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ABSTRACT. The extraction method and quantitative analysis for the fat-soluble vitamins present in
food stuffs and vitamin products have been investigated. The simultaneous separation and analysis of
the vitamins by reverse phase high performance liquid chromatographic method was conducted using an
isocratic elution with methanol : water (95:5) eluent on a Novapak Ci column. The detection of vita-
mins was achieved by a variable wavelength UV detector. To improve the detection sensitivity detection
wavelengths were set at the highest absorption bands such as 330, 265, 285, and 290nm for the respe-
ctive vitamins. The analysis for the fat-soluble vitamins was finished within 40 minutes. Alkaline hydro-
lysis and enzymatic hydrolysis were investigated for the sample preparation; and liquid-liquid extraction
and liquid-solid extraction were attempted for the extraction of vitamins. Both hydrolysis methods were
turned out to be appropriate for the analysis for vitamins A, D, and E, while for the analysis of vita-
min K the enzymatic hydrolysis method demonstrated better results. Diethyl ether, pentane, and n-he-
xane were found to give higher recovery for the liquid-liquid extraction and silica cartridge for the li-

quid-solid extraction.

— 46—



L
1Y%

A B

A7+ g FEo] ARAHQL AEreg ¢H3
2 o, Ad, g943E, T 9% %
E o9z AFeo v, £4, 328 F9
dasdcth olF veNe 2oz AY A
48 zAEAUE FHolAM nFe] FrAR 2o
U F71de] old fr1Aelgte FoA chad,
nFogx AylFHgs xEie frlEAY
E FeA 323z Zoy =g sy
HAUelx A== uks) vetne Aoy
g3 ool ditte HoA thadh. o2& vlE
A FFe AF 2 HEY AAFE 4A%
zzH 2 9 ¢+ loen, JEFH EASe
HEYS BHE 100gF ugFEolm HE A
ol pgdA mg7AA FHEHS ok 28 B
2 AF 9 ve AAZFH EAste vy
dFE &£337] e WAL GHEAS
AAsAol g2 BE BAsiua sie vgq
< & vegRezry FAAt o, £
HEYe B4R AFEEAH HEH7 43
Aa, d 2L AHE ZAENE AS 339
H7) g&Ed AR dAe %A L vgd &
o] 7hadn desjorgt ¥ A
=9 FAYUEr} FolAA o old e IF
AEo] ol #F AFE H3 ¥ w Ao

Mulry 522 2 &3 EA3te vgEg™ A o
AAAZE  chloroform-ethanol-water &8 &
#%3x HPLCZ ¥431g o, Takeuchi 5’
2 ATRE EFE R ALFE Ade=

D& F%3lo HPLC, UV 2 GC/MS=
t}. Thompson %2 2 EFF9 HEH

%2, BAdgd+ed isopropanoldl H]
ERlE EE F4o] Be AAHEE 59
¥ & n-hexane2® FZ%3%o HPLCE A
8l ch. =% Cohen® Lapointe’s EEAIRE
dioxane-isooctane EHEMEZ A F tetrae-
thylenepentamine® F7}3td ol EVUEE F
2] &z WElYNE FEd3 FE2F ol
¢4 wEe HPLCE EHsud. ¢4
Barnett®} Frick®& W EFRl A AF o HER A

Vol. 33, No. 1, 1989

KA Z2otead A o HE ¢ gy 47
AAZ AEA B FA] EHA @ A7

acetate, Y|E}¥l D, ¥ HIE}Yl E acetate n-
hexane®.2 FZ%% p-Bondapak Cn? p-Bon-
dapak Phenyl Z @734 tElE=-8 7127 &
gl ¥e 9 AFscl. Thompson™e 2 F
2 ARSI Y BlEIY A BE4Ho) #F review
28 ¢RI Ed ACACHT ==vlEdy
Ve 45 vug" ofgy Alge ¢ty
FEA YT vEdle] QA - FEY| o
3o Byt th. E Parrish®e= 2 E32 dlE
A K E4o B review =80l HER K9
F2% ¢ aEvEadEye A3 FIYL
Hastgch., o]idelA E uiel ol ALA |
gvle 2 g Ao #AF AFE F2 Pt
2 A4A vERE FZ2402 F23n G
ggeA 717 Seger e 2 AFsAs)
22 9d ALY vEAE FE402 FF3
2 9Y A T80 fEgez AHFI

