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Simultaneous Determination of Vitamin D, and K, in Infant Formula
by Column-switching High Performance Liquid Chromatography
with UV Detection

Byung-Man Kwak*, Jang-Hyuk Ahn, and Chi-Hoon Chang

Research and Development Center, Namyang Dairy Products Corporation

Rapid and simple method was developed for simultaneous determination of vitamins D; and K, contents in
infant formula. Contents of vitamins D, and K,, extracted by column-switching HPLC with reversed phase
column using enzymatic hydrolysis and organic solvent, in CRM determined by developed method were within

certified ranges of standard values.
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HEN=

43 Asze 4¥94% HAS5e 99 AFHFZEH(CRM,
certified reference material)> H]E}T D, & 0.117£0.011 mg/ke,
HIEFR K& 093£0.04 mgkg T3t & infant formula
SRM 1846(National Institute of Standard & Technology, USA)
£ ARSRdiTh 3 AlFelA dhusEls Sk NALe] A7)
€ A2 A= HIEY D,E 93ug/100g, HIEN K& 25y
100g EHEEE 2A4E AFS AR

A B A" EHE Slste] ARSE g Do HIER] K,
o] HFFERM: reference material)# lipaser> SimgarHSt.
Louis, Mo, USA)2F ¢3ste] ARg-sl3ict.

ayte] AJ¢ko 2 HPLCE H,0, methanol, absolute ethanol,
isopropyl alcohol= MerckAKDarmstadt, Germany)ell*] HPLC
grades T ARSI O™ 244 EASY pure system
(Bamnstead, USA)l 28t 180 MQFFo.2 AAd L A}

Al = NIST2] SRM 18460041 2ol
HER D& HIER! K& &8st 22 100 gl s=2
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ANEE oF [ g8 0.1mgZtA AUS] k] 50mL screw-
capped extraction tubedll 21l dimethlysulfoxide 2 mLEg 7}3F
S N, gas® F313}S] cappingdt F, vortex mixerS ©|-8-3}o]
1#7F 2 23ty &8 & oF 587 Wx]8 3 methanol :
isopropanol(8/2, v/vys 10mLE 3} voltex mixer® THA] 15
7+ & Tgsint o] tubeE 108-7F sonication A7 12,000
pme.E 5%-7F YAEE sk o] e FHEE sk
2 um membrane filterd AlggHog Apg-3iAc) v A@
ule] SHgzAL &5 23+2°C, F% 50+5%M M Fasiei)

27 =Y
AE ek 1ol 40°C olate] B 15mLg ¥ & AlolE &
pH 7.7 A% 258N 5mL} lipase 2.5 ¢S H71S & 15

E2F vortex A7} o] &AL 3742°CE A E water-baseo]]
2080} 1554 EEo] FHEA 27t F2Ae] A7l §E
S0l FREH Eo AgAskd Wz 7It} Ethanol : methanol(95/
5, viv) 10mLE 7Fsted 1027} sonicationA] 7] 30 mL hexane
& A1 F 1087 shaking 3 F Wrgare] AAdch &
27 doju AN smLE FHet HA VpAR FEE
methanol 1 mLE 838|217 HPLCE 24| BA4313t} ¢, 48
Aol BxAL 25 23+2°C, £ 50+ 5%l S33siaict.
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B Aol gl elah g Dok Kol BAL semi-

18 2414 2 HIER D, K 2] A8 1025

micro HPLC(Nano Space SI-2, Shiseido, Japan)E A18-5}93t.
Switching system<> model 3012(six-way switching valve)& ©]
£3lo] UV-Vis 3002 model2 7% 3HgE 270 nmoll M 274 &)
o] Azt AlEAA HERS 12} £2]8}7] 918 capeell-
pak MF Cy(4.6X150 mm) ZHCZ H[ElTl D 5-6.3 min, K,
2 8.19.6 minellA BT AEHE S 18 switching time
o2 A4} Capeell-pak UG C,(3.0X35mm) ZH-S A}
§ato] FelE HERS FEalon HEHoR HERS &
2]5t7] Y EHAHEOR capeell-pak UG 120V C (15X
250 mm)yS AR AAE HY ol EA4S methanol : iso-
propyl alcohol : H,O0(64/16/20, v/v/v)S 0.5 mL/min®] §&0=
gt w5ZY 2 BAEES ol5 S methanol : iso-
propyl alcohol : H,O0(64/16/20, vivfv, solvent A)3} methanol
s isopropyl alcohol(8/2, v/v, solvent B)2] 2714 £nj& A}8-&ho]
0-9.6(switching ending time) min”7}A] solvent B 20%(10 pL/
min), 9.6-19.6 min7FA} solvent B 100%(110 pL/min), 19.6-50
min”7}4] solvent B 100%(110 pl/min), 50-51 min solvent B 20%
(10 uL/min), 51-60 min7}-A] solvent B 20%(10 uL/min)E pro-
grams 2 stod A3

