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Optimization of Characteristic Wavelength Variables of Near Infrared Spectroscopy for Detecting Edible Oil Acid Value

WANG Ligi', LIU Yanan', ZHANG Qing’, CUI Yue', GE Huifang', YU Dianyu>*
(1. School of Computer and Information Engineering, Harbin University of Commerce, Harbin 150028, China;
2. School of Food Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract: With the goal of achieving rapid detection of soybean oil acid value by using near-infrared (NIR) spectroscopy,
this study optimized the selection of the characteristic wavelength variables by combined use of interval partial least square
(iPLS), genetic algorithm (GA) and successive projection algorithm (SPA). A total of 100 soybean oil samples with different
acid values were collected, their NIR transmittance spectra in the range of 4 000—12 000 cm ' were acquired. Firstly, the
characteristic wavebands of 4 5405 346 cm 'and 6 807—7 004 cm ' were extracted from the original spectra by iPLS, with a
determination coefficient (R”) and root mean square error of prediction (RMSEP) of 0.978 9 and 0.064 3, respectively. Then,
the characteristic wavelength variables closely related to oil acid value were selected by GA and SPA from the previously
selected bands, respectively. It was shown that the PLS calibration model established using 12 variables consisting of the top
6 characteristic wavelengths from optimal selection results of each of the two algorithms was optimum, with R* and RMSEP
of 0.985 9 and 0.045 1, respectively. The research indicated that selection of the characteristic wavelength variables by
iPLS-GA-SPA in NIR analysis for oil acid value could effectively remove redundant information, and decrease the
complexity of the model. This paper can offer important reference for rapid and non-destructive detection of oil acid value.
Key words: oil acid value; near infrared spectroscopy (NIR); characteristic wavelength variables; interval partial least square
(iPLS); genetic algorithm (GA); successive projection algorithm (SPA)
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Table2 Selection results by SiPLS
ERCAGEN 51X 8] R RMSECV A bR i /%

[3, 13] 0.944 4 0.090 2 9.70
20 [3, 13, 16] 0.952 6 0.098 9 10.63
[3, 6, 10, 12]  0.9476 0.091 6 9.85
[3, 8] 0.9573 0.079 4 8.54
30 [3, 18, 23] 0.967 5 0.077 4 8.32
[3, 11, 12, 30] 0.9729 0.063 0 6.77
[4, 40] 0.9700 0.066 5 7.15
40 [4, 17, 40] 0.969 5 0.067 8 7.29
[4, 17, 38, 40] 09703 0.065 4 7.03
50 [4, 7] 0.968 3 0.070 1 7.54
4, 6, 21] 09687  0.0758 8.15

M2 DL, fEF X% N30, A4 T
X ) B 3R 153 (0 STPLS AR AU A FE fe iy, HRPFIRMSECV
7y H1°80.972 9F10.063 0, BEAF AR A X E N3,
11, 12, 30], 45Xt RiF 5 N141~210. 696~833
2007~2 075K KA &,
223  FETBIiPLSHIRHIE I Bk £

S5 a6 6T X TE] 4 K 738204 304 40 ASFI50 SF
XTE], FEANEF XSS T, BiPLSEAY a3 s

®3 BPLSHBERER

Table 3  Selection results by BiPLS
TIXI% NIEX ] R RMSECV A% il %1%
20 [3] 09253 0.0812 8.73
30 [3, 10, 13, 15, 25, 26, 29] ~ 09712  0.0656 7.05
40 4, 6, 7, 17, 30, 33, 38, 39] 09738 0.061 8 6.65
50 [4, 5, 10, 18, 34, 37, 45, 48] 09701  0.0718 772

HR3TT LLE 24 5 46 6k 4 ~F 35 k14 v40 A
FIX I, AR5 B BIPLS B AL, A 2 458 X [
HE N4, 6, 7, 17, 30, 33, 38, 39], 4r %R F
5 N157~208. 261~364. 833~884. 1509~1 560
1923~2 024 KAF &, ZA A IR FIRMSECV 43 5| 4
0.973 8#10.061 8.

