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Abstract: Fatty acids in oat flour have been analyzed by using multiple reaction monitoring mode of gas
chromatograph-mass spectrometer. The samples and fatty acid standards were methylated by potassium
hydroxide - methanol and boron trifluoride- methanol solutions for 15 min to produce the corresponding fatty
acid methyl ester. Then, the products would be separated through DB-FastFAME (90 m»0.25 mmXx0.25 um)
capillary column. Multiple reaction monitoring mode (MRM) was performed under electron bombardment
ionization (EI) source, and the external standard method was carried out for quantitative analysis. 40 kinds of
fatty acid methyl esters could be completely separated within 38 min. A good linear relationship was

achieved in the concentration range of 0.4~40 nug/mL. The correlation coefficients of standard curve were all
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greater than 0.999 7. The limit of quantification of 6 fatty acids such as C20:2 was 0.003 g/100 g, and the

remaining 34 fatty acids was 0.000 6 g/100 g. The standard recoveries of fatty acids were 86.6%~107.3%,

and the precision was between 0.9% and 5.2%. It is a method for simple operate and high selectivity, which

has a good accurate, precise and sensitive. The method is suitable for the rapid and accurate determination of

fatty acids in oat flour.

Key words: oat flour; GC/MS/MS; fatty acid; MRM mode
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Tablel Retention time, ion pair information, collision voltage of 40 kinds of fatty acid methyl esters

