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Fat-soluble vitamins, A, D, E, K~, and vitamin esters, A acetate and E acetate, 
have been resolved and quantitated in paprika and paprika oleoresin. The anal- 
ysis was carried out by reversed-phase gradient elution high performance liquid 
chromatography with spectrophotometric detection. Paprika samples were ex- 
tracted with ethyl acetate and the extract directly injected at room temperature 
without prior hydrolysis or isolation steps. Thus, the method can be useful for 
the quality control analysis or the routine determination of fat-soluble vitamins 
in commercial samples of paprika or paprika oleoresin. 

INTRODUCTION 

Fat-soluble vitamins are present in foods in variable 
concentrations, those of vitamins D and K being very 
low When compared with vitamins A and E (Macrae, 
1988). Classical methods for the determination of vita- 
mins A, D, E and K in foods, lack specificity, display 
poor internal precision, are time consuming, and are 
not suitable for simultaneous determinations. Vitamin 
A is currently analyzed by the Carr-Price colorimetric 
method (AOAC, 1975). Similarly, a classical vitamin E 
determination uses the Emmerie-Engel reaction 
(AOAC, 1975). Vitamins D and KI are commonly de- 
termined by bioassays (AOAC, 1975). 

The application of high performance liquid chro- 
matography (HPLC) to the determination of vitamins 
normally requires previous steps to separate the vita- 
mins from the complex food matrices. On the other 
hand, ester derivatives of fat-soluble vitamins are usu- 
ally present and fiydrolysis steps might not be adequate 
to free the alcohol form of the vitamin. In addition, 
vitamin E is extremely sensitive to degradation by alka- 
line hydrolysis, vitamin D suffers a variety of isomer- 
ization reactions and vitamin K~ is destroyed (Barnett 
et al., 1980). 
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Liquid chromatographic separations of the fat- 
soluble vitamins in different foodstuffs have been re- 
ported (Carpenter, 1979; Parrish, 1979, 1980; Zonta et 
al., 1982; Cort et al., 1983; Stancher & Zonta, 1983; 
Reynolds & Judd, 1984; Wickroski & McLean, 1984; 
Hogarty et al., 1989). Vitamin E (total tocopherol) in 
paprika and paprika oleoresin has also been deter- 
mined by several methods (Fuente et al., 1976; 
Domenech et al., 1977; Kanner et aL, 1979; Hiroyasu 
& Murota, 1985; Vir3as et al., 1992). However, method- 
ology for the simultaneous rapid determination of 
vitamins A, D, E and KI in red pepper, paprika and 
paprika oleoresin has not been reported. 

In the present study, a procedure for the simultane- 
ous determination of the fat-soluble vitamins and fat- 
soluble vitamins ester derivatives in paprika and pa- 
prika oleoresin is reported. The proposed method 
avoids previous purification and hydrolysis steps. A 
gradient elution technique allows the determination of 
the vitamins in the presence of paprika carotenoids. 
Therefore, the procedure is fast and simple and may be 
useful for routine analysis when a large number of 
samples are involved. 
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MATERIALS AND METHODS 

Apparatus 

The HPLC system consisted of a Perkin-Elmer Series 4 
liquid chromatograph operated at room temperature, 
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Fig. !. Predicted (lines) and measured (symbols) capacity fac- 
tors of vitamins with the methanol/water mobile phase. Flow- 
rate, I ml rain ~; sample loop, 20 /zl; UV detection, 325 nm 
for A and AA, 280 nm for D.,, E and EA, and 248 nm for KI. 

The capacity factors for all vitamins markedly in- 
creased with higher water concentrations. Thus k' 
ranges were !.66-23.77 for the methanol/water (95:5) 
mixture and 0.99-9.27 for the (98:2, v/v) mixture. 
Thus, a (98:2, v/v) methanol/water mobile phase was 
selected for the first apex of the selectivity triangle. 

Total solvent strength for the methanol/water (98:2, 
v/v) composition was 2.55. Binary mixtures giving the 
same solvent strength would be acetonitrile/water 
(80:20, v/v) and tetrahydrofuran/water (57:43, v/v). A 
comparison of the chromatograms showed that all 
vitamins were well resolved with methanol/water; how- 
ever, some vitamins co-eluted when acetonitrile/water 
or tetrahydrofuran/water mixtures were tried. Separa- 
tion with acetonitrile/water (80 : 20, v/v) caused a delay 
in the elution of all vitamins and no resolution between 
peaks was obtained. In contrast to what might be 
expected on the basis of  polarity, acetonitrile was a 
weaker eluent than methanol. This was in close agree- 
ment with the results obtained for the determination of 
fat-soluble vitamins in human serum (Lefevere et al., 
1979). Separation with tetrahydrofuran/water (57:43, 
v/v) caused the co-elution of vitamins D2, E and E 
acetate and the pair A, A acetate was poorly resolved. 
Thus, since methanol/water mobile phase satisfied the 
requirements of good resolution for all peak pairs and 
appropriate analysis time, ternary mobile phases were 
not investigated. 

