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Study on quantitative detection of soluble solids and firmness of yellow
peach chips by near-infrared spectroscopy
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Abstract; The spectral data was collected by using two different
infrared spectroscopies with 400 to 1 000 nm (visible-shortwave)
and 1 000 to 2 500 nm (longwave) from yellow peach chips. Then
four mathematic algorithms, i. e. standard normal variate trans-
formation ( SNV), multiplicative scatter correction ( MSC),
moving-average smoothing (MS) and l1st-derivative (1-Der),
were utilized in data preprocessing. Regression models by linear
partial least squares (PLS) and non-liner support vector machine
(SVM) were constructed for the predicting the soluble solids con-
tent (SSC) and firmness in yellow peach chips, respectively. Mo-
reover, the feasibility analysis for prediction of SSC and firmness
were vitrificated by the external experiments. The results showed
that the best performance for SSC prediction was obtained with
R, of 0.761, RMSEP of 1.998% and RPD of 1.532 by MSC-SVM
algorithm in 400 to 1 000 nm. However, the best performance for
firmness prediction was obtained with R, of 0.862, RMSEP of
0.292 kg and RPD of 1.991 by MSC-SVM algorithm in 1 000 to
2 500 nm. All these findings demonstrated that the near-infrared

spectroscopy could be utilized to monitor the quality of fruit chips
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with non-destructive attributes, and also positively promote the
development of online automated grading system.
Keywords: yellow peach; chip; near infrared spectroscopy; non-

destructive detection; soluble solid; firmness
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AR, B BATT R T Bk R S T O 2 b B2
T B A SUROU IR 25 O 6 i 5T 38 W, Bk 2R pY 4 2 0 e R
F/N5 RS 2 R M GRS AH DG 1 8 3 3 N TE TG R
SR T LT A1 e 2 B R Kok 2R S P o A R SR A T RO
filt o X UG L S5 A B 5T B Al A0l 42 T 1 R SR AT O R B
S — B g o BRI Oy SR B R

Oy FICREF AR AR L0 51 635 Al LUR) %+ 76 4 ™
vl 2L 2R PN A A R S S WA IR R S b
20 3 FIZE A 20 2R DI P, 52 AR A 43 /Y TG 4 E M
FERAI . Cao %517 R FI VT WL 3E 21 41 6 3% B2 AR % 4 %
il DS RHEAT T A O, SR 52 SSC R pHL Y I [l 19
ZBR 4y 51/ 0.978 1,0.906 5; Travers 51 43 51 5% H
T 680~1 000 nm A1 1 100~2 350 nm T L4 G 3% 4% R
XFBLR T2 SSC I R {H AT 3k 0.917; & LB 5T L A

B 2338 | 2021 £3 A | R@SW

SO B AR T i kT S K SR BEAR R T R
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(2) KPITLTHM P B - 18 B R 43 3k ] R SR AR B 8, 33
A Antaris {8 T A8 405 3% AR B2 RE 5 09 18 RHHOE RS .
MRS T 3 45 R, R A SR A LIS 1 000 ~
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539K - @ AR TE 2542 5 8 4 (Standard normal variate
transformation.SNV) ; @ £ JC 81 4F & 1F ( Multiplicative
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Table 1 Statistical analysis of quality attributes for

yellow peach chips

R M mORE WME FHE dRMEE
SsC % 91.76  76.68  85.95  3.02
1 kg 4.25 1.67 279 0.57
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g S 11 S TR T 28 SR AR NS B AR L X R Y R, R 0.719, RPD
Al 35 1.392; 78 SVM g4k vh, MSC 7 Ak B 5k SR -t 4 X 5%
L R R, 0.756 ,RPD H] 3k 1.526, MSC fF 4 i
JZ B AL 7 2L A R 2O 1 R B B R 2
B0 LA A AT . AT L0 A R 0 AR P
I SE LR RS 3 H W BN 5 R L B H UKL Y R 3
ST F G 1S FC S 35 5 P s R MSC T 3k U 2% 35 3 ok
A il 2 2 1 Ak 3 FAR O % DATIT 9 Bk 3 AR

Spectral profiles of all samples in the region of 400~1 000 nm and 1 000~2 500 nm wavelengths

IR S MR ARG T LD AN e R A R B T
R SR B4, 25 & 10 A 3 A B 400 SR 0F — 2B 3iF 52
T MSC 72 1 BR HUN AN 24 59 M 77 A A 34

XF L PLS #1 SVM SRR K 30, Bl 78 8 A 430
T AL A 25 T SVM SR AT B S8 I R4 1 500 00 R
(R,=0.740), T PLS B 1 x5 i i B b B0 48 R KT
0.65, XKW T HBEM o SSC & i 5oLk 15 BRI AA7E
Kot LR M AE LM TG I A R ] SVM R LM E
TR HEAT TN ASE A A AL
2.3.2  HEHRME A REEE B ALAS i3k 3 AT ZEAS IR
T AL 3R v, MSC Rl SNV Ji AL 3 J5 I R 2 & PLS
U A AT S L H A MISC Ab B 5, PLS A5 7R 31 30 2% 2R A
Xt e A XL R, 0.712.RPD g 1,472, TfifE SVM
Blr, SNV Fi b 3 75 2 $50 0 205 2R AR % g A L % 0 B9 R, A
0.681.RPD 2y 1.415, X 3 B] T A [ #4555 10 %o o 1Y) B
I WAL 3R A S AH R A 0 B TE Ak 2 T 2 A i
7 B 0 B0 00 T Ak 1 o kT