F5 ey FEEETFMN m/iz ®ERESy ENEETFN 1m/z mEEREYy EHE X 2wz fEER RN 2R B A /min

1 C4:0 74.00>43.00 7.00 71.00>43.10 7.00 71.00>41.10 16.00 6.685
2 C6:0 74.00>43.00 7.00 87.00>55.10 8.00 74.00>31.10 11.00 7.517
3 C8:0 74.00>43.00 7.00 87.00>55.10 10.00 74.00>31.10 9.00 8.446
4 C10:0 74.00>43.00 7.00 74.00>31.10 8.00 143.00>55.10 17.00 9.362
5 CI1:0 74.00>43.00 6.00 87.00>55.10 10.00 87.00>27.10 22.00 9.859
6 C12:0 74.00>43.00 7.00 87.00>55.10 10.00 87.00>27.10 21.00 10.424
7 C13:0 74.00>43.00 6.00 87.00>55.00 8.00 87.00>27.10 22.00 11.096
8 Cl14:0 74.00>43.10 7.00 87.00>55.10 9.00 74.00>31.10 10.00 11.930
9 Cl4:1 74.00>43.10 6.00 55.00>29.10 8.00 55.00>27.10 20.00 12.426
10 C15:0 74.00>43.10 7.00 87.00>55.10 11.00 87.00>27.10 26.00 12.986
11 Cls:1 69.00>41.10 10.00 55.00>29.10 10.00 55.00>27.10 20.00 13.631
12 Cl6:0 74.00>43.10 7.00 87.00>55.00 10.00 87.00>27.10 22.00 14.344
13 Cle:l 69.00>41.10 7.00 55.00>29.10 9.00 55.00>27.20 18.00 14.987
14 C17:0 74.00>43.00 7.00 87.00>55.00 11.00 87.00>27.10 22.00 16.113
15  Cl17:1 69.00>41.00 9.00 55.00>29.10 9.00 55.00>27.00 23.00 16.954
16  C18:0 74.00>43.00 8.00 87.00>55.10 10.00 87.00>27.10 21.00 18.423
17 C18:In9t  69.00>41.10 9.00 55.00>29.10 10.00 55.00>27.10 22.00 18.935
18 Cl18:In%¢c  69.00>41.10 8.00 55.00>29.10 9.00 55.00>27.10 23.00 19.292
19  Cl18:2n6t  67.00>41.00 12.00 81.00>79.10 9.00 81.00>41.00 16.00 19.861
20 Cl18:2n6c  67.00>41.10 14.00 81.00>79.10 9.00 81.00>41.10 14.00 20.615
21 Cl18:3n6 79.00>77.00 14.00 79.00>51.00 23.00 80.00>77.00 19.00 21.350
22 C18:3n3 79.00>77.00 12.00 93.00>77.10 13.00 79.00>51.10 23.00 22.070
23 C20:0 74.00>43.00 7.00 87.00>55.00 11.00 87.00>27.10 22.00 23.198
24 C20:1 69.00>41.10 8.00 55.00>29.00 8.00 55.00>27.00 23.00 24.002
25 C20:2 67.00>41.10 11.00 81.00>41.10 18.00 81.00>79.10 9.00 25.464
26 C21:0 74.00>43.10 7.00 87.00>55.10 9.00 87.00>27.10 23.00 25.778
27 C20:3n6 79.00>77.10 13.00 67.00>41.10 14.00 79.00>51.10 23.00 26.390
28 C20:4n6 79.00>77.10 12.00 91.00>65.10 15.00 79.00>51.10 22.00 27.010
29 C20:3n3 79.00>77.10 13.00 67.00>41.10 12.00 79.00>51.00 22.00 27.354
30 C22:0 74.00>43.00 7.00 87.00>55.00 11.00 87.00>27.00 24.00 28.700
31 C20:5n3 79.00>77.10 12.00 91.00>65.10 15.00 79.00>51.10 22.00 29.067
32 C22:1n9 69.00>41.00 9.00 55.00>29.00 9.00 55.00>27.00 19.00 29.789
33 C22:2 67.00>41.00 14.00 81.00>41.00 16.00 81.00>79.10 7.00 31.776
34 C23:0 74.00>43.00 7.00 87.00>55.00 10.00 87.00>27.10 24.00 32.095
35 C22:4 79.00>77.00 13.00 79.00>51.00 22.00 80.00>77.00 20.00 34.208
36 C22:5n6 79.00>77.00 11.00 91.00>65.00 15.00 79.00>51.00 22.00 34.901
37 C24:0 74.00>43.00 7.00 87.00>55.00 9.00 87.00>27.00 22.00 36.111
38  (C22:5n3 79.00>77.00 12.00 79.00>51.10 24.00 91.00>65.10 16.00 37.167
39 C24:1 69.00>41.10 11.00 69.00>39.10 21.00 55.00>29.10 10.00 37.720
40  C22:6n3 79.00>77.00 13.00 91.00>65.00 15.00 79.00>51.10 25.00 37.983
230 EFCE-H R R P 2 mol/L iy AL - BEAHE, IR 30 s,

S IEPR LR 2 mol/L B EALEN-HEE A 4 mL 14%09 = 3 AL - B 5 7 00 e Ik ¥
R, ISR B NEFIECH 10 pg/mL FIIENERFR 20 min, {5 1k SO0 & P05 o0 ke )2 1, B0 3
WER W S 100, 200, 300, 400, 500 uL A 1 g JoKBREREN, RIZIREY SRS B0, B
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R THD AR 2 AR AR D £, 45 2R 3R 40 MR T
FRPRUETE 0.4~40 pg/mL VU NA BRI TR
Z, MEZRE (R) #150.999 7 DL I, Z5R L%
2, L3 1%1%%%%;%7‘7&5%@&5@, 10 517 M
it sk my e s R, # T8 m s, 153
C18:1n9t.C20:2.C22:2.C22:5n3.C24:1.C22:6n3,
6 FRAGHAFRAS HIBR 0.001 g/100 g, EEBRA
0.003g/100 g, H: 4 34 PRI MR A H R N
0.000 2 g/100 g, & &PRK 0.000 6 g/100 g, FHEL
EinE e mREM, RWZIrERAEEmNR
{7358
25 MfRENEREEEXR