The substitution of water by a less polar organic 
solvent, such as acetonitrile or ethyl acetate, produced 
a strong decrease in the k' values of the vitamins. 
Figure 2 shows the variation of capacity factors of the 
vitamins with stronger solvents than water to optimize 
the total solvent strength. These binary mixtures were 
not selected since some vitamins co-eluted at the void 
volume as non-retained compounds. 

The values of separation factors (a) and resolution 
(R,) are shown in Table 2. For the methanol/water 
mixtures, both separation parameters increased at the 
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Fig. 2. Predicted (lines) and measured (symbols) capacity factors of vitamins with the methanol/acetonitrile (a) and 
methanol/ethyl acetate (b) mobile phases. Flow-rate, 1 ml min-~; sample loop, 20 #.1; UV detection, 325 nm for A and AA, 

280 nm for D 2, E and EA, and 248 nm for K~. 
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Table 2. Selectivity. (c0 and resolution (R,) of the fat-soluble 
vitamins 

Mobile phase A/AA AAID, D,/E E/EA EA/Kt 

Selectivity (ct) 

MeOH/H,O 
100 : 0 1.99 
98 : 2 1.88 
96 : 4 1.72 
94 : 6 1.78 

MeOH/EtAc 
95 : 5 1.04 
80 : 20 1.03 
60:40 1.14 

MeOH/AcN 
95 : 5 1.40 
80 : 20 1.38 
60 : 40 1-57 

1.88 1.12 1"50 1-77 
2'28 1.22 1.50 1.24 
2.23 1.32- 1.60 1-56 
2-75 1-03 1.75 1.65 

1.47 1.04 1.40 1.93 
1.03 1.12 1.38 1.35 
1"50 1-16 1.20 1.37 

1.24 1-08 1.45 1.54 
2.52 1.09 1-34 1.43 
3-10 1-11 1.26 1.36 

Resolution (R~) 

MeOH/H20 
100 : 0 2.73 3.62 1.02 4.30 6-25 
98 : 2 3.37 6-92 2.46 6.17 6.60 
96:4 5-37 8.38 3.21 7.37 6.95 
94:6 7-07 16.13 4.40 10.52 7.32 

MeOH/EtAc 
95 : 5 0.10 1.26 0-37 1.40 5.20 
80:20 0.10 0-07 0.27 0.97 1.17 
60 : 40 0.20 0.47 0-17 0.26 0.97 

MeOH/AcN 
95 : 5 0-10 1-00 0-40 2.70 4.77 
80 : 20 0.87 3-50 0.60 2.40 4.03 
60 : 40 1.30 4-77 0.83 2.20 3.29 

higher water concentration; stronger solvents led to a 
values very close to I and R, values below 1, showing a 
worse separation. 

Calibration graphs were obtained by plotting the 
peak area against the vitamin concentration and were 
linear in the ranges 0-05-30 p,g ml~ for vitamin A; 
0.05-35 /xg ml~ for vitamin A acetate; 0-1--40 /xg ml I 
for vitamin D_,: !-60 p,g ml~ for vitamin E; 1-65 /zg 
ml ~ for vitamin E acetate and 1-50/xg ml J for vitamin 
Kt. The relative standard deviations (RSD) were: for 
0.58 /~g ml .t of  vitamin A (10 determinations), 3.9%; 
for 0.80 p,g ml t of  vitamin A acetate, 3-8%; for 1.06/~g 
ml ~ of vitamin D,_, 4.7%; for 10-3/,tg ml t of  vitamin E, 
3.5%; for 11.6/xg ml t of vitamin E acetate, 3.8%; and 
for 3-80/~g mE t of vitamin K~, 4.7%. 

HPLC determination of vitamins in paprika and paprika 
oleoresin 

Addition of ethoxyquin (EQ), a non-natural anti- 
oxidant, to paprika is tolerated in several countries. EQ 
is a potentially interfering substance in the determina- 
tion of the fat-soluble vitamins in paprika. However, 
with the methanol/water (98:2, v/v) mobile phase 
selected, EQ was eluted at the void volume and no 
interference was detected (Vifias et aL, 1991). 