X H PLSHI SVM M 25 SR & B, PLS 4 51 25 SR 3

R2 ETF 400~1 000 nm FiEay SSC BTN 45 R

Table 2 Prediction performance for SSC of yellow peach chips based on 400~1 000 nm wavelengths

} K IE£R o 4

8] wiALEE WA b4 o

R. RMSEC/ % R, RMSEP/ % RPD

SRR 9 — — 0.768 1.922 0.644 2.397 1.273

i 9 — — 0.779 1.886 0.657 2.374 1.286

PLS SNV 7 — — 0.788 1.854 0.703 2.231 1.366

MSC 8 — — 0.792 1.837 0.719 2.190 1.392

— W % 3 — — 0.684 2.196 0.577 2.499 1.219

SR A6 — 1.05X103 5.09 0.857 1.569 0.740 2.051 1.503

¥ — 1.61X103 1.06 0.750 2.041 0.279 2.977 1.025

SVM SNV — 2.49X10° 6,51 10° 0.794 1.819 0.560 2.802 1.123

MSC — 5.76 X104 1.12X103 0.850 1.602 0.756 2.008 1.526

— B % — 4.62X10*  9.45x 102 0.853 1.586 0.751 2.020 1.519
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T SVM @i g5 4L, O 3% 4 & MSC 5% 4l °F 1 °F
AL 3 i RO &5 SR R . A AR AR
ANACR] DA BT T A S A B A WL B R DU T O R
Jof JFF AU 504 P 0 A AR P T A R S o AR v B R 1 3
PIE S9! LT A
2.4 EHTF1000~2 500 nm EiEEEMEER KRR
T ) 45 B & 57
2.4.1  HFMEME R SSC WM AL R @R 4 WAL T
1 000~2 500 nm i3 [ SSC 19 PLS Rl 15 I 45 4L
o, MSC kb 377 =0 B AR 38 8 7 W DNORG B L AL X L Y R,
A1 RMSEP /54X 4 0.489 H1 2.863 % . A fig # N & 4% 19
I T %
XoF L R L AR SR B I 2140 )6 1% 42 R (930 ~
2 548 nm) SEPL T [A] —HE YR AL AR F2 SSC o BOI L X B 1Y
RMSEC #l RMSEP ¥}y 0.49 % #1 0.35% . iiE52 T K 3 214
HORTE K SR SSC H 75 1 ) OL #3085 Bk I R 1Y
SSC 390 74 4 Z2 A1 T 7K SR A o 3 Sk o B ) 2 D T

ESRE BETIRANRERARGOERE A EE R INEEEBRN T E

A R AT fiF AR SSC 57K 438 s A AR 3 U Y G I, T
IKAFHE T LT AN B B 0 o i MR SRR L 3X Rl SSC—K
Oy —CTE L Yl 5 Bk X A B e W A A T B e
AP L BB A A RN R K S R B A L R
855 A SR TR AR AL TR R AU IEAT Al A AL B A TOME A
i JO S R, R T R P UG 2041 643 (1 000~ 2 500 nm) A
PASEHL 80.00 %6 ~93.33 %0 Iy HE#f X 43, UESE T & I 21 A 4
ARPEH K R R 5k A2 v 2 BT T AT M L AR TR £y
AORANBR F 25 4325 . R 05 B S B . 18
SLEER B A T Z U R R T R T R
T AR A R, — 2B UE W T 4R M SVML AR AR T
B SE B 007 B R L A T R

2.4.2 WEMRME R TR E WO @ FE S AHLETF
1.000~2 500 nm Y% i [ A% & ) PLS A% 0 1) 45
R Ak Y TR G A sk S R A R R IR L X RN
RMSEC 43 %1 34 0.856 F1 0.290 kg. R, .RMSEP fil RPD
A3 40.783,0.353 kg F 1.653 , Tl Ak FH J5 % 5 T80 kG Fir 0%

3 ETF 400~1000 nm RIEWEEEZEMFANLE R

Table 3 Prediction performance for firmness of yellow peach chips from 400 to 1 000 nm wavelengths

