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Detection of Shelf Life of Malus asiatica Using Near-infrared
Spectroscopy and Softening Index

Xue Jianxin  Zhang Shujuan Sun Haixia Zhou Jingbo
(College of Engineering, Shanxi Agricultural University, Taigu 030801, China)

Abstract; The classified feasibility of Malus asiatica fruit by using near-infrared spectroscopy ( VIS/NIR
spectrometer) and softening index during different shelf life was analyzed. A mathematical model was
established by combining partial least square (PLS) and standard normalized variate ( SNV) which was
regarded as the best pre-processing technology. The determination coefficients ( R*) of calibration set and
prediction set were 0. 847 and 0. 813 respectively, which illustrated that there was a high correlation
between spectrum and the softening index. It showed that the softening index could be used to classify
Malus asiatica samples during different shelf life. The LS —SVM and PLS — LDA were applied to build
classification models, respectively. The results indicated that non-linear LS — SVM model was more
suitable for classification of Malus asiatica samples than linear PLS — LDA model. The average correct
recognition rate and average correct rejection rate were above 94% .
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1.2 SEWAE
L.2.1 SRS

ot A A T S5 ASD ( Analytical Spectral
Device ) A~ Al FieldSpec 3 BIYGIEAL , Y ik E i ] b
A1 nm, KFEEVE A 350 ~ 2 500 nm, $ IR ECH
30,50 BEA 3.5 nm, LM AT 100, 2K A& 7
FAATHEAOGIE KA . TR R SR AR A S5 B
B3 AN, HA 3 Wk, f#E ] ASD View Spec Pro
V5. 0 BRAESREE 3 WA B F RIS E
1.2.2  BHEEE

VDS RE FL S I 2 SR ] TMS-PRO AU & Sk
ST (SEE FTC A7), ML 9 HAE 6.0 mm 1Y
(5] ~-SK 00 i RO 5 3R 28 0 3.0 mm/s, ) EE
L5 mm/s, &4 7 0.3 N, ARE R 6.0 mm''"
FHET S 53 B S0 72 0 SR Al B i, 3k Al A
TR AL S X N, AR Y GET A R AR 1 T
N
1.2.3  HAsteifr

D FLR AR A8 A0 AR B 3 i Al RN B 4 AR
kR, Rt 3l o B A e T — A AR 2tk

F1 SRABDREREEHTHR ST
Tab.1 Comparison of firmness of Malus asiatica

during shelf life

gegpg O R e
/Nemm™" /Nemm~™" /Nemm~

1 10. 20 6. 50 6. 69 1.343 1. 805

4 6. 30 4.50 5.25 0.991 0. 983

7 4.60 2.30 3.84 0.879 0.772

TRA AR R E SCIALEAR AR b g XN

“(F?) (1)
R P BT
PO N
A T ]
— BB W w0 = 1

AN SEAIR U R AAC TR A GE T 45 R sk 2 By

N IR 2 Al UL VbR A B S b FOAE JEE Y AL #

FERHALL, RIVEE 5% 40 Ik 1] 4 22 17 28 4 A1 (E R
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Tab.2 Comparison of softening index of

Malus asiatica during shelf life

/A RAM RUME T bRERE s
1 1. 00 0. 600 0.769 0.111 0.013
4 0.57 0. 380 0. 455 0. 094 0.010
7 0. 36 0.042 0.284 0.073 0. 005
1.2.4 Eudmabrm

BRSO R i AL B 3 R4 B 4y
Br . D e/ 3 Bk A B RN 1k A G g B 7
Unscrambler 10. 2 ( CAMO ASA, Trondheim, Norway )
HilEAT, {8 SPSS 19. 0 XA R EAT O LA B, A
H/N SR ALLE Matlab S0,

2 ZRERSITE

2.1 FAEEERADRBOKES T

SRWSENEN S S R C RSNy
L AR A,

ML 1 AT UL AN [R5 2R3 00 7 Bl ik (1 78 %
K-k 688 986 .1 193 1442 1663 .1 963 .2 253 nm 4k
ST WL . AR Polesello 25112 TIFSE 45 5K K
AR IS H BZE 3 K 970 .1 1901 450 .1 780 .1 940 nm
Aehb o o PR 1190 nm g O—H 1A 55 I |
B 940 nm o O—H 1148 41k 2l 1) — SR A5, I
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Fig. 1 Near infrared absorbance spectra of
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Malus asiatica samples in different shelf life
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2.2 ETFHUERELRE
2.2.1 Lk

R s LAY Y SR B8 3, 0 LR D6 1 0 S AT
TUUT W3R 9 g P 4b 3 ( Savitzky — Golay, S —
G) . Z JCHU B IE ( Multiplicative scatter correction,
MSC) At brifEAL (Normalize , N) 728 H A AR #E I —
1k ( Standard normalized variate, SNV ) | 3k 2k % 1E
( Baseline correction,B) ,

AR AL B 7 KT e AR A S PR v e P i
/D8 PR 7 B8R e/ 1) T 2 5 A% 22 (Root mean
square error of prediction, RMSEP) , [ 8 Z i K 1
2 R EGE A MRS R O RE ) . ABFSE
BET USSR ARALAE b 10 25 Fh B0t Ak B 07 125 ) dee 1
PLS #ARINER 3 iR,

