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Abstract Carotenoids, among which lycopene—the principal
pigment found in tomatoes—are lipophilic compounds which
play a very important role in human health and nutrition. They
are also recognised as strong antioxidants due to their ability to
trap singlet oxygen and eliminate the peroxyl radical. The
availability of reliable information on lycopene content of
foods is essential both for the evaluation of diet and for
epidemiological research relating the intake of lycopene. This
paper describes a simple and fast HPLC/UV method for lyco-
pene determination in a wide range of food products. All-£-
lycopene together with its Z isomers were eluted isocratically
using a carotenoid C30 reversed-phase column. The in-house
validated HPLC method had a limit of quantification of 60 ng
lycopene/g product and high precision and accuracy. The
analytical method was successfully applied to several food
products such as raw vegetables and fruits and also processed
foods. Tomato and tomato-containing products contained the
highest amounts of lycopene. While raw foods and minimally
processed foods contained above 94% of all-E-lycopene, pro-
cessed foods (such as soups, pasta sauces, pizza and cheese)
contained from 76% to 87% of all-E-lycopene.
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Introduction

Numerous epidemiological studies have shown an inverse
association between fruit and vegetable consumption and
chronic diseases, including different types of cancer and
cardiovascular diseases (Yahia 2010). Therefore, interest in
the health benefits of fruit and vegetable consumption is
increasing, and the interest in understanding the type, con-
centration and mode of action of the different components in
fruits and vegetables that confer health benefits is also
increasing. Nowadays, there are epidemiological data indi-
cating that the consumption of tomatoes and tomato prod-
ucts is strongly correlated with several health benefits,
mostly due to the presence of carotenoids and, in particular,
lycopene. The biological effects of lycopene in humans have
been attributed to mechanisms other than vitamin A includ-
ing antioxidant effects and immune response modulators
(Roldan-Gutierrez and Luque de Castro 2007). Therefore,
consumption of lycopene has been associated with a number
of nutritional and health benefits such as decreased risk of
chronic diseases, especially cancer and cardiovascular dis-
eases and the antioxidant properties of lycopene are thought
to be primarily responsible for its beneficial effects
(Agarwal and Rao 2000; Ellinger et al. 2006). Lycopene is
one of the most potent antioxidants, with a singlet oxygen-
quenching ability twice as high as that of (3-carotene and ten
times higher than that of «-tocopherol and, therefore, pre-
sumably the most effective in protecting against oxidative
damage from free radicals (Di Mascio et al. 1989).
Lycopene is a an acyclic isomer of 3-carotene containing
linearly arranged 11 conjugated and 2 unconjugated double
bonds which cannot form vitamin A (Agarwal and Rao
2000). The unique chemical properties of lycopene derive
from its structure makes it extremely hydrophobic and sol-
uble in tissues, milk and organic solvents (Roldan-Gutierrez
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and Luque de Castro 2007). Lycopene from natural plant
sources exists predominantly in an all-E configuration, the
most thermodynamically stable form with 11 double carbon
bonds (Clinton 1998). Of these 11 double bonds, 7 can be
isomerised from the all-E-form to the mono- or poly-Z
forms under the influence of excess heat, light or certain
chemical reactions typically occurring during food process-
ing. Therefore, it is important to gain more data about the
content of lycopene and its Z isomers in foods.

Many methods have been reported for lycopene analysis
(HPLC (Ishida and Chapman 2004; Lee and Chen 2002; Xu et
al. 2000), spectrophotometric (Davis et al. 2003a, b),
high-speed countercurrent chromatography (Baldermann
et al. 2008), fibre optic visible reflectance spectroscopy
(Choudhary et al. 2009), infrared spectroscopy (De Nardo et
al. 2009)). However, they consume too much time (usually
>20 min) and solvent in order to achieve separation of the all-
E-lycopene with its Z isomers (B6hm 2001; Emenhiser et al.
1996; Huang et al. 2010; Ishida et al. 2001; Lee and Chen
2001). Additionally, lycopene can be used as food colour
(European Parliament and Council 1994) and reliable analytical
methods are needed in order to verify whether the use of
lycopene in foods complies with the adopted legislation.
Therefore, an improved simple, fast and validated method
was necessary in order to separate and quantify the lycopene
and its Z isomers.