224 TRIAEERLGIE

sif LiR4E R, 43I LLPLS. SiPLSHIBiPLS % %
4l L o [ B e B U B TR IE AR Y, S A i A AR X
Eb, RTEGHIEER 120 /N AR FURE S AT TN,  WR4FTR

R4 ARBEBRES RS
Table4 Modeling results of different methods for wavebands selection

BEIE YRR WKERE K RMSEP HRHRERZ
PLS 1~2075 2075 08406 01042 1103
iPLS 141~350, 729~780 262 09789 0.0643 6.80

SiPLS  141~210. 696~833, 2007~2075 2m 09731 00728 7703

157~208. 261~364. 833~884,

BIPLS ) 5091560, 1923~2004

414 09757 0.0823 8.71

LR T R4ATT LAE M, 18 I3 P50 e R A 8
B, WS R T s A, HAiPLS U7 vk Hiil

W, HShnZz 5@k sEHmb, it
262 MK AR, XL E B N4 540~5 346 cm
16 807~7 004 cm "o HEIEHI S SCHR[17-18]4R &,
4 500~4 800 cm 'IE 2 i il —COORM 4 4k 8l 41 & 4
Wi s, 6 080~7 014 cm™ ' J& —CH,— F W UAr it
M, N T EERRIE K IIRIE, K4 540~5346 cm '
6 807~7 004 cm™ 1A BLAE it IR BR(E 1T £ A i
FEIE D B DAE— D AT RRAE P KA i 4
23 WRERAERHIE R KA Sk 1%
231 HETGARRHER KA Bk

FE I H T IR BRAE R R O B ) Bk |, SR GA
HE— AL KA 5. VL ERiccardo Leardidn 5
GA-PLS T HAH L. % TR E LB GARILYILG
ey ifhk, St Y R NPLS Rl AY (% N T B
—VERE XGRS B — A BIGIE R )7 22 (cross-validated
explained variance, C.V%) {8, fE&—itHEIE NS
()8 = C.V %o B IR IBL % A gt =2 BT R I B AR A & 7
£, JEILPLS Al AR ARG IFGAIE B AR B, w) DLk 4
M FHGAT 51 B E" . GANSHOE B N K
ZHEAREL100. FHEER/N30. B XHS0% ., BREI%, ik
P10 DR R, FFRE S AP AT Pk B E O
B, R HE A BB AT HE TG B AR S e,
U BB IR AE U KA S S PLSBE A, 6 AR AR
i BEAT I AT, WA R RS . RS Tk KA E
J7 5 AR AR K i e A el B HE T I, AT RLE
M4 540~5 346, 6 807~7 004 cm ™ "4 B B P kB HL Y
28 M KAR B BAUR BT, RPATIE AR % (root
mean square error of prediction, RMSEP) 43 51]>50.980 37/
0.049 8, F/DEMIRFIER KAS it — 00 T AL IERE AL (1)
ool fe

£S5 GARENHAERRERBHELR
Table5 Modeling results from characteristic wavelength variables

selected by GA
P crcaans AR g il
S KRR S way K RMSEP ooy
167, 142, 147, 181, 150, 165,
179, 185, 190, 192, 196. 162.
- 193, 149, 246, 302, 307. 154,
dsi~sus o r e TN 0 S @ 091 00569 602
184, 265, 306, 312, 327 152,
149, 186
osr~tom PO TS T T T0 T g agrse 009 62
167, 161, 184, 190, 195. 181,
- 186, 187, 163, 196, 149. 170,
N L6, 198 20, 29, 295 38 09803 00098 527

759, 154, 155 174, 160, 178,
199, 204, 226, 270

B, fEN—MBEILILTT %, GAERALEN T &
AR BHERBEHLAE, Hikd, X, ZRridiEt
HO A R SRABENLYE, (E ARG RS R B,



Al

E6mill=

2016, Vol.37, No.16 209

N TR AR IR PR TS A, S el
T 5E PR Kk 2 07 HESPA, I 5 GATTVEHEAT X L4
T

232 T SPARFEM KA R IE R

SPAE —FhET I E I AR Sk B 7k, B A— DK
s, BITEEERENEK RS, BN ER
KB KT B KA AT, BRI L I E K
H, B Mg — MK RIS &
AN, SPARIIE AT IR SCHR 2414 IEH ] .