R T B UEZ T B ERYE, SCR IR ECT —
ML TR A A RHATIR . o w3 DUREEKF
FR AR BN 30 5 , €10:0., C12:0., C16:0, C17:0,

0.4, 0.8, 1.6, 4, 10, 20, 40, 80 ug/mL, K  C18:0. C18:1n9c. C18:3n6, C20:0, C22:0, C24:0,
®2 A0MASHTER BRI ERF AR, HXRHM. EER
Table2 Linear equations, correlation coefficients, quantitative limit of 40 kinds of fatty acid methyl esters
feam 1 e X ERIRII08)] () Iy B X ERRE100e)
RE Aorik EARE A Rgr EbRk
C4:0 Y=47781.96X+37517.72 0.9999 0.0006 0.0033 [C18:3n6 Y =123494.4X-30906.26 0.9999 0.0006 0.0066
C6:0 Y=134282.0X+15020.99 0.9999 0.0006 0.0033 [C18:3n3 Y=15032.0X-13 873.48 0.9999 0.0006 0.0033
C8:0 Y=2269053X+15821.24 0.9999 0.0006 0.0033 (C20:0 Y=421598.8X-131968.2 0.9997 0.0006 0.0066
C10:0 Y=315102.6X-12322.77 0.9998 0.0006 0.0066 [C20:1 Y =109 802.2X+ 1 603.562 0.9999 0.0006 0.0033
C11:0 Y =335353.9X-25979.17 0.9999 0.0006 0.0033 [C20:2 Y=285062.89X-631.3302 0.9999 0.0030 0.0033
C12:0 Y=390033.1X-34204.41 0.9998 0.0006 0.0066 |C21:0 Y =380981.4X—-5545548 0.9999 0.0006 0.0033
C13:0 Y =395993.0X-45920.96 0.9999 0.0006 0.0033 [C20:3n6 Y=131002.2X-7501.676 0.9999 0.0006 0.0033
C14:0 Y =435344.4X-41170.8 0.9999 0.0006 0.0033 [C20:4n6 Y=129495.9X-2918.555 0.9999 0.0006 0.0033
Cl4:1 Y=84991.53X-6167.913 0.9999 0.0006 0.0033 [C20:3n3 Y=169 101.7X—-22836.32 0.9999 0.0006 0.0033
C15:0 Y =452 502.5X-45464.78 0.9998 0.0006 0.0033 [C22:0 Y=3653054X-96431.41 0.9998 0.0006 0.0066
C15:1 Y=281432.24X-2663.063 0.9999 0.0006 0.0033 [C20:5n3 Y =132359.8X —15485.8 0.9999 0.0006 0.0033
C16:0 Y =468 858.6X+ 93 514.96 0.9997 0.0006 0.0066 [C22:1n9 Y=116608.6X-5750.596 0.9999 0.0006 0.0033
Cle:1 Y=92003.15X-4339.921 0.9999 0.0006 0.0033 |C22:2 Y =85094.82X—-8839.335 0.9999 0.0030 0.0033
C17:0 Y=464351.8X-160494.1 0.9997 0.0006 0.0066 [C23:0 Y=315781.3X-74981.62 0.9999 0.0006 0.0033
C17:1 Y=103492.1X-7 362.93 0.9999 0.0006 0.0033 [C22:4 Y=130177.5X-8419.059 0.9999 0.000 6 —
C18:0 Y =442 852.0X+ 12912.57 0.9997 0.0006 0.0066 [C22:5n6 Y=115350.3X—-13708.28 0.9999 0.000 6 —
C18:1n9t Y =100 648.6X— 14 158.27 0.9999 0.0030 0.003 3 |C24:0 Y=291947.8X—- 137 818.0 0.9998 0.0006 0.006 6
C18:1n9¢ Y =100 371.9X-27 246.1 0.9999 0.0006 0.0066 [[C22:5n3 Y=131216.3X-5529.891 0.9999 0.0030 —
C18:2n6t Y=91796.92X—-16712.85 0.9999 0.0006 0.003 3 [|C24:1 Y=1024173X-22824.39 0.9999 0.0030 0.0033
C18:2n6¢c Y =89202.89X—-12567.14 0.9999 0.0006 0.003 3 [|C22:6n3 Y =122055.4X-23376.34 0.9999 0.0030 0.0033
T =" FoR EbR PR & IR TR 4 73 o
Note: “—” means fatty acid components not included in the national standard.
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10 Ff I8 5 B2 o5 /K 7435124 0.010 . 0.050
0.100 g/100 g, H:Ax 30 F g i R i I AK 43 51 4
0.005, 0.025. 0.050 g/100 g, FASLERMIL&1F,
BE R SPATIAE 6 YR Al T A RS i B 1 i B
4y MRM H&5RmE 5, 4587 8mxR Cl16:0,
C18:1n9¢c, C18:2n6¢ 3 Fifii iR w7 R 551l 55, T
TEHEAT RS SEHG 25 S VAN , 92805 AR 37 il
5 PR HEAT bR (Bl e S B DAl A 25 SR L6 3,
ST, AR ERAREYE 3 VR BE AR K-