H13¢ 3 WA, 6 T Bk 4 bm 1L 2L A I AR Y
BARRCIE AL B J7 v R SNV | I I B RS IE 4

T 7B R RS IE 1 77 AR 1% 22 RMSEC 433
0. 814 F1 0. 619, T4 i P s Z2 50 RS AT 45 )5
M2 RMSEP 43514 0. 800 1 0. 799 , {1 T HoAth
i,
R3 FEFIEFAIET =T R ISR PLS &3
KRIEZSR
Tab.3 Calibration results of PLS model about softening

index based on different spectrum pre-treatment methods

g ERGE RG

RMSEC R RMSEP

JRiR6E 6 0. 807 0.702 0.764 0. 844
S-G 9 0. 899 0. 521 0.778 0. 818
MSC 4 0. 803 0.718 0.765 0. 852
N 5 0. 805 0. 705 0.767 0. 855
SNV 6 0. 814 0.619 0. 800 0.799
B 8 0. 802 0. 488 0.753 0. 856
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Fig.2 Outliers in softening index of Malus asiatica samples
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Fig.3 Reference measured softening index and NIR predicted softening index in calibration set and validation set
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Tab.4 Classification and sensory evaluation of Malus asiatica during shelf life

3 B4/ d Ly Ciizen BEE AN
EAE S 1 0.60 ~ 1. 00 Brlif 201 ToK AR BB T AR RIS
EHES 24 0.38 ~0.57 PR ORI I B BT AR R B 5
#3% 5~7 0.042 ~0.36 SRSLIK 2B AR RS O, R AR B, R R

AP I 1 RBEARR R, EREIRAR 15 E
51 BRGNS 1 2RI R,
AR AR LM (LS — SVM) FIZRHE (PLS —
LDA ) PiFh 75 ST 7 il
2.3.1 LS—-SVM
B/ O S HF 1) B LT (Least square
support vector machines, LS — SVM) J& T i1 8 W %
FIAEAE R Y G , 7/ MEAS [0 9 LR 1 | e 4k
BRI h A O S5 i e B, [l I 3l A 17 N Tl
P02 (ANN) Hv Jay i dmc £ ) 230, R figp 3k 2 e, PR A
SCRFZARLAME )5 VR 326 8RN3R 5 IR
&5 LS-SVM HEREMKREMTN &R

Tab.5 Results of calibration set and prediction
set using LS - SVM
i KIESR T4

S Ik HEA IERIR IEME REA IEMIR IERRIE
BOR/% RE/% B TR/ % RFE/ %

1K 6 59 100 100 19 100 100

ok 7 59 100 95.8 20 100 94.9

3k S 60 100 100 20 100 100

S TLUAR 50 1 A5 3 2RFEAS 1 IE
PUHRAIERf AR RAIRE] T 100% , RAHH 2 2K
FEA B IERR ARG, X T REE th T2 2 V2R
FEA I BRI IAAL T 2 ~ 4 d, i X (] 1) U0 SR A A it
FEBERET iy, FLR KNG DA B B2 A AN 78
PRI Sy 55 1 JMEARE , P L5y B iR
TEIRAYTE L
2.3.2 PLS-LDA

PLS — LDA'™ ( Partial least squares linear
discriminant analysis) i 1 PLS #2803 pli o0, FE45 &
LDA SEATEAEFN 5307, H A A HI0) 7 i A A

HAT 4R RE J1 , IR AR SCR AR R
BT 28 S5 RINK 6 PR,
%6 PLS-LDA R ERPKIEFMHMELE R
Tab.6 Results of calibration set and prediction

set using PLS — LDA

o frik g e
O FEAEHL TR R EHL 6

BoOME % BR% B R/ % NE/ %
1% 6 59 100 100 19 100 100
H2k 8 59 100 92.4 20 90.0  87.2
$3% 4 60 100 98.0 20 100 89.7

H3 6 ATLUE H, BRER 1 AR A0 E A U] %
FNERIIEIR R L F] 100% Z A6, 55 2 3 BAEAR R
SR FNHE R SRR AR, W] PSL — LDA XA ]
PRI VD SRR A AT 0 2 A 15 B A 4328
RO FHILULRA 4 43 OB RS X 67 28 4
FEA R 4328, 3X AT e FUAS B B8 A7 AE 1 AR e PE i
VS g fb 24 T A A G

3 it

(1) Ve FHAE AR UEAL (SNV) 75 b SRAE AR 1 T
Ab By 2T Y PLS AR RS IR AR AL A e s R AR
R 0. 847 BES I R 2E RMSEC 0. 069 ; HiT3t
ISR () e 5 2R B0 R, 0 0. 813, TR 14 5 AR 5% 2
RMSEP 7 0. 085, ESZHALAR bR -5 A [F] G2 4L g 70
TSRS 22 0] 7 AEAR i 1 R DG, T LA # Ak

AR XD SR S AR HEA T 4325

(2) 73 5R FHAEL MR LS — SVM J7 U4
[ PLS — LDA J5 X 37 A ] 57 28 1 00 SR 1) 43 2488
W45 R AW R AR B LS — SVM 57 43 et
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