FAZ =7 oA ¥4 Al7ke] Wol &

tlo wjo

e

£ owdel ddn. =8 d47A R84
Mg A 23 FAd 2o 2 A
' dFE 3 H9 94 ¥e Aud 3l

g 2 A7dMe AF E HER AR
ol EAdte AeiztA A &4 ¥ENE T4

FE3t A F2 ¢ AF & F e
HHE AL, BHa s Alge HA
o 2A g7te ZeRAEH AL RE
gy FEYozx AF-dF F&Y

AA-uH FE2YE 43I vn HEFAC.
obgel HAz 822X AAY AL, &=
2 AH2 A dY ANEFEHlY 9=
s

i

B Mg 2
n:on‘E
mlorzi

>
0%

Z1718X[, B A¥AM A1 87 nAT AA)
FZutEag X = w39 Waters Associates3] A
AEoz YEIZE MS510 Solvent Delivery
System, AlEF YA AE M-U6K Universal In-
jector, 7%&7]¥= M-490 Programmable Multi-
wavelength Detector, 7]1%7]& M-740 Data



48 SBIE - HEH

Module-& A}8-3t3th.

olFdez A&g wlel=& Aldrich# Al A
HPLC& & Al&&Yon ZFF&E 9x {3}
o Fole 9 Folg nB{FAY BN @
o2+ E AEEHY. EFLAL 0.5um Milli-
pore organic filter2 %31 =& AFr=2
308 JFAA §&HY Qe 7IXE A3
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FA4o 2= Novapak CBB(3.9mmX15
cm22 FAAY HFYAY FA7E 4um=T
F3E 3& A8

Al 3 E0f. 2 Adgd Agd beme
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florisil ¥ Cip & AFE3IYT}.

Ay gy,

1) HgRl BEFEH :87Fx] &4 vEgR
EHEE §92 20pg/m/ ¥EHT A alcohol, 30
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Table 1. Reproducibility of retention times for 8 fat-soluble vitamins

Retention times
Vitamins -
mean(min) SDe RSD/ (%)
Vitamin A alcohol 2.98 +0.06 2.01
Vitamin A acetate 4. 40 +0.01 0.23
Vitamin D, 11.38 +0.24 2.11
Vitamin D, 12.21 +0. 26 2.13
Vitamin E 16.52 +0.34 2.06
Vitamin E acetate 27.00 +0. 56 2.07
Vitamin K, 39.03 +0.75 1.92
Vitamin Ks 1.27 +0.03 2.36

“SD:Standard deviation, "RSD:Relative standavd deviation.
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Fig. 1. Liquid chromatogram of 8 fat-soluble vita-
mins. (1) vitamin Ks, (2) vitamin A alcohol, (3) vita-
min A acetate, (4) vitamin D., (5) vitamin D (6)
vitamin E, (7) vitamin E acetate, (8) vitamin K.
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Xg4o slelRie] A 2al. Z+ ALA viE
g9 UV o F4343E RAE] 39 7
244 HEeEd FEAGE vetsd &3 3o
200nmol A 400nm7tA 8] UV 4 2¥MEGHE
de& #Ax ZF {4 vy UV Hd F55%
A vEdl A alcohol 324nm, ®IEFY) A ace-
tate 324nm., BlE}R D, 265nm, BlEFF! D, 265
nm., HE}¥] E 291nm, HlE}l9l E acetate 284
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Fig. 2. Profile of wavelength and flow progress.
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o Ede UL ¥PIAUc. TH N84
vgRle] H3A FAERAL t&H god
FdE 2=y 2 7 vERey oiE
AZrE Fig 1 9 Table 1% 2t
-¥ 8 2 A-
4 3 : Novapak Cy
£ 894 : MeOH/H:0=95/5
3 E4% | 1.0m/min.(1000psig)
#A&7) I UVD
ol HElY S AEFP=E F7HAF7 H3tH
BENEZd UVHEE 2t vigde 57§ AT
of wtel Fig. 29 o] MARAYG. ¥ 48 =
Aol Ztztel g4 vEvol I RIyHm
HEE ALY AEL=E %3E BT ol



