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Rapid Method of Quantification of Chlorophylls and Carotenoids in 
Virgin Olive Oil by High-Performance Liquid Chromatography 

M. Isabel Mhguez-Mosquera,' Beatriz Gandul-Rojas, and M. Lourdes Gallardo-Guerrero 

Unidad Estructural de Biotecnologra de Alimentos, Instituto de la Grasa y BUS Derivados (CSIC), 
Avenida Padre Garcla Tejero 4, 41012 Sevilla, Spain 

The fatty material of olive oil was separated, yielding a fat-free concentrate of pigments, by solid-phase 
extraction on octadecyl (CIS) columns. The study of recovery carried out with lutein and pheophytin 
a gave an excess error lower than 4%. A total of 17 pigments was separated from this extract and 
quantified by HPLC using a reversed-phase CIS column. The method consisted of an elution gradient 
of 2 mL/min of water-ionic reagent-methanol (1:1:8) and methanol-acetone (1:l). Detection was 
performed by absorption at  410 and 430 nm and quantification from the straight lines of calibration 
of each analytically pure standard. The application of this technique to five monovariety virgin olive 
oils showed that pigment content among them is very different, depending on the variety of olive. 

INTRODUCTION 
The technique of HPLC has been widely applied to the 

study of photosynthetic pigments since Evans et al. (19751, 
who used normal-phase columns (Iriyama, 1978; Abaychi 
and Riley, 1979). HPLC using reversed-phase columns 
has been used in the analysis of marine phytoplankton 
(Brauman and Crime, 1979; Wright, 19841, natural waters 
(Mantoura and Llewellyn, 19831, and vegetables and fruits 
(Schwartz et al., 1981; Fisher and Rouseff, 1986; Khachik 
et al., 1986; Fisher and Kocis, 1987; Heinonen et al., 1989). 

In edible oils, Fraser and Frank1 (1985) isolated the chlo- 
rophyllic derivatives in soybean oil by chromatography 
on a cellulose column and separated them by reversed- 
phase HPLC. Recovery on the column was 60-70% of 
the pigments present. Aitzetmuller (1989) proposed the 
freezing-out technique for the analysis of chlorophyll 
degradation products in fats and oilseeds. This technique 
permits the obtaining of a pigment solution in acetone 
that is largely free of triglycerides and can be injected 
directly into the liquid chromatograph for analysis by 
reversed-phase HPLC. Rahmani and Saari (1985) pro- 
posed a quantitative method for the determination of chlo- 
rophylls, pheophytins, and @-carotene in vegetable oils by 
normal-phase HPLC, directly injecting the oil sample, 
diluted 20 times (w/v) in hexane-2-propanol (98.5:1.5). 
However, this method did not detectJutein, which is the 
major carotenoid in virgin olive oil (Minguez-Mosquera et  
al., 1990a). 

The HPLC study of carotenoids in oil presents fewer 
problems than that of chlorophyllic derivatives, as sa- 
ponification is an easy method for purification of chlo- 
rophylls and lipids. Stancher et al. (1987) developed a 
nonaqueous reversed-phase HPLC method to determine 
carotenoids in olive oil. They found lutein and @-carotene 
as majority pigments, in concentrations varying with the 
type of oil and the process of manufacture. 

Although chlorophylls and derivatives are easily sep- 
arated from xanthophylls and carotenes by saponification, 
some alkali-sensitive carotenoids are known (Davies, 1976; 
Liaaen-Jensen, 1971). Khachik et al. (1986) investigated 
the effect of saponification on the qualitative and quan- 
titative distribution of carotenoids in certain vegetables. 
They showed that saponification was accompanied by 
significant losses of xanthophylls-particularly the epoxy- 
carotenoids-while the carotenes were not significantly 
affected. 
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The present work proposes the use of octadecyl (CIS) 
solid-phase extraction columns to obtain a fat-free pigment 
extract from the oil sample. This purified extract may be 
determined quantitatively by reversed-phase HPLC- 
separating chlorophylls, xanthophylls, and derivatives 
individually. 

MATERIALS AND METHODS 
Apparatus. A Buchi rotavapor, Model R 110; a Desaga UV- 

vis lamp, provided with white light and ultraviolet U V Z M , ~ ;  a 
Hewlett-Packard UV-vis spectrophotometer, Model 8450, pro- 
vided with a Hewlett-Packard recorder, Model 7225 A; a Waters 
600 E multisolvent delivery system; a Waters 994 programmable 
photodiode array detector; and a Waters 5200 printer-plotter 
were used. 

