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Rapid determination and uncertainty evaluation of vitamins A, D;, and E
content in cereal-based complementary foods for infants and young
children by online solid phase extraction-two-dimensional liquid

chromatography
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(1. Hunan Enoulite Nutritional Food Co., Ltd., Changsha, Hunan 410300, China; 2. Infant Complementary Food Joint
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China; 3. Hunan Provincial Institute of Product and Goods Quality Inspection, Changsha, Hunan 410007, China)

Abstract: [ Objective] To establish a rapid determination method for vitamin A, D5, and E content in cereal-based complementary foods for
infants and young children by online solid phase extraction-two-dimensional liquid chromatography simultaneously. [ Methods] Sample
saponification solution is purified by online solid-phase extraction. Then, vitamin A and E are separated and detected by the first-dimension
chromatography, while vitamin D, is preliminarily separated in the first dimension and then transferred to the second-dimension
chromatography for further separation and detection, with all quantification achieved by the external standard method. [ Results] Vitamin A,
Ds, and E exhibit a good linearity in the concentration ranges, with correlation coefficients (R”) being more than 0.999. The limits of
quantification (LOQ) are 1.62, 0.308, and 13.9 pg/100 g for vitamins A, D5, and E, respectively. The spike recoveries range from 92.4% to
109.2%, with relative standard deviations (RSD) between 0.36% and 3.08%. Additionally, the expanded uncertainties (k=2) for vitamin A,
D,, and E are 7.04%, 17.0%, and 5.30%, respectively. [Conclusion] With high simplicity, efficiency, accuracy, and reliability, this method

enhances the automation degree in sample pretreatment, meeting the needs of batch detection of fat-soluble vitamins in cereal-based
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complementary foods for infants and young children.
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Table 1 Gradient elution program
SPE Yt JBi B J 1D P JE 2D VBB
WPE)/ GEAH AR AR B BEAHCIK WA DR W/ WS AR GShAHBIA  WEE/ O WEIAH AR WS B K
min  BUMEU/%  BUMU%  BUOEU%  BUAEU%  min BUEU%  BAEU% min BAEU% BOEU%
0.00 20.0 0.0 80.0 0.0 0.00 70.0 30.0 0.00 0.0 100.0
4.00 20.0 0.0 80.0 0.0 6.50 70.0 30.0 5.00 0.0 100.0
4.10 10.0 90.0 0.0 0.0 7.00 25.0 75.0 6.00 90.0 10.0
8.00 10.0 90.0 0.0 0.0 17.00 10.0 90.0 25.00 90.0 10.0
8.50 0.0 100.0 0.0 0.0 19.00 0.0 100.0
15.00 0.0 100.0 0.0 0.0 25.00 0.0 100.0
16.00 0.0 80.0 0.0 10.0
20.00 0.0 80.0 0.0 10.0
21.00 0.0 0.0 100.0 0.0
22.00 0.0 0.0 100.0 0.0
22.10 20.0 0.0 80.0 0.0
25.00 20.0 0.0 80.0 0.0
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Figure 2 Chromatogram of vitamin D, standard
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% S 2 (8] i R AE 92.4%~109.2% , A X Fr 1 W 25 RSD 1
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Figure 1 Chromatogram of vitamin A and vitamin E B GRS ANT 5 B VLA B TSR S B A b
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Fx2 HEZEADEEMTCEREER
Table 2 Linear range and quantification limit of vitamin A, D;, and E
ERI R TR LA 1A 5 MXFRE(R) A EEMR/(10 P pgg )
B A y=911.476 72x—1.502 08 0.999 67 0.01~0.50 pg/mL 1.62
4% D, y=2.298 74x—3.266 77 0.999 52 2.00~100 ng/mL 0.308
HERE y=37.716 21x—2.553 75 0.999 28 0.20~10 pg/mL 13.9
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Table 3 Recoveries and precision for vitamin A, D5, and E (n=6)
SRR T JnbRAK /(1077 pgeg™") /(10 pgg™ ") S R % RSD/%
HER 30 27.71 92.4 1.84
900 885.2 98.4 0.71
1800 1902 105.7 0.53
HERE 120 115.8 96.5 3.08
9 600 9813 102.2 1.10
24000 22 965 95.7 0.91
AeE K D, 2 1.886 94.3 1.44
30 32.19 107.3 0.36
60 65.51 109.2 0.76
| 2 2 . 2 2
s (pre)= Tt () T Lt (V) T+ L (R) T /(f;;n) +(2]XE”V) |2 Z‘ZX 10 ) +[z(g} ,
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ua(S)= [u 7
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Table 4 Spike recovery results (n=6)
ERT [0 R1% R/ S(R)/
Mr iy 1 2 3 4 5 6 % %

HerEFE A 9223 91.19 91.26 90.62 95.20 92.64 922 1.6
diAE Dy 92.07 94.01 91.78 92.40 96.68 98.93 94.3
HEFE 96.56 97.35 97.59 9529 9.69 9431 96.5 1.4

