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Introduction

The water-soluble B vitamins and the fat-soluble
vitamins are essential dietary nutrients. Vitamin
supplements are often consumed through various
forms — such as tablets, capsules, gummies, softgels,
and drinks. Accurate quantitative measurements for
water-soluble B vitamins and fat-soluble vitamins are
required to ensure product quality and regulatory
compliance.

Two fast and sensitive LC-MS/MS methods were
developed respectively for the simultaneous
determination of 14 water-soluble B vitamins and 14
fat soluble vitamins on Agilent 1290 Infinity II LC
coupled to an Agilent 6470 triple quadrupole LC/MS
system in positive electrospray ionization mode. The
approaches of improving the accuracy of mass
spectrometry quantitation results including matrix
matched standard/standard addition were introduced.
Method criteria for data acceptance were
established.

The methods were applied to quantify the water-
soluble B vitamins and fat-soluble vitamins in a highly
complex multivitamin tablets matrix. All tested water-
soluble B vitamins and fat-soluble vitamins met the
claims. It was concluded that the methods can be
utilized for quality control and establishment of the
nutrition labels for water-soluble vitamins/fat-soluble
vitamins-containing supplement products.

Analytes List
Water-soluble B vitamins

Thiamine B1 Biotin B7
Riboflavin B2  Folic Acid B9
Niacin B3  5-Methyltetrahydrofolic Acid B9
Niacin amide B3  Cyanocobalamin B12
Pantothenic Acid  B5  Methylcobalamin B12
Pyridoxine B6  Hydroxycobalamin B12
Pyridoxal 5-

phosphate B6  Adenosylcobalamin B12

Fat-soluble vitamins

Alpha-Tocopherol

Retinol A : E
succinate

Retinol Acetate A Phytonadione K1
Retinyl Palmitate A Menaquinone, MK2-4 K2
Ergocalciferol D2 Menaquinone, MK2-7 K2
Cholecalciferol D3 B-Carotene Carotenoid, A
Alpha-Tocopherol E  Lutein Carotenoid
Alpha-Tocopherol Lycopene Carotenoid

Acetate
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Agilent 1290 Infinity Il LC with 6470 Triple
Quadrupole LC/MS System.

Chromatographic Conditions

Water-Soluble B Vitamins
UHPLC: Agilent 1290 Infinity Il
Column: Agilent Poroshell 120 Phenyl-Hexyl, 2.7 um, 3.0 x 1T00mm
pn: 695975-312
Column oven temperature: 30 + 2°C
Injection volume: 1 pL
Autosampler: 5+ 2°C
Flow rate: 0.50 mL/min
Mobile Phase A: *5 mM Ammonium Formate/0.1% Formic Acid in
Water
Mobile Phase B: 0.1% Formic Acid in Methanol

Gradient:

Time, min %A %B

0 97 3

1.0 94 6

45 55 45

5.5 10 90

6.5 10 90

6.6 97 3

9.0 97 3

*In order to achieve the best peak shape, the column needs a relatively long time to
equilibrate; or up to 20 mM ammonium formate can be used

Fat-Soluble Vitamins
UHPLC: Agilent 1290 Infinity |l
Column: Agilent Poroshell 120 SB-AQ, 2.7 um, 2.1 x 150mm
pn: 683775-914

Column oven temperature: 45 + 2°C

Injection volume: 1 pL

Autosampler: 5 + 2°C

Flow rate: 0.25 mL/min

Mobile Phase A: 0.1% Formic Acid in Water in Water
Mobile Phase B: 0.1% Formic Acid in Methanol

Gradient:
Time, min %A %B
0 20 80
7.0 0 100
9.5 0 100
10 20 80

12 20 80
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Results and Discussion

MS Conditions - Agilent 6470 Triple-Quadrupole LC/MS

Water-Soluble B Vitamins
Dynamic MRM
Stop time 6.5 min

Parameter
MS acquisition

Agilent Jet Stream electrospray

lon source ionization (AJS ESI positive)

