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Abstract

Shelf-life prediction of a product could be assessed by measuring quality attributes through accelerated shelf-life testing (ASLT) under
extreme conditions. The ASLT could be beneficial to specify the effects of different storage temperatures on quality properties of food
products in some cases where the environmental conditions exceed the limits. The objective of this study was to evaluate the effect of
temperature and light on lycopene stability in oil-based food model system during 100 days of storage. Extract of lycopene in oil-based
model system was prepared from ‘Tolstoi H* tomatoes and virgin rapeseed oil and poured into transparent vials. Samples were tested
at 1+1 °C temperature in absence of light, ambient temperature at 20+1 °C in natural light, ambient temperature at 20+1 °C in absence
of light, at 40+1 °C temperature in absence of light and at 40+1 °C temperature in UV irradiation. Lycopene and its cis-isomers in oil-
based model system and control were determined by high performance liquid chromatography (HPLC/DAD). The colour
measurements of the samples were made using MiniScan XE Plus spectrophotometer. The addition of tomato extracts to vegetable oil
might increase the level of lycopene in a human diet and enhance its bioavailability. The optimum storage conditions for lycopene-
enriched oil were at 20 °C in the dark. The temperature and light irradiation has a combined influence on the lycopene stability and
isomerisation (from 17 to 100 % changes from trans- to cis-lycopene isomers). ASLT is useful and practical tool for the stability
monitoring of lycopene.

Keywords: lycopene, stability, isomerisation, accelerated shelf-life testing.

Introduction The objective of this study was to evaluate the effect of
Consumers increasingly demand products with high temperature andlightirradiation_on lycopene stability in
quality (taste, appearance, texture, flavour) whilst oil-based food model system during 100 days of storage.
keeping their nutritional value. For this purpose,

determining properties of food products during their Materials and Methods

shelf life is very important for the research and the food Materials

industry. The definition of self-life provides information The experiments were performed in the Laboratory of
regarding the time during which the product Biochemistry and Technology of the Institute of
appropriately retains its quality (Ganje et al., 2016). This Horticulture, Lithuanian Research Centre for
prediction could be performed by measuring quality Agriculture and Forestry. Fresh tomato (Lycopersicon
attributes through accelerated shelf life testing (ASLT) esculentum L.) of the hybrid ‘Tolstoi H” (grown in the
under extreme conditions (Shao et al., 2015). However, greenhouses of the Institute of Horticulture) and
the ASLT could be beneficial to specify the effects of rapeseeds oil (Lithuania) were used.

different storage temperatures on quality properties of The HPLC-grade solvents, including tetrahydrofuran,
food products in some cases where the environmental methanol, methyl-tert-butyl ether and ethyl acetate,
conditions exceed the limits. The data in the literature were obtained from Sigma-Aldrich (Germany).
generally agree that carotenoids is quite stable in fresh Sample preparation.

tomato matrices, but during thermal treatments, UV The lycopene rich oil-based food model systems were
exposure or when carotenoids is dissolved in organic prepared using virgin rapeseed oil according to
solvent, degradation and isomerisation can occur rapidly Urbonaviciene et al. (2015) with slight modification.
(Maiani et al., 2009). The kinetics of pigments The extract with lycopene (containing 25 mg-mL™*
degradation is complex in food products. Kinetics lycopene) was poured into 20 unit 2 mL transparent
studies are capable of determines parameters such as vials, and the extract was divided into five groups.
reaction order and constant rates are required, being Stability of lycopene in oil-based food model system
equally important to establish the impact on the food was investigated during 100 days of storage period.

acceptability (Van Boekel, 2008). Storage conditions were as follows:

Pedro and Ferreira (2006) used ASLT as an approach for 1) at 1+1 °C temperature in dark (1 °C, dark)
determining the shelf-life of commercial concentrated 2) ambient temperature at 20+1 °C in natural ’Iight (day
tomato products and they reported zero and first order and night illumination was differ (30010 Lux))
kinetic reactions for the quality factors of the product. (20 °C, light),