50 PRIF - SHH

) o o

16299

—Z318
T
2018

16095

Fig. 3. Chromatograms of fat-soluble vitamins after
hydrolysis. (1) alkaline hydrolysis, (I1) enzymatic
hydrolysis.
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recovery( %) =

(amount found in spiked sample~unspiked sample)
spiked sample

X100

@7t SeEEd 2 ma MR Yo
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EtYl A alcohol, D;, E¥to] @ A& g1 H E} 9l

= 2 gehdx g3 9. = 29y span
il ez Az & AL wgw Ky *&8
°f 33 Az ol tE NgA HET
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H7l "o, ZAVNGFEAYNME &7}l
Aoz Ha Aol AFd @ L R
HER K7b #3955 gm @ 229ga Az
¥oh. makA wEgw A, D, E9 ALd= ¢
7t JhE R % RasM5EHY S o
T oy wEwl Ko S h: A T
Ty te] £ AN Wolel Atz @),
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& F AR LAY SR H grien
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g ZAfde HEgY F&g0 Azgy o=

Table 2. Recovery(%) of fat-soluble vitamins by liquid-liquid extraction

Alkaline hydrolysis Enzymatic hydrolysis
Solvents

Vitamin Vitamin ~ Vitamin  Vitamin Vitamin Vitamin " Vitamin  Vitamin

A alcohol D; E Ks A alcohol Dz E . Ks
n-Hexane 88.2 90. 2 88.1 10.3 90.3 90.1 89.1 88.2
Pentane 92.4 92.3 90.5 12.5 93.5 92.5 93.2 91.6
Petroleum ether 85.8 88.4 90. 8 10. 1 90.2 90.2 93.7 89.6
Diethyl ether 92.6 95. 8 90.6 15.2 95.2 93.1 95.1 90. 4
iso-Octane 85.6 84.1 83.4 6.7 86.1 . 85.2 85.6 82.1
Chloroform 72.4 78. 6 76.1 3.5 74.4 73.1 78.1 73.9
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Table 3. Recovery(%) of fat-soluble vitamins by liquid-solid extraction
Alkaline hydrolysis Enzymatic hydrolysis
Cartridges . L. .. o . . . ..
Vitamin Vitamin  Vitamin  Vitamin Vitamin Vitamin  Vitamin  Vitamin
A alcohol Ds E Ks A alcohol D3 E Ks
Silica 93.5 95.1 90.1 15.6 93.1 9.2 91.7 90.4
Alumina, A 30.1 86.5 86.3 20. 4 57.4 86.0 80.1 51.0
Alumina, B 37.4 57.5 715 7.3 49.1 80.4 75.6 54.4
Alumina, N 80.1 80.5 90.3 20.1 82.1 84.2 88.0 80.1
Florisil 60.5 9.5 57.4 12.1 67.1 91.4 38.9 72.4
Cis 84.4 88.7 87.6 11.7 85.3 89.8 90.0 85.1
Table 4. Recovery(%) of fat-soluble vitamins by pretreatment time in alkaline hydrolysis
Time(hr) Vitamin Vitamin Ds Vitamin E Vitamin Ks
A alcohol
1 78.4 75.2 80.0 40.0
8.1 8.1 82.2 35.1
8 88.1 87.1 84.3 30.5
16 88.4 91.1 89.2 27.1
48 80.2 86.2 80.4 20.0
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Table 5. Recovery(%) of fat-soluble vitamins by pretreatment time in enzymatic hydrolysis
. Vitamin N .. N
Time(hr) Vitamin Ds Vitamin E Vitamin Ks
A alcohol
0.5 86. 4 85.1 88.2 84.3
1 90.3 90.1 89.4 88.2
2 90.5 90.4 91.6 90.5
4 91.0 91.7 89.9 88.7
Table 6. Recovery(%) of fat-soluble vitamins by pretreatment temperature‘
Alkaline hydrolysis Enzymatic hydrolysis
Temperature - .
© Viamin & -y ominDs VitaminE VitaminKo| VMR Ay Dy Vitamin E Vitamin Ks
alcohol alcohol
20 88.2 89.9 88.9 27.0 80.2 83.2 80.1 80.1
30 89.1 85.4 85.7 25.0 87.1 85.4 86.1 87.2
37 75.2 76.1 72.1 23.1 91.4 93.7 90.6 89.7
50 67.4 65.1 71.2 19.4 80.1 84.6 82.9 80.4
Table 7. Recovery(%) of fat-soluble vitamins by sample concentration
Alkaline hydrolysis Enzymatic hydrolysis
Concentration[ Vitamin A
(%) Vitamin A Vitamin D3 Vitamin E Vitamin K3 ttamin Vitamin Ds Vitamin E Vitamin K
alcohol alcohol
5 89.4 91.1 93.2 27.5 910 90.9 91.9 89.9
10 88.4 90.9 91.4 30.5 90.3 90.1 89.4 89.4
20 85.1 86.2 84.7 25.5 88.2 85.4 83.6 82.1
40 72.4 76.5 75.5 24.3 57.4 60. 1 63.2 59.7