In this paper, we describe the development and validation
of an analytical methodology based on the HPLC-UV for
the determination of lycopene and its isomers in fruits and
vegetables but also complex food matrixes such as sauces,
soups, pasta and pizza.

Materials and Methods
Materials

Lycopene standard (90% all-E-lycopene) and the (3-carotene
were purchased from Sigma Aldrich (Bornem, Belgium).
Methanol, isopropyl alcohol, tetrahydrofuran (THF) containing
250 ppm butylated hydroxytoluene (BHT), acetone,
hexane and ethanol 96% were purchased from Biosolve
(Valkenswaard, The Netherlands). Triethylamine (TEA) and
the sodium chloride were purchased from BDH Prolabo
(VWR International, Leuven, Belgium). Ammonium acetate
and potassium hydroxide were purchased from Merck
(Overijse, Belgium). Food samples were purchased in local
stores and finely ground and homogenised before analysis.

Lycopene Extraction Without Saponification

All steps of the sample preparations were performed in
subdued light. Food samples (1+£0.05 g) were mixed for
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I min with 20 mL of extraction buffer (hexane/acetone/
ethanol 2:1:1) using an Ultra-Turrax (15,000 rot/min) on
ice. The obtained mixture was filtered and transferred into
a separatory funnel. An aliquot of 50 mL of saturated NaCl
solution was added and mixed well for 1 min. Once the
phases were well-separated, the aqueous phase was dec-
anted and the hexane phase was recovered and filtered over
anhydrous NaSO, (5 g) which was rinsed two times with
2.5 mL of extraction buffer. The filtrate was further dried
under nitrogen and the obtained residue was redissolved in
THF with BHP and 0.05% TEA to appropriate concentrations
before being injected.

Lycopene Extraction with Saponification

Food samples containing more than 1% of lipids were
saponified before analysis according to the method de-
scribed by Lee and Castle (2001) with slight modifications.
Briefly, 1 g (£0.05) of sample was mixed for 1 min with
20 mL of extraction buffer (hexane/acetone/ethanol 2:1:1)
using an Ultra-Turrax (15,000 rot/min) on ice. The obtained
mixture was filtered and transferred into a separatory funnel
containing 50 mL of saturated NaCl solution and mixed
well. The aqueous phase was removed and 10 mL of 10%
methanolic KOH solution was added to the organic phase.
The sample was stored in the dark for 2 h with subsequent
shaking each 20 min. After incubation, the sample was
washed three times with 20 mL of ammonium acetate solution
(50 mM) in order to neutralise the samples. The obtained
organic phase was further dried and redissolved in THF as
mentioned previously.

HPLC/UV Analysis of the Lycopene

Lycopene was analysed using reversed-phase high-
performance liquid chromatography using isocratic elution
and UV detection at 472 nm (Waters, Zellik, Belgium). A
carotenoid C30 reversed-phase column (250x4.6 id, 3 um)
from YMC corporation (Waters, Zellik, Belgium) was used
with MeOH/isopropyl alcohol/THF (30:30:35) containing
250 ppm BHT and 0.05% TEA as mobile phase. The flow
rate was 1 mL/min, column temperature was 35 °C and the
injection volume 20 uL.

Preparation of the Standard Solutions

The lycopene standard (1 mg vials) was quantitatively trans-
ferred to a 25-mL volumetric flask with THF containing
250 ppm BHT and 0.05% TEA. The obtained solution was
stored at —80 °C, and before use, the concentration of the
lycopene was spectrophotometrically determined after dilu-
tion in hexane up to solutions giving an absorbance value of
below 0.7 units. The concentration of the stock lycopene
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solution was calculated using the A'”* of 3,450 in hexane at
472 nm (Craft 2001). Furthermore, calibration curves were
prepared by diluting stock lycopene with methanol. All-£-
lycopene was identified by comparing the retention time
with the reference standard and the quantification was done
by external standard calibration based on peak area. The {3-
carotene (1.25 pg/mL) was added to the lycopene standard
and used as a control for the analytical process. Total lyco-
pene was quantified by summing the peak area of all-£-
lycopene and the Z isomers and based on the standard curve
of all-E-lycopene (Lee and Chen 2001).

