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Fig. 1

Trend chart of quality indicators of olive oil heating

(a): Change in acid value; (b): Change in peroxide value; (¢): Change in linolenic acid
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Fig. 2 Raman spectra of olive oil under

different processing conditions
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Table 1 Model evaluation results under full spectrum

ik il B A b - N ‘&E% O 5 N ‘Eﬁiﬂ;% TS
R? RMSE HXHR 22/ % R? RMSE AU 35 225 [/ %
R Hr 0.992 7 0.025 —9.33~10.12 0.939 6 0.073 3 —15.50~26. 14
PLS A 0.917 7 0.187 4 —11.25~14. 28 0.702 7 0.341 8 —25.81~19. 61
VK iR 0.998 9 9.919 3 —3.33~7.04 0.890 3 89. 877 5 —18.70~139. 77
R Hr 0.992 7 0.0255 —14.00~10. 04 0.844 6 0.128 1 —105. 30~22. 53

VAPLS o E A E 0.911 3 0.258 4 —17.00~11. 42 0.904 3 0.2357 14.80~21. 30

DA 0.952 0 65.416 4 —60.42~42. 85 0.809 2 32.454 9 —34.61~172.03
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Table 2 Model evaluation results after spectral preprocessing
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PLS i AL E . 995 4 0.060 8 —3.46~4. 50 0.989 8 0.100 9 —7.43~6.35
DA . 998 2 13.334 1 —9.92~9. 34 0.983 8 37.407 4 —12.42~8.19
iz ¥y L9957 0.022 0 —5.43~4.60 0.992 5 0.023 5 —4.81~4.37
VAPLS ot E A . 998 6 0.030 9 —2.04~3.41 0.994 6 0.076 6 —5.00~3.42
V. R R .992 9 19. 767 6 —4.51~4.46 0.994 2 25.074 4 —3.90~4.35
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Fig. 3 The relationship between the predicted value and the actual value of the calibration set

(a): The acid value correction set of the PLS method; (b): The acid value correction set of the VAPLS method;

(¢): Peroxide value correction set of PLS method; (d): Peroxide value correction set of VAPLS metion;

(e): Linolenic acid correction set of PL.S metion; (f): Linolenic acid correction set of VAPLS metion
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Table 3 Evaluation results of acid value model Table S5 Model evaluation results of linolenic acid
R{E/(mg+g 1) W RRR /[ mg « (100 g) 1]
LI W AIXTRZE BOUME AR 5 22 e BOMAE  MEXERZE BE AR 5% 22
FUM A (PLS) /% (VAPLS) /% EHE (PLS) /% (VAPLS) /%
1 0.724 8 0.686 3 —5.32 0.690 7 —4.71 1 869. 681 890. 111 2.35 891. 425 2.50
2 0.588 5 0.544 2 —7.54 0.608 8 3. 44 2 890. 074 929. 070 4. 38 943. 282 5.99
0.389 1 0.3837 —1.40 0.378 3 —2.78 3 881. 528 869. 104 —1.41 913.661 3.65
4 0.528 4 0.601 9 13.91 0.508 7 —3.73 4 837.253 869. 983 3.91 878. 404 4.91
5 0.679 8 0.670 0 —1.44 0.657 3 —3.32 5 856. 288 917. 450 7.14 888. 411 3.75
6 0.522 7 0.544 9 4.25 0.545 8 4.42 6 985. 232 925. 638 —6.05 974. 550 —1.08
7 0.538 9 0.514 7 —4.51 0.567 7 5.34 7 886. 793 910. 629 2.69 890. 081 0. 37
RMSE 0.041 3 0.025 8 RMSE 23.298 5 17.064 1
R4 TEUERBIMNER i A7 E I o T 5 0 AR S TR A, SR — b R] e R B
Table 4 Model evaluation results of peroxide value By AT e S A e, R RSO s ST
SR/ Lg - (100 9 '] T d5e /I 3k ) Ay B BE AL A O E B AR A, X HORE T 09 R
B Sl i WO MR WUNE MR i o AR . WRRER = A JQ 58 bh A8 Ar ifE AT @B o A 19
‘ (PLS /A (VAPLS /% 1) 1y = F LR RS I 58 406 R B KT 0,995 RABEAIXE 7 4y
1 5.2240  5.5702 6.63 5.111 4 —2.16 S E TN T AT K . VAPLS 2 4 78 3 97 B 352 2% 43 3
2 5.427 2 4. 965 5 —8.51 5.196 9 —4.24 %70.0258, 0.222 8 F1 17. 064 1, %(%ﬂ]f)hﬂﬁ PLS*EE:”O
S S AT (ST B B8 HAE FLAT B 7% T AL 50
4 5.917 0 5. 846 5 —1.19 6.036 6 2.02
e REE . BEITE B FE AN (RS A7 o R 102 i
6  5.2992 5.1422  —2.96  5.3509 0.98 2T BOA RSO TE BR T O A o R AN . T B HLRR
7 43633  4.5924 5.25 4.501 4 3.17 FEAG P R D B Y RN AL 1 min, 3 T O
RMSE 0.305 9 0.162 8 RCRE RHOAYS i o JB 1 PR o BT ) 4R v R SRR A R
RBE, 5 S EE RO T A R A D R i R A
PRALAR N 1 B T-Be
3 45 i

