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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 2 Novapak Cis 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. ’
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Table 1. Reproducibility of retention times for 8 fat-soluble vitamins

Retention times
Vitamins N
mean(min) SDr 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 K; 1.27 +0.03 2.36

*S):Standard deviation, *RSD:Relative standavd deviation.
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Fig. 1. Liquid chromatogram of 8 fat-soluble vita-
mins. (1) vitamin K;, (2} vitamin A alcoho), (3} vita-
min A acetate, (4) vitamin D, (5) vitamin D, ©)
vitamin E, (7) vitamin E acetate, {8) vitamin K,.
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Fig. 2. Profile of wavelength and flow progress.
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Fig. 3. Chromatograms of fat-soluble vitamins after
hydrolysis. (1) alkaline hydrolysis, {IT) enzymatic
hydrolysis.
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Tabfé 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 Ds E Ks A alcohol Dz E . Kz
n-Hexane 88.2 90.2 88.1 10.3 90.3 90.1 83.1 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 9.8 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
Chtoroform 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 . . _y o e . . .

Vitamin  Vitamin Vitamin  Vitamin | Vitamin  Vitamin  Vitamin  Vitamin
A alcohol Ds E Ks A alcohol D E Ka

Silica 93.5 95.1 9.1 15.6 93.1 94,2 91.7 90.4

Alumina, A 30.1 86.5 86.3 20.4 57. 4 86.¢ 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 90.5 57.4 12.1 67.1 91.4 38.9 72.4

Ci 84.4 88.7 87.6 117 85.3 89.8 90.0 85.1

Table 4. Recovery(%) of fat-soluble vitamins by pretreatrnent time in alkaline hydrolysis

Time(hr) Vitamin Vitamin Dy Vitamin E Vitamin Ks
A alcohol
1 78.4 75.2 80.0 40.0
4 85.1 84,1 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
. Yitamin N . o
Time(hr) Vitamin Da Vitamin E Vitamin Ks
A alcohol
0.5 86.4 85.1 88.2 84.3
1 50.3 20.1 89.4 88.2
2 90.5 90.4 9l.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 . —
© Vitamin A o minDs VitaminE VitaminKs| VA yo D 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 65.1 712 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[ Vieamin A
(r) | VEAMINA o inDs VitaminE VitaminKe| VEMOA g De VitaminE Vitamin Ke
alcohol alcohol
5 89.4 91.1 93.2 27.5 91.0 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
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Table 8. Fat-soluble vitamin contents of vitamin products and foods (Value in ppm)

Vitamins
Vitamin A Vitamin Dy Vitamin E Vitamin E
Sample alcohol : Htamin acetate
Vitamin tablet 75 1 - 9
Vitamin syrup 50 2 - 7
Mayonnaise 8 4 97 =
Margarine 6 7 46 : -

() 4 (1

(1I0) [§3%]

Fig 4. Chromatograms of vitamin products and .

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

¥ 9 BAVNSENY BF A2¥Y)I} 5%
2 10%Y 2S¢ A F& FEFEE VIR
Row, Alg FEHI F7HE w2 28 &
of Az Zaded ol FAME £H49 capa-
city'ol 710ty A Ech

dlefgle] X3k, HEF(rIaMZ, wlolrl@)
R vetgl AAGEAN, ANF) B EA4¥e A
44 viEiRe] & R #F FHE Aivle
¥y wa AedF FAANHAY F  diethyl
ether2 Hle}9lg 3 HPLCR ¥A43dt. &

Vol. 33, No. 1. 1989

MA2 R I2olEIWL Table 8 B Fig 49
gon ALY WEad FHF U YT A
HEAE 27 dA¥E 4 & AUtk gy
E diddAe d¥wyez AF 9 wgw
AN F EAsE ALA uegle ¥ B
BFE Ml 2EE Aoz ARy,

@ B

AE 2 YEY AAFd 44 vEDS
TA Y37 A 3 R PIFYPL HEWY
2% odgd e FAEL 494

(1) 4A) Z2=oEddd AP grix A&
d vlgRle] FA B B FFE& Novapak Cu
APYAAN viety . E=95.5 o| A2 T4
W 823l 08¢0 TEENE B H
HERI] FRel mEl F4Er & fPpez
HAEHPE vifFozy =g YNNG $
ARt

@ Alse ANee L2l JHeEYEE &
a7tsEEda ostd Mo, WEg
A. D, E BYde ¢ste] sledday 9 XL
NArEHY LF FEY AJE Yepioy b
ElRl K E4ede X274 F& 3
#g vegud.

(3) vetwl 2o dy-dN F2EEY AN
23 F2Ye o, AN-4M FFA
diethyl ether ¥ pentanec] Y3 $ fujeln o
A-3H FFele silica FEJAZ F& d
F Jerdrct.

@ NE AMYN HFH AN N &
7te] ZhEHA 8 At R 1642 oIUZ KL



54 SEF 28K

FHREANAE 1A R 2412 o)y}, JA
AHEl &x& 99Hy 284 20CoYx
R27teER A€ 30C R 37Cody. =8 A
A2 gdol i AE FE¥E L7ty K4
Y R AAVMERHY BE 5%9 10% 904
F& 2H4E g

©) AF(Ftavz, vpolzld) ¢ vl Y4
(BA. AF) Fo) EASE A4 HEEY
TR X UFE 2 AF Mo g 249
Az A B71E G YAk,

ol

. i

HI

L P. J. Van Niekerk, HPLC Food Anal, 187 (19
82).

2. M. C. Mulry, et al, J Assoc Of. Anal. Chem.,
66, 746 (1983).

3. T. Kobayashi, et al, ] Nutr. Sci Vitaminol.,
30, 421 (1934),

4. J. N. Thompson, et. al, NBS Spec. Publ., 519,
279 (1979).

5 H. Cohen and M. Lapointe, J Agric. Food
Chem., 28, 1210 (1978),

6. S. A Barnett and L. W. Frick, Anal Chem.,
51, 641 (1979). '

7. ). N. Thompson, J. Assoc. Oft. Anal. Chem., 69,

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

727 (1986).

- D. B. Parrish, CRC Crit. Rev. Food Sci Nutr.,

13, 337 (1980),

. A. Rougereau, ¢t al, Recent Dev. Food Anal.,

Proc. Eur. Conf. Food Chenm., 1s¢, 33 (1981).

J. W. Devries, et al, Lig Chromatogr. Anal,
Food Beverages, 2, 477 (1979).

S.L. Reynolds and H.}. judd, Analyst, 109,
489 (1984).

J.N. Thompson and G. Hatina, J Lig. Chroma-
logr., 2, 327 (1979),

H. Fukuba and T. Murota, . Micronutrient
Anal, 1, 107 (1985).

P.A. Lotfy, et o, J Lig. Chromalogr., 4, 155
(1981).

H. Cohen, ¢ al, J Assoc. Off Anal. Chem.,
67, 271 (1984).

R C. Williams, et. af, J Chyomatogy. Sci., 10,
494 (1972).

J. W, Dolan, et. o, ] Chromalogr. Sci., 16, 616
(1978).

F. Zonta and B, Stancher, /, Chromatogy., 248,
105 (1982).

C. F. Poole and S.A. Schuette, “Contemporary
Practice of Chromatography”, P. 448~451, El.
sevier Sci, Amsterdam, 1985,

Journal of the Korean Chemical Socicty