Vitamins were extracted from paprika after approxi- 
mately 5 min stirring with ethyl acetate. To prove 
quantitative extraction, two successive extractions of 
the sample were performed. In the second solution, no 
peaks appeared at the retention times corresponding to 
the vitamins. Therefore, a single step with an extraction 
time of 10 min was selected. 

Organic extracts of paprika contained many 
coloured substances which can overlap with the vita- 
mins, thus preventing their selective determination. 
Consequently, the most suitable mobile phase composi- 
tion for the separation of the different components pre- 
sent in paprika and paprika oleoresin was investigated. 
Non-aqueous reversed-phase chromatography (NARP) 
has been found useful for the analysis of lipophilic 
samples (Parris, 1978a, 1978b). Thus, the applicability 
of this method to the analysis of paprika under mild 
conditions, i.e. at room temperature without prior 
hydrolysis or isolation steps of  the sample, was tried. 
Figure 3 illustrates the chromatograms obtained for the 
injection of a vitamin mixture (1) and a paprika sample 
(2) when different aqueous and non-aqueous mobile 
phases were compared under otherwise identical oper- 
ating conditions. Chromatogram D for paprika sam- 
ples shows two peaks at equal retention times to those 
of  vitamin A acetate and vitamin E acetate and were 
therefore quantified in these forms. However, the possi- 
bility that these peaks correspond to a more complex 
ester mixture co-eluting at the same retention time 
cannot be excluded. Vitamin D exists in vegetables 
exclusively as D.,; thus, vitamin D found in paprika was 
quantified as vitamin D.,. 

Figure 3 suggests that carotenoids and other pig- 
ments present in paprika samples require strong totally 
organic mobile phases to be eluted from the column. 
Thus, rapid and complete elution of the components of 
paprika was observed when methanol/ethyl acetate was 
used as the mobile phase (chromatograms A, B and C). 
Conversely, no elution of the sample components (only 
the vitamins can be detected) from the column was 
observed when a semi-aqueous methanol/water (98:2, 
v/v) mobile phase was used (chromatogram D). Syste- 
matic tests using 90%, 50% and 10% ethyl acetate in 
methanol clearly indicated the dependence of elution 
speed on the concentration of ethyl acetate; an increase 
in the concentration of  this solvent in the mobile phase 
accelerated the elution of the sample components. 
Therefore, a gradient elution technique was applied. 
The optimized gradient elution programme is shown in 
Table 3. The initial methanol/water (98:2, v/v) solvent 
allows both the elution of the vitamins as a series of 
well resolved peaks in the early part of the chromato- 
grams and the strong retention of the other sample 
components, This was followed by a rapid elution as a 
single peak, well resolved from the vitamins, when the 
ethyl acetate proportion was increased. Figure 4 shows 
the chromatogram for a paprika sample. 
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Fig. 3. Comparison of the elution profiles corresponding to a vitamins mixture (1) and a paprika sample (2) with different aqueous 
and non-aqueous mobile phases. Flow-rate, 1 ml rain-*; sample loop, 20/.d; UV detection, wavelength changes are reported at the 
top of the figure. Mobile phase (%): A, methanol/ethyl acetate ( 10 : 90, v/v); B, methanol/ethyl acetate (50 : 50, v/v): C, methanol/ 

ethyl acetate (90 : 10, v/v); D, methanol/water (98 : 2, v/v). 

The identity of  the vitamin peaks was first confirmed 
by spiking samples with known amounts of standard 
vitamin solutions. Further peak characterization was 
achieved by varying the mobile phase composition and 
comparing the chromatograms of  paprika with those of  
the corresponding vitamin standards. Attempts were 
made to confirm peak identities by fraction collection 
and mass spectrometry; however, sensitivity of the 
apparatus was not enough at these low concentrations. 

