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Simultaneous determination of 14 nutrients in vegetable oils
by ultra high performance liquid chromatography-
tandem mass spectrometry
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Abstract: A method for the simultaneous determination of four tocopherols, four tocotrienols,
four phytosterols, B-carotene and squalene by ultra high performance liquid chromatography-
tandem mass spectrometry ( UHPLC-MS/MS) was developed. After saponification, the samples
were extracted with petroleum ether, and the extract solution was concentrated by rotary evapo-
ration. The residue was dried under a N, atmosphere and dissolved with methanol. The 14
nutrients were separated on a Poroshell 120 PFP column (150 mmx3. 0 mm, 2.7 pm) by gradient
elution with 0. 1% (v/v) formic acid aqueous solution and methanol containing 0. 1% (v/v) for-
mic acid as the mobile phases at a flow rate of 0. 3 mI/min. The detection was performed using
an atmospheric pressure chemical ionization ( APCI)-mass spectrometer with selective reaction
monitoring (SRM) in positive mode. The results were linear in the range of 0. 05-10. 0 mg/L for
the 14 nutrients, and the correlation coefficients () were no less than 0.997 1. The average
recoveries of the 14 nutrients in the vegetable oil samples ranged from 80. 7% to 100. 5% at three
spiked levels, and the relative standard deviations ( RSDs) were less than 6.0%. The limits of
detection (LODs) ranged from 0. 01 to 0. 30 wg/g. The limits of quantification (LOQs) were in the
range of 0.04-1.00 png/g. The proposed method is sensitive, accurate, fast and stable, and is
suitable for the simultaneous determination of the 14 nutrients in vegetable oil samples.
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Fig. 1 Chemical structures of the 14 nutrients
a-, B-, y- and 6-T: a-, B-, y- and 8-tocopherol; a-, B-, y- and 6-T5: a-, B-, y- and §-tocotrienol.
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Table 1 MS parameters of the 14 nutrients

No. Compound Scan mode Retention time/min Parent ion (m/z) Product ions (m/z) Collision energy/V
1 a-T [M+H]* 6.41 431.3 165.1", 137.1 18.87
2 vy-T [M+H]* 6.15 417.3 151.1", 123.1 18.04
3 B-T [M+H]* 6.03 417.3 151.17, 123.1 12.92
4 §-T [M+H]* 5.72 403.3 137.0*, 109.0 17.35
5 a-T, [M+H]* 5.59 425.3 165.1", 205.1 19.21
6 v-Ts [M+H]* 5.40 411.2 151.17, 191.1 21.37
7 B-T, [M+H]* 5.27 411.2 151.1", 191.1 21.98
8 6-T, [M+H]* 5.16 397.3 137.0", 191.1 24.33
9 B-carotene [M+H]* 10.92 537.3 177.1%, 203.1 10.23
10 brassicasterol [M+H-H,0]" 5.74 381.3 255.2",297.2 10.23
11 campesterol [M+H-H,0]" 6.02 383.3 161.17, 147.1 20.01
12 stigmasterol [M+H-H,0]" 5.97 395.1 297.2*%, 311.1 14.06
13 B-sitosterol [M+H-H,0]" 6.19 397.3 161.1" , 147.1 20.05
14 squalene [M+H]* 6.43 411.3 231.1", 149.1 16.52

#* Quantitative ion.
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Fig. 2 Extracted ion chromatograms of the 14 nutrients
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Table 2 Linear ranges, linear equations, correlation coefficients (r), LODs and LOQs of the 14 nutrients