2.9
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Il u, U, AT X U\ )
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TR AR R 6.6 °Co MR TE /K £ R 1 1A BB
ZHC ) 1.08X107°,1.20X10 °°C ',
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U (LSR )= S /141+<(hw‘(jy, (4)
aCyy NP mn S
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C—ik#E R H AR5 %ﬁﬁi%ﬂ’]%ﬂ R
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Coun——F IR A b5 v TAE VW P B B3R 23 7 0 43 1Y

IS
AT L4
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I 5 A=aC+b, R ULF 5,
Ao ] — AR AT I 5 6 Yk, DL b i 0] 05 7 B AR A

W B L 2

BE 25 R

L2 6,

BE EREEEN——_4RAREERENERYIILEXBRILERAD EAERERAHEETE

W T 5~F 6, AKX (4) KM uyva(LSR)=10.0191,

Urrvn ( LSR) =

0.025 3,

2.4.3  BEALSON ™ A AR A i B

H(5)HIF uva(RE)

f(’EP-

H
ﬂ

X

(éﬁi%? E A mg/100 g);
AT ESE S ug/100 g(4E4E K E I mg/100 g);

X i E

AT R
PEAT 6 AT SE , G5 R LK 7,

0.0755, u,yvil LSR)=10.012 1, FF B =X (3)

)j? % Uaval S )=10.0308, urcl*\"l))( S)=0.0308, urol—vu( S)=

u\n\(RE) 1%

(5)

b H s 4 W S AT A 45 R pg/100 g

Fh ﬁ (5) :k ﬁ% 2 Uelva (RE)=0.015 1, Mr(‘I*VI);(RE )=

S5 R ,ug/mL(4EA E D, A ng/mL) 0.027 2, tt,qvi: (RE)=0.0054.
XUL?:EIJ(wM‘T/&TYH%{ﬁP/JEL WELHNEZLDE 244 %EHHXWR‘(’%K%%T#%?N%K%%TE A R
3, IR CRIMAD) Lt e/ — 3 2 W SBL45 BR AT A ok Xl AN 2 S Bk g
£5 LMHRMIRZODAMEHER
Table 5 Results of linear least-square regression fitting
H 743 B R it W T B4, S o [ 1 7

By Wz C/(pg-mL™") A Ay Ay A, JiF 1% 4,
HrERA 0.011 10.503 9 11.506 0 9.934 8 10.648 A4=910.357 85C—1.594 34 8.420
0.028 28.063 4 27.816 9 28.426 4 28.102 23.896
0.057 48.087 5 47.397 0 48.520 2 48.002 50.296
0.114 98.119 6 97.0878 98.8229 98.010 102.186
0.284 254.961 1 255.283 3 2559055  255.383 256.947
0.568 516.9033 518.3828 5159815 517.089 515.489
A F D, 2.00<10° 2.896 6 2.9576 3.0380 2964 A4=2.3103C—3.8871 0.733
6.00<10° 9.4718 9.062 9 9.785 6 9.843 9.975
1.10X10 2 19.806 0 19.3515 19.997 8 19.718 21.526
220102 46.511 8 46.520 4 47.169 8 46.734 46.940
5.50<10 2 1239738  122.260 1 121.6619 122.632 123.179
1.10x10"" 250.3504  250.5205 251.2516  250.708 250.246
HeERE 0.197 7.646 0 7.490 3 7.203 3 7.447 A=38.028 62C—3.350 13 4.142
0.493 18.290 0 18.711 7 17.591 8 18.198 15.398
0.986 31.947 1 33.0359 30.6718 31.885 34.146
1.972 66.049 5 67.076 5 64.592 7 65.906 71.642
4.931 178.096 5 178.590 0 178.329 1 178.339 184.169
9.862 3758711 372.744 1 377.1003  375.239 371.688
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Fo HHFABKHERRPEERAD ERERE
Table 6 Mass concentrations of vitamin A, vitamin D;, and vitamin E calculated in the sample solution
i A 4eE R D, 4K E
Vi wpw CTOOURRCPEBRE L WSRER CPRBEE L R TR
A %YZUEE‘/ B Cle A EYZUE“E?/ B C o/ LA E‘/ZUE?/ B Coype/
(pg'mL™")  (pg-mL ") (ng'mL™")  (ng-mL ') (pg'mL ") (pg-mL Y

1 77.556 6 0.086 94 0.090 9 6.670 3 4.569 71 4.570 1 196.904 0 5.265 88 5.248 7

2 81.3225 0.091 08 6.423 9 4.463 06 188.723 7 5.050 77

3 83.3815 0.093 34 6.404 9 4.454 83 195.725 7 5.234 89

4 78.140 3 0.087 59 6.900 2 4.669 22 198.027 7 5.29543

5 79.812 6 0.089 42 6.635 6 4.554 69 199.056 4 5.322 48

6 86.681 0 0.096 97 6.991 8 4.708 77 199.073 6 5.32293

xR7T HERPHEERAD ENETUELER
Table 7 Parallel determination results of vitamin A, D;, and E in samples (n=6)
" 4R A 4/ Z D,y 4K E
AT f;i;q& il e T {H/ il T {H/ I E 45 2R/ T fH/
(10 2 pgeg ) (10 2 pgeg ") (10 2 pgeg M) (10 2 pgeg M) (10 2 pgeg M) (10 *mg-g ")

