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Abstract Attenuated total reflectance—Fourier transform infrared spectroscopy (FTIR-ATR) combined with pattern
recognition is applied to establish a rapid discrimination model of olive oil. Measurements of FTIR-ATR spectra of
pure olive oil samples and pure soybean oil samples from different brands and mixed samples of pure olive oil doped
with soybean oil are performed. The obtained spectra between 625 cm ™ and 4000 cm™ are regarded as the research
object of discrimination analysis. The principal component analysis (PCA) is applied to the dimension reduction of
these spectra. Identification of the pure olive oil samples, pure soybean oil samples and three samples of olive oil
doped with soybean oil is carried out by two pattern recognition methods, the Fisher discrimination and multilayer
perception neural network. The experiment results show that the identification effect after the wavelet denoising
is the best among all the adopted pretreatment methods. The original discriminant accuracy of discrimination model

established by PCA combined with Fisher discriminant analysis reaches 100%. The cross validation accuracy reaches
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97.1%. Classification accuracy of the training set and the test set by multilayer perception neural network identification

model is 100%. Therefore, FTIR- ATR spectroscopy combined with pattern recognition method can realize the
identification of the pure olive o0il samples, pure soybean oil samples and three different oil blend samples. This
method has some advantages over other methods owing to its easy operation, high speed and reliability.
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Table 1 Oil blend samples

Number Blend samples Number Blend samples Number Blend samples

41 RD (560%)+FLM (50%) 62 RD (25%)+FLM (75%) 83 RD (75%)+FLM (25%)
42 RD (50%)+SEW (50%) 63 RD (25%)+ SEW (75%) 84 RD (75%)+SEW (25%)
43 RD (50%)+JLY (50%) 64 RD (25%)+JLY (75%) 85 RD (75%)+JLY (25%)
44 PL (560%)+FLM (560%) 65 PL (25%)+FLM (756%) 86 PL (75%)+FLM (25%)
45 PL (50%)+SEW (50%) 66 PL (25%)+SEW (75%) 87 PL (75%)+SEW (25%)
46 PL (50%)+JLY (50%) 67 PL (25%)+JLY (75%) 88 PL (75%)+JLY (256%)
47 JCB (50%)+FLM (50%) 68 JCB (25%)+FLM (75%) 89 JCB (75%)+FLM (25%)
48 JCB (60%)+SEW (50%) 69 JCB (256%)+SEW (75%) 90 JCB (756%)+SEW (25%)
49 JCB (60%)+JLY (50%) 70 JCB (25%)+JLY (75%) 91 JCB (75%)+JLY (25%)
50 LWSS(50%)+FLM(50%) 71 LWSS(25%)+FLM (756%) 92 LWSS (75%)+FLM ( 25%)
51 LWSS (60%)+SEW (50%) 72 LWSS (25%)+SEW (75%) 93 LWSS (756%)+SEW (25%)
52 LWSS (560%)+JLY (50%) 73 LWSS (25%)+JLY (756%) 94 LWSS (75%)+JLY (256%)
53 MS (560%)+FLM (50%) 74 MS (25%)+FLM (75%) 95 MS (75%)+FLM (25%)
54 MS (560%)+SEW (50%) 75 MS (256%)+SEW (756%) 96 MS (75%)+SEW (256%)
55 MS (50%)+JLY (560%) 76 MS (256%)+JLY (756%) 97 MS (75%)+JLY (25%)
56 FBN (560%)+FLM (50%) 7 FBN (25%)+FLM (75%) 98 FBN (756%)+FLM (25%)
57 FBN (60%)+SEW (50%) 78 FBN (25%)+SEW (75%) 99 FBN (756%)+SEW (25%)
58 FBN (50%)+JLY (560%) 79 FBN (25%)+JLY (75%) 100 FBN (756%)+JLY (256%)
59 YBL (50%)+FLM (50%) 80 YBL (25%)+FLM (75%) 101 YBL (756%)+FLM (25%)
60 YBL (50%)+SEW (50%) 81 YBL (256%)+SEW (756%) 102 YBL (75%)+SEW (25%)
61 YBL (50%)+JLY (560%) 82 YBL (25%)+JLY (75%) 103 YBL (75%)+JLY (25%)
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Fig.1 FTIR-ATR spectra of pure olive oil, pure soybean oil and oil blend samples
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domain denoising spectra
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TEFA 530 53 A7 e B 4 26 AR R AR 1 AR R 0 S 23 A R A A B DR R O BRAE N O B
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J& B ' 1 B 23 91 BEAT Fisher H 50, H A [R) B F0AR 3875 36 08 00 RCR RO 200, I3 2 7 o 5 06 24 it
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Table 2 Recognition rate of Fisher discriminant under different pretreatment methods

Processing method Initial recognition rate /% Cross validation recognition rate /%
Original spectra 94.20 94.20
1-Derivative 97.10 92.20
2-Derivative 97.10 94.20
Multiple scattering correction 96.10 94.20
Wavelet domain denoising 100.00 97.10

3.2.2 # 5 Fisher #| 5| & &
SR /N 25 W i 1) D' i i, R PCA XS G Bt R AT B 4, ORI 4 1 22 070 i Fisher J 51 20 M1 , 1 57
5 i A [ i 1) 68 SASE AR 45 3] 4 A v A 1) 280 S 1) X R B5h
u,(x)=0.023x, - 0.275x, + 1.439x, + 1.203x, , 3)
u,(x)=0.326x, + 1.041x, + 0.026x, + 0.333x, , €Y
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uy(x)=0.299x, - 0.154x, - 0.250x, + 0.773x, , 5)
u,(x)=1.004x, +0.126x, + 0.120x, - 0.051x, , (6)
—QEP Xy Xy Xy, X, NASAEE . FEHAT.

