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Online detection of soluble solids contents for

“Yuluxiang” pear by

visible-near infrared diffuse transmission spectroscopy
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Abstract: The feasibility was investigated for online detection of solu-
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ble solids content (SSC) of “Yuluxiang” pear by visible-near infrared
(visible-NIR) diffuse transmittance spectroscopy. 358 samples were
divided into the calibration and prediction sets (269 : 89) for develo-
ping calibration models and assessing their performance. By

analyzing, the Vis-NIR transmission spectra of ~Yuluxiang’ pears
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have three peaks at 625 nm, 725 nm and 800 nm and three troughs at
625 nm, 725 nm and 800 nm, respectively. Different preprocessing
approaches were tested, it was found that the best approaches were
the combination of first derivative ( 1D ), smoothing and
multiplicative scattering correction (MSC) preprocessing methods.
The partial least square (PLS) regression and least square support
vector machine (LS-SVM) models were developed with the pretreat-
ment methods by the combination of first derivative (1D),
smoothing and multiplicative scattering correction (MSC). The new
samples of the prediction set were applied to evaluate the
performance of the models. Compared with PLS model, the perform-
ance of LS-SVM model was better with the root mean square error of
prediction (RMSEP) of 0.316% and the correlation coefficient of pre-
diction of 0.949. And the spectral dimension reduction method of
principal component analysis (PCA) and the kernel function of radial
basis function (RBF) were suitable to improve the predictive ability
of the LS-SVM model. The results suggested that it was feasible for
online detection of SSC of ‘ Yuluxiang’ pear by visible-NIR diffuse
transmission spectroscopy combined with LS-SVM algorithm. The
online detection of soluble solids content (SSC) of “Yuluxiang” pear
by visible-near infrared (visible-NIR) diffuse transmittance spectros-
copy was demonstrated.

Keywords: near infrared spectroscopy; diffuse transmittance;
“Yuluxiang” pear; soluble solids content; least squares support

vector machine

BRI RIS FRR R R T
oA BB NER RIE 2 RS EFG A, BA D
B R TR R 2 8 B % . I R 152 4 2 B
X)(ﬂ#ﬁ E2 IR S ﬁ»%,%@fﬁiﬁ%ﬂﬁi%mﬁu

ST AR bR 2 o AT T O A R OR 5
115



s 5 (R &

2016 F % 10 #

Ja AT AR 3 T vk AR VE A L (B SR R BRE R 3R )
HELLE R KRR R G ik i oRE Y . B AR
A AN BT HE L 30 U 5 A SR R 88 A AL AT 1 DR P R
TR I Ty 125, ¥ BEA] I M DB ) 2 & 0 L SR B BTR A

VT 2L A0 1 A A Bl X A AR A IR E L E
RS S RAWA D oy 7 ST = K 25 s =N [ el 1 B A T 7
T A B A MR, T SR R R 2 4 11 PR S TG K
WET IR LTAM TS AR T UE B R AR P B A
BB S 1 22— T LT A GG AR 1 HH o DA 285 52 96 2 A
A AR LR S AR, T T SR O v ok Ak B
J5 B3 2T AN B 6, A Sn T AL B BE B S B B R
RTINS R 228 0.019%6 . i #5450 g~ T B4 % 1 [#
TE Wi 22 Fh B R, 45 R R W) 2 T UM R IE R 25 A i/
TR AR I U R AOR e . A SO S R A AR R Ak
PR3E Ik ST 83 43 A R £ A0 0E O HOR A v AR 2L AT
VA T [ JE A BN SR KOG R ORI Y O iR 22 43 31 Dl 0.918
M 0.518% . HFFEAEL A . BLAN JEAR 2 T & T o L i
AR 7 AR B A B A 1) 4 TG B HE K DN 25 5 5 A T R
BE o g b SR S SRR G R B OSGALA G A5 L SOl 14K
T A BOG R TAER ARG B . AW S0 T IE 24040 8 0E
SO HOR TR R £ 87 7 B4 0T 0 1 8 H 75 2k PR 3 T8 450 A
RIRTATYE B 76 0 92 0 K 68 B AL 4 IOw i M DR 9 & = 4
P 4% I M SR AL AR ST S K .
1 M 505
L1 HmESE

