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Abstract: Animal-derived foods are essential sources of vitamin D and 25-hydroxyvitamin D in

the human diet. Currently, the relevant regulatory methods in China are limited to using non-
derivatization methods to determine vitamin D content. In this study, 4-phenyl-1,2 ,4-triazoline-
3-5-dione (PTAD) was used as a derivative reagent, and the ionization efficiencies of vitamin D
and 25-hydroxyvitamin D were improved by introducing readily ionizable groups via the Diels-
Alder reaction. This method allowed for the simultaneous determination of vitamin D and 25-
hydroxyvitamin D in animal-derived foods using derivatization and ultra performance liquid
chromatography-tandem mass spectrometry ( UPLC-MS/MS). The conditions for derivatization,
sample pretreatment, chromatographic separation, and MS detection were optimized. The
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results showed that the derivatization reaction was effective in acetonitrile solvent at a target
compound to PTAD mass ratio of 1:10 000 and stabilized after 1 h. Compared with Silica and C
solid-phase extraction ( SPE) columns, hydrophilic lipophilic balanced ( HLB) SPE columns
yielded higher recoveries of the target compounds, while simultaneously reducing the matrix
effect. The detection sensitivity was significantly improved by adding 5 mmol/L methylamine to
the water-methanol mobile phase system. An isotopic internal standard was added to the ho-
mogenized samples, which were saponified with alkali solution, extracted and concentrated,
purified using a SPE column, derivatized, and separated on a Waters Acquity UPLC BEH C,
column (100 mmx2. 1 mm, 1.7 wm) with a gradient elution using 0. 1% formic acid-5 mmol/L
methylamine aqueous solution and 0. 1% formic acid-5 mmol/L methylamine of methanol as the
mobile phases. The analytes were determined by multiple reaction monitoring ( MRM) in posi-
tive electrospray ionization mode ( ESI") and quantified using the internal standard method. The
results for both vitamin D and 25-hydroxyvitamin D showed good linearity in the range of 0. 2-
50 wg/L, with correlation coefficients of 0. 999 5-0. 999 9. The limits of detection (LODs) and
limits of quantification (LOQs) were in the range of 0.018-0. 066 and 0. 06—-0. 22 pg/kg, re-
spectively. Recoveries were 92. 6% —99. 4% at three spiked levels (0.20, 1.0, and 5.0 ng/kg) ,
and the relative standard deviations ( RSDs) were 3. 6% —6.2%. This highly sensitive method
yields reproducible and accurate results for the quantitative determination of vitamin D and 25-
hydroxyvitamin D in animal-derived foods.

Key words: ultra performance liquid chromatography ( UPLC); tandem mass spectrometry
(MS/MS ) ; vitamin D; 25-hydroxyvitamin D; derivatization; 4-phenyl-1,2, 4-triazoline-3,5-

dione (PTAD)
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Fig. 1 Derivatization of vitamin D (VD) and 25-hydroxyvitamin D (25(OH)D)
with 4-phenyl-1,2,4-triazoline-3-5-dione ( PTAD)
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Table 1 MS parameters of the derivatives of vitamin D, 25-hydroxyvitamin D and their isotope internal standards

Compound g/ min M, Adduct ion Precursor ion (m/z) Product ions (m/z) CEs/eV  Fragment voltage/V
25(0OH)D,-PTAD  6.68  588.3 [M+CH,NH,]" 619.4 280.25, 298.15 28, 14 155
25(0OH)D,-d4-PTAD 6.66 594.3 [ M+CH;NH, | * 625.4 280.25, 298.15 " 28, 14 155
25(OH) D;-PTAD 6.57 576.3 [ M+CH;NH, ] * 607.4 280.25, 298.15* 28, 10 125
25(0H)D;-dg-PTAD 655  582.3 [ M+CH,NH,]* 613.4 280.25, 298.15 * 28, 10 125
VD,-PTAD 8.93 572.3 [ M+CH;NH, ] * 603.4 280.15, 298.15" 16, 17 155
VD,-d,-PTAD 891 5753 [M+CH,NH,]" 606.4 283.15, 301.18* 16, 17 155
VD;-PTAD 8.96 560.3 [ M+CH;NH, | * 591.4 280.15, 298.15* 20, 20 155
VD;-d;-PTAD 8.94 563.3 [M+CH;NH, | * 594.4 283.15, 301.18 " 20, 20 155