No. Compound Linear range/(mg/L) Linear equation r LOD/(pg/g) LOQ/(pg/g)
1 a-T 0.05-10.0 y=3.21x10°2-3.42x10° 0.9996 0.02 0.07
2 y-T 0.05-10.0 y=1.98x10°x-1.61x10° 0.9990 0.03 0.10
3 B-T 0.05-10.0 y=8.87x10°x-1.06x10° 0.9996 0.06 0.21
4 8-T 0.05-10.0 y=7.05x10°x-2.95x10* 0.9995 0.06 0.19
5 o-T, 0.05-10.0 y=5.67x10°x-5.27x10° 0.9995 0.01 0.04
6 v-Ts 0.05-10.0 y¥=3.65x10°2-3.60x10° 0.9998 0.07 0.24
7 B-T, 0.05-10.0 y=1.50x10°%-1.20x10° 0.9991 0.15 0.51
8 5-T, 0.05-10.0 y=1.72x10°2-9.17x10* 0.9993 0.02 0.07
9 B-carotene 0.05-10.0 y=7.44x10*2+1.30x10* 0.9971 0.30 1.00
10 brassicasterol 0.05-10.0 y=1.47x10°2-1.68x10* 0.9993 0.04 0.13
11 campesterol 0.05-10.0 y¥=5.06x10°x-8.04x10* 0.9992 0.03 0.11
12 stigmasterol 0.05-10.0 y=1.77x10°x-2.48x10* 0.9999 0.05 0.17
13 B-sitosterol 0.05-10.0 y=4.98x10°x-4.47x10* 0.9996 0.04 0.12
14 squalene 0.05-10.0 y=1.47x10°x-1.00x10* 0.9992 0.05 0.17
y: peak area; x; mass concentration, mg/L.
£ 3 14 WEFRBSMIREKEMETRAERE (n=6)
Table 3 Spiked recoveries and RSDs of the 14 nutrients (n=6)
Spiked levels/ (mg/L) Recoveries/% RSDs/%
Compound - - - - - -
Low Medium High Low Medium High Low Medium High
a-T 0.05 1.00 5.00 80.7 91.7 83.4 3.3 2.0 6.0
y-T 0.05 1.00 5.00 97.7 96.0 88.4 2.8 2.6 5.6
B-T 0.05 1.00 5.00 98.6 96.6 92.3 33 5.1 5.3
8-T 0.05 1.00 5.00 97.3 96.0 95.6 3.5 2.3 3.0
a-T, 0.05 1.00 5.00 96.1 98.6 87.7 2.8 4.5 4.4
v-T; 0.05 1.00 5.00 96.9 98.4 100.5 2.8 3.6 4.8
B-T, 0.05 1.00 5.00 83.6 92.9 87.1 3.4 4.0 4.0
6-T, 0.05 1.00 5.00 92.0 95.1 94.0 3.8 3.9 4.3
B-Carotene 0.05 1.00 5.00 88.0 89.5 83.9 3.8 5.4 5.7
Brassicasterol 0.05 1.00 5.00 95.3 96.2 95.1 2.8 3.5 3.4
Campesterol 0.05 1.00 5.00 90.2 86.7 91.4 5.4 5.2 4.6
Stigmasterol 0.05 1.00 5.00 89.0 89.7 81.2 5.5 4.5 5.2
B-Sitosterol 0.05 1.00 5.00 99.0 98.9 89.8 3.7 2.0 5.5
Squalene 0.05 1.00 5.00 91.1 93.7 99.0 3.9 4.9 3.6
2.6 TEM 72 h, SRJE R 14 05 374 R TR Fil
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Fig. 4 Effect of different storage time on the peak areas of the 14 nutrients (n=6)
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Table 4 Contents of the 14 nutrients in real plant oil samples (x+SD, n=3) mg/kg
Compound Rape.seed Pea.nut Black . Co.m Soyl?ean Oli.ve Cam.ellia Lins.eed C@abis Ses&}me Walinut
oil oil peanut oil oil oil oil oil oil oil oil oil
o-T 124.0+£6.2 159.7+4.8 146.3£5.5 157.5+8.2 103.7+2.3 149.6+6.7 94.6x4.5 16.1x0.5 49.8+1.7 22.0+0.2 12.9+0.59
y-T 376.8+17.9 145.7+3.8 123.1x1.1 442.4+15.5 504.8+21.0 17.8+0.4 14.5+0.2 153.4+1.6 385.4+4.8 313.4x13.4 81.4+3.9
B-T ND ND ND ND ND ND ND ND ND ND ND
6-T 26.4+0.7 27.3+0.5 22.7+0.7 33.1x1.5 118.0+4.0 13.2+0.6 15.6+0.3 14.0+0.6 26.7+0.9 25.5+0.4 25.9+1.1
a-T, 2.3+0.04 2.7+£0.05 3.1£0.2 12.5+0.3 2.9+£0.05 3.3+0.1 2.9+0.04 3.0+0.1 3.0£0.1 2.8£0.05 3.1+0.05
v-T; 7.4+0.04 8.2+0.04 8.4+0.6 11.9+0.4 8.8+0.1 2.8+0.04 2.6+£0.05 2.7+0.1 3.2+0.2 9.2+0.2  3.0+0.06
B-T, ND ND ND ND ND ND ND ND ND ND ND
6-T, ND ND ND ND ND ND ND ND ND ND ND
B-Carotene 4.7+0.6 ND ND ND ND 4.4+0.2 ND ND ND ND ND
Brassicasterol 1138+36.6 11.1+1.1 17.6+2.2 71.8+4.4 24.6+0.2 1.2+0.07 4.5+£0.4 65.3x1.7 20.9+1.9 45.0+2.1 18.9+0.9

2158+94.3 301.9+13.4 379.5+8.8  1421+87.5 535.2+28.8 48.8+2.2 30.8+1.5 619.8+17.0 565.7+£20.0 770.3+£23.8 77.2+0.6
233.4+17.4 250.3£14.5 473.4+19.0 511.8+9.0 ND 31.6+£2.0 210.2+9.4 79.4+£3.4 375.4+13.7 ND

B-Sitosterol  3226+80.6 1369+64.7 1573+34.9 4288+74.6 1339+33.8 1014+23.0 55.2+1.5 1173+10.2 2450+38.4 2648+79.0 1059+34.3
Squalene 42.2+1.7 147.4+4.3 140.8+4.3 111.7+4.0 46.0x1.2 4310+11.9 87.7+3.1 24.6+0.9 86.7+1.6 20.1+0.9 28.2+0.8

Campesterol

Stigmasterol ND

ND: not detected.
3 g
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