T #E A BLRE b 1L PG R 2 AR AL B AR R O 73~
88 mm, ULl 70~89 mm, 5 B R KK 42 J5 K IK G
SRR T H S 90°4F 1 A4, A s iRl 4 A A
T2 25 C(E1 OFIRFHE 12 h 5. B HBRE—FKiE
LA .
1.2 ELAMBES R EELENESR

JEIE SR A M4y 1E R A AT W T B FE G R I 2% E 5T R
FE Lk I 24 BB TS A € F QE65000 B % 4i% 4% (Ocean optics
INC., USA) , i K5l 350~1 150 nm, Je¥iH 12 V100 W
BB S KT 10 2%, Y RE b A% 3% 4% 0 IV 3601 43 A5 L I A
5 3% b B I Re R F IR (I A . LR R R FR O AT U L R 2 B

1. JEUR

2. ¥R
7.8 8. PR
Bl #ashFEREeEXENEE

The device of NIR diffuse transmittance detection
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Figure 2 Schematic diagram of spectral data acquisitionin

on-line detection equipment
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Figure 3 NIR diffuse transmission original spectrum

of yuluxiang Pear
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Table 1

True value distribution of soluble solids content

for calibration and prediction sets
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Table 2 PLS modeling results of pear SSC based on NIR
diffuse transmission detection methods combining

with different pretreatment methods
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Figure 4 Vis-NIR transmission spectra of "Yul.uxiang’ pears

processed By the combination of first derivative

(1D), smoothing and multiplicative scattering

correction (MSC)
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Figure 5 The determination figure of principal components

in SSC of “Yuluxiang” pear
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Figure 6 The determination figure of principal components
in SSC of “Yuluxiang” pear
147
N 269
r:0.942 ita
13 RMSEC:0.344 28 x% 22
NV:89 AAAAQA H
§ | r:0.926 s
m %‘ 12 RMSEP:0.382
= PC:8
He |
=E
A L B Calibration
10 ° Prediction
—— Calibration fit
r — Prediction fit
9 L L L L L I
8 9 10 11 12 13 14
HIH
True value/%
B7 REZFRANEEEEZTENEERLHRMNEL
5 Ak A
Figure 7 Correlation of predicted value and actual value of

yulu pear sugar-acid ration in calibration set

and validation
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Figure 8 The determination figure of the input variable PC
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Figure 9 The determination figure of the input variable in
ssc of yuluxiang pear with method of SPA-LS-
SVM
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Table 3 LS-SVM modeling results of pear SSC based on NIR diffuse transmission detection methods
combining with different pretreatment Kernel function
% R4 TR AR N RS H WAEIEREIE WA rp RMSEP t
¥=0.085 4 i 1044 0932  0.367  16.063
LIN_kernel K(z;,x;)=xa; y=107.658 4 SPA 21 0.928 0.374  107.659
7=0.803 5 PCA 8 0.926 0.382 197.094
7=1.543 5e-+04 ,
) 4 1 044 0.937 0.353 25.125
62=1.924 3e+04
K(x,x;)= y=17.016 6e+03
RBF_kernel , ‘ SPA 21 0.927  0.371  23.625
exp(— || a,2;: || 2/26) 2=1236.769 2
y=17.793 1le+05
PCA 8 0.949 0.316  413.322
62 =2.474 le+04
3 A solids content of citrus fruit [J]. Journal of Food Engineering,
il

