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Abstract: Soxhlet extraction method was used to extract oil from flaxseed of different varieties and producing areas in Qinghai province.
The volatile components of flaxseed oil were enriched by headspace solid phase microextraction (SPME) and determined by gas
chromatography-mass spectrometry (GC-MS). The volatile components of 40 batches of samples were analyzed and a fingerprint was
constructed to identify the flaxseed oil samples mixed with sixkinds of vegetable oil in different proportions. The results showed that Qinghai
flaxseed oil samples contained 58 volatile components, among which aldehydes were the main flavor components. In addition, the
chromatogram of six kinds of vegetable oil were less similar to the standard fingerprint of flaxseed oil, the difference provided the feasibility for
the identification of adulterated flaxseed oil. The adulteration model established is suitable for theidentification of flaxseed oil adulterated with
10% peanut oil, sunflower oil, sesame oil, more than 20% corn oil, more than 30% rapeseed oil and more than 40% soybean oil. This study
provided a theoretical basis for the adulteration identification and quality control of flaxseed oil.
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S1 T K S21  HBAREB3
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Fig.1 Overlay of volatile profiles of 40 kinds of Qinghai flaxseed

oil
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Fig.2 Standard fingerprint of 40 kinds of Qinghai flaxseed oil
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Table 2 Classification of volatile components of flaxseed oil

FR AP F BE  BmE BE  WE  BE  WHEE AXKE A
S1 9.93 16.80 - 10.88 5.84 27.45 3.35 25.76
S2 10.65  16.15 1.78 8.39 3.28 45.88 1.88 12.01
S3 13.82 2219 - 8.86 1.48 28.39 717 18.11
S4 10.35 5.89 - 11.82 - 32.98 8.06 20.32
S5 791 10.58 532 6.09 - 34.52 6.12 29.47
S6 9.56 9.41 - 5.71 1.35 41.12 433 28.53
S7 6.99 5.04 - 6.20 - 53.75 2.29 25.74
S8 12.53 3.33 - 8.01 - 40.84 7.36 27.94
S9 40.11 1324 338 15.44 3.13 9.94 7.53 7.25
S10 1895  13.90 - 7.07 9.79 18.60 10.54 21.16
S11 13.74 1631 1.91 7.24 4.63 33.65 2.18 20.36
S12 2334 1299 210 9.55 - 31.25 5.10 15.68
S13 - - - - - 53.69 46.31 -
S14 4.94 23.25 - 8.05 - 28.71 - 34.96
S15  54.82 6.38 - 5.76 - 7.25 11.48 14.32
S16 1881 2321 8.16 1.52 3.30 27.55 3.63 13.84
S17  28.06 1398 211 15.80 2.09 24.41 2.26 11.32
S18  10.14 1.45 - 5.48 - 23.50 3.50 55.94
S19 1146 1547 - 12.13 1.56 36.73 432 18.35

rFESEE S20 1422 1150 3.18 4.64 - 41.69 492 19.87

1% S21 1586  16.52 - 10.69 1.39 34.16 9.58 11.81
S22 40.12 5.66 - 15.24 6.13 9.56 5.00 18.30
S23  29.76  26.03 - 6.39 6.42 8.88 3.70 18.83
S24  11.05 9.17 3.88 11.55 1.92 37.96 3.66 20.82
S25 2395 1022 1.42 8.05 - 30.45 2.05 23.87
S26  11.09 1925 1.58 9.59 1.18 24.87 5.70 26.77
S27 9.00 17.08  3.70 5.7 2.19 40.55 413 17.60
S28 1532 2222 - 6.75 3.58 31.71 3.79 16.64
S29 8.93 16.03 - 8.17 19.86 19.03 3.37 24.62
S30 - 19.12 - 13.49 - 22.02 17.64 27.74
S31 11.37  18.66 - 7.58 - 24.63 4.7 33.07
S32 6.45 - - 12.99 - 47.56 - 33.00
S33 6.68 - - 6.21 - 4734 6.83 32.95
S34 8.49 5.08 - 8.83 1.18 46.60 3.81 26.02
S35 1198 1231 - 11.36 1.68 37.15 5.35 20.19
S36 3.78 3.74 - 7.43 4.90 44.34 7.83 27.99
S37  13.71 15.99 - 10.01 - 40.72 4.14 15.44
S38  14.77 6.11 - 15.97 - 39.55 8.08 15.83
S39 9.39 20.05 - 11.82 - 32.98 8.06 17.72
S40 1570  18.02 1.23 7.25 - 32.30 7.04 18.47
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Table 3 Fingerprint similarity of 40 kinds of Qinghai flaxseed
oil

Henths  AAUE

Henths  AAUE

S1 0.944 S21 0.793
S2 0.914 S22 0.604
S3 0.922 S23 0.920
S4 0.925 S24 0.810
S5 0.929 S25 0.321
S6 0.863 S26 0.770
S7 0.925 S27 0.938
S8 0.875 S28 0.825
S9 0.936 S29 0.945
S10 0.855 S30 0.891
S11 0.953 S31 0.764
S12 0.812 S32 0.260
S13 0.841 S33 0.858
S14 0.863 S34 0.801
S15 0.888 S35 0.479
S16 0.890 S36 0.677
S17 0.936 S37 0.551
S18 0.885 S38 0.594
S19 0.889 S39 0.466
S20 0.828 S40 0.583
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Fig.3 Types and relative contents of volatile profiles in different
vegetable oils
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Table 4 Similarity of standard fingerprints of flaxseed oil and different vegetable oils
L AR Fhh Kaw fhAdh RiUhd Bk ER
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Fig.4 Chromatogram of volatile profiles in different vegetable
oils 0.83+
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Table 5 Fingerprint similarity and adulteration model curve equation

Hthyhit Wk A2 KRR
FoArih y=0.3726-0.01407x+0.000147143x* 0.9992
XEh y=0.8146+0.00357x-0.000100714x> 0.9909
Fk y=0.8982-0.00693x-0.0000285714x> 0.9962

RICAT y=0.8374-0.000321429x-0.00000214286x* 0.9997
Ekih y=0.8312-+0.000408571x-0.0000271429x> 0.9965
Z kb y=0.6376-0.01574x+0.000122143x> 0.9984

* 6 BINLRRFF AR S EREAR L E R AERHRE

Table 6 Fingerprint similarity and relative error of adulterated flaxseed oil

FArih X & Fedk RiATih R Z ik
BhE%

RE% SIM  RE% SIM RE% SIM  RE% SIM  RE% SIM  RE%

10 0.245 5.804 0.843 25259 0.825 1.739 0.834  0.091 0.833  12.889 0.496  0.500

20 0.154 11.178 0.840  9.794 0.747  0.088 0.830 0.869 0.828 8.877 0.364 0.845

30 0.081  9.169 0.832 18.987 0.675 3.757 0.826 1317 0.818  0.139 0277 0236

40 0.044  8.706 0.801  6.165 0.563 3.484 0.821 0.841 0.806 1.519 0.209 0432

50 0.038  8.399 0.739  0.674 0.485 1.236 0.816 0212 0.783  0.326 0.153  0.250
#E 8.651 12.176 2.061 0.666 4.750 0.453

B 6 I, SEAFB DA h iR AR X R 22
SFHIMEN 8.651%, H{BEELEIN 20%0, FHXHREER
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