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Abstract: The critical part in the application of near-infrared (NIR) spectroscopy for the on-line inspection of internal fruit quality is to
build quantitative analysis models with good robustness and high accuracy. A system based on shortwave NIR spectroscopy for on-line
inspection of apple quality was developed. The spectra were collected in diffusion reflectance mode within the wavelength range of 500~1100
nm, and the conveyor belt speed was fixed to five samples per second. After the band intensity was normalized, genetic, successive projection,
and ant colony optimization (ACO) algorithms were employed to select characteristic variables, following which the respective corresponding
partial least square (PLS) models were constructed, and the spectral variable search mechanisms of these three methods were analyzed.
Compared with the full spectral model, the predictive models built on the variable selection methods all exhibited better predictive performance
with fewer variables, improved computational speed, and enhanced robustness. The best predictive performance was found in the model built
using ACO-PLS, where the correlation coefficient of the prediction set was 0.9358 and the root mean square error of prediction was 0.2619 °Bx.
The results of this study demonstrate that NIR combined with variable selection methods can build an efficient model for the on-line
determination of the apple soluble solid content, and has great potential for industrial application.

Key words: near-infrared spectroscopy; on-line inspection; feature selection; ant colony optimization; genetic algorithm; successive

projection algorithm

WiFsHEA: 2015-03-12

EeUH: BERAANFEESWME (31501216) ; ERBHLZHE X
(2015BAD19B03) ; STFRAFEBASESE (15I06169) ; STHEERRFEE
£TE (BK20150502)

fEEtEN: 3RAERR(19820), B, #4L, A, MiRAE: eRRRE5RE
RS AR 5%

BIRMEE: BREl (1973-), B, R, HLESIH, WRAE: 2R K

BRI AR S 5%

IELLAMETE R 73T IR B G T R A5 AU 5 SR
W, OERMTPEND T EEREBNEEE, &T
BREA N AR PP . TR EOR
G HITHEME, BAT AR i A AN TG T
S USSR 1 I i 18 7L VAT s T R 5 L ol
U1, RV 2 FURAF IR, 7= E T BRI G o

147



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

BEAE T AN SRR T ABIRN,  GIEAR ™ S
BRI T T 4 S K R it SR I, HF 0 M S
FEWF AL LA A ENE S AR SRR R A
R TERE T IR I SRR A AL RE I VP
BRI 2 s AP ARSI DA i e PR R B A
TRARHABIR i R B PR 28 b SR o DA I 5K
BRI AR, e Ernill (T8 R, SR 25 SRR
SE PEAIE P SR 4 AR 7R R A

BEAE NIRRT S, KSR TN EE SR
WEEE] U, EFRATNRE . KR AT TEE ) & 8
(soluble solids content, SSC), & 7K Ff E L) P H o
Jifabr. WKIEAKRMINE SRR, A mEK R T
(Wse g FIRERIRE S, FERRm 2 . ol
JEAKEAFE, ICAE oK, BT /K SR P i o 1Y)
PURIEL AT A EEE . EWNINF 2S5 RIL
ZLAMEIE ) SER AR S R, (HDAES R
R0 1 I A S 2% i | 9R 7 v N AR
Steinmetz 25 P20 A0 A 15 i A R AE 28
TS SR RIS Y &, SRR A AN
PRAN AN IHERR 9 72% « McGlone £85I F i ot
W RS AIERPUZE B 500 mm/s SR E FHEIE,
ALY SRR, S5 RERIE AT
IEFNK B E R FTAT . Mendoza 25! O7E 43 35 B Sp 5
(] WAL LA MR C RS RO s, Rl (S
INBE ARG G2 8 ST S R AT R TR &
ARG PEAR TR Ll PR B S ST AT AT de Ry VIR
ST 97 % B3 33 A5 3 O A 32 2 33 P AT 43 T
P8 1 S SR AT VA B T A e 2RI ARG B, N IRl
TSR IR 5 R BN 0.814. KFH 2 FH &SR I #
BN P ik E BE A A A il AL &
AL T SRR AR E ) S R AR, AR A
K77 %4 0.70 °Brix.

CRECATTIRGE RN, SERTTIEMHEETEY S =
TE LA MR TSR A s SR ISR &
i 715, AHIERENLRIFIZE R L > . SREUR
FE R M (1) 8 B A TR A A M AT LA+
ARAELATIN AR P8 o R O . Bl G SR A
Atk EE PR e, SIS R Sk AN
FIAAR S, B AR . ELR SR it
RS AEHEGEERTRMEE, A LERIUEE
IRFIEAR B AR AR . ARSCISESONIF AN &, $0L
AR B SR AR A SRR
TS AR VA R LU 7, T B AR 4T
ARG W3 FEE PR ) o 30 3 20 90 S 1 S SR it o A 2R A T R
gt, AR LLAME LA IR o