Analytical Method Validation

Linearity was determined between 0 and 8.27 pg/mL using
eight levels of calibration in triplicate. The Mandel’s fitting
test was used to evaluate the linearity of the straight line
regression model (Van Loco et al. 2002).

Limit of detection (LOD) and limit of quantification
(LOQ) were determined according to the method described
by the International Conference on Harmonization (Dias et
al. 2008; International Conference on Harmonization 2005;
Lee and Chen 2001). For this, standards of 36.5 to 547.5 ng
lycopene/mL were prepared and injected three times each.
The mean of the slopes (S) and standard deviation of the
intercepts (o) were calculated from the three calibration
curves obtained. The LOD and the LOQ were calculated
according to the formulas below: (International Conference
on Harmonization 2005)

LOD = (3.3%0)/S
LOQ = (10 % 0)/S

For the assessment of the matrix effect, calibration curves
(0 to 4.96 ng lycopene/mL) were prepared in the methanol
or in the extract of dried apricots (prepared without sapon-
ification) and cheese spread (prepared with prior saponifi-
cation) and analysed in triplicates. The matrix effect was
evaluated based on the slopes of the obtained calibration
curves in the methanol or dried apricot/cheese spread
extract.

The precision, as a measure of the repeatability and the
within-lab reproducibility of the whole analytical method
(including sample preparation and analysis) was assessed by
analysing a sample with and without saponification on at
least two different days in triplicate and expressed as the
relative standard deviation.

The accuracy of the method was determined by recovery
test using the addition of known amounts of lycopene to
apricot when samples without saponification were analysed
and to spreadable cheese (containing 24.5% lipids) when
samples with saponification were analysed.

Results and Discussion

Like other carotenoids, lycopene may occur in various geo-
metrical isomers. In raw foods the all-E-isomer is the most
predominant with lower amounts of other Z isomers
(Schierle et al. 1997). Food products are subjected to a large
variety of processing conditions such as cooking in aqueous
media, microwave cooking, extrusion, blanching, boiling,
steaming or dry heat (oven roasting, oil roasting, infrared
heating). During such processing steps, environmental factors
such as air, light and temperature may be very important for
the isomerization and autoxidation of lycopene in foods which
can further have an impact on the lycopene bioavailability as
well (Chen et al. 2009).

Nowadays, the C30 columns are frequently used for the
separation of the carotenoid isomers in food and biological
samples. However, the acyclic carotenoid lycopene is much
more strongly retained on the C30 stationary phases com-
pared to other bicyclic carotenoids such as «- and (3-
carotene (Emenhiser et al. 1996). In this study, an isocratic
HPLC method was developed which allowed separation of
all-E-lycopene and several of its Z isomers on a C30 column
in less than 15 min (Fig. 1). The {3-carotene eluted with a
retention time of about 4.2 min and the lycopene of about
11 min. The standard purchased from Sigma contained
about 90% of all-E-lycopene. Therefore, upon injection of
higher concentrations of lycopene, four additional peaks
could be observed in the retention time range between 5.5
and 8 min. These were named CX1 up to CX4 since it was
difficult to assign what type of Z isomer they were without
proper standards available. Nevertheless, according to liter-
ature data, these peaks seem to represent the 13-Z-, 15-Z-, 5-
Z-; 9-Z- and the 9-Z-lycopene isomers respectively (Frohlich
et al. 2007).