45 SRR WL T AT DL 3T 1 1 18 38 5 't 15 BOR 25 45 R
SrHT R/ IR R AL ST KR A R AT R E Y
TELTCIAGEIN . — B iod B8 S Bd 1 SF 3 A 22 50 B 1 IE 41
B WAL RO I A R T A IR R OGO O . B/l
TS A 1) i ML A B U B 08 T R R /D IR M
AR TN K4 7 AR 22 R & R B ok il S 0,316 20 il
0.949, 5 EESHLR B M L I o 20 B S OE T 3 R /b
ARSI HLA S A 1 . R i e A e R L 2 A R MO IS
T AR . AWETEAT o HE ARG b dl B 4151 18 0
ST A I SRS 25 i H

S % 3k
[1] WANG Ai-chen, XIE Li-juan. Technology using near infrared

spectroscopic and multivariate analysis to determine the soluble

2014, 143, 17-24.

[2] E5¢, Here. BLUR ST AN T B I H R BF e k)], &
R R AR AR, 2014, 5(3): 681-690.

[3] LEMBE S Magwaza, UMEZURUIKE Linus Opara, HELENE
Nieuwoudt, et al. NIR spectroscopy applications for internal and
external quality analysis of citrus fruit: a review[]J]. Food Bio-
process Technol, 2012, 5(2): 425-444.,

L4 Rmifl, B30, B, LGB AR R 5T 1 57 o
FeHE LT ] G260 7, 2015, 35(2): 346-349.

(5] PG VLK SR T 07 DT 21 81 5l 3% A8 S 00 356 1 19 /K B0 B2 e
LRI, £ S L. 2016, 323) . 69-72.

[6] VIEGAS TR, MATA AL M L, DUARTEM M L, et al. De-
termination of quality attributes in wax jambu fruit using NIRS

and PLS[J]. Food Chemistry, 2016, 190 1-4.
(F#% 163 1)
119



RIS E N

2016 4% 10 9

x4 BBESESaASEHEXESHN
Table 4 Correlation analysis of total phenol content and antioxidant capacity
- A r BHUE mHEe HBENEF  dJE{4  DPPH g Ak
EiR Sy iR . e ” . .
1k hE i Kk e B Hi 3 e ) Ao = THERAE T
SR 1.000
ISE /RN A=W 0.722" 1.000
£l R E=N =N B il 0.304 0.744* % 1.000
E7i N = = e B 8 )
—0.241 0.201 0.608 * * 1.000

fie )1
FUE=R s 0.718* 0.611* 0.375 —0.373 1.000
DPPH [ 1 4 7% B fig 0.297 0.608 * * 0.732* 0.492° 0.292 1.000

T % % FTIRTE P=0.01 /KF CRUMD b8 53540 26 5

3 4iig

(1D FRIPR SS9 $2 B B D L 25 45 1R 8 < SR IBUIRE 50 °C
RIS ] 35 min 4RI 80 WLEHK L 1+ 10(g/mL) . &
B 25 R R - KRR S B R U &y 5.62 me/g.

(@) TR R BT S P RE ) ok, k2
e T4 v VR T 0 8 B 5 B S UL RE T R/, I
KRR B 5 0 5 BPT AL RE ) il S S B A S AT 22
AR 25 M G L L] KRR S B B — i i TR AL RE

(3) ARWFF A R Z AL TE T X KR 2 Bi 1) 5t A AL 0F 5%
A5 B TR RO A 27 0 7E & A TR B 40 1 7K A A N 3 4k
B T HEERATR.

EESdN

[ Bk, R, 220k, RRBE 03 R[], %05 W A4k 9 e
i, 2003, 25(1): 17-20.

[2] Bk, 223, s, RARWMAFSR LT P52y, 2000, 31
(1): 66-69.

[3] A#, 2%, ML mIMI. Joat: B4 AL, 2000: 23,

[4] XgERRE, HAh. B2, AR IO B8 KR KRR #E # & &
[J]. WARAELGEEEZ, 2009, 10(5); 20-22.

[5] KWON J, KIM N, LEE D H, et al. Metabolomics approach for

od

the discrimination of raw and steamed Gastrodia elata using

liquid chromatography quadrupole time-of-flight mass spectrom-

% FRTE P=0.05 /KGRI | 8 EH L.

etry[ J]. Journal of Pharmaceutical and Biomedical Analysis,
2014,94 (6); 132-138.