Drying gas temperature 270 °C
Drying gas flow 13 L/min
Nebulizer 40 psi
Sheath gas heater 375°C
Sheath gas flow 17 L/min
Capillary 2500V
Nozzle voltage oV

Parameter Fat-Soluble Vitamins
MS acquisition Dynamic MRM
Stop time 9.5 min

Agilent Jet Stream electrospray

SIESe ionization (AJS ESI positive)

Drying gas temperature 250 °C
Drying gas flow 9 L/min
Nebulizer 40 psi
Sheath gas heater 350 °C
Sheath gas flow 12 L/min
Capillary 4000 V
Nozzle voltage 1000 V

Sample Preparation

Water-Soluble B Vitamins

v Determine the average weight
v" Extraction
= Add extraction solvent (0.1% H;PO, + 5% ACN +
0.5% EDTA + 0.5% vitamin C in water)
= Heat the bottle at 90-95 °C water bath for 25
mins for releasing riboflavin
v" Dilution

Fat-Soluble Vitamins
v Determine the average weight
v Extraction
= Add DMSO, heat at 55-65 °C for ~5 mins
= Add Ethanol, shake
v Dilution

Elution Profile of 14 Water-Soluble B Vitamins
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Riboflavin as an Example-Great Linearity of Calibration
from 0.5 to 500 ng/mL

Batch Table

Sample: A | B mix_0.5 ngmi « o SampleType:<A>  =| Compound: € Ribaflavin - ¥ i BEem FEEEREE
Sample Ribaflavin.. Riboflavin Results ‘Qxallfial [372.._|Quawie. (@, ‘Ribﬂflanm—mct 15M2 [\ST_‘
| Name Type | Level [ Vol | Data File Exp. Gone. | RT | Area |Acowacy|Celo. Cono.[ Ralio | Area | Ratio [Aea]  RT | Resp. |
Solvent blank_water 1 Sample 1.00 Salvent blank_water 1.d 6.288 [ 0.0000 %9 128 6.388 5
[+ [B mix 05 gl Cal i 5406700 6288 54 002 04855 715 88 00 0 6.2 T8
B mix_1 ngml_ Cal 2 10813000 6305 60 1041  1.254 931 56 74 4 6.236 782
B mix_2 ng Cal 3 ¥ 21627000 6.207 81 126 24320 are n 6.206 914
| B mix_5 ngmlL Cal 4 100 Bmix_§ ngmLd 54067000 6297 101 1036 56080 719 72 14 1 6,296 842
7meg_|Dr\gnlL Cal 5 1.00 B mix_10 ngml 12.d 10.8130000 6.297 136 847 91615 83 116 23 3 6.296 880
B mix_50 ngml Cal 6 1.00 B miox_50 ngml.d 54.0670000 6.207 541 1156 62.4860 21 390 0z 1 6.206 795
B mix_100 ngml Cal 7 1.00 B mix_100 ngmld 10813000 6207 020 898 070072 812 754 18 16 6,206 909
B mix_500 ngmL_ cal 8 1.00 B mix 500 ngmld 54067000 6257 4960 1008 5451826 769 3819 18 88 .29 513
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Elution Profile of 14 Fat-Soluble Vitamins
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Cholecalciferol as an Example-Great Linearity of
Calibration from 0.5 to 500 ng/mL
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Batch Table

