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Fig.1 Structure diagram of the device for detecting the
adulteration rate of extra virgin olive oil
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Table 1 Test sample information and adulteration methods
Fre Ik BRI A2 B 5 B
Number Place of origin Adulterated oil brands and types Adulteration mass fraction/% Number of adulterated samples
EVOO-1 VEYEA Ko AN NI R P 113
EVOO-2 =N NL=REK T, 113
S SRAE A,
BIUEAERAE L, 0. 1. 3. 6. 10, 15, 20, 25,
" i F K, 30 35. 40, 45, 50+ 55. 60
EVOO-3 7 B K FETE K 113
B SRACRESERT I,
PN el
S5t Total 339

VE: EVOO NHFF IR o
Note: EVOO denotes extra virgin olive oil.
1.3 IS
13.1 % RS

T R AR HRAE A I ke B P Ao A X e 45
REE R EEER, AT WAL AN A B, X
K EVOO T ZHETH — W R RYE . AHIFFTiE FH )
18 388 2 00 WAL IR A8 R AR BLA Y 1000 o247, A
EE T B 3 )R] /A 2L A B ARA KR B AT

FRE SCHR [25-26] H 5T & IS HOL S 6 Coto
photonics inc, 200~1 025 nm) F| ] [ 17 # & K6 i R
ERGRE T IR AR ] WAL LLANESOGE, KGR

EEWE 2 Fros. s 8T 6K DG 8 A SO LR
NME BB, S A6 % i R TS A 9 L £ I HE T )
EVOO B A CHRELILEMEREN 10 mm), 7
A EVOO B iE A5 B RGP i E AR EAT HE L,
A BECEAE NGB, BT Mkl .

T WA R 1% FH I 22 06 A IR B 2 A BE S AU
Y EVOO B ERZFAGE, ST REAS 322 5 BURHAIE I
K ARG ST 0. EeHBENE P8 (savitzky
golay, SG) VAN ZRAFHRE il AT WL/AL 2L 40t i AT T4k
L, ARG Z oHCZIE (multiple scatter correction,
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MSC) FltpiE IEAAE# (standard normal variate, SNV)
HEATTRALFE, 43544 9 SGHMSC 1 SG+SNV. JRIETH
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928 nm A [ IR LI B T UL 8 9 PR B R R TR AAE IR
2T i H AT EVOO SR, HARME MRS
EHAXTEE, EVOO it A AR IEREE, 7L
HR A WSO 1 1) 22 7 SR X 43 EVOO A 4 256
P, 24 EVOO At & A — e LB, AT eA
30 3 I WA e ) R E AE G RE B IX . O T R T R
MM B RSN, B2 H THBEFE 0~60% 1 EVOO
A AT AN GRS, B 3 T4 RIG R T
A LIRS BE AE %5 5] EVOO Al A F1-3h 2 18] (3 17

6

1
7

8

ks W

9

Lq 900 VR 2.0 B 3 LU L L 47 SE LE (0 LS 4848 5 47 3064F 6.7 /iR
LLAMCTEAL 7 5 LR 8. 28 A il 9. EL 5%

1.Tungsten halogen light source 2.Light shield 3.Cuvette 4.Quartz cuvette holder
slot 5.Quartz optical fiber 6.Visible/near-infrared spectrometer 7.Data cable
8.Laptop 9.Collimator
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Fig.2 Schematic diagram of the self-built spectrum acquisition
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Note: SG denotes savitzky-golay; MSC denotes multiple scatter correction, the
same below.
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Fig.3 Spectrogram of adulterated samples of extra virgin olive oil
(spectrometer)
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REEH T8, P FOBAE 339.2~999.4 nm {5 M LA =

P BEE T oKk, b 1432 AN TR SR s ik b
M. X4 SGHSNV ALHE J5 G R 2L T x-y BE 9 45
A IFEA L4 (sample set partitioning based on joint X-Y
distance, SPXY) 544 2:1 HIELBIRT 339 MNMREZAIMERL
BB e A BEAT R 5, 13 300 IR AR FE 5 226 A, iR
BRI 113 A, (RSO FE AT B e 4, $2 I
FRIE K . 520852 T PLSR. SVR il BP #1444
PO . EBIEE RNk 2 From. BBy, JEEUMH
KA R 5 /7R 1% % (root mean squares error, RMSE)
YENBR PR Fa bR . BT R

RMSE = \!M @D)
n

> 63y
= |1-==L (2)
D G-
by, AR SME: Yoy AR T A5 R
B YHERBERERFME: n AEARE.

R2 FEFALESFR T =MER A ERER
Table 2 Modeling results of three models under different

R

preprocessing methods

HR ik E 5 X

Model Pretreatment methods Re RMSEC R, RMSEP

EYchint 0.972 0.047 0.931 0.066

SG 0.983 0.037 0977  0.038

BP SG+SNV 0981 0040 0980  0.037

SG+MSC 0.964 0.056 0.958  0.060

FYchintd 0.893 0.090 0.870 0.091

SG 0.966 0.052 0.958  0.060

PLSR SG+SNV 0957 0057 0956  0.060

SG+MSC 0.947 0.063 0.965  0.063

Ychintd 0.987 0.032 0.958 0.051

SG 0.987 0.032 0.990  0.026

SVR SG+SNV 0985 0034 0982  0.035

SG+MSC 0.987 0.031 0.986  0.031

W BP AIRZER MEHE: PLSR JAufife /D €M JH; SVR 3 [ & |

SNV HArHEIES LM : Re WIRIEHLMAKRE: R, AW IEEM K REG

RMSEC A IE4EH 7% % : RMSEP NIIEER R EE, T,

Note: BP denotes error back propagation; PLSR denotes partial least squares
regression; SVR denotes support vector regression; SNV denotes standard normal
variate; R denotes correlation coefficient of the calibration set; R, denotes
correlation coefficient of the validation set; RMSEC denotes root mean square error
of the calibration set; RMSEP denotes root mean square error of the validation set,
the same below.

