Supplementary Materials

Continuous Gradient Temperature Raman
Spectroscopy of Fish Oils Provides Detailed
Vibrational Analysis and Rapid, Nondestructive
Graphical Product Authentication

C. Leigh Broadhurst 12*, Walter F. Schmidt 1, Jianwei Qin 1, Kuanglin Chao ! and Moon S. Kim !

1 Sensors Development Laboratory, Environmental Microbiology and Food Safety Laboratory, United States
Department of Agriculture Agricultural Research Service, 10300 Baltimore Avenue, Beltsville, MD 20705, USA;
walter.schmidt@ars.usda.gov (W.F.S.); jianwei.qin@ars.usda.gov (J.Q.); kevin.chao@ars.usda.gov (K.C.);

moon.kim@ars.usda.gov (M.S.K.)
2 Department of Mechanical Engineering, University of Maryland Baltimore County, Baltimore, MD 21250, USA

* Correspondence: leigh broadhurst@ars.usda.gov; Tel.: +1-301-504-8450 x237

[P (=C-H). + p (=C-H).Jasym 5(CH2) v (CH2)
El B B
= B E
- g of
& ~ .
. . .
‘. . L]
5o s we s ) ®se ‘KC: wo ux wx “se “o 2 12 1200 =1 = "o "e °®e wee
Wavenumper (cm-1 Wavensmber (om -1 Wavenomoer (em-1
®(HC=C)op _ 8(0=C1-C2) +
@(HC=C)op ©(C=CH)op @(C=C-CHp)op)) 5(C1-C2-C3)
i s - .
e P =
2 - -
" " »_
| wE wE wg
- - &
Iy ne ue 12E
. - '_:
. . .
¢ i .
. . .
w0 0 w0 =0 x0 j i o ™ T© ™ 0 o X - xo =0 <0 x< 0 f
Wav erumder gm-1 Wav erumder £m-1) Wavenumder (Em-1

Figure S1. Pollack Oil 0 to 28 °C



[p(H-C=)e+p(=C-H)ulsym

[p(H-C=)s +p H-C=)i]asym &(CHz)
20
E 2
18
i 7
16 16
15
s 2
135 3G
2 12
15 115
10 B 108
9 g 9 g
g E 8§
e | 7 =
6 6
5 5
4 4
3 3
2 2
1 1
0 0
1900 1880 1860 1840 1820 1800 1780 1760 1750 1700 1650 1600 1550 1500 1450
‘Wavenumber (cm-1) Wavenumber (cm-1)
®(HC-C=)op
V{C-CJasym ofHCClep  CICCHIe P (CHz) @(HsC-C=Jep
20 20
2 i
Z o
b 12
1 14
3G 136
B H o
1o ‘E 0E
9 3 2
8 E
e E 78
] (]
5 5
4 4
3 3
2 2
1 1
0 0
200

1200 1150 1100 1050 1000 950 900

Wavenumber (cm-1) ‘."-ravenumber tcm—‘!)

Figure 52. Omega 3 Pet 0 to 20 °C.
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Figure S3. Cod Liver Oil 0 to 20 °C.
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Figure S4. Carlson Fish Oil 0 to 20 °C.
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