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Rapid detection of vitamin A,D and E in food by on-line purification
two-dimensional high performance liquid chromatography
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(SGS-CSTC Standards Technical Services Co., Ltd., Shanghai 200223, China)

ABSTRACT: Objective To establish an on-line two-dimensional liquid chromatographic method for the
determination of vitamins A, D and E in food by using a three-pump and two-valve two-dimensional liquid
chromatographic system. Methods An on-line two-dimensional liquid chromatography separation system was set
up by central cutting method. The PLRP-S column with high polymer as filler which had strong alkali resistance was
used as the solid phase extraction (SPE) column for purifying saponification solution of samples. Vitamin A and E
were separated by C;g as one-dimensional column, and vitamin D, and D; were separated by polycyclic aromatic
hydrocarbon (PAH) as two-dimensional column. One-dimensional chromatography confirmed the cutting time of
vitamin D, VD was captured by C;g column, and then established on-line two-dimensional liquid chromatography
analysis method. Samples and standard solutions were used to conduct the validation of the established method, and
the test results of actual samples were compared by using established method and GB 5009.82-2016. Results The
linear coefficients of vitamin A, D and E were all more than 0.999 in the range of standard curves. The limits of

quantitation were 30 pug/100 g, 2 pg/100 g and 120 pg/100 g, which were consistent with the national standard GB
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5009.82-2016. The recoveries of vitamin A, D and E at 3 levels of this method were all between 90.4% and 101.7%,

which could meet the detection requirements of vitamin A, D and E in food. Conclusion The method is simple,

efficient, highly automated, accurate and reproducible, which is suitable for the determination of large quantities of

samples.
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e RBENMAER K E I — R od o R,
VR A S AT A B 2 5 R N B A R .
rhgEd: 2 A, D, E(vitamin A, D, E; VA, VD,VEM/ g A& 4%
it A A A 2R o B R AR A R AR I AR TR
VA J295 BA 5 4 S O 8 AR [R) A 005 Ve i — 2R W e,
FEEE LI MR A R e B kA
MA e Ar e, AERRRILETIRE, HYSRAEAERE Sy, JATTILN AR
AR, VD EELULEA: F Dy(vitamin Dy, D2)FIGEA:
# Dy(vitamin Dj, D3)2 FIEAEALE, FEAAAE T sh K
P U VD B AR S | B . s A
P iE5EE" . VE DAEE B AT = ME 8 FiE
A AFEAE, Hd alpha-. delta-Fll gamma-3 Fi4: & By BN
WL, W AT EFRmEA U VE BAT RIS |
AT SR 1 | BE PR A 2 T RE R (5 B S AU
VA. VD Il VE B NIRRT, HIARAGETG 24 ]
FE—EAKCFPL B AGA R S5 R AE |« M8 |
PRS0, ARG RN g BR KT S/ ik
A A R AR O ST B iR VAL VD
VE (PRGN J7 XS T48 5 A6 B £ BAT 2 i 3

FIRTEY VA, VD I VE BRI 7 i 32 204 WA 3k
(high performance liquid chromatography-diode array
detector, HPLC-DAD) . i # & 3 - #% B¢ it 3% % (high
performance liquid chromatography-mass spectrometry,
HPLC-MS)™ ), SRS A3 7 TR (R it il 2 45t Ak
AW, R kAR IREZ IR, AR FE
I, i 22 4 R 5 3t R H AR B e A A %, TR IS ER R
MS 6 1 75 23 i 25 B s AR ™) S AR R i 2 — O €
TR RS Je, BT TR VAL VD #il VE BT
BRI A e . — ZEWORE (35 i N R AR VD Y
FESOALBEAEBR(VD K5 vk th— AT AR, FEah A3
AW IEAR £ E B> HIE D5 0 VAL VD #TVE 475
WrERESh R Al . A, RV MR I R 2L TRAL B,
HARFES | 9801 L B MEAGF | A W2 AR iAs, H
JCVE A I N R A I A 55K

AT R ] = A P IR RS A AE R — BT €000 25 R 4e,
#3. VA, D2, D3, alpha-VE. gamma-VE. delta-VE i

SM T, FHg VD O AR ] AR s vk . 5t
M iR AH FE, iR i 2 BAL G AT B T A AR T o
MRy PR P | R MER L s RIS Y RS, 58
G4 T BRETE ML SR H VA, VD fil VE R TR,
AT S SPUAXT i VAL VD fil VE H#
IR TR,