Table 4 shows the results in sweet paprika and oleo- 
resin samples. Four replicates were run for each sample 
and three injections of  each extract were performed. 
Vitamin E is" the more abundant. Vitamin D appears in 
a lower concentration and in some samples could not 

Table 3. Gradient elution programme, flow-rate I-0 ml min-I 

Stage Time Mode Elution solvent (%) 
(min) 

MeOH Water Ethyl 
acetate 

Equilibrium I0 lsocratic 98 2 0 
Start 17 lsocratic 98 2 0 

1 Linear to 5 0 95 
End 3 lsocratic 5 0 95 

1 Linear to 98 2 0 

be detected (the minimum determinable content of  
vitamin D, in paprika is 2.5 #.g g-9- These findings are 
in close agreement with the common content in vege- 
tables. Vitamin K, has not been found in any of  the 
analyzed samples (minimum vitamin K~ determinable 
content in paprika is 20 #g g-9. The recovery of  

325 nm 2110 nrn 2~Enm 

100 MeOH 'Ac 

A~_ c ' --  

I 0,002 AU 

o - - -  . - _ W ' : - ' .  . . . .  , . . . .  .--_7. . . . . . . .  

j 
S 10 t(min) 

Fig. 4. Chromatograms of a paprika sample with the gradient 
elution programme. Flow-rate, ] m[ rain-i; sample loop, 
20 ~!; UV detection, wavelength changes are reported at the 

top of the figure. 
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Table 4. Fat-soluble vitamins content in paprika and paprika 
oleoresin (/~g rt)  

Storage Vitamins (~.g g- J) 
time 

A AA D, E EA 

Paprika ,} 
2 
3 

5 
6 

8 
9 

Oleoresin 
1 
2 
3 

15 12 12 882 418 
15 days 8 8 9 309 227 

5 7 ND 322 122 
4 6 ND 302 283 

6months 6 7 4 364 282 
6 3 5 380 116 
5 7 4 360 152 

1 year 5 5 ND 228 90 
5 8 6 161 105 

!12 271 78 13772 2547 
80 165 178 2184 1265 

277 349 174 9763 870 

ND, Not detected. 

vitamins was determined by analysis of paprika 
extracts spiked with 0.5 p,g ml~ of vitamins A, A 
acetate and D, 5 /~g ml-~ of  vitamins E and E acetate 
and 4/zg ml-' of  vitamin K~. Results showed recoveries 
for the vitamins ranging between 94 and 101%. Signifi- 
cant variations in all the vitamin levels were noted 
when the storage time of  the paprika increased. 

In the oleoresin samples, a wider variation in the 
vitamin E levels was detected. This would be expected 
due to variation in the content of  the vegetable oils 
used to dilute the oleoresins; this procedure is com- 
monly employed to obtain the final colour required. 

Finally, the vitamin content of  the dry pepper from 
which paprika is prepared was also determined. Previ- 
ously, the different parts of  the dry pepper--peel, seeds 
and peduncle--were separated and ground in a ball 
mill. Results showed that vitamins A, D and E were 
found in the peel. Vitamin E was found in the seeds 
while vitamins A and D were not detected. In the 
peduncle, only a minimal amount of vitamin E was 
found. 

Several experiments were performed to establish the 
reproducibility of  the method. Ten injections of the 
same paprika extract were used to determine the instru- 
ment stability. The relative standard deviations of  the 
vitamins were in the range 1-8-5.9%. To calculate the 
precision of  the whole procedure, 10 separate extrac- 
tions of the same sample were performed and the 
solutions chromatographed (RSDs ranging from 3.2% 
to 6-5%). 

ACKNOWLEDGEMENTS 

The authors wish to thank Ra61 L. Navarro, S. A. for 
supplying paprika and oleoresin samples. Financial 

support from Comunidad Aut6noma de la Regi6n de 
Murcia (Spain) (Project PCT 90/27) and Spanish DGI- 
CYT (Project PB 90-0302) is gratefully acknowledged. 

REFERENCES 

AOAC (1975). Official Methods of Analysis, (12th edn). Asso- 
ciation of Official Analytical Chemists, Washington, DC. 

Barnett, S. A., Frick, L. W. & Baine, H. M. (1980). Simulta- 
neous determination of vitamins A, D, or D.~, E and Kt in 
infant formulas and dairy products by reversed-phase 
liquid chromatography. Anal Chem., 52, 610-14. 

Beaulieu, N., Curran, N. M., Gagn~, C., Gravelle, M. & 
Lovering, E. G. (1989). Liquid chromatographic methods 
for vitamins A and D in multivitamin-mineral formula- 
tions. J. Assoc. Off. AnaL Chem., 72, 247-54. 

Carpenter, A. P., Jr (1979). Determination of tocopherols in 
vegetable oils. J. Am. Oil Chem. Soc., 56, 668-71. 

Cort, W. M., Vicente, T. S., Waysek, E. H. & Williams, B. D. 
(1983). Vitamin E content of feedstuffs determined by high- 
performance liquid chromatographic fluorescence. J. Agric. 
Food Chem., 31, 1330-3. 

