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Determination of soluble solid contents and vitamin C of fresh peppers
based on NIR spectrometry and least square support vector machines
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Abstract: Fourier transform Near-infrared(NIR) spectroscopy was applied to the fast and nondestruc-
tive determination of Soluble Solid Contents (SSC) and Vitamin C (Vc) contents in fresh peppers.
Seven kinds of pretreatment methods were used to the original spectral processing and the predicted
Partial Least Square (PLS) models of SSC and V¢ were established. The Principal Components (PC)
selected by PLS and effective wavelengths selected by Monte Carlo Uninformative Variable Elimina-
tion (MC-UVE) method were used as the inputs of Least Square Support Vector Machine (LS-SVM)
, the PC-LS-SVM and MC-UVE-LS-SVM models were developed, and they were compared with the
MC-UVE-PLS models. Twenty-seven unknown samples were predicted using the optimized models.
The results show that MC-UVE-PLS model obtains the best result for SSC prediction with a correla-
tion coefficient of prediction (r,) of 0. 971 and Root Mean Square Error of Prediction (RMSEP) of
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0. 382 °Brix. The MC-UVE-LS-SVM model obtains the best result for Ve content prediction with 7, of
0. 899 and RMSEP of 21. 022 mg/100 g. The research results indicate that SSC and Vc contents in

{resh peppers have a significant correlation with the NIR spectroscopy.

Key words: near infrared spectrum; Least Square Support Vector Machine (LS-SVM) ; fresh pepper;
Soluble Solid Content(SSC); Vitamin C(Vce)
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Fig. 1  Original near infrared reflectance spectra of

fresh chiles
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5300 cm ' B3 A B A R A 0% L BRL UG L AT AR
8 30K 4H T A W (1 7 R BER BE T RS N7 1 £ 2 g,
FH NIRS 7 5 Hh A A8 5 BRAR 45 1o 19 % 4
3.2 UESEEUE

fif A SSC Al Ve MG E IR 1 iR,

BEBALY SSC K 2. 900~9. 000 °Brix, - #{f
4 4. 581 °Brix; Ve {E 4y 5. 280~168. 960 mg/100 g,
SEHME R 73. 713 mg/100 g, FEAR . 5k K I
FEAY SSC AT Ve i 19 3 38 K, X i A A 2 A
RFHEIA 5 T HERE M

F1 SHEMPUBREEROMELER CHRIHE

Tab.1 Statistical values of SSC and Ve in fresh chiles

W 28 G S FEA £ ISON:] s/ ME V4 {E w2 R R/ %
AR 66 9. 000 2. 900 4.585 0. 504 0.11
SSC B iF 42 22 8. 100 3. 067 4.326 0. 389 0.09
/(°Brix) bR 27 7.670 3.033 4. 631 0.417 0.09
s 115 9. 000 2. 900 4.581 0.458 0.10
AR 66 168. 960 5.280 72.569 9.434 0.13
Ve KA 4R 22 158. 280 9.680 71. 867 10. 061 0. 14
(mg/100 g) S 27 158. 400 7.040 78.016 9.362 0.12
£ 115 168. 960 5.280 73.713 9.583 0.13
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i R O 35 £ 95 42 2 Smoothing, 1st D,
2nd D,SNV .de-trending \MSC } 1st D+MSC 7
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SN 2 M 3 Wi, R W AN, Fe SSC
Y Jife o 1y 1) 9840 B 5 250 1st D+ MSC. HAL IE

LR RRE ro=0. 994, RIELY R 2% RM-
SEC=0. 119 “Brix; o Uk £ #H 3¢ R L, = 0. 956,
ISAIFAE 34 7 M iR 22 RMSEP=0. 309 °Brix; iz
Ve FE R B R G TAL B ko SNV, HUR I 4B
KRB r.=0. 949, ZIEHE T iRi%2% RMSEC
=10. 696 mg/100 g, i A X R %L r,=0. 812,
ISIEEE TR iR 2 RMSEP=20. 189 mg/100 g,

F2 ETPLSHSSCRERRMAEER
Tab. 2 Prediction results of SSC by PLS with different pretreatment methods

wAEE 5 T B2 AR KIEH B uESEAH R gE Yy

R WAL 21 3 KRB iR iR ZE KEK TR 2

PCs re RMSEC rp RMSEP
None 15 0. 989 0. 157 0.942 0. 357
Smoothing 15 0. 985 0.182 0.944 0. 350
1st D 13 0.991 0. 140 0.949 0.295
2nd D 10 0. 985 0. 185 0. 887 0.498
MSC 13 0. 989 0.161 0.943 0. 352
SNV 14 0.991 0. 140 0. 949 0. 336
de-trending 14 0.994 0.121 0. 950 0.331
1st D+MSC 12 0. 994 0.119 0. 956 0. 309




g2 XUMETE, S BT dR/ N TR SR ] B AL BT AP R M AN 4E AR R C e 285
®3 ETPLSH V. SETETMLELER
Tab. 3 Prediction results of Ve by PLS with different pretreatment methods