o}
HHME| AlZh 22 U A2 59 ¥98. <
7he] 7y 2 ELSES Y ga A
8EE JI5EE A2 B$ AAE Aol wE
B FZFe tAe JBE B3] 9T BN
7= Table 42 59 2. Table 42 5004
He dis}h o] AlRY AN Aol ¢7tg
ZbrEdge A 84 2 16A10UY £A
bR AL 1A L 2A70YY A
FE vgd 2288 JeEldg. 54 J15R
He AXE Azto] ¥l AEEsHe WA
gl AztEo 333 ged ole EAE AR
SE2H 5LVt ARY JFRHE 2ANNE

qeE 37 dEold Ag®).

Table 62 HA2 2= wg Hegw &z
&2 vedI gl @vte) steE gy A
AMe e=rt e g 32280
HoldE & £ Aed o AN Az 16
A =2 dg 27t F5Ed mg »
EtRle &te] R del dig B |
don AAHY, artseRsyge] A9 37T
2 30Ce AANE SN F3H vgw 22
& detled oe fi9 7%e w3
GRe exol7] WFole Az H.

A2 Ao P ANEFxuo] & uE

FEEL Table 73 RTh GFE AR
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Table 8. Fat-soluble vitamin contents of vitamin products and foods (Value in ppm)

Yitamins
Sample Vitamin A Vitamin Ds Vitamin E Vitamin E
alcohol acetate
Vitamin tablet 75 1 - 9
Vitamin syrup 50 2 - 7
Mayonnaise 8 4 97 -
Margarine 6 7 46 . -

() 4 (1

(1I0) [§3%]

9

90

-

Fig 4. Chromatograms of vitamin products and .

foods. (I) vitamin tablet, (1) vitamin syrup,
(II) mayonnaise, (IV) margarine.

¥ B EAVNFEREHY ZF A2EEH 5%
2L 10%Y AF 7ME FL FE28E JEhin
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city'ol 711%ckn Aztdch,

HIEIDIS] X2F, A F(tgulz, wielrtd)
2 wegl AAEA, AY) FA ESAse A
&4 wene & g #F §HE& Aavhs
B#do met AEE HAANIAF F diethyl
ether2 H|E}Rl & #2& HPLCZ ¥43 A #
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