Reagents. HPLC grade solvents (methanol and acetone) were 
used without further purification. The water used was deion- 
ized and filtered through a nylon membrane of 0.45 pm. 

Procedure. Pigment Extraction. Two methods were used 
to obtain the p$ment extract: liquid-phase distribution (LPD), 
perfected by Mmguez-Mosquera and Garrido-Fernbdez (1989), 
and solid-phase extraction (SPE) according to the procedure used 
by Gutibrrez et al. (1989). 

The method of liquid-phase distribution (LPD) is based on a 
selective separation of pigments between Nfl-dimethylforma- 
mide and hexane. The sample of virgin oil (10-15 g) was dissolved 
directly in 150 mL of Nfl-dimethylformamide and treated with 
five 50-mL successive portions of hexane in a decanting funnel. 
Chlorophylls, chlorophyllic derivatives, and xanthophylls were 
retained in the NJV-dimethylformamide phase. The hexane 
phases contained lipids and carotenes. 

The NJV-dimethylformamide phase was treated with 2 % Naz- 
SO4 solution at 0 O C  and transferred to 100 mL of a mixture of 
hexane/ethyl ether (1:l v/v). The aqueous phase was discarded, 
eliminating polyphenols and other water-solublecompounds. The 
organic phase was dried with anhydrous Na&04 and evaporated 
to dryness in a rotavapor at 30 "C. The dry residue was dissolved 
in an appropriate volume of acetone, which was used for the 
pigment analysis by HPLC. 

The five hexane phases were combined in a rotavapor flask, 
concentrated, filtrated, and eluted in a known volume of hexane 
to measure directly the &carotene concentration, using the 
coefficient of extinction E:: = 2592 (Foppen, 1971) as this phase 
only contains this pigment (Mhguez-Mosquera et al., 1990a). 

For the solid-phase extraction (SPE), octadecyl (CIS) disposable 
extraction columns were used. The column was conditioned first 
with methanol and then with hexane. The sample, 1 g of oil 
dissolved in 4 mL of hexane, was injected and washed with a 
further 3 mL of hexane. Lastly, after checking that there were 
no lipid remains, the pigments were eluted with 5 mL of acetone. 
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Table I. Gradient Scheme Used for the Separation of 
Pigments 
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mobile phase 
time, min % A  % B  curve4 

~~ 

initial 75 25 
8 25 75 linear (6) 
10 25 75 isocratic 
18 10 90 convex (4) 
23 0 100 concave (10) 
30 75 25 concave (10) 

4 The numbers in parentheses correspond to the curve type 
included in the program from water 600 E liquid chromatograph. 

The hexane phase retained the carotene fraction and part of the 
pheophytin a,  which were measured directly in this solution as 
detailed above for @-carotene and for pheophytin a using the 
coefficient of extinction in hexane E$ = 613 (Minguez-Mosquera 
et al., 1990b). The acetone phase was taken to dryness and 
collected in 0.2 mL of acetone for HPLC. 

Liquid Chromatography. The chromatographic met4od was 
perfected for the table olive in a previous work (Minguez- 
Mosquera et al., 1991) and is based (with some modifications) 
on that of Mantoura and Llewellyn (1983). The latter authors 
used reversed-phase ion-pair chromatography to achieve good 
resolution with chlorophyllides and pheophorbides from acetone 
extracts of algal culture and natural waters. They obtained the 
best results when the ion-pair reagent was present in both the 
sample and the mobile phase. Our work has shown, however, 
that addition of the reagent to the sample is not necessary for 
good component separation. 

The sample dissolved in acetone and filtered through a nylon 
membrane of 0.45 pm was injected into a liquid chromatograph. 
Separation was performed on a column packed with Spherisorb 
ODS-2 (25 cm X 4 mm i.d.; 5-pm particle size) protected with a 
guard cartridge (3 cm X 4 mm i.d.) packed with the same material 
as the column. The eluents used were (A) water-ion-pair reagent- 
methanol (1:1:8 v/v) and (B) acetone-methanol (1:l v/v). The 
ion-pair reagent was a solution of tetrabutylammonium (0.05 M) 
and ammonium acetate (1 M) in water. The pigments were eluted 
at a rate of 2 mL/min following the gradient scheme shown in 
Table I. 

Pigment detection was at 430 and 410 nm using a program- 
mable array detector; the chromatogram was obtained on a 
printer-plotter. 

