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Fig.1 PCA and OPLS-DA results for fatty acids of ten kinds of oil
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Tab.2 Classification results of ten kinds of oil 1y
. T &5 A BEA IR IETER/
2] . s
BRI SORI SEEREI ORI EoKah JE/EVR R AN BRI w0 B %
HHRRIH 60 0 0 0 0 0 0 0 0 0 60 60  100.0
ST 0 20 0 0 0 0 0 0 0 0 20 20  100.0
FEACNT I 0 0 20 0 0 0 0 0 0 0 20 20  100.0
Kz 0 0 0 19 1 0 0 0 0 0 20 19  95.0
P Sl 0 0 0 0 20 0 0 0 0 0 20 20  100.0
AGLETH 0 0 0 0 0 20 0 0 0 0 20 20  100.0
Z R 0 0 0 0 0 0 20 0 0 0 20 20  100.0
PRI 0 0 2 12 2 3 0 0 1 0 20 0 0
- BERSH 0 0 0 0 0 0 0 0 24 0 24 24 100.0
Z T
HiPA 0 0 0 0 0 0 0 0 8 0 8 0 0
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PR, BRLAE AR A IST A3 AT AS 2 LA 50 IR 7l 5 A
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Tab.3 Fatty acid content comparison of ten kinds of oil g-100g ™"
He R _ A w(IMAR) 7
BRI SOFFl SEIERRI RS FORa BT R JHRTE RGN Hbi SRR/ SRR
Cos 0.04+  0.06+ 0.07+ 0.08+  0.04%  0.04=  0.02z 0.08  0.64+  0.55+ o
’ 0.02" 0.02" 0.02" 0.02" 0.02" 0.02" 0.02" 0. 06" 1.10° 0.74%
Cos 504+  4.18= 577+ 1000+ 11.57+ 9.35+ 8.54 + 9.47+  13.00+ 18.32% Ly
’ 0.96° 0.98° 2.68% 0. 98" 0. 80* 1. 86° 0. 76 3.88°¢ 4. 46" 32.98*
G 3.39 = 1.71 + 3.13 = 3.93 = 1.55 = 314 4.98% 3.00 = 5.63 = 3.96 = o
’ 0. 60" 0.42° 1.36" 0.62" 0.10° 0.82" 0.48° 1.58" 5.08° 3. 16"
G 0.15 t 0.53 + 0.23+  0.36+x  0.38=x .26 0.57 % 0.41  0.28+  0.38=x 03
’ 0. 12 0.04" 0. 10 0. 10 0.12° 0.50° 0.06" 0.14° 0.04% 0.12°
Cos 0.28+  0.64 = 1.4l  0.79+  0.25x 477+  0.29+ 1.Ol+  0.58z  0.32% 04
) 0. 14¢ 0.08¢ 0. 14" 0. 12¢ 0. 06° 1.34° 0.08° 0.78¢ 0. 16¢ 0.50°
Gy 0.13+  0.22% 0.31+  0.29+  0.30x 230  0.18% 0.47+  0.22%  0.17= o6
) 0.16¢ 0. 24 0. 46" 0. 06 0. 06" 0.92° 0. 06 0.32" 0. 444 0.20°
Cos 0.06+  0.17 % 0.07 0.08x 009+  0.06=  0.11= 0.10x  0.87+  0.48+ s
: 0. 06¢ 0. 14°¢ 0. 08¢ 0. 02° 0. 02° 0.02¢ 0. 04° 0. 02¢ 0. 90° 0.98"
Con o 0.06+  0.05+ 0.02x 0.05+ 0.05+ 0.05+ 0.19z 0.05+ 0.33+  0.51=x s
0.18¢ 0. 06° 0. 04° 0. 08° 0. 04° 0. 04¢ 0. 20° 0. 04° 0. 60" 1. 30°
Cr i 16.62+ 52.24+ 2454 19.79+ 2510+ 40.63+ 34.83x 2641+ 2531 33.20% 03
’ 5.02 7.70° 6.50° 3.90° 2.00¢ 9.24" 1.74° 8. 189 5.90¢ 6.40°
Col 0.37+  0.56+ 010z  0.31x 022  0.92=x  0.16= 0.36  0.37% 1.03 = o
) 112 1. 42b 0. 144 0. 40 0.26% 0.50* 0. 14 0. 48 0.20 2. 40"
Coae 14.62+ 19.47+ 57.23x 49.47x 5265+ 31.14x 43.14x 47.36x 3812 26.46 % o8
’ 4. 64¢ 3.28f 8.28" 1.98 3. 66 8. 14f 2.824 9.50 17.6° 29.20"
Cronn 50. 14 = 7.99 + 0.14 + 7.00 0.71 0.10 + 0.37 + 3.72 5.28 = 1.89 + 63
o 9. 68" 2.50" 0.08° 3.10° 0.24¢ 0.08° 0.06° 4,56 2.20" 4.20%
9.24+  7.50%x 11.50% 15.68% 14.24% 20.83+ 1470 1461 20.98+ 24.12%
St 1.26% 1.32° 0. 58 1. 120 1.08% 4.28° 0. 80" 3. 04 11.18* 34. 64* t2
17.36 + 54.86+ 24.79= 20.31z 2552+ 40.93x 3527=% 27.00x 27.30% 37.46=%
MUFA 0.3
6.08° 7.78° 6. 381 4.10° 2. 069 12. 32" 1. 84¢ 8.38¢ 7. 48¢ 10. 36"
65.48+ 28.36+ 57.49% 56.95% 53.49% 32.32x 43.58= 51.40 44.04x  28.90 =
PUA 7.52° 5.84¢ 8. 16" 4. 24" 3.82% 12.32¢ 2.82¢ 9.26° 19. 66¢ 15. 12¢ >3
0.10 = 0.11 + 0.04 + 0.13 £ 0.07 = 0.09 + 0.21 + 0.11 + 0.35 % 0.62 +
1 0.20° 0. 12° 0. 12° 0. 20° 0. 06° 0.08° 0.22" 0. 16° 0. 60" 1. 40° 0-9
50. 56 + 8.31 0.21 + 7.03 + 0.73 0.13 + 0.38 + 3.74 + 5.37 + 1.96 +
® -3PUFA 6.1
9.38¢ 3.08" 0.20f 3.10% 0.24f 0.08f 0. 06" 4.56% 2.16% 4.20
14.87+  19.95+ 57.25+ 49.83+ 52,73+ 3117+ 43.17+ 47.59% 38.66% 26.80 +
® -6PUFA 0.7
4.76" 3. 128 8.28* 1.92b 5.68% 8. 14f 2,824 9. 24 17.78¢ 29. 341
w-6/w-3 0.3 2.4 272.6 7.1 72.2 239.8 113.6 12.7 7.2 13.7 -
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Fig.2 PCA and OPLS-DA results for fatty acids of cold and hot pressed flaxseed oil
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Tab.4 Classification results of cold and hot pressed

