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Abstract: Endogenesis referents from illegal cooking oil (ICO), namely, 13-methyl-tetradecanoic

acid and undecanoic acid have been confirmed via non-target and target screening of fatty acids.
The former is mainly originated from animal oil, and the later from heated vegetable oil. Based on
the retention interactions between gas chromatographic columns with different polarities and alkyl
acids, the alkyl acids with various carbon chain or their isomers with the same carbon chains can be
separated effectively using multidimensional gas chromatography-mass spectrometry. And the ac-
curate quantification of 13-methyl-tetradecanoic acid and undecanoic acid was obtained. The target
compounds can be cleaned up online and enriched with the developed method. Subsequently, the
fourth and fifth assessments organized by China National Center for Food Safety Risk Assessment
were performed in our laboratory. After continuous improvement, the precision of the method was
increased. In detail, 100% vegetable oils, 71% ICO (the 4th batch) and 75% ICO (the 5th batch)
have been identified. In combination with the capsaicinoid contents, edible oils can be identified in
a comprehensive way, and the precision for ICO samples was increased to 89% and 100% for the
4th batch and the 5th batch samples, respectively. Owing to the aforementioned advantages, the
developed method has been chosen as one of the four instrumental methods for the identification of

1CO by China Ministry of Public Health, waiting for the validation from authoritative departments.
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Heated bean oil
Heated corn oil
Heated peanut oil
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Peanut oil
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Palm oil
Sunflower oil
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Safflower oil
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*  Mutton fat
Chicken fat
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varl: C10:0; var2; C12:0; var3: C14:0; vard: C15:0; var5; C16:0; var6: C17:0; var7: C18:0; var8: C18:1; var9: C18:2; varlO:
C18:3; varll: C20:0; varl2: C20:1; varl3: C22:0. M : heated vegetable oil at 180 °C ; @ : normal vegetable oil; ¥ : animal oil.
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Fig. 2 (a) 1st GC chromatogram (before switching) and (b) 2nd GC extracted ion chromatogram (after switching) of
methyl undecanoate, methyl 13-methyl-tetradecanoate and methyl pentadecanoate for standard mixture and (c)
1st GC chromatogram (before switching) and (d) 2nd GC extracted ion chromatogram (after switching) of
methyl undecanoate, methyl 13-methyl-tetradecanoate and methyl pentadecanoate for animal oil

1. methyl undecanoate; 2. methyl 13-methyl-tetradecanoate; 3. methyl pentadecanoate; 4. methyl-12-methyl-tetradecanoate.
1 . o
2.2.2
Table 1 Relative contents of odd-chain fatty acids in edible
vegetable oils, animal oils and illegal cooking oils
(ICO) pe/g
Sample iso-C15-1 is0-C15-2 iso-Cl17-1 iso-C17-2
b
Bean oil 0. 04 0.31 0.77 1.33
Corn oil 0.12 0. 46 1. 64 3.90 ’
Peanut oil 0.15 0. 44 2.08 3.57 o 2
Sesame oil 0.10 0.50 1.12 23.77 ,C11:0 6~7 ,C13
Olive oil 0.08 0.29 0.55 1.00
Rapeseed oil 0.10 5.55 0. 84 22.53 2
Blend oil 0.12 0. 86 0.53 3.51
Palm oil 0. 30 0.63 10.13 0.92 Table 2 Relative contents of odd-chain fatty acids in
Lard 10. 68 5.92 117.18  231.53 edible vegetable oils and heated vegetable ed-
ible oil
Butter 4547.41 3373.01 7385.51 8280.19 Deors : ne/e
Mutton fat 3464.40 2814.17 9192.16 7998. 30 : Sample Cio C18:0 1o Clol
Chicken fat 15. 60 9.31  15.39  30.82 Bean °f1 0. 26 L7 0.04
10% 1CO 1-rapeseed oil 0. 89 2.00 2.06 1.98 Corn ol 0.23 0.80 0. 17
1 / [~
5% 1CO 2-blend oil 2.22 1.34 2.96 2.74 Pea““t.‘“l 0- J_‘l 0. 89 0-15
1CO 3 2 62 278 2 71 228 Bean oil heated at 180 ‘C 1.50 2.98 0. 05
. . Corn oil heated at 180 ‘C 1.55 3. 00 0.21
iso-C15-1: methyl 13-methyl-tetradecanoate; iso-C15-2;
Peanut oil heated at 180 ‘C 2.36 5.06 0.19

methyl 12-methyltetradecanoate; iso-C17-1: methyl 15-methyl-

hexadecanoate; iso-C17-2: methyl 14-methyl-hexadecanoate.