Standards. Chlorophylls a and b were supplied by Sigma (St. 
Louis, Mo.). Pheophytins a and b were obtained by acidification 
with 13 % hydrochloric acid from the respective solutions of chlo- 
rophylls (Sievers and Hynninen, 1977). Chlorophyll a and b C- 
10 epimers were obtained according to the method of Watanabe 
et al. (1984). &Carotene, lutein, violaxanthin, and neoxanthin 
were obtained from a pigment extract of green olives saponified 
with methanolic KOH (Minguez-Mosquera and Garrido-Fernh- 
dez, 1989) and separated by TLC (silica gel G F ~ M  plates 20 X 20 
cm, thickness 0.7 mm) using petroleum ether (65-95 OC)-acetone- 
diethylamine (104:l). &Carotene was purified with petroleum 
ether (40-65 “C) and lutein with dichloromethane-ethyl acetate 
(4:l). Violaxanthin and neoxanthin were purified with benzene- 
acetone (41) (Foppen, 1971; Mhguez-Mosquera et al., 1991). 
Auroxanthin and neochrome were obtained from violaxanthin 
and neoxanthin by acidification with ethanolic hydrochloric acid 
(0.1 M) (Khachik et al., 1986). 

Quantification. The analytically pure samples were used to 
obtain the calibration slopes representing the area of the peak 
obtained with different injected volumes of pure solutions of 
known concentration. The approximate detection limits were 
calculated from calibration slopes obtained as a function of peak 
height, taking as lower limit a peak height equal to twice the 
noise signal. Antheraxanthin and mutatoxanthin were obtained 
in insufficient quantities to estimate the calibration line. 

RESULTS AND DISCUSSION 
Obtaining a fat-free extract of pigments enabled the 

use of reversed-phase HPLC, offering great advantage over 
normal-phase HPLC. It also allowed the sample to be 
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Figure 1. Chromatogram of pigment extract from virgin olive 
oil. Peak identities: 1, neoxanthin; l‘, neoxanthin isomer; 2, 
violaxanthin; 3, luteoxanthin; 4, antheraxanthin; 4’, antherax- 
anthin isomer; 5, mutatoxanthin; 6, lutein; 6’) lutein isomer; 6”, 
lutein isomer; 7, chlorophyll b; 7’, chlorophyll b’; 8, chlorophyll 
a; 9, pheophytin b; 9’) pheophytin b’; 10, pheophytin a; lo’, pheo- 
phytin a’. 

concentrated, thus considerably decreasing the detection 
limits compared with those offered by other methods (Rah- 
mani and Saari-Csallany, 1985). 

Identification was made by comparing retention times 
and absorption spectra with those of authentic standards. 
For detection by absorbance, 430 nm was chosen, being 
a wavelength intermediate between the absorption max- 
imum of pheophytin a (410 nm) and that of chlorophyll 
b (466 nm). Since the other components have charac- 
teristicabsorption maxima within these two extremes, this 
wavelength is appropriate for the simultaneous detection 
of chlorophylls and carotenoids. However, another chro- 
matogram was performed in parallel a t  410 nm, allowing 
the quantification of pheophytin a with a lower detection 
limit. 

Figure 1 shows the typical chromatogram of pigment 
extract from virgin olive oil. Table I1 shows the chro- 
matographic and spectrophotometric characteristics that 
allowed identification of the pigments. In order of elu- 
tion, these were neoxanthin, violaxanthin, luteoxanthin, 
antheraxanthin, mutatoxanthin, and lutein in the xan- 
thophyll group and chlorophyll b, chlorophyll a, pheo- 
phytin b, and pheophytin a in the chlorophyllic pigments. 

HPLC showed that neoxanthin consists of two com- 
ponents (peaks 1 and 1’) which were not separated by 
TLC. The absorption spectrum of peak 1’, obtained with 
the photodiode array detector, presented absorption 
maxima and peak ratios (percent III/II) identical to those 
of standard neoxanthin. Therefore, the peak corresponded 
to an isomer of neoxanthin. 