1 5.004 5 183.1 189 10.70 11.1 10.68 10.8

2 5.006 3 189.6 10.69 10.76

3 5.004 8 189.6 11.31 10.82

4 5.006 9 190.0 11.28 10.82

5 5.007 5 190.1 11.23 10.82

6 5.008 8 190.6 11.27 10.83
T AR EAT T MR IE

thera (X )= /L ttra (pre) P4 e (S) F +[ e (RE) T M/ IR UE o 5 T 4 B E 4 5 S ) 2 BE A R

BUE 15 K 95%, 40 & 7 k=2 i, A1 4T R R o

(6) ZHRBEN Ty XAT W R 2 UCE A i B ANH 2 B
ZUE R AN B YR R B 2, A RO 6 E

SR IR HIVE: S ﬁTﬁkﬁﬁ.wﬂes@mm;:,n S A
Ui b X e (X). (7y G R B I D R R AR B34
3t (6) .38 (1) K5 5 twvn = 3.52% ey, = ‘imfiﬁﬂmsmﬁﬂ’ﬂigﬂﬁ%ﬂﬂ%,ﬁPE%%’Eﬁ%'JWR{m

8.51% st = 2.67% s Unson = T.08Y% U — 17.0% . BEAEM, WG 0 A B 52 08 0 6/ — o o A e 5

Uve =5.30% o 90007

2.4.5 NHGE BRSSO AR 045 R R 6 M: ool -

fIE ARy I IE R BTN TS . R I AR & B 25 6o =D,

B 43T 0 S R 0 AR B AR E £ L T i“ 30001 CIvA

A 2 N LA WP 3BT . ol P 3 T B I EE o0l

51 B A B S de K BEHLRR K fﬁemnuuﬁm/l\ Z% 20000

T A5 0 B A €5, T 2 2 R C AR S i 2 vool m -m

FE IR R W, b5 W AR OGN 1 E T mmﬂifﬂ’]fﬁﬁmf FEAHTAL S ARvEY T BB

S R A 0 B B TR R o R KR

FE B A TR 7 T e G VA o ) 5 S P A AN B o
s 90 90 T AH OC AN B0 B B 40 AT AN P 4 R o il R 4
AR, JHG 2 B SR R T b o ) S A o R P B A A M

B3 ZERBRPARALTESFHO>H
Figure 3 Uncertainty component distribution of the main

sources
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BE EREEEN——_4RAREERENERYIILEXBRILERAD EAERERAHEETE

AL P A 0 S JRE A ) LA R A A T 03 A A S P I
M M 7 B4 A X A o i 22 DR 315 7R /N B Y B P AR
A v T 2 e e R AR A T A0 B A R AT DR B O W E R L
I3 2 4 A2 2K Dy, PRI SE YU PR v 8 A T B AT 3 5 7 Y
SE F) MR IS 0T 5 R 2l A o il e e P 22 2 AR
WA, AT 3o T i R EL R fELAS 9 5 /DN o I I
HEY) AT Ok ) 1 5E JEE
25 KEHERMNERSIREFTENLE
R A% J5 1 RS 48 7 3 53 3065 6 Fft A [ TiE D 1Y) 22 4))

JLH R A= R A Dy (B Y & BEEAT I 0 45
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Table 8 Comparison of actual sample results determined by the experimental method and the standard method

b 23 #4905 45

e A/(10 *pgeg h)

i Z Dy/(10 2pgrg ') A EN(10 *mg-g )

B b
Z IR e B A LN EEK By (Tl 28 1R (3 F) 655 665 7.47 8.13 12.8 13.3
B )UmaEA R GREG A2 (3FY) 633 668 7.80 7.94 12.5 12.2
B L gR A TR ARy (L) (1R 694 654 8.61 10.32 12.3 12.7
B LA Ay (B3 m k) (2 B) 663 633 7.31 7.47 13.5 13.6
By LAl SR g oK by O5LR) (1B 665 689 9.61 9.64 12.6 12.8
B LIMAT Ay (AR ) (2 ) 675 655 9.20 10.15 14.2 13.1

3 énlls
FE 7 4 T A A8 I — 2 T e i S T — PR

W By LA KR h AR A D, ME SR, X
O A G AE 4 A AR S M O L I A A iR Tk
TORE S AL B R OFSE BT 4 A & A LD, E W [F R 4
BRI B Sk 56 R R A, LR O R T A
o AR, TR MR A L A IS v AR R
B T AL B B4y J LA S a8 B AR 7 ek R b o LT
Ty 3 Fh g s R YA B RV K4 A E D p-HEE R E,

y-HE R E R O-4E /L K E A A K DL K ) b — i IR i v
Yz F Ko PG, ] 3k T 78 4 AR 26 B0— 4 A 104 R
40, ik — B BT IR 4 A A DB K KO B R A A
F4 TR) G0 43 AT, 45 S0 2 A1 Bl 3 45 P ik 109 7 Ak 20 R A
QuECHERS 7 12 o e P 51 2 S 0 K g Vs R 20 A B
T A T 25 5
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