i 2 Al %, #F 339.2~999.4 nm Y iE R BLA Al oL
(1) 3 Fbs U 7R BEAT 61 AL B 2 Ji5 A Y A IE SR AH ¢ R AL
R 1E 0.947~0.987 2 1], fZIELEH T IRZE (RMSEC)
£ 0.031~0.063 Z[f]; FGUFEEAHR RZEL R, 7 0.956~0.990
Z I8l BGAEEEY TR Z (RMSEP) 7E 0.026~0.063
e — MR, IR B B I Re AT R, 1H
BRI RMSEC Al RMSEP i, Fir s 37 A5 7 (1) & 5L
AL, T B AR I O I SR R SRR T R ORI (4R 1E
BB R AR EL EVOO AN AR E 2 R 2= 5. HE
W SVR B 45 IR B AL, 43 SG+ MSC T Ab B 5 1
SVR A EE B B Kl 4 Fis. 8A LA E, 7£ SGHMSC
TRACER f , A 2 SR 8 R SR LA EE R 20 A
5 EVOO BB FM A RFER K. W 5 Frw, Hos
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Fig.4 Scatter plot of SVR model results after SG+MSC
pretreatment
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Fig.5 Intuitive diagram of characteristic wavelength distribution
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a. Diagram of the external structure of the detection optical path
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b. Detection optical path profile view
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1. Light source module 2. Heat dissipation fan 3. Light shield 4. Quartz cuvette

5. AS7365x spectral sensor 6. Sample cell 7. Homogenization collimator

8. Micro tungsten halogen lamp 9. High temperature resistant lampholder

10. Sample 11. Quartz glass sheet
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c. Physical diagram of extra virgin olive oil adulteration detector
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Fig.6 Spectrum acquisition module and physical diagram of extra
virgin olive oil adulteration detector
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Fig.7 User interface of adulteration rate analysis software
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Fig.8 Discrete spectral curves acquired by an extra virgin olive oil
adulteration analyzer
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A portable analyzer for the adulteration degree of extra virgin olive oil
using optical properties

ZHAO Qingdian , MA Yunyun , YANG Mianging , WANG Guozheng , CHEN Baichao , LIU Dayang™
(College of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: Olive oil adulteration is has ever been increasing in China in recent years. In this study, a portable non-destructive
testing instrument was developed to detect the extra virgin olive oil adulteration using the visible/near-infrared spectroscopy.
The instrument was consisted mainly of a multi-spectral acquisition module, a control and display module, a power supply
module, and peripheral circuits. And then, the transmission spectrum of the adulterated sample was collected, according to the
characteristics of extra virgin olive oil. Firstly, corn oil, peanut oil, rapeseed oil, and soybean oil from eight origins were used
as the adulterated oils, and then mixed with the extra virgin olive oil from three origins in Spain, Italy, and Greece. 339
adulterated extra virgin olive oil samples were prepared with the mass fractions of 0, 1%, 3%, 6%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, and 60%, respectively. Secondly, a self-built spectral acquisition system was used to collect
transmission spectra of the samples. Finally, partial least squares regression, support vector regression, and error back-
propagation neural network models were used to analyze the feasibility of adulteration detection. The results show that the
correlation coefficients of the calibration set were between 0.947 and 0.987 after spectral preprocessing. RMSEC values were
between 0.031 and 0.063. The correlation coefficients of the validation set were between 0.956 and 0.990, and RMSEP values
were between 0.026 and 0.063. The characteristic wavelengths for olive oil adulteration detection were extracted using the
successive projection. A multi-channel spectral sensor was finally selected to contain 18 bands. A portable and low-cost olive
oil adulteration detection instrument was designed, according to the physical characteristics of extra virgin olive oil. The
spectral data of adulterated oil was collected by the R&D device. The quantitative analysis models were established for the
olive oil adulteration rate using partial least squares regression, support vector regression, and error back propagation neural
network. The prediction models were compared as well. The support vector regression model shared the best fit and optimal
prediction, with the correction and validation set coefficients of determination of 0.989 and 0.965, and root mean square errors
0f 0.020 and 0.037, respectively. The prediction model with the support vector regression models was loaded into the detection
device, in order to verify the accuracy and stability of the model and detection device. Within the range of 0-60% adulteration
rate, three types of extra virgin olive oil adulterated samples were failed to coincide with the concentration of the model
training set samples, which were randomly configured every 10%. The stability of the device was characterized by the
coefficient of variation in the three predicted adulteration rates of the extra virgin olive oil. Within the range of adulteration
rates, the average coefficient of variation was 0.019 in the adulterated samples, indicating the better adaptability and
consistency of the model. The testing instrument showed the a highly stable performance with little fluctuation in the prediction
over multiple tests. The accuracy of the device was verified to analyze the residuals between the predicted and the true values
of the adulterated samples. The maximum absolute value was 4.43 for the residuals of the adulterated samples. The stability and
accuracy of the portable device were achieved to analyze the adulteration rate of extra virgin olive oil, fully meeting the needs
of on-site testing.

Keywords: non-destructive examination; sensor; olive oil; adulteration rate
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