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Differentiation of Three Types of Unsaturated Fatty Acids in Edible Oils by
Raman Spectroscopy and DFT Calculation

PENG Heng, HOU Huayi, CHEN Xiangbai’
School of Optical Information and Energy Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: To differentiate three types of important unsaturated fatty acids, oleic acid (OA) , linoleic acid
(LA), and a-linolenic acid (ALA) in edible oils, we investigated their molecular vibrational modes by Raman
scattering experiment and density functional theory (DFT) calculation. Combining the theoretical calculation
data with the experimental results obtained from 532 nm and 785 nm laser excitations, we found that the relative
intensity ratio of two characteristic vibration modes at 1 660 cm™ and 1 440 cm ™' increased systematically with
increasing the number of C=C double bond in OA, LA, and ALA. The present work provides a simple
approach for quick differentiation of different types of unsaturated fatty acids, which is very helpful for quick
quality evaluation of edible oils.

Keywords: Raman spectroscopy; DFT calculation; relative intensity analysis; unsaturated fatty acid
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Fig. 1 Raman spectra of OA, LA and ALA :(a)532 nm,
(b)785 nm, (¢)DFT calculation
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Tab. 1 Assignment of vibrational modes of OA, LA, and ALA molecules em™
a(0A) o(LA) o(ALA)
Assignments

Fxp Cal Exp Cal Exp Cal
B(HC=C) 1269 1304 1269 1313 1266 1305

B(HCC)+r(HCCC) 1306 1352 — — — —
B(HCC) — — 1304 1341 1303 1344
B(CH,) 1443 1489 — — 1442 1488

B(CH,)+B(CH;) — — 1 447 1473 — —

B(CH,) 1459 1506 — — — —

B(CH,)+7(HCCC) — 1458 1503 — —
B(CH,)+B(CH;) — — — 1457 1507
v(C=C) 1661 1714 1665 1718 1660 1719

1 : v = stretching; T = torsion; B8 = bending
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