nm I
Be 1 AT 1010 nm &b i 06 X 3, %k BT 1 R0, B
TE WA AT T M bl A L RRAIE AR Ak 3 A X B A
— AP (1 010 nm) AR J5 — AP0 (1 938 nm) Y5 [H , AH
Jf B RE S OGTE B BT A BN SR DA R,
2.2.4  PRARBERIE S 5 WO S5 R A R ETR A5 WA
R LR B DL PLS 3 Jir g A K A A ERE & Y
NIRS & brAs B 25 R a3k 5 B

B2 5 AR o 28 T 2 WU Ak B AR 19 255 W T #
K 53 B i S B A Y ) T A% 2% 0 — 0.4 96 ~0.5 0%, Ho 4 %
(/N F 0.5% 5 BB & & 8 bR B R T Ak 22 R
—0.9%~1.0% , HA ¥ R K F1.0% % B E 5

RI3 BUMWMAEBATHEHEERNER

Table 3 Modeling and prediction results of various preprocessing methods
% st # PCs R? RMSEC R} RMSEP RPD
MC 5 0.967 9 0.632 1 0.961 8 0.692 5 5.26
SG(2,7) 2 0.847 2 1.381 2 0.904 6 1.102 7 3.30
SNV 2 0.823 7 1.482 6 0.864 0 1.283 2 2.84
DT 2 0.874 6 1.254 6 0.914 4 1.127 6 3.23
K4y MSC 2 0.822 8 1.486 1 0.867 4 1.271 2 2.87
SG+MC 5 0.967 8 0.633 1 0.961 6 0.693 5 5.25
SNV+MC 7 0.996 4 0.2117 0.991 7 0.332 3 10.96
DT+MC 4 0.983 0 0.460 4 0.986 9 0.408 4 8.92
MSC+MC 7 0.996 2 0.218 9 0.991 8 0.326 4 11.16
MC 5 0.985 7 1.355 2 0.976 2 2.1351 6.56
SG(2,7) 2 0.607 8 7.174 6 0.750 4 9.140 0 1.53
SNV 2 0.833 8 4.622 5 0.976 4 4.592 1 3.05
DT 2 0.831 3 4.709 9 0.930 1 5.162 4 2.71
e MSC 2 0.834 2 4.617 5 0.978 7 4.558 7 3.07
SG+MC 5 0.985 7 1.355 3 0.976 2 2.136 0 6.56
SNV+MC 4 0.993 9 0.882 0 0.988 3 1.520 7 9.21
DT+MC 4 0.991 1 1.070 2 0.986 1 1.656 2 8.46
MSC+ MC 4 0.995 5 0.762 6 0.992 6 1.203 2 11.64
&4 NIRS EfERFERKEELESR
Table 4 Results of characteristic wavelength selection of NIRS calibration model
[N Y FEAE K /nm
K4y 8 1408.1 590,1 686,1 688.,1 692,1 868,1 906.,1 908
o 15 986,1 210,1 212,1 550,1 552,1 554,1 556,1 558,1 562,1 566,

1868,1874,1 880,2 094,2 098
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Table 5 Prediction results of optimized NIRS

calibration model
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225 fH 2 HO AT g T 00 (el i S B0 Ak 1 A6 R4 1) SF- 24 [l g
430 99.5%,99.9 %0 , F W H AT T T BN A A7 8 K
B R O 03 5

7 BHE K a3 BOE E AR BB R N S 2 B IR

Y oM BWE EE SER BWE  em FOTREA R ERE R KT 05 i T 4 R4
1 150 150 0.0 349 342 —0.7 B P=0.83>>0.05,P=0.84>>0.05, $L B 950 5 T M
2 4.7 14.8 0.1 33.9 333 —0.6 YUBHETC o 3 vk 22 5 9 S AR T 43 i R A 1 K
3 149 151 0.2 33.2  33.8 0.6 MR 43 L SO & i P v D g Y 20K
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Table 6 Comparison of the optimized performance of NIRS calibration model
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