Prior to analysis, the lycopene was extracted from foods
either with or without a saponification step involved. The
extraction procedure without saponification could be only
employed for samples containing low amounts of lipids
(<1%). However, sauces and ready to eat foods contain
higher amounts of lipids. Therefore, these samples had to
be saponified prior to the analysis in order to remove the
lipids and other interfering substances. However, the impact
of the saponification on the lycopene content had to be
tested first. As can be seen from Fig. 2, no significant
difference could be seen in the amount of lycopene detected
by either using the extraction method with or without
saponification.

The newly developed method was further validated by
means of determination of the linearity, matrix effect, LOD
and LOQ, precision and accuracy. A typical calibration
curve obtained for lycopene is illustrated in Fig. 3. The
method linearity was tested by analysing several standard
solutions and by determining the Mandel’s test values. The
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Mandel’s test value obtained was 2.50 which was below the
tabulated F value of the 99% confidence level (Fg9=13.75)
indicating that a linear model was preferred.

Matrix effect was evaluated to determine whether there is a
concentration-dependent systematic error due the presence of
the matrix. This was performed by comparing the slope of the
standard calibration with slopes of the addition curves by
means of a statistical ¢ test. The calculated ¢ is compared with
the tabulated ¢ at the 95% confidence level. The standard
calibration was performed in methanol and addition curves
performed in dried apricot and cheese spread extracts. The ¢
test values obtained for dried apricot and cheese spread were

@ Springer

0.47 and 1.14. These values were below the tabulated test value
(representing 2.01) indicating that no interference on quantifi-
cation based on the calibration curves is likely to take place.

Furthermore, the LOD and the LOQ values of the method
were determined. According to this method, an LOD value
of 10 ng/mL and an LOQ value of 30 ng/mL were obtained.
This would correspond to an LOD of 20 ng lycopene/g of
product and LOQ of 60 ng lycopene/g product considering
that the extract of 1 g product was mainly redissolved in
2 mL of THF.

Repeatability standard deviation and within-laboratory
reproducibility standard deviation were calculated according



Food Anal. Methods (2012) 5:1221-1228

1225

Fig. 2 Impact of the 2.5 4

saponification on the lycopene i~
content from light tomato g
soup. Data points represent :n 2.0 4
mean of six independent %
determinations and the =
error bars represent 95% g 151
confidence interval '43 )
@
o 1.0
-]
o
Q
®
=
¢ 0.5 -
-9
)
o
=
00 .

to ISO 5725-2 (1994) together with the coefficients of
variation. This was done by performing spiking on the dried
apricot or cheese spread by performing several replicate
analyses. The coefficient of variation for repeatability was
of 4.96% and 5.67% and for the within-laboratory repro-
ducibility of 11.45% and 12.84% for the samples analysed
without and with saponification, respectively. Moreover,
these calculated coefficients did not exceed the predicted
values as determined by the Horwitz equation for the coef-
ficient of variation for repeatability and within-laboratory
reproducibility (14.7% and 22.0%, respectively) (Horwitz
and Albert 2006). Because no certified reference material
was found available for lycopene, the recovery of the lyco-
pene was determined by spiking dried apricot and cheese
spread. Dried apricot was spiked at four different levels and
the recovery varied from 76.28% to 114.14% (Table 1).
Additionally, the recovery from dried apricot and cheese

without saponification

with saponification

spread was determined daily by spiking with a fixed volume
of stock lycopene solution (50 puL). The recovery repre-
sented on average 77% which was within the limits of
acceptance set in the commission decision 2002/657
(European Commission Decision 2002/657/EC 2002).
Once the analytical method was validated, it was further
used for monitoring the lycopene content in different food
commodities. Fresh fruits and vegetables (tomatoes, papaya,
water melon, grapefruit and fruit salad) were analysed togeth-
er with processed foods (soups, sauces, pasta and pizza).
Table 2 shows the mean, maximum and minimum values of
total and all-E-lycopene contents in the analysed samples. The
most remarkable observation was the variability in the lyco-
pene content between different samples. In the case of toma-
toes, total lycopene content ranged from 33.3 to 103.7 ug/g.
Similarly, variability was observed for watermelon and
papaya. Such variability in the lycopene content is not unusual
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Table 1 Lycopene re-
covery from spiked
dried apricots

Spiking level (ug/g) Recovery (%)

0.07 114.1+£5.4
0.15 91.0£2.1
Data represent mean of 1.32 76.3+£2.9
two independent 6.62 91.0+5.9

determinations+SD

and has been previously reported as well (Gayosso-
Garcia et al. 2010; Olives Barba et al. 2006; Perkins-
Veazie et al. 2006). Moreover, in these fresh fruits and
vegetables, the ratio of the all-E-lycopene constituted
from about 94% to 99%.

