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Fast analysis of fat — soluble vitamins A, D, E and K in milk
HU Shaohua, ZHANG Xinghe, LU Yongmao, TAO Guanjun, WEI Wei,
JIN Qingzhe, WANG Xingguo

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China)
Abstract: To provide reference data for determining the nutritional needs of lactating mothers and
designing infant formula, a method for analyzing the contents of fat — soluble vitamins A, D, E, and K in
human milk using ultra — high performance liquid chromatography ( UPLC) coupled with a photodiode
array detector (PDA) was established, and the method was validated. The UPLC — PDA method was
applied to detect the contents of vitamins A, D, E, and K in human milk, other mammalian milks( cow
milk , goat milk, and donkey milk) and infant formula. A principal component analysis (PCA) of the fat —
soluble vitamin contents in different samples were also performed. The results indicated that the
established UPLC — PDA method achieved separation of different fat — soluble vitamins within 10 min.
The regression equations of the standard curves for each fat — soluble vitamin showed good linearity ( R* =
0.999 4), with detection limits and quantification limits ranging from 0.01 wg/mL to 0.40 pg/mlL and
0.09 pwg/mL to 1.38 pg/mL, respectively. The calculation resluts for precision and accuracy were not
greater than 5% . Except for vitamin K, which was affected by the alkaline pretreatment resulting in a
lower spiked recovery rate, the spiked recovery rates for the other fat —soluble vitamins ranged from 80.69%

to 111.66% , indicating good levels. Vitamin A content in human milk was between that of goat milk and

cow milk, and the vitamin E content was higher

s HHEA 2024 - 03 — 14 ;& HHA 2024 - 11 -22
FEB R 1A (1999) | B Ri-L-BF5c AL L BFE 7 1 TS than that in other mammalian milks, but
T4 0 T ( E-mail ) hushaohual 09@ 163. com, significantly lower than that in infant formula.

BEESE:&5W, #09%, H 1 (E-mail) jqzwuxi@ 163. com, Vitamin D was not detected in human milk or
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other mammalian milks. PCA results showed that the composition and content of fat — soluble vitamins in

mammalian milks, especially goat milk, was similar to that in human milk. In conclusion, UPLC — PDA

method is suitable for analyzing the content of fat — soluble vitamins in milk and infant formula.

Key words: ultra — high performance liquid chromatography; human milk; fat — soluble vitamins;

mammalian milk ; infant formula
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Fig.2 Full wavelength scanning chromatogram of FSV in

human milk
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Table 1 Linear equation, R*, LOD, LOQ and spiked recovery rate of FSV

- LOD/ LOQ/ e e LAETE R ‘ Mﬁ@W%%*‘
(pg/mL)  (pg/mL) (pg/mL) fRWEE vk AR
v, 0.01 0.09 y =571.980x +123.760 0.999 7 0.03 ~50 97.33 83.64 80. 69
Vo, +Vy,,  0.03 0.20 y =368.200x +119. 850 0.999 4 0.05 ~50 91.77 85.09 83.07
§-T 0.40 1.38 y=26.813x —2.182 0.999 9 0.80~100 111.66 86. 64 82.19
Ve 0.05 0.23 y =189.750x +62.712 0.999 7 0.05 ~50 - - 67.25
y-T+B-T 0.10 0.34 y =60.950x +29. 440 0.999 8 0.40 ~100  86.13 97.53  104.41
«-T 0.30 1.06 y =32.879x +4.406 0.999 9 0.80 ~100  83.12 87.48 82.52
Vi 0.05 0.24 y =174.970x +41. 541 0.999 4 0.05 ~50 63.58 40.24 57.44
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ANfF] ) FSV i) LOD 1 LOQ A[H], Hivh V, iy LOD #
LOQ ¥ AL, 4354 0. 01 wg/mL F10. 09 pwg/mL,
8- T 1) LOD A1 LOQ #5155 , 43514 0. 40 wg/mL Fl
1.38 pg/mL, FSV L MHEEN 0.03 ~100 pg/mL,

HER 1R ATAL BR Vi Ah, HoAth FSV G o ik
FE AR KF B B 5 A 80.69% ~ 111.66%
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Table 2 Precision and accuracy of the UPLC - PDA method %

poy H K %3 H [ 5 2 H P B H B] oA
s Pk O RWKEE hE R IR PR mWE R PIRE R

V. 1.97 1.40 0.32 2.65 1.44 0.43 1.86 1.21 0.31 2.49 1.32 0.40
Vi + Vi, 2.20 3.53 0.31 3.20 1.98 0.14 2.08 3.26 0.28 3.02 1.80 0.13
Vi 0.40 1.40 0.53 0.58 1.59 0.64 0.37 1.28 0.49 0.50 1.47 0.56
Vo 1.18 1.40 0.40 1.42 1.42 0.88 1.12 1.16 0.38 1.16 1.40 0.77
a-T 0.62 0.71 0.43 0.38 1.50 0.57 0.58 0.65 0.39 0.34 1.40 0.47
y-T+B-T 0.88 1.53 0.81 1.12 1.62 0.33 0.83 1.44 0.74 1.04 1.52 0.30
§-T 1.90 1.36 0.21 2.02 0.42 0.70 1.72 1.14 0.20 1.91 0.40 0.66
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Table 3 FSV content in human milk, other mammalian milks and infant formula pg/100 mL
B, Vv, Vo, + Vs Ve
’ a-T y-T+B8-T 5-T