RfEE 1 1 4 AR KIESE ik 42 AR IS ELR

i T Ak £ T3 % KB T iR 22 KEREL Ti iR 2
PCs re RMSEC 7y RMSEP

None 14 0.925 12.952 0.796 21.036
Smoothing 16 0.943 11. 276 0.808 8 20. 365
1st D 6 0. 780 22.149 0.698 25.580
2nd D 7 0. 847 18. 509 0.703 25. 385
MSC 7 0.796 21. 355 0.754 23.118
SNV 12 0.949 10. 696 0.812 20.189
de-trending 12 0.926 12.827 0.789 21. 409
1st D+MSC 4 0.768 22.791 0.718 24.741
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Fig. 2 Stability distributions of variables based on
MC-UVE method
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Fig. 3 Variations of RMSEP at wavelengths selected
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H YR B AR BN 660 B L Ve 58 ) RMSEP {8
/N 20,117,
3.5 MC-UVE-PLS, MC-UVE-LS-SVM #1 PC-

LS-SVM #2835t Eb

KA 1st D+ MSC K& SNV i 4b # )5 3% F
MC-UVE $& B 808K AE i A28 5, 43 5 g
BB SSC K Ve & & fiill ) MC-UVE-PLS

Al MC-UVE-LS-SVM #1553 #r s 4%
PLS & B FRAE 0] 5 /E y LS-SVM #5281 i) i A
AR i FET BEBRA SSC I Ve & & Hli ) PC-LS-
SVM #i 7,

AN TR R f B R 45 R 3k 4 R . AE MC-
UVE-LS-SVM # PC-LS-SVM 1, #% & 5k 42 1]
FEPRE (RBF) , BB 280 (yy 6D 19 BUMH 3% 2
1077 ~10°, MR AT LA H . % SSC i & » MC-
UVE-PLS #6835 0 2% 5 f5e A L 56 ik 48 AH ¢
FRELr, 0. 987, B ik A 1 U7 il iR 22 RMSEP
0. 274 °Brix; i ¥} F Ve, MC-UVE-LS-SVM fi 7l
MR et LI UE SR AH O R AL r, S 0. 911,50
UEAE ) T iR 22 RMSEP 2 19. 271 mg/100 g; It
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Tab. 4 Comparison of results with different modeling approaches

SSC V.
e WEEA  iF4EY . " U ATy [ 5 1)
e REERSR " BAEERAR -
. , KEH  HWRiRE . ) KEE TR
PCs/(y.¢") PCs/(y,6")
v RMSEP " RMSEP
MC-UVE-PLS 11 0. 987 0.274 11 0.892 21.117
MC-UVE-LS-SVM (4. 4X10%,4.3X10") 0.976 0. 369 (8.4X10%,2.2X10") 0.911 19. 271
PC-LS-SVM (1.2X10°,2.9X10") 0. 981 0. 308 (2.0X10",3.2X10") 0. 907 20. 285
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Fig. 4 Predicted results of prediction set in optimized model



XA 2« B T e/ AR SCH ) BEAL A BB AT I R [ ) AN E A K C e 287

5% 2
4 % ®

A SR AR B AR e 0 21 A0 Ol % (FT-
NIRS) £ AR SL BT fif BAR f SSC Fil Ve & f AR
TGP AT I 8 A X 7 AN [ T AL By L
ANTRIAE IE A5 7 gd 57 J7 & (PLS, LS-SVM) [t
B, Itgf MC-UVE £ 30 Boik #7245 1« 4
SSC L 1 Wi Ab B 77 32 1st D+MSC, &AL
BARSh MC-UVE-PLS ##1; %] Ve Feff i i ik 21

S & Lk

(1] /L. 484, 82,5, AMLORBSHLZ
WroEL)]. AR F T2 F 4R ,2012,26(1):105-111.
FANG ZH C, XU G H, QIAN CH, et al.. Ex-
traction and separation of paprika red from paprika
[J1. Journal of Chemical Engineering of Chinese
Universities, 2012, 26(1):105-111. (in Chinese)

(2] #E e, ka4, HPLC U & B b o B & & i
1. M RFFMEFR]M,2011,30(1):27-31.
YOU G Y, CHEN H X. Determination of capsaicin in
chili oil with HPLC [J]. Jowrnal of Henan Universi-
ty :Medical Science, 2011,30(1):27-31. (in Chinese)

[3] IGNAT T, SCHMILOVITCH Z, FEFOLDI J, et
al.. Non-destructive measurement of ascorbic acid
content in bell peppers by VIS-NIR and SWIR spec-
trometry [ J]. Postharvest Biology and Technolo-
gy, 2012, 74; 91-99.