148

1 MR5RE

L1 SRR

RIGFHSER AR E A E L, A RTINS HE
A5y, SIRIER, HEREE, F48 75~80 mm,
76 GB/T 10651-2008 55 fbrift . SEFAEAS) 3 it
T UK R, PR 380 4y, A BEALIEEL
200 MEARMEARIELR, HAR 180 MEAE N FIEE.
ISHT, KRR MRS, BT EN (20 C,
FHXRSE 50%) 12 h, [ AR E SR
FE—8, HAERIR IS R R R S0 = iR AR AR

12 EEXERS

a

Fig.1 Schematic diagram (a) and image (b) of the spectral
on-line measurement system
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Table 1 Statistics of the sugar content (°Bx) for the calibration

and prediction sets
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Fig.2 Vis/NIR diffuse reflectance spectra after intensity

normalization
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Table 2 Calibration and prediction results for the sugar content

in apple by different methods
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PLS 1840 0.8453 05009 0.8262  0.5020
GA-PLS 39 09256 03082 09146 03175
SPA-PLS 24 09244 03105 09175 03123
AOC-PLS 37 09418 02585 0.9358 0.2619

JCIE R B A S A AL R, L
IR P AAAE— oA, B o NE2H 73 B A R
PEAR/IS, AHALEAE I T AR AR X N2 73 B
i, A B TN E T 54T, (EDGIERHER K
FEMICTEARNT FAERERE . RS R ITE

ANECTE S R PV E R & B AR 2.
PRI, A0tk i i /I — SRR TS SR A
B S ERR A R, HAR T RERO RA
FHIEAZ BTG AT IRIE AL L, 7T RATEER
G P K DA AN SR B R P DG I A R RS,
e PR A B 1) [ REAA 280 5 S SR ATV R [ T4
PR ITERE /7, (AR S gy, SR

SARHAEAR AR U %, SRR R
D, BEEFNESRY AR REA
4, WO AR S S R AR e . A
AR ZN L, SRR T IR B
R FHREARIIREERNREN S, [REY
B FEENEIR R, HERNSEELE T 35K R i i
DU A% SRR PO BER RS R, 72 3 g 2 ) )
I A T OCHER, DRI T BAA R808E e R N Jay A /N 1
HAERBRIHYRNE; BUFRARIE R —FhE T 0
At FRIERGL 2RI R A8 R
Fid, el ORI RV AR, iR R .
MEAS AR AT S BRTUAR AR BCARZR M A
e R R TR RE S AR E I, T ELASRL AR 2 4 th PR
AR (Y T A5 PATRT AL o

3 Zhig

SERTELRIT A At R bR IR IE TS, KA
BEENE, EEBEY AR A S AR &
PRV A AT [ A 5 B e LRAS I A2
FENL T R AT A S R TR 2R AR R
Gi. ARG GETEERMM R, HoRH
(RFIEAR ST 12 B T A R0 b s F AR o
B, SRR LR AT A A DU AR ) TR
REJIRZ RS, OB PR AEME DA A WORFOR
WL SRR LA MR A i, R R Tl 4R
FHOCREU R, FITIINIS) 75 AR 22 RMSEP 435124 0.9358
102619, WFFLLERRH, IELAIMDEIEE AREE R
PEMOT AT LA S U S SR R TR LR N R 5, 7
PV AR N 7 TH B AT AR AT PR FH 5

[1] Nicolai B M, Beullens K, Bobelyn E, et al. Nondestructive
measurement of fruit and vegetable quality by means of NIR
spectroscopy: A review [J]. Postharvest Biology and
Technology, 2007, 46(2): 99-118

[2] Pieters S, Saeys W, Kerkhof T, et al. Robust calibrations on
reduced sample sets for API content prediction in tablets:

Definition of a cost-effective NIR model development

151



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

(3]

[10]

[11]

[12]

152

strategy [J]. Analytica Chimica Acta, 2013, 761:62-70

Cen H, He Y. Theory and application of near infrared
reflectance spectroscopy in determination of food quality [J].
Trends in Food Science & Technology, 2007, 18(2):72-83
Zude M, Herold B, Roger J, et al. Predicting soluble solid
content and firmness in apple fruit by means of laser light
backscattering Journal of Food
Engineering, 2006, 77(2):254-260

SR, BT B4 L O PSR R X S S
BEEERRL A SENRLT]. DA Qi FH,2014,30(8):59-63

GUO Zhi-ming, HUANG Wen-qian, PENG Yan-kun, et al.

image analysis [J].

Impact of region of interest selection for hyperspectral
imaging and modeling of sugar content in apple [J]. Modermn
Food Science and Technology, 2014, 30(8):59-63

Giovanelli G Sinelli N, Beghi R, et al. NIR spectroscopy for
the optimization of postharvest apple management [J].
Postharvest Biology and Technology, 2014, 87:13-20

Zhang L, Xu H, Gu M. Use of signal to noise ratio and area
change rate of spectra to evaluate the visible/NIR spectral
system for fruit internal quality detection [J]. Journal of Food
Engineering, 2014, 139: 19-23

Fan G Q, Zha J W, Du R, et al. Determination of soluble
solids and firmness of apples by vis/NIR transmittance [J].
Journal of Food Engineering, 2009, 93(4):416-420