HPLC €7l 4.5 um membrane® 2 o] #}3ty 2-&a7187)
2 87)g & ARgsiGith o, 717149 S RAe 25 23
+2°C, % 50+ 5% 5Tt

I=]

37

A59 zolol wE} thd zpolrt S & Aot B oAy

| Afdelr] a3k 3k A9 A3 iR

oA vitamin D= 94.57%, vitamin K= 94.37%% %53 3
TES Kol o] Wyle A3

oty
4
11
o
k3
:i .
e
i1t
ot
i
1o
>
B
=
_)i:
_xl.(‘
o
s
Mr
‘_u
~N
N,
o

{o

Switching system HPLCE 0|&$t HlEIRI D, K, &8/
d4s

Fig. 12 2&52Ho2 vEl Do} K& 553 & switch-
ing timeg 5-9.1 min& A43ste] HPLCO] F5igt A= vle}
7 DSF K8 peak TRl w2 wal] o] Exjale] Pgal
HlERR S ZA4st7] ofgch webA HlE] Do Kb A
Ael Aol EElsle AlRE SA sk 219 switching
systems ©]&¢ B HiE Fig 20 YT Fig 2004
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Fig. 1. Total switching system HPLC chromatogarm of Vitamin
D;and K.
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Fig. 2. Individual switching system HPLC chromatogarm of
Vitamin D, and K.
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Fig. 3. Non-switching system HPLC chromatogarm of Vitamin
D;and K.
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Fig. 4. Total switching system HPLC chromatogarm of Vitamin
D;and K.

So] vl D, peakdl] HA= EHE AAsAo HER]
K19 7ol Fig 13 22 2345 23t

Fig. 32 lipaseS ©]-&3te] At A ike HAA7A, &
7)eu)E F23F 3 swithcing systemS 2-831%] % AT
HERR! Ko] Afole 73 dejEdo] Rolx] gx]qt gl
Do} WElEE peak’t AXE Aot bRt wEb switching
system ©|-8st HAz] HHoA A WEAS AAsIE
2} S tHFig. 4). Zefut 3 9] switching timee A8AH
< w H[E] D, peak®t Wl EA peak’t HXe A4S Hol
2= v D K7F AAeE oM #elHe AlE &
At 2H9] switching timeS AEAIHTE L A} Fig. 5004
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AN E AAE 5 AATh
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Fig. 5. Individual switching system HPLC chromatogarm of
Vitamin D, and K.

B 7o a4k RHOR Ax]e] T switching system
HPLCE ©]&3fd HIER D&} Ko A4S 7] 919 3
AFA el A#A 4 (correlation coefficient r* value)= 1) HIEFY
D,:2 = 0998, 2) H]ElR! K, : r* = 0.997°]31t}.

47718 Z=AA Al SAA5} HER D= 117 ug/100 g,
HIER K& 318 ug/100g0 2 F7|gnn) thi E7 vyt
out, B Ao Ao fste] AT FARISEFER
?1 NIST SRM 18469 ZA¥+= HIERY! D7} 0.108 mgkg -2 A
AEwA 0.117£0.011 mgkgel HHWR S4o] HUom, H|
ERT K] 091 mgkgl 2 AF741 0.9310.04 mgkge] B9
WE- ZHo] =9tk vleld D9 K2 B4 A3} o] #7)
kel 93 ug/100 g, 25 ug/100g Btk &4 Ve o]g= HE
9 D9 13 ug/l00keal, BIEFR] K, 9 4.0 ug/100kecal ©]/d<]
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