(6] BEast, XI/NZE, XU, 2. KRR B 0BT S0 36 v 55 R
BRR S EAM MR TE ()], =0 i FAARBRFR, 2006, 28
(1): 80-82.

L7] VL€, 1LY 2 57 i X 2 SR 080 i ) F 2 485 1 8 4 09 193 2 9 IR
H5HEAIEERMLD]. #¥ . PHACRMEHE K%, 2011 52-53.

[8] AR E, SULE, 20, & BB L BT 2 M Xt
SALHERRTEL]. B 24, 2013, 25(2); 406-414.

C97 e de. B m nif i i 2 U6 A6 RO 2 W i 42 I 2000, & i T
A BHE . 2015, 36(1): 268-271.

(107 2=, o il D $R U St 22 ) 120 It A 06 P 9 [ DL 48

I HH K2, 2014 19-21.

(110 & %, skokad, R, . wi Br 160 96 D0 £ 8 75 il Bl $ 4 4
e B L2 B P B TE LT ] i BEAE . 2016, 37(6) -
13-19.

C12] SBARBE, S8, =48, mo B T8 V56 PR Ak i A 4R I 2 A5 2 1 T
201 AT, 2009, 7(1): 39-43.

(130 ZEMEME, BAR, SRF 225, % KRR R & w00 5% m K 1 i 52
[J]. ZrMwrgs . 2008, 30(1): 110-114.

(141 Bk, XK &, G2, % ZEHIW A G H25 % R T 5 KR %R
wFEmLT]. hEER R, 2016, 36(3): 180-186.
C15] A fE. BOAE, YLUE, . B E0 L hE Iy B 55 1 12 AR, B i AH OC

HERFFELT]. A 5HLM, 2012, 28(3): 139-143.

(E#% 119 7))

[7] TARBA, EREB, MBICH, 5. B0 vk B 30 2141 18 R 516 3% K
W T AL B 7 2 0 g% L) ). o6 3 2% % 3% 43 Br, 2013, 33(2):
359-362

[8] fr iz, PRIEAS ., NSO, 35T 2 oA I Wk 1 & B0 B W] L /3
ZEAMGRE R [T ], Al MU 42 . 2010, 41(12): 1 000-1 298.

L9 ¥F3cmy, P, &1 . 55, 36748 G O P s ok 57 % 4 4 BT 1)
HEAEFL T Y ) AT UL/ 20 A R I LT ] 6 2 O 4
B, 2014, 34(12): 3 253-3 256,

L10] ¥k, HE2A). Azt i 2y ik IM. 2 bR dbat. B2 i hat
2004 10-38.

C11] X Mg, &g 2s. 5T DPLS FI LS-SVM [ B4 5 Bl T 2140 i
BT, R, 2012, 43(9): 1 000-1 298.
[12] #/0ar. it ik 5o Foui iR [MD. dest. b

Tk AL, 2011, 41-53.

[13] 82, BB S, W35, EL NGRS 47 o o6 ik BAk #1107 1 19 1
AR H LT, 2593 M2k . 2008, 28(5) . 824-829

[14] 5kfk. Bty . 20K05. BT 2 o0 U A 1E i # /s —3f¢ (MSC/
PLS) 4 fif HL 75 46 300 21 A1 385 A IO 0 2 P ol St (). &0t 5
BLBE . 2009, 25(6): 109-112.

[15] Bhi#ELlr, BRMGHR, B2, . 3T a0 A6 8 05 59 H R 13
R ETE Y & LA, BRSSP, 2015, 31(3):
40-42.

[16] Thnde, 75 . (8 45 30T 21 4h K 50 B2 20 A B8 0 f57 1k BF 5%
L], h 2 R AR . 2009, 1(1): 32-38.

[17] ™Ak, LA S AT 36 al 5 0 M. JU5T: p R Tl b
At . 2005 8-39.

163