IR, T s, 55 2T I 2L DG BUR BBk
FLHARR MR [T AR IR SHR,2015,46(3):235-241
CHI Qian, WANG Zhuan-wei, YANG Ting-ting, et al.
Recognition of early hidden bruises on kiwifruits based on
near-infrared  hyperspectral imaging technology  [J].
Transactions of the Chinese Society for Agricultural
Machinery, 2015, 46(3): 235-241

Mendoza F, Lu R, Cen H. Grading of apples based on
firmness and soluble solids content using vis/SWNIR
spectroscopy and spectral scattering techniques [J]. Journal of
Food Engineering, 2014, 125: 59-68

R R SOR. 5 NIR F Raman Y35 (16 5% 5 mAG U
TS SRR ARMLA U], 2013,44(8):148-164

FU Xia-ping, YING Yi-bin. Application of NIR and Raman
spectroscopy for quality and safety inspection of fruits and
vegetables: a review [J]. Transactions of the Chinese Society
for Agricultural Machinery, 2013, 44(8): 148-164

PN 5 5, N SO LM IR AE A it/ B
st JOAE R TGS I PR S A 7 i3 F (] 06 1% 27 15 1 4y
#7,2009,29(1):122-126

SUN Tong, XU Hui-rong, YING Yi-bing. Progress in

[13]

[15]

[16]

[17]

[18]

[19]

[20]

application of near infrared spectroscopy to nondestructive
on-line detection of products/food quality [J]. Spectroscopy
and Spectral Analysis, 2009, 29(1):122-126

Alfatni M S, Shariff A R, Abdullah M Z, et al. The
application of internal grading system technologies for
agricultural products-review [J]. Journal of Food Engineering,
2013, 116(3): 703-725

Steinmetz V, Roger J] M, Molto E, et al. On-line fusion of
colour camera and spectrophotometer for sugar content
prediction of apples [J]. Journal of Agricultural Engineering
Research, 1999, 73(2):207-216

McGlone V A, Martinsen P J. Transmission measurements on
intact apples moving at high speed [J]. Journal of Near
Infrared Spectroscopy, 2004, 12(1): 37-43

Mendoza F, Lu R, Ariana D, et al. Integrated spectral and
image analysis of hyperspectral scattering data for prediction
of apple fruit firmness and soluble solids content [J].
Postharvest Biology and Technology, 2011, 62: 149-160
FIMIEZR A 55, X e S R nT Ik [ T AL 2L Al 1 e 2
ISR A 2 B FE 0], A A LA F41%,2013,34(1): 86-90
SUN Xu-dong, HAO Yong, LIU Yan-de. Study of factors for
on-line detecting soluble solids by near infrared spectroscopy
in intact apples [J].
Mechanization, 2013, 34(1): 86-90

R I 522 ], U /0, X1 e o S SR ) 1k [ TR VI 21 A ME 26
Heil AR B[] AL U1K, 2014,45(4):220-225

OU YANG Ai-guo, XIE Xiao-qiang, LIU Yan-de. Selection

Journal of Chinese Agricultural

of NIR variables for online detecting soluble solids content of
apple [J]. Transactions of the Chinese Society for Agricultural
Machinery, 2014, 45(4):220-225

Zou X, Zhao J, Malcolm J, et al. Variables selection methods
in near-infrared spectroscopy [J]. Analytica Chimica Acta,
2010, 667(1): 14-32

Czarnecki M A. Some comments on the application of
two-dimensional correlation spectroscopy and normalization
of the dynamic spectra [J]. Applied Spectroscopy, 2003, 57(1):
107

Wang B, Goodpaster A M, Kennedy M. Coefficient of
variation, signal-to-noise ratio, and effects of normalization in
validation of biomarkers from NMR-based metabonomics
studies [J]. Chemometrics and Intelligent Laboratory Systems,
2013, 128:9-16

Leardi R. Application of genetic algorithm-PLS for feature
selection in spectral data sets [J]. Journal of Chemometrics,

2000, 14(5-6): 643-655



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

[23]

[24]

[25]

Araujo M C U, Saldanha T C B, Galvao R K H, et al. The
successive projections algorithm for variable selection in
spectroscopic multicomponent analysis [J]. Chemometrics
and Intelligent Laboratory Systems, 2001, 57(2): 65-73
Allegrini F, Olivieri A C. A new and efficient variable
selection algorithm based on ant colony optimization.
Applications to near infrared spectroscopy/partial least-
squares analysis [J]. Analytica Chimica Acta, 2011, 699(1):
18-25

RG] B, 22 B, H Al MG SR R 2L 4

[26]

JCRERFER L BT VE()]. 20 W16 5,2014,42(4):513-518
GUO Zhi-ming, HUANG Wen-qian, PENG Yan-kun, et al.
Adaptive ant colony optimization approach to characteristic
wavelength selection of NIR spectroscopy [J]. Chinese
Journal of Analytical Chemistry, 2014, 42(4): 513-518
Allegrini F, Olivieri A C. An integrated approach to the
simultaneous selection of variables, mathematical pre-
processing and calibration samples in partial least-squares

multivariate calibration [J]. Talanta, 2013, 115: 755-760

153