2 MH5EREE

21 MR KFSNE

VA(CAS 5 68-26-8, 4 99.6%) .D2(CAS 5 50-14-6,
4l 98.5%) . D3(CAS 5 511-28-4, ZfifE 99.9%)({% [ Dr.E
2y Fl ), delta-VE(CAS 5 119-13-1, 40 [ 97%) .
alpha-VE(CAS 2 10191-41-0, 4l 96.8%)(3 [ Supelco 2%
#]); gamma-VE(CAS = 54-28-4, 4fii 96 %, 5[ Sigma 2%
"), N, Wl JOKCRE(EIEAt, i ERECA R A R);
KA PURMER . 2,6- AT EEH B (Hriral . EZ%E
A4k X FR 2 7]); alpha-JE #5 B (815 71 = 3700 Ulg,
& [E Sigma A F]).

Agilent1260 VAHLA 3 ANPUICIE . 3 DPIAL/SIE M
2 AVERAMGINAS . UERRRS . AEIRAH) . poroshell 120 EC-Cig
35 HE(3.0 mm*100 mm, 2.7 pm), ONLINE PLRP-S [ 2
BUF:(15~20 pm, 4.6 mm*12.5 mm), poroshell 120 EC-Cyg
%+ (3.0 mm*50 mm, 2.7 um), Eclipse PAH 4% (2.1
mm* 100 mm, 3.5 um)(E[E Agilent A F]); ME204 K- [H
M -3 M £ 24 7)); vortex-genie2 R HE IR & 7% (3£
Scientific Industries 23 7]); Milli-Q Reference £fi /K Z 4 (£ %
BRI P W), H IR AR R O e — R R
FRZAF]); UV-5800(PC)EL 4N AT W43 66 EE ([ 11T
HHXES A BR A D
22 ZWIE
22,1 FESLRYHTAL IR

B ARRE LIS g SURARRE S 20 g, FE & AT AL FH 4 1
GB 5009.82-2016!"J53k— 5.2.1 Hh g AL BRAL IR, #E 5
BALA IR EIR)G, H 50% BB IFERE 100 mL 43
R, RA)E, BT IEBRE
222 RS E Bk

43 EL VA . D2, D3 ,alpha-VE . delta-VE il gamma-VE
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# 20 mg T 10 mL AR ORI, JoK OBRE I ESR
18 GB 5009.82-2016 Fff 53 B Xt VA, VD Fl VE brifl i
PRI o AR M i v R L PIE AT S AT T A i 2K
TRAPREM LN 1 R .

F1 H®EFRA D ETIEMLLKE (ng/mL)
Table 1 Working curve concentration of vitamins A, D and E
(ng/mL)

%

3 VA D2 D3  alpha-VE gamma-VE delta-VE
1 10 1 1 50 50 50

2 20 2 2 100 100 100

3 50 5 5 200 200 200

4 200 10 10 500 500 500

5 500 20 20 1000 1000 1000
6 2000 50 50 2000 2000 2000
7 5000 100 100 5000 5000 5000

223 MRBELH
ERETEREYEN

BE ONLINE PLRP-S AL b4 (15~20 um, 4.6
mm*12.5 mm)
poroshell 120 EC-C g —ZE4Hr: HiA: (3.0 mm*5 mm,

2.7 pm)

poroshell 120 EC-C;3 —ZE4r#7r4£(3.0 mm*100 mm,
2.7 pm)

poroshell 120 EC-Ci3 VD fi#fAE: (3.0 mm*50 mm,
2.7 pm)

Eclipse PAH —4E43 4 ( 2.1 mm*100 mm, 3.5 pm)

HEFERE: 100 pL, ARl 35 °C, Kl —4EAamas:

325 nm, 294 nm; —4ERGINES: 264 nm. FEEIAH S L 2,

W gt ] WL 3% 3
HEREDH

TRk — 4 (B AV I Fn i V) B AT B AO Ff E
IKE A4 VD AN A3 RS, R A0 EID R
Iy RIE—4E . 48385 VA, VE Al VD, 5 Ut @i
RGN Z A AR S AL WAL e 47 h 7E LR SPE ik &
Gioe >, AL IR 2 AELR SPE Ak, HARY B
W, it ST R 5 i V2 T 20 TP 577 30 R ) e 1) Y A
He b ik RGEA, AR 2 0% R G BT RER . R
ARG T EREN B, — 4R 2k RG AL TR A, SPE
HA7NE Y, A4y 8 R 5. IHF SPE A5 —4k
R R IAE A — 4/ R 58, VA, VD #l VE M SPE #
PRI EN— 27y B AE BT IRy B At 53— AN 3
YIl—4E iy Bih VD R R B R VD igRAE b, il
3K VD JE U VD iR 403 R4, M VD
PR 4oy s RBCTT 4R 43 B D2 f D3, [F]iN—4E R 58
4k 223 alpha-VE. delta-VE Fll gamma-VE, A [RIFT BT
FELE M T I R GURBIE L ARBCRIRE S —ZE R0 — 4k
B T LA 1~6,