. SPATE2 ANRFAE % Bt S L 4 A I B b $2 U4
TEP K mi, HARPE 45 I T PLSHLAY, #Ri4 R
WROFT /R, R PTG KA 875 3% 1% i K i #2
e BCHEY . wTUUE ], 764 540~5 346 cm” Al
6 807~7 004 cm ' 4L A ik B g N R IE AL B T g
Jtlf, RMEHGE, N0.982 6, RMSEPH L, N
0.057 4, Lit12 MEKAE.

K6 SPARRFHFIEHREBBEIER

Table6 Modeling results from characteristic wavelength variables
selected by SPA

Oy T Frighk R e

B Rlem P kRS wey K RMSEP Ty
279, 188, 297, 142, 197, 150,

4540~5346 149, 170, 153, 213, 176, 159, 16 09632 00698  7.39

171, 177, 339, 328

6807~7004 755 768, T43. TI4 TS0. 762 6 09374 00908 961

4540~5346, 266, 298, 148, 142, 170, 212,

6807~7004 ISL. 190, 186, 171, 257, 23 12 09826 00574 607

233  GASSPALZRLE Fah &

M EIR2 Ty vk B s A 4 SR R i 2 O, — 4k
T GARI28 MK &, —4 KIETSPARII2 MK
Wi, N T IREERRS RN, KGARISPARER
SERAATRG, RN KR RN E B T A
RASIPLSHAY , 24 Tk S s R TR .

£7 GASSPAERRLEREY
Table7  Fusion results of GA and SPA

A oy B GEItHE 2 AR i
T R KA 8 o ,}Eﬁ%ﬁ R RMsep TS

GAFISPAB LGS M KARE 10
GAFISPAZILT6 Mk KT E 12
GAFISPAZELHTT MK E 13
GARISPAZILHTS M KA R 14
GAFISPAB LAY MEKE R 15
GAMISPAZILHTI0 Mk K& 17
GAFISPABHUEI11 M KR 19
GAFISPAKELRG12 M KA R 20

GARISPAFTA NEW KR 35

09761 0.0578 6.12
09859 0.0451 477
09778 0.0517 547
0.9806 0.049 4 5.23
0.9817 0.0459 4.86
09810 0.0483 5.11
0.9863 0.0447 473
0.9842 0.0475 5.03
0.9829 0.048 4 5.12

R W W W= o O

MNETHLLEH, SEGANSPAMEHLE RIMEI11 4
WA E, RPag3 AMREERE, 19 Nk
B, T X119 MK AR B AR R RIS B e, RPN

RMSEP/} 7 790.986 3510.044 7; & HLGAMISPAL $45
RBHETe Mk KA E, 12 MEKAE, ETixi2 A
WRKAS B KA R, HRFIRMSEPZ) %1 50.985 9l
0.045 1, S5IEF 195 MR TRIEE MY, HEFES
ST ER SRR L, BRNEEE
Ny TR RS I B A AR R A, D AR 8
12 AN IR BREAFHE B K AR &, B ATIAE 6% B v f o 2