PR BRITTER R L S TR .
253 R 4/ 5 bR B TR SRR BT R R

Table 3 Variance and cumulative variance of the first four functions

Function Function 1 Function 2 Function 3 Function 4
Variance /% 79.2 13.9 6.8 0.1
Cumulative variance /% 79.2 93.1 99.9 100.0

BEXTIX 440 5] R B HE AT A SOCPE R B, I 4 FT /s . Wilk’s Lambda 2 7% 2 A 85 22 42 S R 141791 28
b5 R 2258 SUTR B P AT 9 21 (L TR0 42 b G 560 ) 300 R B8 3 P KT, LA Rk /N B BE bR . 1-4 36
IRTEAT BB B, H Wilk's Lambda {E 4 0.003, 2-4 F 7R 55 — A4~ K0 i $g £ 5% , H Wilk’s Lambda {E 4
0.071, 3—4 2% /5 B 9 4> 340 51 o8 B9 B2 B , H: Wilk’s Lambda {6 & 0.339, 4 375 5 3 > H1 51 p&i éﬂz%ﬁ&&,,ﬁ\
Wilk's Lambda {4 0.976, X I AT LUE H 17 4 4> R E5055 H0 00 68 ) fe ik, 565 40 R B R ) 55 . 1
2-4 3-4 19 B E K22 0.000, /8T 0.050 , 156 B 1T 34> 65 5000 10 S R ) 2 B R .
224 35 R B B R 5

Table 4 Efficacy of discriminant function

Function test Wilk’s Lambda Chi—-square test Confidence level
1-4 0.003 563.117 0.000
2-4 0.071 258.436 0.000
3-4 0.339 105.376 0.000
4 0.976 2.368 0.124

3.2.3 Fisher #| 5| & oA 4 R
HHOASE it R R 3 DA R 4B A8 S Tl AR AR 3 50K 2 it ) RO it 45 B e AN ) AR i 1) 00 s 5 4610 R 58 SCE 4 1) 4
Mras B anze 5 s .
e IR P B TR

Table 5 Discriminant analysis results

Prediction group

Soybean Olive EVOO EVOO EVOO Total
oil oil (25%) (50%) (75%)
Soybean oil 12 0 0 0 0 12
. Olive oil 0 28 0 0 0 28
Calculation
EVOO(25%) 0 0 21 0 0 21
result

EVOO(50%) 0 0 0 21 0 21

Training EVOO(75%) 0 0 0 0 21 21
set Soybean oil 100.0 0 0 0 0 100.0
Olive oil 0 100.0 0 0 0 100.0

Percent

EVOO(25%) 0 0 100.0 0 0 100.0
EVOO(50%) 0 0 0 100.0 0 100.0
EVOO(75%) 0 0 0 0 100.0 100.0

Soybean oil 12 0 0 0 0 12

. Olive oil 1 26 1 0 0 28

Calculation
EVOO(25%) 0 0 20 0 1 21
result EVOO(50% 0 0 0 21 0 21
Cross (50%)
lidati EVOO(75%) 0 0 0 0 21 21
validation

Soybean oil 100.0 0 0 0 0 100.0
set Olive oil 3.6 92.9 3.6 0 0 100.0
Percent EVOO(25%) 0 0 95.2 0 4.8 100.0
EVOO(50%) 0 0 0 100.0 0 100.0
EVOO(75%) 0 0 0 0 100.0 100.0
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EVOO(25%):
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EVOO(75%):
Y,(x) = -35384718.73 + 70778139.05x, + 505290.250x, + 270279.909x, + 1392423.237x, . (11)
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Fig.3 Score plots of discriminant functions
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Table 6 Influence of different pretreatment methods on neural network classification accuracy

Processing method Training set /% Test set /%
Original spectra 97.2 90.0
1- Derivative 60.6 53.1
2- Derivative 92.1 77.8
Multiple scattering correction 97.4 100.0
Wavelet domain denoising 100.00 100.0

T TN A /IN I 25 WIS I A 28 I 4% 4 B 4 R - KOG UBE Sl LEVOO(25%) . EVOO(50%) . EVOO(75%)
b Bl i T8 S U G A i 2 K BE | 43 2 IE 1 R 08 100%
FoT VLRI 4 1 43 4 IR

Table 7 Neural network identification results

Sample Soybean oil Olive oil EVOO(25%) EVOO(50%) EVOO(75%) Accuracy /%
Soybean oil 8 0 0 0 0 100
Olive oil 0 20 0 0 0 100
Training
EVOO(25%) 0 0 18 0 0 100
set
EVOO(50%) 0 0 0 15 0 100
EVOO(75%) 0 0 0 0 15 100
Soybean oil 4 0 0 0 0 100
Olive oil 0 8 0 0 0 100
Test
. EVOO(25%) 0 0 3 0 0 100
se
EVOO(50%) 0 0 0 6 0 100
EVOO(75%) 0 0 0 0 6 100

4 45 ik

K F FTIR-ATR J6 i 45 & PCA 5 Fisher 3 | Fl 2 J2 J8 145 9 26 H 57 1 SO T 48 2 oK w2 3l 19 4 1A
A, g5 RN . PCA %54 Fisher F 51 3 Bt £ 37 9 40 5 ASE 8Y Jirt 4y 40 531) #4252 35 3] 1009 , 5 S50 HIE 14 1E A 34
KB 97.1% ; 22 2 I 1 i Ao 25 T 24 S S A5 7R )1 2 A 3 S ME AR 2% 100% , I8 4 43 2 WA 3 O 100% ., 13112
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