D IEIRE i VD FE—ZE T AR B I
BB B A VD PR R Cg A E o BLARRA Cg
FEAE A RAEBUR AR AL 500 pL s B3R, 0] LLg &
I VD WK R B, AT CR VD 7E—4E ik O R )
B RARZE RGO AL R . EAR I &
HIVEBE S5, VD 7E 2.5 min Y%A A BE Y 2217 BELE Cg
R b i 2k 5 d MR (30~35 /24 hy )5,
VD 7E—ZE 3% R A~ B R 22 7E 0.2 min N, SR SETE Rl
PIEIRS R BEH I T VD (R BB m2ZE TR . R4S 2
AN 308 W 140 36 3

3

31

R2 ZRBERRERF
Table 2 Gradient programs of 3 pumps
AR — e A YR
A5} ] /min
1% K%  FE/(mL/min)  ZJE/% Ki%  FE/(mL/min)  ZE/% BE%/ 34 /(mL/min)
0.0 40 60 1.0 80 20 1.0 10 90 0.4
4.0 40 60 1.0 80 20 1.0 10 90 0.4
6.0 95 5 0.2 80 20 1.0 10 90 0.4
10 95 5 0.2 90 10 1.0 90 10 0.4
15 95 5 0.2 90 10 1.0 90 10 0.4
20 95 5 0.2 100 0 1.0 90 10 0.4
30 40 60 1.0 100 0 1.0 90 10 0.4
35 40 60 1.0 80 20 1.0 90 10 0.4




%o

WRidtig: gt 4Bl Gl g e Il 2 b h4EA= R AL DL E

1729

e AR, RS e EAEEE. RS B AR R e EAREE. ERERR

v,
et et

i R L

M i B

KIS

ERERE 1DS EARA VDR 2D5rERRAS
P12 B BOEL (it s =

Fig.l On-line two-dimensional chromatographic flow chart for each stage

DADID, Sig=325,4 Ref=off DADIE, Sig=294,4 Ref=off
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Fig.2 One-dimensional chromatogram of standard solution (4=325 nm, 294 nm)
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Fig.3 Two-dimensional chromatogram of standard solution (/=264 nm)
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DADID, Sig=325,4 Ref=off
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Fig.4 One-dimensional chromatogram of milk powder sample (=325 nm)
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Fig.5 One-dimensional chromatogram of milk powder sample (=294 nm)
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Fig.6 Two-dimensional chromatogram of milk powder sample (4=264 nm)
#&3 WANERYI%R TR
Table 3 Switching instructions for two-position six-way valves
(YA sl /min - RYHRE Ui
0~4 1~6 BALKZ PLRP-S ik, HARYIBIRER, BIORAIRE B g se B 2w
MR AR SR 4.1~6 1~2 PLRP-S SIS — 473 BiAE, HARYI UE 31— 4k 53 B kL
6.1~30 1~6 PLRP-S AW K4 B AR P9 i 31— e A5 D04 ) EAE R G, AT e FooF-
0~17.4 1~6 — Y758 VA VD FI VE; VD i RALAE Z 2 R GA 1 TR
FEURAR P 1R 17.5~18.9 1~2 FHARAE S — 23 B hE B AR VD BERT 2.5 min 4 D2 Fl D3 A& A3 E2eM

19~30 1~6 TIRAE 5 24l 53 B AT SR IR0 25 D2 R D3, —4EAEST S VE,
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A 2 I SCRRF T8 SR FH 2 R £ 33 1 0 S 4 A
A Z R VA VD Fl VE, ZRFMES C g (iH:
F—4taik5r% VA, VD, # VE, FHRA PAH (G iftE
T =4k g R 43 85 D2 i D3 A SCREL G AL .
DYIEIR RS B RS, W —YE i fE S B e
J1 . /NI TE R G T R RE T AR . R SR AR R,
o R R A BT R RE IR C g ZFLAYES (BT AE, edl
50 43 R T R e e 0 T LA AL RIS TR . 1 40 1
T poroshell 120 EC-Cg(3.0 mm*100 mm, 2.7 pm)#F/ Kinetex
C15(3.0 mm*100 mm, 2.6 pm)2 3K {6 AE A g — 4k (A ik
AR B i, A5 R 2 MOk R RE LR 415, VA
delta-VE ., gamma-VE #l alpha-VE Y4B EH AT 1.5, H
2 ANMAGEFE R ER KT 1000 bar, YHEM EIRT K. T
AIRIG R Agilent 5%, Agilent S IEL S Agilent bt
J 1 T i R A KRR P D/ N R GEAE AR, 2RA5 AT
3 g, TR O A 3 3 d 25 R ] poroshell 120 EC-Cig
(3.0 mm*100 mm, 2.7 pm) i FEAE R — 2k (A