EIB3FTR
vl . R
BRI R

- 1.2

<10
g

=06
0.4

'2 1 1 1 1 1

0 4540 4728 4921 5114 5307 6827 6954
WeHyem™

3 L2 AMIERREEA NGRS IR KRR

Fig.3  Positions of 12 NIR characteristic wavelength variables for

oil acid value

234  FRMAEAILGE

Lo pr=0.9859
1.4+ RMSEP=0.045 1
12F RPD=8.470 (]
¢ |y RSD=477% .
S
= 0.8 ]
Eoe6r u
04F &
0.2 1 1 1 1 1 1 J
02 04 06 08 10 12 14 16
SEIGE /%

B4 20 MEEATINER
Fig. 4  Predicted results of 20 samples

FHIX 12 ANRRAE AR B 8 ST X 20 S SR KA b gt
T, B R B4R, REFIRMSEP4) % 40.985 9
F10.045 1, FHXS 50 bR Z4H N 8.470, AN bRkl 224
4.77%, BRZEEIEHEN0.015 6~0.109 4, it BT (1) Fi
RORARGF, UEB T DA AR e PR 4 R R

3.4 #

T L SR A [ R 1 DK S I AR i 3 AT AR B
N FiPLS. BiPLSAHISiPLS /745 & GAFISPABEAT I fig
PR (B R AR o KA Bt ik o R JAE 46 6 % 2 7 I PLS A IE
BiAL, HRPFIRMSEP: 71 °40.840 610.104 2, Z 5%
R AR T N2 075 A5 @ IFiPLS J7 ik 5 IR AE
W B ST PLSE IERE R, HRPFIRMSEPZ) 5] 40.978 9Fl
0.064 3, Z5EBHPEKALERDF262 4 FIHGAL
SPARH S A% SR FRRRAE 8 K A8 o ST PLS AR IE AR A,



210 2016, Vol.37, No.16

E6mild=

R*FIRMSEPZ) 11 250.985 9/10.045 1, 155 @E KK
BEAUCH12 A, EFE AR BRI UL £ 40 61 2 # A R
iPLS-GA-SPAMHEE A 1K1 77 VL AT FRAF K AR I BE AT 2k 2
BRITARAEE, BRIRBIRISG AR, B mme 2L i Tl kG /%
NFE R A AR 2L A 65 23 BT AR S S BILTE 4% M 4
PERHR SRR o %5 AT DU T 38 A b 2 B (0 R AE
BRI, it g SR AR ) PR R U B (L B K A

%R

(1 AAVE, BREE. & b s o BRI ORI L [0]. AR AR 5 & 0F,
2014, 39(4): 37-38. DOI:10.3969/j.issn.1007-1458.2014.04.012.

21 I, BEE, BREE, 45 A il BOR & TE R A
Ik R (3], R &5l A, 2002(11): 35-37. DOI:10.3969/
j.issn.1008-9578.2002.11.015.

[31 UM, rHwE R, M, A5 T LLAM IS RARTE 2k MM AR = RE 26
IR IR AL IR 23 8 AL I RE (). JeiE 27 50618 0B, 2013, 33(1):
98-101. DOI:10.3964/j.issn.1000-0593(2013)01-0098-04.

[4]  IREE, AT, RSO, S ELANG T BORAE AT A I e ¢ 2P AE 7
HER]. Jeil 22 556 RE 43 HT, 2009, 29(7): 1876-1880. DOI:10.3964/;.
issn.1000-0593(2009)07-1876-05.

[51  ZRARDS, YLRE, R4k, HRRAE D 0 e 75 1T 21 4106 1% I e BT 152
R R [T, ARk TRE249R, 2010, 26(8): 368-372. DOI:10.3969/
j-issn.1002-6819.2010.08.062.

[6] ADERVAL S L, ARNALDO P D, JESSICA S A P. Rapid
characterization of transgenic and non-transgenic soybean oils by
chemometric methods using NIR spectroscopy[J]. Spectrochimica
Acta Part A, 2013, 100: 115-119. DOI:10.1016/j.saa.2012.02.085.

[7] ARMENTA S, GARRIGUES S, de la GUARDIA M. Determination
of edible oil parameters by near infrared spectrometry[J]. Analytica
Chimica Acta, 2007, 596: 330-337. DOI:10.1016/j.aca.2007.06.028.