Considering that tomatoes are the most important
source of lycopene, it was evident that the tomato
products such as tomato juice, tomato concentrates and
double concentrates, canned tomatoes, sun-dried toma-
toes and ketchup were rich in lycopene as well. Similar
as for the fresh tomatoes, the ratio of the all-E-lycopene
constituted about 94% in these samples. On the con-
trary, for the severely processed foods such as soups,
pizzas, pasta with tomato sauces and cheeses, the all-E-
lycopene ratio represented from 76% to 87%. This was

Table 2 All-E- and total lycopene content of common foods

moreover evident from the chromatograms of such sam-
ples (Fig. 4) where an additional peak eluting after the
all-E-lycopene could be observed which could potential-
ly represent the 5Z-lycopene as previously shown
(Ishida and Chapman 2004; Frohlich et al. 2007).
However, besides these products, tomato powder or
tomato extract can be sometimes added to snacks and
chips as coating or candies. In these products, the
lycopene content is rather low (£1 pg/g product) mostly
represented by the all-E-lycopene.

Conclusions

In conclusion, this paper describes a fast a reliable method for
lycopene determination in a broad spectrum of food samples.
A wide variation in the lycopene content in the analysed foods
was seen with fresh and slightly processed foods containing
primarily all-E-lycopene while highly processed foods contain
76-87% all-E-lycopene. This method can be further used for
the fast screening of food products rich in lycopene and the
data presented can be used by nutritionist and epidemiologists
to help evaluate the lycopene intake by the population.

Analysed samples (nr)

All-E-lycopene (ng/g product)

Total lycopene (ng/g product)

Average Min Max Average Min Max
Raw tomatoes 5 65.0 314 98.6 69.0 333 103.7
Tomato concentrate 310.5 280.8 340.1 328.3 298.1 358.4
Tomato double concentrate 484.4 428.7 573.7 512.0 455.7 604.3
Canned tomato paste, whole, chopped 19 114.9 64.6 209.6 121.8 70.4 218.3
Tomato juice 68.6 57.6 79.0 72.2 60.6 82.5
Sun-dried tomatoes 81.0 74.3 87.8 86.5 79.2 93.8
Pasta with various tomato sauces 27 19.7 4.8 37.8 25.4 11.2 45.1
Pizza 7 18.0 39 38.1 20.7 4.6 41.3
Ketchup 77.1 27.8 141.4 81.4 28.8 148.5
Pesto rosso 58.0 33.8 105.2 68.2 41.8 121.2
Pasta sauces 18 54.8 25.1 101.1 68.0 28.9 120.0
Other sauces 14 29.7 5.4 75.8 33.9 6.9 80.8
Soup 16 20.9 1.0 63.4 27.4 1.3 77.9
Chips and popped snacks® 8 0.8 0.2 1.8 0.8 0.2 1.8
Cheeses® 7 5.1 0.8 16.2 6.0 1.0 17.5
Candies® 6 1.1 0.3 2.5 1.2 0.6 2.9
Watermelon 2 131.8 96.6 167.0 134.7 98.1 171.3
Papaya 3 16.5 4.7 325 17.1 5.3 332
Grapefruit 1 27.8 - - 28.2 - -
Fruit salads 6 6.8 1.3 19.1 7.0 1.3 19.5

#Only samples with “tomato extract” or “tomato powder” mentioned on the label were analysed
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Fig. 4 Chromatographic
profile of a fresh tomato, b
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