C11:0; undecanoic acid; C13:0: tridecanoic acid; iso-C15-1;

13-methyl-tetradecanoic acid.
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Fig. 3 Mass chromatograms of undecanoic acid (C11:0), 13-methyl-tetradecanoic acid (iso-C15-1) and
pentadecanoic acid (C15:0) in a sample with MDGC-MS
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Table 3 Determination results of blind samples (the 4th batch and the Sth batch) from China National Center of
Food Safety Risk Assessment

Sample Oil description* (the 4th batch) 100M, /M, 100 M / Mo||Sample Oil description* (the 5th batch) 100M, /M, 100M, /M,

1% 20 % 1CO(Guangzhou 2) +blend 0.13 0. 20 1% 20% ICO(Qianmen 3) +rapeseed 0.12 0.11
2% blend+ peanut+soybean 0.09 0.15 27 ICO(Chongqing) 53.07 0. 60
3% 50% ICO(Chongqing 1) +blend 51.72 0.61 37 50% ICO(Qianmen 3) +rapeseed 0. 26 0.22
4% 20% 1CO(Taixin 3) +blend 0.16 4.39 4% blend 0.02 0.14
5% 50% ICO(Qianmen 4) +blend 0. 86 0.17 5% 50 % ICO(Chongging) +rapeseed 40. 74 0.48
6% normal KFC palm oil 0.25 0.13 67 10% ICO(Chongging) +rapeseed 13.08 0. 24
7% 50% ICO(Chongqing 1) +blend 42.63 0.59 7% corn 0.15 0.08
8% 10% ICO(Qianmen 4) + blend 0. 34 0.16 87 10% ICO(Qianmen 3) - rapeseed 0.10 0.11
9% corn oil 0.12 0.09 9% 50% ICO(Taixin 4) +sunflower 0.10 8.08
107 ICO(Chongqing 2) 51.63 0.59 10% sunflower 0. 05 0.02
117 blend 0.06 0.19 11% 20 % 1CO(Guizhou 2) +blend 21.43 0. 32
12% corn—+ soybean+ peanut-blend 0.11 0.13 12% ICO(Shandong 2) 0.77 0.15
137 ICO(Baoan 6) 0.23 0.16 13# rap 0.09 0.10
147 1ICO(Boluo7) 0.70 0. 20 147 peanut 0.14 0.03
157 1CO(Guangzhou 8) 0.24 0.12 15% soybean 0.03 0.09
167 ICO(Changchun 9) 0.42 0.09 167 1ICO(Liaoning) 0.11 0.13
177 corn—+blend 0.07 0.08 17# 1ICO(Xinjiang) 1. 49 0.16
187 peanut-+blend 0.13 0.17 18% blend 0.07 0. 05
197 peanut-+blend 0.26 0.15 197 palm-+soybean 0.17 0.09
20% 1ICO (filtered KFC palm) 0.47 0. 46 207 10% ICO(Taixin 4) -+ sunflower 0.06 1. 90
217 ICO (KFC palm) 0. 45 0. 39 21% ICO(Xinjiang 3) 2.39 0.18
227 ICO(Double filtered KFC palm) 0.50 0.46 22% nut 0.03 0.10
237 soybean 0.03 0.08 23% 1ICO(Xinjiang 4) 0.76 0.14
247 ICO(Liaoning 10) 0. 46 0.14 24% 1CO(Guangzhou) 0. 25 0.13
25% ICO(Xinjiang 11) 0.15 0. 05 25% 1CO(Guizhou) 43.56 0.52
267  50% ICO(Taixin 3)+blend 0.23 9.17 267 20% ICO(Taixin 4) +sunflower 0.07 4.18
27% 20 % 1CO(Qianmen 4) +blend 0.51 0.18 27% palm 0.27 0.12
28% 10% ICO(Taixin 3) +blend 0.10 2.42 28% 20% ICO(Chongging 1) + rapeseed 24. 20 0. 35
297 10% ICO(Taixin 3) +blend 0.11 2.43 297 ICO(Xinjiang 1) 6.12 0.22
307 10% 1CO(Chongging 1) +blend 19. 07 0. 32 307 10% ICO(Guizhou 2) +blend 15.61 0.28
317 20% ICO (Chongqing 1) +blend 33.45 0.51

32%  10% ICO(Guangzhou 2) +blend 0.12 0. 20

337 50 % ICO(Guangzhou 2) +blend 0.16 0.18

347 10% ICO(Chongging 1) +blend 16. 52 0. 37

357 50% ICO(Taixin 3) +blend 0. 54 7.99

367 ICO(Baoan 6) 0. 30 0. 20

377 ICO(Boluo?) 0. 60 0.20

* In description, ICO means illegal cooking oil, the words in bracket show the origin of this sample, and the percentage numbers show the

proportion of ICO in this sample.
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