TR AR [ 25 58y 86.8%~107.3% , AH X F i
22 RSD 1 0.9%~5.2%. 2B Z 716 2A BRI rk;
W REFIUERR B, e R SE I AT K
2.6 EBREEMET

TEAHE 4 AN [FEE T30 83K 4 AL
FEG, RASIF 58 8 ST 1 3 i T v A o e
F1SEBRAE S A o BEAR AR S EAT 2 ASPATARDN 2
KEY S R R 4, SRR, #HIZE
o I % 1T B TR . e AR 13 BRI, A

R 3 HEERTEHBMRCEELERMBMRERE (n=6)

Table 3 Results of recovery and relative standard deviations of fatty acids in oat flour samples (n=6)

%

e ((S7IEFIE ok BE AR e B AR ey ((S7 IR Ok BE AR T VR B A
B RSD [k RSD [ RSD Mk  RSD [k RSD [  RSD
C4:0 101.3 4.7 106.4 5.1 93.1 42 C20:0 104.6 4.8 103.5 4.4 94.3 1.7
C6:0 106.4 2.4 98.2 3.0 102.1 3.6 C20:1 100.3 3.4 103.1 33 97.3 0.9
C8:0 107.1 3.9 101.1 3.4 92.6 4.1 C20:2 95.7 2.4 100.9 1.6 104.8 3.7
C10:0 94.6 4.4 104.3 2.2 88.7 1.8 C21:0 102.4 4.2 99.3 2.6 96.4 1.2
C11:0 104.0 1.6 98.4 1.6 89.9 1.4 C20:3n6 97.6 1.6 94.7 1.4 101.8 2.7
C12:0 97.5 2.8 99.6 2.7 102.2 1.0 C20:4n6 94.8 3.7 104.2 4.3 100.6 1.9
C13:0 106.2 5.0 103.4 2.4 106.2 2.7 C20:3n3 103.5 2.1 102.9 2.1 92.1 0.9
C14:0 92.4 4.6 105.7 3.7 97.4 3.5 C22:0 92.7 43 89.7 2.0 100.6 1.4
Cl4:1 89.9 3.6 88.6 3.1 104.0 3.1 C20:5n3 107.3 1.8 95.1 1.7 92.3 2.7
C15:0 91.5 4.0 94.3 2.9 101.5 3.8 C22:1n9 88.4 2.2 97.5 3.4 103.8 2.2
C15:1 99.7 2.1 99.2 1.2 91.1 2.6 C22:2 94.3 5.2 98.1 2.8 98.9 1.9
Cle6:1 105.7 1.6 103.7 1.1 90.2 2.5 C23:0 97.9 3.8 103.7 4.6 105.3 3.4
C17:0 89.9 2.4 88.4 2.3 104.5 3.9 C22:4 86.8 4.4 100.2 1.6 104.6 2.8
C17:1 94.6 2.6 95.1 4.4 100.7 4.0 C22:5n6 96.7 3.4 93.5 2.8 99.3 2.0
C18:0 90.4 43 104.9 3.9 94.3 3.1 C24:0 89.0 5.0 98.8 1.4 104.1 2.1
C18:1n9t 101.2 4.8 98.7 3.7 103.9 2.7 C22:5n3 100.6 4.7 89.4 3.9 100.4 3.7
C18:2n6t 104.7 1.8 106.7 4.6 87.2 1.5 C24:1 104.5 4.4 100.5 4.7 87.4 2.2
C18:3n6 99.8 2.0 94.4 2.2 96.4 2.7 C22:6n3 106.1 5.1 104.8 2.5 91.7 1.7
