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Determination of 9 kinds of fat-soluble vitamins in healthy foods by liquid
chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of fat-soluble vitamins in
healthy foods by liquid chromatography-mass spectrometry (LC-MS). Methods The samples were extracted
by ultrasonic in organic solvents, then determined by LC-MS. Quantitative ions of standards in external
standard method were used as analysis of quantification. The chromatography and mass spectrometry was
optimized using an ACQUITY UPLC BEH C,g column. Nine kinds of fat-soluble vitamins added in health
foods were determined qualitatively and quantitatively based on the information of molecular ion mass, specific
fragment ions and chromatographic retention. Results The linearity of 9 kinds of fat-soluble vitamins was
good with 7>0.99. Limits of determination of 9 kinds of vitamins were 0.226~23.5 pg/L, and limits of
quantitation were 1.79~70.6 ng/L. Precision, accuracy and repeatability was all satisfied. Conclusion This
method is simple and reproducible, which can be applied in analysis of fat-soluble vitamins in healthy foods.
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Table 1 Gradient elution procedures
(min) :10:9(?,(V:V)°/: :50:2)(, V)%
0.00 15.0 85.0
3.00 0.0 100.0
8.50 0.0 100.0
8.51 15.0 85.0
10.00 0.0 85.0
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222 JRiEEMF

1.0 g 100 mL

s 3 mL 10 mL R
, 45 psi, 4500 V, 10 min , , ,
6 L/min, 10 pA D, , 0.22 um ,
200 C 300 C, 20 ,
8 : 0.1g 100mL
350 'C 500 C ’ 5 mL 10 mL
2 , ., 02mm
223 RSB RA &
K, K, 10 .,
225 EAER
mg, 100 mL , 5.0 mL 9
p- ~ 206 R BEMES
5 mg, 50 mL ,
A A D, ’
D, E E K, 224
: 10 mg, ’
100 mL , ’
A A E: 0.010
’ A A E 0.020 0.050 0.10 0.20 0.50 pg/mL;
0.50 mL, E K, E K,: 0.0050 0.010
0.25 mL, K, 0.20 mL, 0.025 0.050 0.10 0.25 pg/mL;
D, 0.40 mL, - K;:0.0040 0.0080 0.020 0.040 0.080
D; 250 mL 10 mL , 0.20 pg/mL;
, , , D,: 0.0080 0.016 0.040 0.080 0.16
0.40 pg/mL;
B- D5: 0.050 0.10 0.25 0.50

224 BiXSHE

20 1.00 2.50 pg/mL
F2 EFERNMEMERIACFES
Table 2 The retention time, qualitative ion pair and quantitative ion pair of vitamins
/min A% A%

A 1.750 269/93; 269/81 269/93 135 22;22
A 2.335 269/93; 269/81 269/93 135 22;22
D, 1.634 397/107; 397/69 397/69 135 18; 35

D; 3.796 385/367; 385/259 385/367 135 55

E 4.200 431/165; 431/137 431/165 135 5; 40

E 4.575 473/207; 473/165 473/207 100 8; 30
K, 4.925 451/187; 451/57 451/187 135 20; 30
K, 3.559 445/187; 445/81 445/187 135 20; 40
B- 7.397 538/177; 538/121 538/177 150 10; 20
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Table 3 Concentration of 9 vitamins(ng/mL) 3 4t % 'ﬁ ﬁ *ﬁ
P J i Rl ZAS
A 0.050 0.20 0.40 31 =A%
0.050 0.20 0.40 9 (
D, 0.040 0.16 0.32 )
D; 0.25 1.0 2.0 3.2 FoETL{EMZ&ByiESL
E 0.050 0.20 0.40 9 1
0.025 0.10 0.20
K, 0.020 0.080 0.16 4
K, 0.025 0.10 0.20 ’
2
p- 0.25 1.0 2.0 0.996
T4 IMEBARAMEEREZEXAREZETTE
Table 4 Regression equation of 9 kinds of vitamins
«C )
(ng/mL) (ng/mL) (ng/mL)
A Y=3516.8X+13.8 0.0100~0.502 Y=2605.6X-5.6  0.0100~0.502  Y=2808.3X+0.8  0.0100~0.502
A Y=4910.2X+23.8 0.0105~0.523 Y=3187.7X+9.9  0.0105~0.523  Y=3396.5X+8.4  0.0105~0.523
D, Y=1386.9X+6.5 0.00812~0.406  Y=2768.5X-6.7  0.00812~0.406  Y=2637.5X-5.7  0.00812~0.406
D; Y=517.5X+20.3 0.0706~3.53 Y=333.1X-6.4 0.0578~2.89 Y=415.9X+3.1 0.0578~2.89
E Y=458.9X+1.3 0.0113~0.565 Y=685.7X-1.2 0.0219~0.548 Y=305.2X-2.2 0.0226~0.565
E Y=2035.7X+19.3 0.00583~0.292  Y=1202.5X+6.4  0.0117~0.292  Y=1387.1X+10.3  0.00583~0.292
K, Y=7119.9X+2.5 0.00424~0212  Y=4094.4X-3.2  0.00425~0.212  Y=48022X-23  0.00425~0.212
K, Y=2141.9X+8.1 0.00537~0.269  Y=1272.6X-74  0.0107~0269  Y=1236.6X-2.6 0.0107~0.269
p- Y=344.2X-2.5 0.0550~2.75 Y=358.5X-8.9 0.0507~2.54 Y=331.9X-11.9 0.0507~2.54
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Fig. 1 MRM of 9 kinds of vitamins
33 HWHR. EEMR 34 BEESREM
3 10 A D,
, 59 D, E K,

