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Rapid detection of adulterated olive oil by portable laser Raman spectroscopy
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ABSTRACT: Objective To establish a rapid method for the determination of adulterated olive oil by Raman
spectroscopy using portable laser Raman spectrometry. Methods The Raman spectrum of olive oil samples
were obtained after baseline subtracting. The peak at 1440 cm™ was exploited as an internal standard band, and the
spectrum was normalized. Results By the statistical analysis of more than 80 olive oil samples, 75% of the sam-
ples were lower than 540 at 1265 cm™. When the olive-pomace oil was added to virgin olive oil, the intensity of
peaks at 1265 cm™ and 1650 cm™ increased, meanwhile the peak at 1525 cm™ disappeared. Conclusion The
Raman spectrometry is portable, rapid, and nondestructive, which can be used as an on-site detection tool for
olive oil adulteration determination.
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Table 1 Information of olive oil samples

1 21 41 61
2 22 42 62
3 23 43 63
4 24 44 64
5 25 45 65
6 26 46 66
7 27 47 67
8 28 48 68
9 29 49 69
10 30 50 70
11 31 51 71
12 32 52 72
13 33 53 73
14 34 54 74
15 35 55 75
16 36 56 76
17 37 57 77
18 38 58 78
19 39 59 79
20 40 60 80
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Table 2 Assignments of the major Raman bands of olive oil

(em™)

868 ~(CHy)n- c-Cc
960 trans RHC-CHR C=C
1082 -(CHy)y- c-Cc
1265 cis RHC-CHR =C-H
1300 -CH2 C-H
1440 -CH2 C-H
1650 cis RHC-CHR c=C
1760 RC=00R C=0

33 ZRREFERMIR

80
, 1265 cm™ 1650 cm™
: 3 ,
1265 cm™ 490,
713, 531.6, 1650 cm™
1033, 1485, 1101.4

1265 cm™



11

4327

Intensity

Intensity

2000
1600 -
1200 -

800

400

1100

1050

1000

950

900

800

1200 1400 1600 1800 2000

wavenumber (cm)

©

1646 1648 1650 1652 1654 1656 1658 1660

wavenumber (cm™)

2

Intensity

Intensity

600

550

500

450

400

350

300

(b)

1240

100

A
(= -

N
[=]

-20
1480

1260

1280

wavenumber (cm™)

1300

sy
(=]

0

1500

1520

1540 1560

wavenumber (cm')

1580

Fig. 2 Normalized Raman spectra of extra virgin olive oil mixed with olive-pomace oil of different mass percentage
; (b)1265 cm™
(a) full spectra; (b) enlarged distribution of Raman peak at 1265 cm™; (c) enlarged distribution of Raman peak at 1650 cm™; (d) enlarged distri-
bution of Raman peak at 1525 cm™
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Table 3 The relative Raman intensity at 1265 cm™ and 1650 cm™ of olive oil samples

1265 cm™ 1650 cm™ 1265 cm™* 1650 cm™ 1265 cm™* 1650 cm™
1 534 1100 28 539 1098 55 506 1060
2 534 1099 29 516 1066 56 510 1067
3 519 1097 30 516 1066 57 521 1083
4 519 1097 31 507 1050 58 503 1057
5 510 1077 32 507 1050 59 645 1359
6 510 1077 33 501 1050 60 574 1202
7 498 1044 34 501 1050 61 678 1435
8 498 1044 35 516 1042 62 490 1033
9 502 1046 36 516 1042 63 570 1188
10 502 1046 37 551 1130 64 572 1194
11 528 1038 38 551 1130 65 571 1196
12 528 1038 39 515 1057 66 533 1083
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1265 cm™ 1650 cm™ 1265 cm™ 1650 cm™ 1265 cm™ 1650 cm™*
13 506 1046 40 515 1057 67 505 1053
14 506 1046 41 572 1116 68 510 1055
15 506 1059 42 607 1235 69 540 1100
16 506 1059 43 607 1235 70 517 1091
17 569 1180 44 558 1167 71 518 1061
18 569 1180 45 558 1167 72 519 1076
19 503 1049 46 535 1098 73 526 1098
20 503 1049 a7 535 1099 74 582 1209
21 491 1036 48 500 1049 75 517 1064
22 491 1036 49 500 1049 76 526 1073
23 540 1100 50 500 1049 77 521 1077
24 540 1100 51 713 1485 78 529 1099
25 540 1100 52 516 1089 79 516 1057
26 540 1100 53 516 1089 80 526 1060
27 539 1098 54 506 1060
( 3), 60 540, , 1265cm™ 1650 cm™
75% 15 540~600, , 1525 cm™ ,
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