M, : molecular mass of the derivatives; * quantitative ions; CEs: collision energies.
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Fig. 2 Effects of the mass ratios of vitamin D and
25-hydroxyvitamin D to PTAD on the peak
areas of the derivative products in differ-
ent solvents (n=3)

EAC: ethyl acetate.
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Non-derivatized/10? Derivatized/10>

Compound

(GB method * ) MPI  MP2  MP3

25(0H)D, 1.60 494  13.09 128.7
25(OH)D,-d, 1.85 11.05  40.01  130.1
25(OH) D, 2.32 8.08 1476  64.70
25(OH) D;-d, 2.49 541 1034 44.43
VD, 1.01 17.39  28.30  60.01
VD,-d, 0.46 17.06  21.84  44.29
VD, 1.06 27.94 2682  54.56
VD,-d, 0.84 2263 23.27  60.29

% GB 5009. 296-2023 ( the third method). MP: mobile phase;
MP1; 0.05% formic acid-5 mmol/L ammonium formate in wa-
ter and 0.05% formic acid-5 mmol/L ammonium formate in
methanol; MP2:; 0. 1% formic acid in water and 0. 1% formic
acid in methanol; MP3. 0. 1% formic acid-5 mmol/L methyla-
mine in water and 0. 1% formic acid-5 mmol/L methylamine
in methanol.
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(S/N=3) 4 0.018 ~0.066 pg/kg, ik & &R

a. mixed standard solution
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6

(S/N=10) 2} 0.06~0.22 ng/kg, AT7 kil A
£ D M 25-BIEdEAE D B PRI T B E bR T
2 R W RIS T AR ARl
AR T LA, Ak AR D 5 25- %
HAgEER D ERR A 0.06~0.22 wg/kg, &K
T GB 5009. 296-2023 &5 =3k 4E4: £ D I E =R
(5~10 ng/kg) .

b. mutton sample
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(a) BEEZD M 2B-BREHRAEZ D BAMERK (1.0 pg/L) K (b) ERHMEZ PTAD $74/5H MRM &iLE

Fig. 6 MRM chromatograms of (a) vitamin D and 25-hydroxyvitamin D in a mixed standard solution (1.0 pg/L) and

(b) a mutton sample derivatized with PTAD

R3 HEZTDM2S-RELEEZDNEEFE BXRY RHR . EERMARERE
Table 3 Linear equations, correlation coefficients (r?), LODs, LOQs and dosages of
internal standards (IS) of vitamin D and 25-hydroxyvitamin D

. . LODs/ ( ng/kg) LOQs/ (ng/kg) Dosages of IS/ng
Compound Linear equation r? - - - - -
This method GB method®  This method GB method * This method GB method *
25(0OH)D, Y=1.0318X-0.0766  0.9997 0.027 / 0.09 / 5 /
25(0OH)D;  ¥=0.9692X-0.0749  0.9997 0.066 / 0.22 / 5 /
VD, Y=1.6005X+0.0075 0.9995 0.024 3 0.08 10 5 200
VD, Y=0.9460X+0.0108  0.9999 0.018 1.5 0.06 5 5 100

Linear range; 0.2-50 wg/L; Y. peak area ratio of analyte to IS; X: mass concentration ratio of analyte to IS; * GB 5009. 296-2023

(the third

method) ; /: not given.
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2.5.2  JmanEKRCEF R E 100 -

DIIBE s FLMY o 55 1RE I T, 5 00 0% (0. 20 0 - 7 B
ng/kg) (1.0 pg/kg) .5 (5.0 ng/kg)3 PIKF 60 [ Cu o
MY D 25 FIAEE K D RARIERL B ] Hioutpureaton
ARSI R PRI AN RIKT 5
T 6 U, B M ORI g, 4k 27
4 7R, 7 R B AR Ry 92. 6% ~99. 4%, 2 7
FIXTAREN 22 4 3. 6% ~ 6. 2% , 2 W% 7 ik 9 s [l 204
SRR 35 B BLUF 40
R4 HEEDMB-BHEEEE D ERE -60 VD, VD, 25(OH)D, 25(OH)D,