Violaxanthin, peak 2, did not show isomers. The 
electronic absorption maxima of peak 3 showed a hyp- 
sochromic displacement of 16-20 nm with respect to the 
maximum of violaxanthin. Its identification as luteox- 
anthin was confirmed by its having the same retention 
time and identical absorption spectrum as standard lu- 
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Table 11. Chromatographic and Spectroscopic Characteristics of Pigments from Olive Oil Separated by HPLC 

Minguer-Mosquera et el. 

spectral data in the eluent 
maxima, nm 

peak ka qatb pigment I 11 I11 IV V VI peakratio detectionlimita,ng 
1 3.74 0.59 
1‘ 4.04 0.64 
2 4.60 0.73 
3 4.86 0.77 
4 5.24 0.83 
4’ 5.54 0.88 
5 5.77 0.92 
6 6.30 1.00 
6‘ 6.72 1.07 
6’’ 6.91 1.10 
7 8.71 1.38 
7‘ 9.06 1.44 
8 10.19 1.62 16 
9 12.62 2.00 pheophsinb (412) 436 524 598 654 
9’ 13.06 2.07 DheoDhvtin b’ (412) 436 524 598 654 

neoxanthin 
neoxanthin isomer 
violaxanthin 
luteoxanthin 
antheraxanthin 
antheraxanthin isomer 
mutatoxanthin 
lutein 
lutein isomer 
lutein isomer 
chlorophyll b 
chlorophyll b‘ 
chlorophyll a 

414 
414 
416 
400 

(420) 
(420) 
(404) 
424 
418 
416 
466 
466 

(384) 

438 466 
438 466 
440 470 
424 450 
444 474 
444 474 
426 452 
446 474 
440 468 
438 466 
600 650 
600 650 
:412) 432 (580) 

90 
90 
94 
107 
22 
22 
39 
60 
42 
27 
3.3 (I/III) 
3.3 (I/III) 

5.1 (II/V) 
5.1 (II/V) 

10 14.41 2.29 pheophhina 410 (470) 506 534 608 666 1.8 (I/VI) 
10’ 15.06 2.39 pheophytina’ 410 (470) 506 534 608 666 1.8(1/VI) 

64 1.3 (III/VI) 

3 
3 
20 

2.5 
2.5 
2.5 
17 
17 
19 
8 
8 
33.5d 
33.w 

Capacity factor ( k )  = (tr - M t r .  Relative retention = kilk,,; st = lutein. For carotenoids peak ratio is % III/II. Detection limita . .  

at 410 nm. 

Table 111. Study of Recovery of Lutein and Pheophytin a 
by Liquid-Phase Distribution (LPD) and Solid-Phase 
Extraction (SPE) in Virgin Olive Oil 

lutein, mg/kg pheophytin a, mg/kg 
sample LPD SPE LPD SPE 

virgin olive oil 1.86 2.40 4.62 6.45 
standard solution added 2.22 10.60 
enriched oila 4.33 4.80 14.60 17.24 

76 recovery 106 104 95.9 101.1 

teoxanthin obtained from violaxanthin by treatment with 
0.1 M ethanolic HC1. 

Peak 4 was identified tentatively as antheraxanthin by 
its similarity in absorption maxima and peak ratios. 
Khachik et  al. (1986) found lutein epoxide in vegetables, 
which differs from antheraxanthin only in the position of 
the double bond of the terminal group. Although ita 
absorption maxima were similar to those we have found 
in this work, neither the form of the spectrum nor the 
peak ratios were. In our case, the ratio percent III/II was 
markedly lower, and the lower band was reduced to an 
inflection point, as is characteristics of carotenoids with 
two &ionone residues (Davies, 1975). This may incline 
ita identification toward antheraxanthin. Peak 4’ is the 
isomer of antheraxanthin; it presents identical absorption 
maxima and peak ratios. 

The electronic absorption maxima of peak 5 showed a 
hypsochromic displacement of 18 nm with respect to the 
maxima of antheraxanthin. This points to ita identifi- 
cation as mutatoxanthin. 

Lutein, peak 6, was accompanied by two other minority 
peaks (6’ and 6”) whose absorption spectra were similar 
to those of lutein, but with hypsochromic displacements 
of 4-6 and 6 8  nm, respectively. This small hypsochro- 
mic change points to their identification as mono-cis 
isomers of lutein (Khachik et al., 1986) and rules out the 
possibility of isolutein, as the epoxide test was not positive. 

Chlorophyll b was also shown to consist of two com- 
ponents (peaks 7 and 7’). Comparison with the retention 
time of the standard prepared according to the method of 
Watanabe et al. (1984) identified them as epimers of 
chlorophyll b. The retention time of peak 8 agreed with 
that of chlorophyll a. Pheophytin b and pheophytin a 
proved to be two isomers, peaks 9 and 9’ and peaks 10 and 
lo’, respectively. 

Average of three samples. 