flaxseed oil 1y
fURIIEAR S
i ————— HA% EM EfR%
B R
e i 36 0 36 36 100. 0
s 2 22 24 22 91.7
it 38 22 60 58 96.7

HIE 5 AT, ¥ 4 5 FROME A R Il 16 R I 07 iR
(saturated fatty acid, SFA) 22 5% A i 3% | 2 ¥ PUFA
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il MUFA AHXS & 538 m 55 R L 550 i 5 25 21—
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Tab.5 Comparison of fatty acid content between
cold and hot pressed flaxseed oil ~ g-100g ™"

PRIVIR w(¥HE) w(EHFE)  w(RHE) /w(PE)
Ciso 0.04+0.02  0.04=0.02 1.0
Cis0 4.91 £0.62"  5.25%1.22° 0.9
Cis.o 3.49 £0.54°  3.24 £0.56" 1.1
Cao,0 0.12£0.08"  0.20=0. 12° 0.6
Cxyo 0.26 £0. 12> 0.30 =0. 16* 0.9
Casyo 0.17 £0.04*  0.07 0. 18" 2.4
Cionn 0.06 £0.04  0.06=0. 10 1.0
Cis.1 (o 0.09 £0.22°  0.02 0. 04" 4.5
Cis,two 15.60 2. 62> 18.15 6. 14* 0.9
(o 0.41£1.28  0.30=0.86 1.4
Cig.206 13.73 £1.68" 15.96 +6.20° 0.9
Cig303 53.21 £5.32" 45.54 +£7.00" 1.2
SFA 9.21£1.18  9.30+1.38 1.0
MUFA 16.23 +2.66"  19.05 8. 00° 0.9
PUFA 67.23 £5.30° 62.85+7.34" 1.1
TFA 0.13 £0.26°  0.05=0.08" 2.6
®—-3PUFA  53.29 +£5.34" 46.48 8. 16" 1.1
®-6PUFA  13.91 +1.86" 16.31 £6. 18° 0.9
©-6/w-3 0.3 0.4 -
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Fig.3 PCA and OPLS-DA results for fatty acids of first and second grade flaxseed oil
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Tab.6 Classification results of first and second grade

flaxseed oil 15
N +:
B % BAS  IEEE ER%
—% 38 2 40 38 95.0
~% 4 16 20 16 80.0
A 42 18 60 54 90.0

— G R T ZHRRTN FAs FLAZ DL 7, AR
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Tab.7 Comparison of fatty acid content between first

and second grade flaxseed oil g-100g ™"