IR AL SPE ik BALI, AR T
N T4, b R GR% T RS AT AR B R . (RRR 5 2 Ak
LR (pH > 12), 1850 L) AL RE B JERE R 1 AL A
TG AR SRAR VA o 1 AR 0 3R 4 R 2R PLRP-S
VAT R 32 05 A0 TR R B T, T 92 3 6 e T R R SR
[lHF PLRP-S fo i HLA SR o i 40 J B, g /K e
PR FAFESEURN S H AR BRI P e 22, B VAL
VD il VE 1] LASE 4B W B 21 PLRP-S A 115200 K it e
K F PLRP-S 1E y BALE A0 AT, sRid 2kl 45T PLRP-S
W E BRI R ER, BRIRCRIR A it B TR 40% 2N vh e 2]
WG I, TR YRS REAZ AT IR . PLRP-S £
LR VAL VD FI VE RR AT 80% ZEHEA TR .
33 HEFER
331 &Kk RER. HBE. EHAGFR

IS Wi B AR AR | R B i AR bR 3T A5
WrtrdEh gk, 45 RoRAEMRMTEE RN, VA, D2, D3,

delta-VE ,gamma-VE Fll alpha-VE £&% 2 535K T 0.999,
U BA AL A e b i 5 BBl N AT R AP K R .

o3 BB AL S AR ER I E R R, 7 BILL S/N=
3 M S/N=10 HHH T EHE VA, D2, D3, delta-VE,
gamma-VE il alpha-VE ({255 i1 FRFIE R, e Bt
2.2 MEMESL AN T e mIR(LEE 4), #Err
HERRYAET GB 5009.82-2016 J7 vE—FIJ7 ¥ PUAY &
RN, P OZ I YA AT R BT E A VAL VE R VD
RN

VEHREC ks . dEE R R MR . AALKRR . R A
Yorb. EFREA . RRFEZRE AL, X6 RS
YT 6 WWE R MEREE, 45 RUNEE 5 ik 6 FrRmitss R
— R T I2BRRE S A D2, Frh D2 B Bt 4 i
FRE) -

43 BILL VA D2 D3 delta-VE , gamma-VE #il alpha-VE
A SRR R S, BEAT 3 KT InbRIES, 25BN 6 Fhik
BN 3 K IbR Y ISR IS TE 90.4%~101.7%2Z 7], 3 1K
SEAFIAR A R 22 0.57%~5.27%2 7], 455058 7 FiR .
332 FKERAR GG E

VEHREC ks . dEE R A R . APLKR . R A
Yorb. BIREA . RRSEZRE NI, o5
GB 5009.82-2016(55—:FEHE U)X A FIAL & k1 1R,
AR BIR 2 AT IR S5 L AH X 2% 5 (relative  percent
difference, RPD)¥J/NF 10%, {115% 5 FZk 6 Fin,

4 &

AT L = R8T VAL VE Fl VD 59 Z 4k AR
SR vk, BE TR 7k VAL VE fil VD E &
R3304 30 png/100 g, 120 pg/100 g F1 2 pg/100 g, ZE &
FRYj GB 5009.82-2016 47 iki— ik Ui bR —3%, 4
Z R SIS IR AT R & T VAL VE A VD 1K
W ABFFE ST MR i Kb T VA, VE. VD
FIRERT . 2% T AMRSCR A BUR, 5 TR A itk
O v AN 1 & ML 7 o o 1

w4 FEEER

Table 4 Limits of quantification of the method

VA D2 D3 delta-VE gamma-VE alpha-VE
)R Ax i BR/(ng/mL) 22 0.3 0.3 10.0 9.2 15.0
X8 PR/ (ng/mL) 8.8 0.8 0.8 39.0 41.0 40.0
J7 PR R/ (ng/ 100 g) 4.4 0.6 0.6 30
J5 58 TR/ (ng/100 g) 17.6 1.6 1.6 85.0
GB & 2 il /(ng/100 g) 30 2 2 120 (F75—)
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GB 5009.82-2016 J5 11 & beta-VE I, A5
F T PLRP-S AHRMEF A 4 4~ VE fb AP0k 5 BR il Jok
Xf 4 A4~ VE A7 51158 S0 e 0 i e — e it ke . —
Y TR RIS ER T 4 > VE W ER S,
R — R W B JC3k 58 i — 4%t [l B 4325 VA, D2, D3 f1 4