[8] SIEMENS B J, DAUN K J. Determination of the fatty acid
composition of canola, flax and solin by near-infrared spectroscopy[J].
Journal of the American Oil Chemists’ Society, 2005, 82: 153-157.
DOI:10.1007/s11746-005-5165-5.

[9] Z0U Xiaobo, ZHAO Jiewen, MALCOLM J W P, et al. Variable
selection methods in near infrared spectroscopy[J]. Analytica Chimica
Acta, 2010, 667: 14-22. DOI:10.1016/j.aca.2010.03.048.

[10] FRANCO A, ALEJANDRO C O. 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, 6/9(1): 18-25. DOI:10.1016/j.aca.2011.04.061.

[11]

[12]

[13]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

MRag, X%, MLV 7 ik A8 3 SRR RS 2040 70 M b i AT D]
LS RS, 2012, 29(7): 812-816. DOI:10.3969/
j.issn.1001-4160.2012.07.010.

dk, XIEte, e, S0 AT LA R E T R R AR
WKL R L], S 564047, 2010, 30(5): 1214-
1217. DOI:10.3964/j.issn.1000-0593(2010)05-1214-04.

WU Di, CHEN Xiaojing, SHIA P, et al. Determination of
a-linolenic acid and linoleic acid in edible oils usingnear-infrared
spectroscopy improved by wavelet transform and uninformative
variable elimination[J]. Analyca Chimica Acta, 2009, 634: 166-171.
DOI:10.1016/j.aca.2008.12.024.

ALESSANDRA F C P, MARCIO J C P, FRANCISCO F G N, et al.
NIR spectrometric determination of quality parameters in vegetable
oils using iPLS and variable selection[J]. Food Research International,
2008, 41: 341-348. DOI:10.1016/j.foodres.2007.12.013.

FIrE. BRI AN S BT R FE D). W /R MR
HTREE, 2011,

AT, SN, BT, % BiPLSE A BUR K HVE I 4 /M
PR AL AL BRI FET]. LA 2RI 4R, 2011, 30(5): 458-462.
ALFRED A C, SUMAPORN K, DU Yiping, et al. The detection and
quantification of adulteration in olive oil by near-infrared spectroscopy
and chemometrics[J]. Analytical Sciences, 2004, 20: 935-940.
CASALEA M, SINELLI N, OLIVERI P, et al. Chemometrical
strategies for feature selection and data compression applied to NIR
and MIR spectra of extra virgin olive oils for cultivar identification[J].
Talanta, 2010, 80(5): 1832-1837. DOI:10.1016/j.talanta.2009.10.030.
RICCARDO L. Application of genetic algorithm-PLS for feature
selection in spectral data sets[J]. Journal of Chemometric, 2000, 14:
643-655.

YING Yibin, LIU Yande. Non-destructive measurement of internal
quality in pear using genetic algorithms and FT-NIR spectroscopy[J].
Journal of Food Engineering, 2008, 84: 206-213.

TeSLH, S8 TC, o fl. BT G LR SR ) BN IR IE 7 5
EFEITE). BT E 5 AER R, 2006, 20(1): 1-5. DOI:10.13382/
jjemi.2006.01.015.

BB, SKRSLER, XAk, . SRR HE KT IR A i
WA R R ], 6 5061% 2T, 2010, 30(4): 949-952.
DOI:10.3964/j.issn.1000-0593(2010)04-0949-04.

BfEipe, IVREE, IR, 5. ST A LM/ 2 T AT AL
HMRIERIIAL[T]. Hh B AR 25@ 4%, 2011, 27(18): 51-56.

IMEZR, 8, SR . BT BRI SRR 5 Sk W] WL £ 4k
TR AR L[], i % 54T, 2011, 31(9): 2399-2402.
DOI:10.3964/j.issn.1000-0593(2011)09-2399-04.