Hiia w(—%) w( =) w(—Z)/ w(—H)
Cuo 0.04+0.02  0.04=0.02 1.0
Cio.0 4.97£0.54  5.19+1.88 0.9
Cis.o 3.48 £0.56°  3.21 £0.52" 1.1
Ca.0 0.12£0.10>  0.21 =0. 08" 0.6
Cx.o 0.25 +£0.12>  0.32=0. 10° 0.8
Caayo 0.15£0.12°  0.08 0. 18" 1.9
Cie.1 0.06 £0.04  0.06=0.10 1.0
Cis.1 (o) 0.08 £0.22  0.01 +0. 04" 8.0
Cis,1u9 15.73 2. 64> 18.38 +6. 64° 0.9
Ca.1 0.37+1.24  0.35+0.90 1.1
Cis.206 13.93 £2.52"  16.01 £6.46° 0.9
Cis.303 52.53 £6.52° 45.38 +7.66" 1.2
SFA 9.24+1.14  9.25+1.50 1.0
MUFA 16.32 £2.60"  19.43 +8. 58" 0.8
PUFA 66.75 £6.02° 62.93 +7.74" 1.1
TFA 0.13£0.24*  0.04 £0.06" 3.3
® -3PUFA  52.60 +6.52° 46.49 +8.96" 1.1
®-6PUFA  14.11£2.62" 16.39 6. 46° 0.9
0-6/w-3 0.3 0.4 -
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Fig.4 OPLS-DA results for faity acids of pure flaxseed oil and flaxseed oil mixed with rapeseed oil
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Tab.8 Classification results of flaxseed oil mixed with

different proportions of rapeseed oil 1y
T 45 5 .
. W i;ﬁ ﬂ;;ﬁ] ﬂZHZ]ﬁ 2/
B
BRI 10 0 10 10 100
BHRRINE SR 0 40 40 40 100
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Fig.5 Correlation analysis of five key FAs of flaxseed oil

and rapeseed oil mass fraction
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Fig.6 PLS quantitative prediction model of
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Establishment of Authenticity Discrimination Model of
Flaxseed Oil Based on Fatty Acid Fingerprint

YE Le, LI Ru, GUO Jun”®
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract ; Flaxseed oil is rich in a-linolenic acid, and its price is 3 to 20 times higher than that of other
edible oils, and it is very vulnerable to be adulterated and counterfeited. The authenticity discrimination
model of flaxseed oil based on faity acid (FAs) fingerprints was established. Eight kinds of edible oil
samples ( flaxseed oil, rapeseed oil, sunflower oil, soybean oil, peanut oil, corn oil, sesame oil,
blended oil) , two kinds of waste oil samples (kitchen waste oil and gutter oil) were collected, and 12
FAs were determined by gas chromatography. Principal component analysis ( PCA) was conducted to
observe the clustering properties of these 10 kinds of oils according to their FAs fingerprint. Orthogonal
partial least squares discriminant analysis ( OPLS-DA) was applied to evaluate the feasibility of FAs
fingerprint on authenticity of species origin, processing methods (cold or hot pressing) and grade of
flaxseed oil, and partial least squares (PLS) quantitative prediction model was established to estimate the
adulteration dosage of rapeseed oil in flaxseed oil. The FAs fingerprint of flaxseed oil was extremely
different from other oils. Content of C g ;5[ (50. 14 £9.68)g/100g | was significantly higher than that of
other oils, while content of C5,, [ (16.62 £5.02) g/100g] and Cg,..[ (14. 62 +4.64)g/100g] were
significantly lower than that of other oils. PCA and OPLS-DA both could distinguish species origin,
processing methods and grade of flaxseed oil. OPLS-DA had better discrimination formance. PCA and
OPLS-DA showed that flaxseed oil was the closest cluster to rapeseed and soybean oil. Accuracy of OPLS-
DA for flaxseed oil species discrimination was 100% , accuracy of cold and hot pressing discrimination
was 96. 7% , and accuracy of grade discrimination was 90.0% . The key FAs for discrimination of
flaxseed oil species, processing methods and grade were Ciq 5.5, Cig,14 and Cyg 6. Correlation analysis
of five key FAs contents in flaxseed oil and adulteration dosage of rapeseed oil showed that C 4 5, content
was negatively correlated with rapeseed oil adulteration dosage, Cj; ., and Cg,,4 content were positively
correlated with rapeseed oil adulteration dosage. R* of PLS quantitative discrimination model for flaxseed
oil adulterated with rapeseed oil was 0. 986, RMSEE was 4. 263 5, while RMSEcv was 4. 264 8, and the
prediction error of adulteration dosage was no more than 10% . The results showed that it was feasible to
establish the authenticity discrimination model of flaxseed oil by FAs fingerprint, and there was

optimization space of this mold.

Keywords: Linum usitatissimum L. oil; fatty acids; fingerprint profile; discrimination; authenticity

DU TR )