B X 1T R S B ORI A ] 2 1A X i 9 0 22 5
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On-Site Rapid and Non-Destructive Identification Method for Imported
Bulk Olive Oil Quality Based on Portable Raman Spectroscopy

MA Jin-ge', YANG Qiao-ling’ , DENG Xiao-jun'* , SHI Yi-yin', GU Shu-qing' , ZHAO Chao-min', YU Yong-ai®,
ZHANG Feng'
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2. School of Life Sciences, Shanghai University, Shanghai 200444, China

3. Shanghai Oceanhood Opto-electronics Tech Co. , LTD. , Shanghai 201201, China

4. Chinese Academy of Inspection and Quarantine, Beijing 100176, China

Abstract With the integration of the global food industry chain and the improvement of people’s living standards, the
proportion of imported vegetable oil in the daily diet has gradually increased. Olive oil with rich nutritional value has attracted
much attention in vegetable oil products. During the cross-border transportation and customs clearance of imported bulk olive
oil, due to the influence of factors such as environment, temperature and time, the unsaturated fatty acids in the olive oil
transported in storage may be oxidized. The pulp residue in the virgin olive oil may precipitate in The accumulation of multiple
warehouse exchanges has resulted in large differences in the quality of vegetable oil in different locations of the olive oil
warechouses and in the same warehouse, which has caused great difficulties for the on-site sampling supervision and quality
evaluation of olive oil ports. In response to the need for rapid quality evaluation of bulk olive oil on-site, this paper converts the
Raman response intensity into a vector space angle value based on the partial least square method, establishes an olive oil quality
index analysis and prediction model, and conducts olive oil based on samples from different sampling points. The fast on-site
prediction of quality ensures the precise supervision of bulk olive oil in the import and export links. Firstly, the traditional
method is used to measure the acid value, peroxide value and linolenic acid value of olive oil heated for different durations at 220,
240 and 260 C respectively. At the same time, a portable Raman spectrometer is used to detect the corresponding oil sample.
Mann spectroscopy, preprocessing the spectral data by means of smoothing filtering and derivation, combining the partial least
squares method and the angle measurement method to model and analyze the acid value, peroxide value, and linolenic acid of olive
oil. The correlation coefficients of the index models established by the method are all above 0. 99, and the relative error range of
the angle measurement method does not exceed —5.43%. Seven different samples were randomly selected from imported bulk
olive oil for verification. The root means square errors of the three models established by the angle measurement method were
0.025 8, 0.222 8, and 17. 064 1 respectively, and the relative error range was —4. 71% ~5. 98%. The results show that the
model established by the angle measurement method is more accurate, with better predictability and stability. This method can
be applied to the on-site rapid quality identification of imported bulk olive oil quality, improve the quality evaluation of the port
on-site supervision link, and provide technical guarantee for the comprehensive evaluation of imported and exported bulk olive oil

quality.
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