C18:3n3 93.7 3.7 93.5 2.6 97.2 1.9 / / / / / / /
x4 ARTEFEREHRENER (n=2)
Table4 Fatty acid content of 4 oat flour samples (n=2)
fetrty (fflf‘olg/ | (jf;’ozg/ | (ﬁ;’oz | e (j‘iﬂo“g/ LR
C14:0 0.020 5 1.6 0.025 1 2.3 0.013 4 1.7 0.042 7 2.4
C16:0 1.21 1.1 1.71 1.7 1.51 0.97 1.16 1.5
C17:0 0.004 16 4.3 0.003 48 5.0 0.005 84 3.7 — 5.4
C18:0 0.122 1.4 0.076 2 2.5 0.098 4 3.2 0.084 2 1.8
C20:0 0.0121 2.5 0.0117 2.9 0.015 6 0.92 0.011 3 3.2
C24:0 0.0139 2.2 0.007 46 3.5 0.009 34 4.8 0.0152 2.1
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k4
e (jﬁ; MR 22/% (jig AR 22/% (jig B R 22 % (jﬁg) AR 22/%
C16:1 0.012 4 1.9 0.007 64 4.1 0.010 4 26 0.013 9 1.8
C18:1n9¢ 2.57 0.94 2.84 1.3 2.39 1.1 2.61 0.74
€20:1 0.051 6 1.6 0.023 2.6 0.044 1 3.6 0.037 4 2.2
C22:1n9 0.011 4 2.7 — / 0.008 01 3.3 0.094 7 4.1
C24:1 — / 0.003 97 5.1 0.004 59 3.7 0.007 42 4.8
C18:2n6¢ 2.34 0.72 1.57 0.54 2.13 1.6 1.64 0.82
C18:3n3 0.077 2 3.5 0.084 2 2.9 0.056 1 4.4 0.079 2 3.2
B 6.29 / 6.36 / 6.04 / 5.80 /
e =" HREERKL
Note: “—” means not detected.
12-13.

TR 5.8%L b, Horp i LEECRRYA 3 Rl
2, 439k C16:0, C18:1n9¢. C18:2n6¢c, iAFH
BEWATR & 51 90% LA b o P P4 T 40080 A X 22
BI/NT 5.4%, Gl /2T AT S 5000 R0 DU B 1 20K

3 #Hit

A5 R = 5 DU AT s B A 22 s g
DU AR N7 T e T P I D R B A D v, Gl
DB-FastFAME {345, 40 F i 11 iR F 5 78 38 min
WAL SE 2 B o WA 1D R ARV 4% R Ak A%
1 B T AL B O kAT T AR, R B AR
B i i 2okt G 1 R 07 R FHY TR 7 1k 3R B8 ] Yy e 4
THE, FERATAEAR LLE bR ik, e TR 4%
BARHERAE, W T CBE. ATMEE . TF B SEAA HL
AR EME, TR SRR @ )7
Bt 4 Gyl AR P IR TR AT T SEBRAE A
R SR RAF o ki VSR, A AL PR f] A
A RUFIZIER R, MR %L, REE
o AT EEST O Je SR 5T R E A% 1E 32 X s
U PR 20 LB A3 N 1 25 SRR I T HOR SRR, A
Bl v T o SRR SR, AR ] i
vk e
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