(4] k7w, ZER, KTk, 5. B ORI E D%

BB T T2 R LR 50 . 8 R
%% ,2010,27(2) :435-440.
ZHANG W M,WANG ZH M., CHENK L, etal..
Determination of total sugar in potato starch deep-
processing waste liquid using anthrone colorimetry
[J]. Chinese Journal of Spectroscopy Laboratory ,
2012, 27(2): 435-440. (in Chinese)

(5] ZF o MiFRAPYEA R C A A PRI &AL

WA R T [T]. Al mom 4, 2011, 28
(5):580-582.
LI Y M. Ultrasonic extraction of vitamin C in pom-
elo pulp and determination by high performance lig-
uid chromatography [[J]. Computers and Applied
Chemistry ,2011,28(5) :580-582. (in Chinese)

(6] F 44, F°T, Wb, F. 2.6 5 He M ik E

Fotport by ge A4 R CLI]. A% %% E,2011,28
(5):2391-2394.
LISHJ, LIK, YAOX], etal.. Determination of vi-
tamin C in the fruit-juices by 2, 6-dichlorindophenol
sodium method [ J]. Chinese Journal of Spectroscopy
Laboratory , 2011,28(5):2391-2394. (in Chinese)

Jr ik SNV, M iy #5735 MC-UVE-LS-SVM
B, SR FHAR AR G BT X 27 A T80 42 2R HURE
PEAT T T L P 25 5ok« SSC g T I A AH ¢ £ L
ro K 0.971, TRIAE S MR 2% RMSEP 0. 382
‘Brix, A X 434722 RPD R 1. 09; Ve 1y
r, H 0. 899, RMSEP 3} 21. 022 mg/100 g, RPD
J90.45, H AR RPD f /), {H 2 B B SSC A
Ve &5 e AT 20 4 ik B B A9 AH 56 56
F o Gnfar 4R e B SSC A Ve & & NIR TG4
R DU TR ) 52 MK 2 — 2D A R A EL A

(7] Fom.RR#. & E &, 5. BB CPREO 2k

R CEHERMIE LA IE R B IR LM & [T ], %47 5%
% ,2003,33(4) :59-61.
QIN F L, MIN SH G, SHI ZH Q, et al.. Nonde-
structive determination of sugar and vitamin C in
raw pepper by near-infrared spectroscopy[J]. Chi-
nese Journal of Analysis Laboratory, 2003,33 (4)
59-61. (in Chinese)

[8] mMi##%. ARLLsREIHHAK (M) Jbat.
[ A7 Al i b AL . 2007,

LU W ZH. Modern Near Infrared Spectroscopy
Analytical Technology [M]. Beijing: China Petro-
chemical Press, 2007. (in Chinese)

(9] #fek A8 5, & R A&, F. BRI 205005 78

LR BCA BB LT ], 3% 5 B 3k 47
2011,31(5):1230-1235.
SUN X D, HAO Y, GAO R J, etal.. Research on
optimization of model for detecting sugar content of
navel orange by online near infrared spectroscopy
[J1. Spectroscopy and Spectral Analysis, 2011,31
(5):1230-1235. (in Chinese)

[1o] ik ze,& %, ] W-ELLAMEIEI & ML E

L BEEL]]. BF M E T42.2012,20(10) .
2170-2175.
LIU ZH Y, PAN T. Equivalent waveband selec-
tion of VIS-NIR spectroscopic measurement for he-
moglobin [J]. Opt. Precision Eng., 2012, 20
(10):2170-2175. (in Chinese)

[11] PEDRO A M K, FERREIRA M M C. Simultaneous-
ly calibrating solids, sugars and acidity of tomato
products using PL.S2 and NIR spectroscopy [J]. An-
alytica Chimica Acta, 2007, 595 221-227.

[12] CLEMENT A, DORAIS M, VERNON M. Multi-
variate approach to the measurement of tomato ma-
turity and gustatory attributes and their rapid as-
sessment by Vis-NIR spectroscopy [J]. Journal
of Agricultural and Food Chemistry, 2008, 56
(5):1538-1544.

[13] PENCHAIYA P, BOBELYN E., VERLINDEN B

E, et al.. Non-destructive measurement of firm-



288

Pl

TR

%22 %

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

ness and soluble solids content in bell pepper using
NIR spectroscopy [J]. Jowrnal of Food Engi-
neering , 2009, 94.267-273.

SANCHEZ M T, FLORES R K, GUERRERO ] E,
et al.. Measurement of pesticide residues in peppers
by near-infrared reflectance spectroscopy [J]. Pest
Management Science, 2010,66:580-586.