Domenech, M., Farr6 Rovira, R. & De la Torre, M. C. 
(1977). La estabilidad de la oleorresina del piment6n. Anal 
Bromatol., 29, 461-82. 

Fuente, T., Serna, A. & Navarro, F. (1976). Estudio de a-to- 
coferol en piment6n. Determinaci6n cuantitativa de a-to- 
coferol en piment6n. An. Quire., 72, 750-2. 

Glajch, J. L., Kirkland, J. J., Squire, K. M. & Minor, J. M. 
(1980). Optimization of solvent strength and selectivity for 
reversed-phase liquid chromatography using an interactive 
mixture-design statistical technique. J. Chromatogr., 199, 
57-79. 

Hiroyasu, F. & Murota, T. (1985). Determination of toco- 
pherols in foodstuffs, especially nuts and spices, by high- 
performance liquid chromatography. J. Micronutrient. 
Anal., 1, 93-105. 

Hogarty, C. J., Ang, C. & Eitenmiller, R. R. (1989). Toco- 
pherol content of selected foods by HPLC/fluorescence 
quantitation. J. Food Compos. Anal., 2, 200-9. 

Kanner, J., Harel, S. & Mendel, H. (1979). Content and 
stability of a-tocopherol in fresh and dehydrated pepper fruits 
(Capsicum annum L.) J. A gric. Food Chem., 27, 1316-18. 

Lefevere, M. F., De Leenheer, A. P. & Claeys, A. E. (1979). 
High-performance liquid chromatographic assay of vitamin 
K in human serum. £ Chromatogr., 186, 749-62. 

Macrae, R. (ed.) (1988). HPLC in Food Analysis. Academic 
Press, New York. 

Nierenberg, D. W. & Lester, D. C. (1985). Determination of 
vitamins A and E in serum and plasma using a simplified 
clarification method and high-performance liquid chroma- 
tography. J. Chromatogr., 345, 275-84. 

Parris, N. A. (1978a). Non-aqueous reverse-phase chroma- 
tography of glycerides using infrared detection. J. 
Chromatogr., 149, 615-24. 

Parris, N. A. (1978b). Non-aqueous reversed-phase liquid 
chromatography. A neglected approach to the analysis of 
low polarity samples. J. Chromatogr., 157, 161-70. 

Parrish, D. B. (1979). Determination of vitamin D in foods: 
A review. CRC Crit. Rev. Food Sci. Nutr., 12, 29-57. 

Parrish, D. B. (1980). Determination of vitamin K in foods: 
A review. CRC Crit. Rev. Food Sci. Nutr., 13, 337-52. 

Reynolds, S. L. & Judd, H. J. (1984). Rapid procedure for 
the determination of vitamins A and D in fortified 
skimmed milk powder using high-performance liquid 
chromatography. Analyst, 109, 489-92. 



LC determination of  fat-soluble vitamins in paprika 355 

Schoenmakers, P. J., Billiet, H. A. H., Tijssen, g. & De 
Galan, L. (1978). Gradient selection in reversed-phase liq- 
uid chromatography. J. Chromatogr., 149, 519-37. 

Stancher, B. & Zonta, F. (1983). High-performance liquid 
chromatography of fat-soluble vitamins. Simultaneous 
quantitative analysis of vitamins D 2, D 3 and E. Study of 
percentage recoveries of vitamins from cod liver oil. J. 
Chr omat ogr., 256, 93-100. 

ViSas, P., Hern~indez C6rdoba, M. & S;inchez-Pedreflo, C. 
(1991). Determination of ethoxyquin in paprika by high- 
performance liquid chromatography. Food Chemistry, 42, 
241-51. 

Villas, P., Campillo, N. & Hern~indez C6rdoba, M. (1992). 
Direct determination of tocopherols in paprika and 

paprika oleoresin by liquid chromatography. Mikrochim. 
Acta, 106, 293-302. 

Wickroski, A. F. & McLean, L. A. (1984). Improved reverse 
phase liquid chromatographic determination of vitamins A 
and D in fortified milk. J. Assoc. Off. Anal Chem., 67, 
62-5. 

Windholz, M., Bundvari, S., Blumetti, R. & Otterbein, E. 
(1983). The Merck Index. Merck, New York. 

Zonta, F., Stancher, B. & Bielawny, J. (1982). High- 
performance liquid chromatography of fat-soluble 
vitamins. Separation and identification of vitamins D2 
and D 3 and their isomers in food samples in the presence 
of vitamin A, vitamin E and carotene. J. Chromatogr., 246, 
105-12. 