F VEIE 795 i TRPRHIAL S WP BT B, 521 URINEV

®5 VA VD BHRGER(1e/100 g, n=3)
Table 5 Test result of VA and VD(ng/100 g, n=3)

7 Tl A R 2 A K A I X —4E (3% | D2, D3 Al

a2z

beta-VE., gamma-VE 2 XML& WHEAT 2 IRYIK), A RE5E

—E T 7 AMEEY, (I ERGE R RE A C 2 B 1
BURA, BT A R, AR R T 2 A
RGEHFEEE; BIEAS ML AP A 5 beta-VE

E T 7 W 3 HEZE R LK AT Eik:xy
R 45 R 721.08+3.64 8885.67+8.82 516.95+2.18 732.65+6.33 1055.85+35.65
VA GB 4553 690.80 8650.50 505.40 701.50 998.57
RPD/% 428 2.68 2.26 433 5.56
N et 8.27+0.22 18.97+0.47 6.52+0.12 3.52+0.19 2.93+0.14
D2 GB 4558 7.80 18.10 6.30 3.20 2.70
RPD/% 5.80 4.65 3.36 9.45 8.28
R85 R 11.45+0.24 91.97+1.07 7.00+0.11 7.26+0.06 2.80+0.06
D3 GB 451t 10.50 88.40 6.60 6.70 2.60
RPD/% 8.60 3.93 5.93 8.09 7.41
£ 6 VEMRLER(mg/100 g, n=3)
Table 6 Test result of VE (mg/100 g, n=3)
¥ 7K (delta-, alpha-VE) R
k& BELS \ BRRER S oKy !
&=L/ FC 77 A5 Y % - (gamma-VE) FEE MR K LS
PN e 1.42+0.03 0.27+0.01 10.35+0.35 2.87+0.11 1.24+0.03
delta-VE GB 4553 1.32 0.25 9.85 2.69 1.19
RPD/% 7.17 8.81 4.96 6.67 4.44
RSP S 3.62+0.03 0.50+0.02 42.47+0.67 65.13+0.76 4.16+0.07
gamma-VE GB % 3.45 0.48 38.57 60.29 4.08
RPD/% 4.65 471 9.7 7.77 1.96
PN e 24.21+0.16 193.29+1.77 2027.63+44.19 15.39+0.21 7.57+0.05
alpha-VE GB %5 23.41 189.37 1887.29 14.57 7.52
RPD/% 3.36 2.04 7.12 5.53 0.71
R7 3KFMAREYE (1=6)
Table 7 Recoveries of 3 spiked levels (n=6)
E JAzR K/ (ng/100 g) AT 1/% AT 2/% AT 3/% EEE % RSD/%
30 100.2 90.5 91.8 94.2 5.27
VA 60 91.5 93.1 89.5 91.4 1.80
150 90.5 91.5 93.8 91.9 1.69
2 103.1 100.5 101.4 101.7 1.32
D2 4 91.4 92.3 96.2 93.3 2.55
10 92.7 95.4 98.1 95.4 2.70
2 101.4 100.7 102.3 101.5 0.80
D3 4 94.8 93.7 94.0 94.2 0.57
10 96.4 98.1 93.9 96.1 2.11
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&R
& FnFRK -/ (ug/100 g) AT 1% AT 2% AT 3% EEIE Y% RSD/%
120 95.4 93.7 97.5 95.5 1.90
delta-VE 240 92.5 90.4 92.8 91.9 1.31
600 92.7 94.8 96.7 94.7 2.00
120 92.6 93.4 91.2 92.4 1.11
gamma-VE 240 92.7 91.8 91.3 91.9 0.71
600 90.8 94.5 96.0 93.8 2.68
120 89.4 90.4 91.5 90.4 1.05
alpha-VE 240 90.5 94.8 91.9 92.4 2.19
600 923 94.8 95.1 94.1 1.54
% %ﬁtfﬁk vitamins A, E and f-carotene in bovine milk by high performance liquid
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