Sampie: A [E5V 05 g Iae sample Type: <Al +] compound: ¢ [chalecaicferct <> s veas BEEm FEEERE
Sample Cholecalcife..| Cholecaloiferal Results Qualifier (38 | Qualifier (38..| Qualifier (38.. | Qualifier (36..| VD315 (1STD) Resuhs |
Name Type | Level | Vol | Exp.Conc. | RT | Area |Accuracy|Cale. Conc. |Ratio] Area |Ratio] Arsa |Ratio| Area |Ratio| Area | RT [ Resp. |
Blank 1 ACN Sampls 1.00 5.472 0 0.0000 25.0 8 89.0 28 7. 54 5.454 30516
[ Fsvo.zngmL Cal 1 1.00|  0.2000100 5.455 60 1011 02081 _16.9 1018 79 97.9 59 5.454 28957
[+ [FSV 05 ngmL Cal 3 1.00] 05022700 5.463 1841136 05707 217 40 1. 202 716 13 724 138 5.454 39276]
FSV 1 ngmL Cal 3 1.00[  1.0045500 5.471 368 104.4 10483 371 137 86.5 810 859 316 87.7 328 5.462 31344
[ FSV 5 ngmL Cal 4 1.00| 50227000 5463 1704 1037 52067 244 416 B55 1456 810 1380 67.0 1142 5.454 28744
[ Fsv 10 ngmL cal 5 1.00| 10.0455000 5.463 2992 87.3 87718 364 1080 10. 3073 96.3 2880 73.2 2190 5.462 29905
| FsvsongmL cal 8 1.00| 50.2270000 5471 15024 98.2 40427 207 4734 874 13016 03.1 14825 67.8 10796 5.454 28245
[ FsV 100 ngmL Cal 7 1.00| 100.4550000 5.471 30240 955 959543 303 9163 040 28423 O7.5 29480 G7.3 20342 5.462 27576
[ Fsv 100 ngmL Cal 7 1.00| 100.4550000 5463 30703 050 054471 31.3 0645 033 28743 06.4 20600 60.0 21250 5.462 28220
[ FSV 500 ngmL cal ] 1.00| 502.2700000 5.463 130570 1023  513.6403 28.5 37249 00.8 118600 953 124393 66.6 86004 5.454 22239
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Results and Discussion

Multivitamin Tablet Sample Testing Results

Claim on Product

Corrected

Corrected Results by post-

Serving Label Results by IS Spike Recovery Post-Spike
Compound Name Vitamins Size (g) (mg/Serving) (mg/Serving) (mg/Serving) Recovery (%)
Thiamin B1 5 40 - 471 102
Riboflavin B2 5 40 57 57 97.1
Niacinamide B3 5 80 89 87 108
Pantothenic Acid B5 5 62.5 - 75.9 97
Total of Pyridoxine and P5P B6 5 42.5 471 43 177
Biotin B7 5 0.033 0.047 0.05 94.7
5-methyltetrahydrofolate By standard
glucosamine salt B9 5 0.42 0.44 addition
Methylcobalamin B12 5 0.2 0.21 70.8
Retinyl Acetate A 5 0.54 0.60 87.8
B-Carotene A; Carotenoids 5 1.26 - 1.85 103
Cholecalciferol D3 5 0.05 0.08 0.078 97.1
Alpha-Tocopherol Succinate E 5 60 - 87 106
Phytonadione K1 5 0.12 0.18 106
Retinol A 5 - 86.6
Retinyl Palmitate A 5 - 102
Ergocalciferol D2 5 - 99.7
Alpha-Tocopherol E 5 - 115
Alpha-Tocopherol Acetate E 5 - 99.1
Menaquinone, MK2-4 K2 5 - 91.2
Menaquinone, MK2-7 K2 S - 104
L utein Carotenoids 5 - 96.4
L ycopene Carotenoids 5 - 105

Criteria to Accept the Quantitation Results

v" lon ratio for sample matches that of mean of all
standards within the range of + 30%

Conclusions

v" The retention times of the native analyte and its

. . v'Rapid and sensitive sample prep and LC-
isotope labelled internal standard should overlap

MS/MS methods for water-soluble and fat-
v" The calibration curve constructed from external soluble vitamins detection and quantification
points or standard addition has a coefficient of
determination (r?) of > 0.99 v'High efficiency, throughput, cost reduction
and accurate quantitation comparing to the

. | | |
If the post spike recovery (single point standard traditional involvement of multiple assays

addition) or IS recovery is within (e.g., 70% -

% . . o
130%), a correction will be performed v Post matrix spike used for

v" If the post spike recovery (single point standard = Correction for matrix effects
addition) or IS recovery is out of the established = (Good recovery
criteria (70% -130%) = Accurate quantitation

= Dilute the sample extract
= |mprove chromatography resolution
= A standard addition curve should be generated

v Tablet tested meeting the claims for all
required ingredients
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