) e IE B Ty
A wiAbE W E b4 o
R. RMSEC/ kg R, RMSEP/kg  RPD
SRR G 8 — — 0.751 0.373 0.686 0.414 1.416
i 8 — — 0.755 0.371 0.684 0.415 1.409
PLS SNV 7 — — 0.769 0.362 0.699 0.407 1.443
MSC 7 — — 0.767 0.363 0.712 0.398 1.472
— S5 2 — — 0.672 0.420 0.641 0.433 1.337
SRR — 1.94 X105  1.20X10° 0.781 0.355 0.662 0.426 1.379
a1 - 2.17X10°  2,10X10° 0.783 0.353 0.665 0.426 1.381
SVM SNV — 6.14>10*  1.04 X102 0.766 0.367 0.681 0.413 1.415
MSC — 2.69X10%  1.01x102 0.776 0.360 0.667 0.423 1.385
— B 38 — 2.58X10° 4.20 0.826 0.323 0.676 0.417 1.399
F4 ETF1000~2500 nm Higkh) SSC E AL HM & R
Table 4 Prediction performance for SSC of yellow peach chips from 1 000 to 2 500 nm wavelengths
KIEAR T £
LR WAL WAEAE 4 o
R. RMSEC/ % R, RMSEP/ % RPD
JE IR TS 9 — — 0.745 1.776 0.347 3.146 0.976
-1 14 — — 0.685 2.191 0.438 2.904 1.051
PLS SNV 7 - — 0.820 1.306 0.471 2.194 1.049
MSC 7 — — 0.872 1.004 0.489 2.863 1.066
— W T E 3 — — 0.836 1.138 0.463 2.973 1.038
JEUA G — 47.2 6.63 0.915 2.110 0.040 3.211 0.959
R — 48.1 7.05 0.836 2.095 0.118 3.159 0.978
SVM SNV — 9 030.0 140.00 0.695 2.207 0.460 2.696 1.130
MSC — 9 120.0 130.00 0.673 2.270 0.497 2.625 1.162
— S5 — 3 540.0 27.50 0.962 0.772 0.559 2.517 1.215
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HRFRA. B LK LRE IrA T AR Y IR ) A
fig TR B A R i — AR .

X L AN [] 4k 2 07 A 45 2R R B, MSC AL B 1) SVM
AL AR A ASE % SR A T e L 4 B ) RMISEP 2l 0.292 kg, [F]
B R A RMSEC fREF7E 0.979 H1 0.116 kg, BTG A 15 5]
PTTF. AN F R 3k B, SVML B X I 154 5000 A
BEOLT PLS B #57Y , Ho v MSC— SVM # AU B # & Ny
I P T AL T
2.5 SMERIK IR IOIE

GG LIRSS R 76 4 I By SSC A AT A At A5 45
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LAl & B, 2T MSC-SVM T 400~1 000 nm i {5 &
BB Bk G i SSC UK ¥ 4% i, T 4E T MSC-SVM T
1.000~2 500 nm S 3% {5 S A 2 Ak M b 1 18 {1 T30 00 o 2
TR . B R AN B I 2 AT A S Bk HOB 3R K90 A
REAS G 1 B A5G i ot 2 B AT U S5 2R Ik 6 iR .
SSC xf [ 9 R, 1 RPD 4y % fig ik | 0.761 #1 1.532,
RMSEP 2} 1.998% ; fifl Ji£ % i 1§ R, .RPD #1 RMSEP 4y
R 0.862,0.292 A1 1.991 kg, BARKEEH fFFit— £ 42
i AEA AR SE T L 21 40 S 3 7R KR E R S O T
T AT AT

F5 ET 1000~2 500 nm FiERIREEZEMBM LR

Table 5 Prediction performance for firmness of yellow peach chips from 1 000 to 2 500 nm wavelengths

) K IE S FRIE S
A wigbE  WELE b4 o
R.  RMSEC/ke R,  RMSEP/kg RPD
Gk 18 — — 0.856 0.290 0.783 0.353 1.653
S 18 - — 0.853 0.293 0.781 0.355 1.645
PLS SNV 16 - — 0.887 0.254 0.772 0.368 1.606
MSC 14 — — 0.883 0.259 0.776 0.363 1.636
— 5% 15 — — 0.961 0.157 0.735 0.398 1.457
JE U6 6T - 4,72X 106 4,38 X107 0.880 0.270 0.686 0.422 1.375
S - 2.73X 106 2.69X10° 0.920 0.216 0.782 0.366 1.582
SVM SNV — 7.45X 103 1.61X10° 0.976 0.118 0.821 0.334 1.772
MSC — 1.39 X106 8.52X10° 0.979 0.116 0.862 0.292 1.991
— B S5 - 4.53X10* 2.16X10° 0.987 0.097 0.734 0.396 1.456
F6 HEMAER SSC MEERMBIRIEIXEE R
Table 6 Predicted results based on optimal wavelengths for SSC of yellow peach chips
. K IE4E T 4R
A8 i FEAR%L  OLilk# B /nm
R. RMSEC R, RMSEP RPD
SSC 90 400~1 000 0.851 1.595 0.761 1.998 1.532
g 90 1 000~2 500 0.979 0.116 0.862 0.292° 1.991
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