M PR ERNBEEZEE (n=6)
Table 4 Recoveries and RSDs of vitamin D and 25-
hydroxyvitamin D spiked in nonfat milk
powder (n=6)

0.20 pg/kg 1.0 ng/kg 5.0 pg/kg
Compound  Rec./ RSD/ Rec./ RSD/ Rec./ RSD/
% % % % % %
25(OH) D, 93.6 4.6 96.8 5.3 98.4 3.7
25(0OH) D, 94.1 5.1 97.5 4.9 97.2 5.0
VD, 94.4 4.7 98.5 6.2 99.3 4.1
VD, 92.6 5.2 99.4 5.8 96.5 3.6

Rec.: recovery.

2.5.3  FESR R RO

BBV 2 T B A R R S 2 4
HHMCE WA E SRS EP , ABFR R A
ME = ( %5 [ & 5t DG P b 7 it 42 1) sk 232/ 4 5 3R s 1
MR RER - 1) x 1009 I 7 58 TR, 49 510 e LA
JUERE LA AR A 25 R it 56 o L B o 1T e R 2 1R
el R bR o M Ze i R AN RS E AR T,

B7 #ERDMB-BRELEID ETEHHERPH ME(n=3)
Fig. 7 Matrix effects of vitamin D and 25-hydroxy-
vitamin D in blank samples (n=3)

T R B R AN . R AL AT, 4
K D M 25-F 44 D ) ME {5 [l 4 -54. 5% ~
94. 0%, 31t [FEAHAE B AL T, 25- 5 2 i E K D
() ME {84 -21. 2% ~ —38. 3% , 4 /£ % D Y ME {4
h 53.3% ~68. 0% , 15 BH AL Ab BRFRAR 1 38 500 1)
AN

ARSI 503 2ok [ 437 2 PR vk IR 2R N 3 ot
PIFRIE N 4 22 D RN 25-F2 386442 2 D 7E B 3L
Ky BRI R R 0 RER TR PTA 4 0 3 B RGN, 4k A
# D fI25-334iE % D A9 ME 45 XHETE 1. 81% ~
16. 9% YL B P, 8 B H L AU 0 A5 3] T A ROk |
2.6 LEREESRBIERT

I FHASIF 9 8 37 ) 7 2 T B R TR sh vk

iR DM 25-FR B AEAE R D RYBEEBAON A 7 B Rh4EAE R D K 25- B Bk AE R D 1 AT A
IR GERRW] 25- B AEA R D BRI S DU AR R 3 2P AT RGN | A BT v B A
BEFT b S B AR RN, 4EAE RDAEME AT REEILES,
x5 ERPHEEZDR25-BEEELEZDHNIENE(n=3)
Table 5 Determination of vitamin D and 25-hydroxyvitamin D in foods (n=3)
Sample Sample injection mass concentrations/ ( ng/L) Contents/ ( ng/kg)
25(OH)D, 25(OH)D, VD, VD, 25(OH)D, 25(OH)D;, VD, VD,
Nonfat milk powder - - - - - - - -
Flesh of fish - - 6.101 37.65 - - 1.22 7.53
Flesh of shrimp - 1.965 - - - 0.393 - -
Pork meat - 5.851 - 14.65 - 1.17 - 2.93
Mutton 4.155 7.202 6.950 6.650 0.831 1.44 1.39 1.33
Egg yolk - 34.50 - 40.50 - 13.8 - 16.2
Egg white - 4.315 - 3.365 - 0.0863 - 0.0673
Duck blood - 45.50 - 5.103 - 18.2 - 2.04
-: not detected
& 5 AT LUE X 8B VD, é‘%‘ﬂ%ﬁ,ﬁ PN
B 3 FHwe

oM 16,2 pg/kg, 151+ 25( OH) D,
i 18.2 ng/kg,

AR PTAD i A G, 4 A7 2R 1 4
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