BEFL 28.08 0. 13° - 89.16 +1.01° 19.57 0. 48" 4.28 +0.25°
471 19.12 £0.90° - 41.63 £1.67° 8.15 +0.08' 6.74 +0.38"
472 20.01 £0.43° - 22.33 £0.02 7.67+0.17" 5.42 +0.67°
F3 31.53 £0.37¢ - 41.16 £0.47° 11.44 £0.10° 7.20 +0.34"
L) 2.28 +0.03' - 5.83 +0.39¢ 4.44 £0.60* 0.88 +0.04"
IF1 45.84 +0.08" 2.34 £0.07" 550.89 £0.05" 47.40 +£0.93" 34.02 0. 07"
1F2 43.97 +0.26" 1.26 +0.12° 699.79 £4.73" 75.77 £0.05" 37.00 4. 88"
IF3 44.87 0. 66" 1.66 £0.18" 489.19 +1.07° 40.61 £1.40° 9.18 +0.06"

T SR PR 22 53 2.2 (p <0.05)

Note; Different letters in the same column indicate significant difference(p <0.05)
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ne/100 mL, {5200 % Ak B N REFL PV,
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pe/L; Zhang 257 3 3 4of 4% 38 9 B3 FL A [ 9 L
BIN VS E i T A R B, LB B VS
YL 254. 7 ~402. 4 wg/L, ¥ 5 SEEG A5 Y
G —3 TEARHEIE T, BT 9 (IF) 1V, & &
(43.97 ~45.84 pg/100 mL) ft &, H IF2 5 1F3 )
Vg RZEFRARE(p>0.05), 4 FhshPFlhFE
9V, & (31,53 pg/100 mL) fem , 7LV, & i
(2.28 pg/100 mL) A, 470 1 FIEZL2 WV, &
Javh, HME e g 225 (p >0.05) . BEFLAY V&
WA TFEILMEAZE, H=FMAGE%ER
(p<0.05),

ABFE 3 FPEC T Wik TF1 (IF2 (IF3 Hr V) iy
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AR o 3 F il EBC T 9540 1V, & i B 3

225t (p <0.05) Al RE S A4 7 T~ K1)V, B il i A ]
AKX

AP AN a-Ty-T+B-THMS-T
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SRR E 6 A X RSPV A R TR ST
R AT a =Ty =T F 8 - T & &G HE 75
7 0.05 ~11.02 mg/L.0.05 ~4.57 mg/L 1 0.00 ~
1.36 mg/L, X GA S I 45 P IEAR — 5L, Wei &2
M7 T IRIE 103 ARk R A T AT B A&
B4R, A a-Ty-TB-THS-T
SRR 1.3 ~6.5 mg/L.0.1 ~0.8 mg/L.
0.0~0.2 mg/L 0.1 ~0.3 mg/L, 5HAA L, A< 5L
A REFLR R « - T A1 6 - T & mAWAK, 7T AE
JERAEREAR [A] A 22 57 DL S b A B R 2T
G AR, F—F a4 FiA T
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PCA B4 E
Fig.3 PCA of FSV in human milk, other mammalian

milks and infant formula
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(JEHEREFL) 1 FSV AL BRI A B T E 5 05
WYz . 430 1 AR 2 A ES, vl W EA]
(1) FSV AR & i b H i . AN ) R IEE T 0
1] FSV PYZH AN & s i AEAE 25 57, P 25 S B
P TN R S BT T FSV B pi sk .

3 &

AWFFEEET T UPLC - PDA J5 3% 551 o FSV
AT AT, % T IR BR A AE — IR A A b 43 B8 i 2
FSV(V, \V, VuHl Vi), & FSV Frifiz fhy 2 [al 15 75
WHA RFHLMERXR (R =0.999 4),LOD A
LOQ FE 43514 0.01 ~0.40 pg/mL F10.09 ~1.38
g/ mL N5 %5 B RSD AR KF 3.53% , 1A B A
XMFIRZEAN KT 3.26% , B V32 B GRE Ak 235 e
SEOMAR PR AN , ol FSV A Inbr 3
Fi(80.69% ~ 111. 66% ) 44k T R 47K Fo K H
UPLC - PDA Jy el 1 £:FL K HAb i 2L 3h P 2L b
Z 0 FSV 1 &, 3 5 18 B 5 95k 47 % He

KA V8N TSI M, 3L
Vit T IAR I EL s P 3L, 5 B AR T i 7 9
iy, BEFL S HABIFL S FL R KL Vo PCA
BB ICTT U5k, HoAb S sh w3l (JC 2
FL) FEEFL b FSV R RS BT 25 b, BTl
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