Pheophytin ’b’ 

Chlorophyll ’1’ Chlofophyll ‘b’ 

7 - Phaophytln ’a’ 

QUANTITATIVE DISTRIBUTION (%) 

v -w 100% ’ 
75% I 

50% - 

25% - - - I d 

o?&?------l----L-----ri--L--- 
Olive cultivar8 Picual Picudo Subb4tica~Hoiiblanca Pajarero 

Chlorophyll ‘b’ 119 149 0 7 4  018 0 2 7  
Chlorophyll *a* 0 6 2  0 88 0 49 0 0 18 
Pheophytin ’b’ 0 8 4  021 038 018 0 0 8  
Pheophytin ~ _ _ _  - ’a’ - _ _  21 7 1597 12 39 11 51 ~- 6 3  

_____- 

CONCENTRATION (mg/kg) 

Figure2. Individual concentration and quantitative distribution 
of chlorophylla and pheophytins of pigment extracts from five 
monovariety olive oils. 

The pigments identified in virgin olive oil included those 
found naturally in the fresh olive, together with those 
formed during the extraction process. Pheophytins are 
derivatives of the chlorophylls by substitution of the Mg2+ 
ion by H+, and xanthophylls with furanoid groups such as 
luteoxanthin and mutatoxanthin are degradation products 
of their respective 5,g-epoxide precursors, violaxanthin 
and antheraxanthin. This type of acid-catalyzed reaction 
is produced by the free acidity due to the fatty acids 
liberated during the virgin olive oil obtention. 

Quantification. Table 111 shows the results of the 
study of recovery of lutein and pheophytin a by the two 
extraction procedures used. The standard technique of 
enrichment was used to study the efficiency of the proposed 
methods of pigment purification. A virgin olive oil was 
enrichedwith lutein (2.22 mg/kg) and pheophytin a (10.60 
mg/kg), obtained and purified as described in the previous 
section. The concentration of lutein and pheophytin a 
was determined by HPLC in both the standard solution 
of pigments and the oil. The pigment concentration in 
the initial virgin olive oil was determined using LPD and 
SPE. The percentage recovery was calculated from the 
expression 7% recovery = E/(NE + S) X 100, where E is 
the concentration of lutein or pheophytin a found in the 
enriched oil sample, NE is the concentration of lutein or 
pheophytin found in the nonenriched virgin oil sample, 
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Lutein m f l - c a r o t e n e  '; Violaxan m Luteoxanthin 

Antheraxan= Mutatoxan m Neoxanthin 

QUANTI TAT1 V E DI ST R I BUT I ON ( % ) - - ~ ~ - - -  --- - - 

50% - 
2 5 % -  . 
0% - 

O!&eLu I t iva r 8 : .  

Neoxanthin 
Mutatoxan. 
Antheraxan. 
Luteoxanthin 
Violaxan. 
&carotene 
Lutein 

-_ 1 _ -  
Picual Picudo 

0.73 0.44 
0.11 0 
0.4 0.36 
0.14 0 
0.18 0.42 
2.33 2.4 
9.34 6.87 
- - - _i 

i_ - .  
Subb6tica Hojiblancad Pajarero 

0 5 4  0 3 3  0 0 9  
0 0 05 0 

0 45 0 31 0 16 
0 0 11 0 

0 64 0 19 0 06  
2 23 2 19 108  
5 2 6  5 9 9  178 

I_ - - 

CONCENTRATION (mg/kg) 

Figure 3. Individual concentration and quantitative distribution 
of carotenoids of pigment extracts from five monovariety olive 
oils. 

and S is the concentration of lutein or pheophytin in the 
standard solution added to the oil. 

It was found that the SPE method achieved a recovery 
of 104% for lutein and 101 % for pheophytin a. LPD gave 
recoveries of 106% for lutein and 95.9% for pheophytin 
a. 

From these results, it  is considered that SPE combined 
with HPLC offers a clear advantage. I t  enables the 
individual quantitative analysis of chlorophyllic and car- 
otenoid pigments in a maximum of 1 h with an excess 
error of some 4%. Consequently, the method proposed 
allows routine control of pigments in different vegetable 
oils, offering broad possibilities for better quality control. 

Figures 2 and 3 present individual concentration (mil- 
ligrams per kilogram) and quantitative distribution (per- 
cent) of pheophytins-chlorophylls and carotenoids, re- 
spectively, using this methods in five monovariety virgin 
olive oils. Epimers and isomers of the same compounds 
were evaluated jointly. Although in all samples pheo- 
phytin a and lutein are the main pigments, total content 
of these shows clear differences between varieties that are 
transferred to the color of the corresponding oils obtajned 
(Mbguez-Mosquera and Garrido-Fernhdez, 1989; Mingu- 
ez-Mosquera et  al., 1990a). 
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