0.226~23.5 pg/L, 1.79~70.6 pg/L Ks 12 h
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RSD 9.4% 8.5% 3.3% 6.3% 2.6% 7.2% 8 9
2.6% 7.1% 2.1%; 9 ,
12h RSD 2.2% 3.0%
1.3% 3.8% 43% 6.8% 4.1% 4.4% 2.4%,
12 h 9 #zS5 IMEBAMHEERKNR, T2MR(ug/L)

Table 5 Limits of determination and quantitation of 9

0.9% 4.7% 3.3% 7.9% kinds of vitamins(pg/L)

6.3% 53% 4.1% 13% 2.5%; 9
3.0% 29% 22% 6.3%
49% 10.5% 53% 7.6% 4.6%; 9
5.6% 9.4% 54% 5.9%
22% 7.6% 2.8% 9.9% 14.6%; 9 A 3.34 10.0 3.34 10.0
22% 7.7% 4.2% 4.8% A s 105 ads 1os
59% 4.5% 42% 6.8% 12.7%,
15% D, 4.06 8.12 0.812 8.12
3.5 [EERSSLG D 235 70.6 235 70.6
E 3.76 1123 0.226 1.13
6 - E 0.583 1.94 1.94 5.83
80%~120% K, 0.708 2.12 0.708 212
’ . K, 0.537 1.79 1.79 537
36 EENEREEM
- 18.3 55.0 5.50 18.3

&6 9FBEAMEE REIWRREERFF(%)
Table 6 Recovery experiments of tablets (%)

RSD

A 94.0 94.9 88.7 93.8 98.6 97.2 99.8 103.0 101.6 4.6

A 98.1 100.9 92.6 100.5 97.7 96.3 102.3 100.8 98.8 3.0
D, 98.9 102.9 101.0 98.8 100.6 99.0 99.6 102.9 99.9 1.6

Ds 109.1 116.7 117.0 106.9 100.1 99.2 106.7 106.3 103.4 59

E 104.0 102.5 105.8 102.7 111.7 106.8 104.2 97.7 97.1 43

E 105.6 98.7 96.3 98.3 105.3 98.8 104.8 110.6 97.8 4.8
K, 111.2 98.9 99.8 99.8 104.1 99.4 107.7 107.6 103.8 43

K, 110.4 100.9 114.7 97.6 96.4 99.6 102.2 105.1 97.9 6.1

p- 90.7 94.0 89.5 92.7 94.1 91.3 99.2 101.5 95.3 4.2
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&7 9 MBEAMLEE REIWERIKEERERE) (%)
Table 7 Recovery experiments of soft capsules (%)
RSD
A 98.6 100.4 95.1 102.1 95.6 99.4 103.7 91.8 91.1 4.5
101.0 98.3 99.2 104.7 101.6 101.5 104.2 99.5 100.2 2.2
D, 111.5 108.5 111.8 109.2 110.5 106.7 117.1 114.9 112.1 2.9
Ds 92.7 102.3 93.2 97.2 98.0 104.2 92.5 95.7 99.7 43
E 101.5 92.3 106.0 86.1 94.6 94.3 102.6 111.5 90.7 8.3
97.4 101.6 98.2 106.1 93.0 100.5 100.9 99.7 109.8 4.8
K, 106.1 93.2 93.3 109.1 108.3 99.5 102.0 101.3 97.3 5.9
K, 101.3 114.3 86.6 87.0 110.0 96.5 100.2 96.8 101.5 9.2
B- 109.7 111.6 106.3 109.0 111.4 114.1 116.1 115.5 110.0 2.9
®8 AT MEEAMEE RN ENELSR(ng/g)
Table 8 The content of 9 kinds of vitamins in tables(mg/g)
1 2 3 4 5 6 RSD(%)
A 0.491 0.485 0.474 0.537 0.490 0.494 0.495 43
0.853 0.824 0.811 0.786 0.788 0.780 0.807 34
D, 0.213 0.202 0.206 0.235 0.211 0.200 0.211 6.1
D; 0.0132 0.0127 0.0128 0.0127 0.0136 0.0138 0.0132 3.8
E 0.284 0.297 0.294 0.294 0.284 0.299 0.292 2.2
49.7 493 51.3 47.5 539 47.5 49.9 4.9
K, 0.0819 0.0769 0.0736 0.0695 0.0697 0.0666 0.0730 7.7
K, 0.224 0.220 0.218 0.231 0.239 0.247 0.230 4.9
B- 0.264 0.263 0.243 0.260 0.250 0.257 0.256 32
RO REEFDMEBMEERNSENESER (ng/g)
Table 9 The content of 9 kinds of vitamins in soft capsules(mg/g)
1 2 3 4 5 6 RSD(%)
A 9.09 9.56 9.59 9.11 9.27 8.67 9.22 3.7
45.2 46.8 453 443 44.8 44.0 45.0 2.2
D, 0.513 0.542 0.557 0.541 0.486 0.518 0.526 4.9
D; 8.51 8.14 9.66 8.34 8.30 8.74 8.62 6.4
E 9.99 9.84 8.92 9.26 9.40 9.18 9.43 4.4
10.5 10.3 10.3 10.5 11.7 10.7 10.7 4.8
K, 10.3 9.89 10.3 9.87 10.3 9.36 10.0 3.7
K, 11.3 12.0 11.1 10.9 11.0 10.3 11.0 4.9
p- 10.6 11.3 11.2 11.1 10.5 11.4 11.0 3.5
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