XIE L J, YING Y B,YING T J, etal.. Discrimi-
nation of transgenic tomatoes based on visible/
near-infrared spectra [ J|. Analytica Chemica Ac-
ta, 2007,2(584):379-384.

HP MR FRE.F. FHEYLFEREE RN
5% 7 FH T 3 21 A0 O 3 000 SR o A B N 3K T 0
MWFFELT ). do i 5 ki 4 H7,2011,31(5):1225-
1229.

HAO Y,SUN X D, PAN Y Y, et al.. Detection
of firmness and surface color of pear by near infra-
red spectroscopy based on Monte Carlo uninforma-
tive variables elimination method [J]. Spectrosco-
py and Spectral Analysis, 2011, 31 (5):1225-
1229. (in Chinese)

CAITWS, LT1Y K, SHAO X G. A variable selec-
tion method based on uninformative variable elimi-
nation for multivariate calibration of near-infrared
spectra [ J|. Chemometrics and Intelligent Labo-
ratory Systems ,2008,90(2) :188-194.

GELADI P, KOWALSKI B R. Partial least-squares
regression: a tutorial [ J]. Analytica Chimica Acta,
1986, 185 1-17.

E R R AR F. RRIE T XU B A 3 AT
SRt A W A i AR S e o LT ] R
F 5% L42,2009,17(8) :1839-1844.

GUO ZH M, ZHAO J] W, CHEN Q SH, et al..
Application of selecting wavelength regions to de-
termination of free amino acid content in tea by FT-
NIR spectroscopy [J]. Opt.
2009,17(8):1839-1844. (in Chinese)
SUYKENS J A K, GESTEL T V, BRABANTER
J D, et al.. Least Squares Support Vector Ma-
chines [M]. Singapore: World Scientific, 2002.
LIU F, HE Y, WANG L. Comparison of calibra-

tions for the determination of soluble solids content

Precision Eng. .

E&E B AT
FEE (1987—) B INARFEM A L8+
< g~ BF5E A, 2011 4F 48 K 52l K 2 4R o7
—~ 2, F BT 4T A GG T
=0 J7 T ) BF 5% . E-mail: zyr3211 @ 163.
abh An

[22]

(23]

[24]

[25]

[26]

and pH of rice vinegars using visible and short-
wave near infrared spectroscopy [J]. Analytica
Chimica Acta, 2008, 610(2):196-204.
BER.KE . E4H.F. BT LSSVM MEDLIEH
AR ERI TGRS &AW [J] 25 x %%
.8 KA FHR.2011,32(2).125-128.

PENG Y K, HUANG H, WANG W, ez al..
Rapid detection of chlorophyll content in corn leav-
es by using least squares-support vector machines
and hyperspectral images [J]. Journal of Jiangsu
University : Natural Science FEdition, 2011, 32
(2):125-128. (in Chinese)

AR LA F B ALF. R 4GS A
LRMBCE BT SE [J]. k# % 5 kg o
#,2011,31(5):1230-1235.

SUN X D, HAO Y, GAO R J, etal..Research on
optimization of model for detecting sugar content of
navel range by online near infrared spectroscopy
[J]. Spectroscopy and Spectral Analysis. 2011,
31(5):1230-1235. (in Chinese)

AER, FW, LA, F.R/D TSR L
R B AMGIE R T T 5 ) o T S Y R
WA [J7. o4 d, 2008, 36(6).770-774.

ZHU X R, LIN, SHIX Y, etal.. Study on Chinese
medicinal qingkailing injection intermediate by least
squares support vector machines and ultraviolet spec-
trometry [ J]. Chinese Journal of Analytical Chemis-
try, 2008, 36(6):770-774. (in Chinese)

o E. RFHEFFTESSTFRESMAAR
(M. Jbnt A2 Tl i pAt . 2011,

CHU X L.
Technology Combined with Chemometrics and Its
Application [ M ]. Beijing: Chemical
Press, 2011. (in Chinese)

RN LK SR UK E A & Rl
R EBR R A TR G RI]] LiEFS
K 5 H, 2011, 31(3):665-668.

LIXY, WANG ] H, HUANG Y W, etal.. De-

termination of fat, protein and dm in raw milk by

Molecular Spectroscopy Analytical

Industry

portable short-wave near infrared
[J]. Spectroscopy and Spectral Analysis, 2011,

31(3):665-668. (in Chinese)

spectrometer

SR

X3 18 (1967 —) . L. YLVG 2 AL A, 1
o #E L A S, 2006 T LR
2ORAF 27 F BN AR g
TR AR YT, E-m
@163. com

ail: jxliuyd

(FRILERE REWW FEEH)