The effects of thermal- and light-irradiation processing 3) ambient temperature at 20+1 °C in absence of light
on lycopene stability in an oil-based food model system (20 °C, dark)

have not yet been completely investigated. The stability 4) thermo,statica,lly controlled temperature at 40+1 °C
of chopgne during heating and iIIumir_lation has in UV irradiation (2500+100 Lux)) (40 °C, U\7),
been studied, but the results are controversial. Only a 5) thermostatically controlled temperature at 40+1 °C

few studies was described the kinetics of cis-lycopene
formation (Ax et al, 2003; Shi et al., 2000,
Colle et al., 2010b).

in absence of light (40 °C, dark).
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The samples were stored in hermetically sealed
containers. The control sample in our study was
lycopene in oil-based food system on day zero (0). The
control sample and all lycopene oil-based food model
samples were prepared for HPLC analysis after storage.

Lycopene extraction for HPLC

The samples (1 mL) was extracted repeatedly with
tetrahydrofuran and diluted until 25 mL and the total
lycopene content and cis-lycopene isomers was
analysed using HPLC.

HPLC analysis of lycopene and its isomers

The content of total lycopene and lycopene isomers was
analysed by HPLC with diode array detection according
modified version of the different methods and
systems described by Heymann et al. (2013), Melendes-
Martines et al. (2013), Urbonaviciene et al. (2015). To
quantify lycopene in the extract samples, a calibration
curve was generated using an authentic all-trans-
lycopene standard. Levels of cis-lycopene isomers are
given in all-trans-lycopene equivalents.

Colour measurements
The colour was measured by a spectrophotometer
MiniScan XE Plus (Hunter Associates Laboratory Inc.,
USA). Colour measurements were carried out using the
standard CIE L*, a*, b* coordinates (McGuire, 1992).
Kinetic data. The degradation rate constant of the total
concentration of lycopene (all-trans- and cis-isomers
forms) were calculated on lycopene stability in oil-based
food model system using the following formula:

k = —Ln(Cya/Cao)/t
where Ca is the total amount of lycopene after storage; Cao is
the initial amount of lycopene; t is storage time.
Statistical analysis
The analysis were triplicated for each sample and mean
values are presented. Differences at p<0.05 were
considered to be significant. All statistical analysis was
performed using Statistica 8.0 (StatSoft, Czech
Republic) and Excel 2007 (Microsoft Corporation).

Results and Discussion

The effect of storage conditions (temperature from +1 to
+40 °C) and different light irradiation (300-2500 Lux)
on lycopene stability and possible isomerisation in
oil-based food model system was investigated. The total
lycopene and cis-lycopene isomers concentration were
observed.

Figure 1 shows a change of the total lycopene (ug mL™)
during 100 days of storage. The storage conditions affect
stability of lycopene in oil-based food model system.
The lycopene content decreased significantly (p<0.05)
at40 °C in UV storage conditions, to compare with other
treatments. The data of our study shows that the slowest
lycopene degradation was in samples stored at 1 and
20 °C temperatures in absence of light. Also the
lycopene degradation rate was not significantly different
to compare samples stored at 20 °C in light (average
value of 300 Lux) and at 40 °C in dark (Figure 1) storage
conditions. It could be explained that temperature and
light irradiation have a combined impact to biologically
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active substances. A significant interaction between
temperature and light irradiation was detected for
lycopene degradation in accelerated shelf life storage
conditions.

30

Total lycopene content, ug mL!

0
0 50 100
Time, days
x 1 °C, dark @20 °C, light m 20 °C, dark
@40 °C, UV A 40 °C, dark

Figure 1. Degradation of total lycopene during the
storage at various conditions

The degradation rate constants (k) of the total
concentration of lycopene were calculated. The lowest
degradation of total lycopene was found at 1 and 20 °C
in dark storage conditions (k = -0.002 and k = -0.004,
respectively). The degradation rate constants values
were similar to compare samples stored at 20 °C in light
(-0.010) and at 40 °C in dark (-0.008). The degradation
of lycopene in 40 °C UV sample was the most
significant (k=-0.024). The decreasing amount of total
lycopene may have been due to isomerisation, resulting
from additional energy (temperature and/or light)
input, which led to unstable, energy-rich situations (Shi,
Le Maguer, 2000).

In nature, carotenoids, also lycopene, mostly exist in
all-trans-isomers form. Thus, red tomatoes typically
contain 94-96% all-trans-lycopene. The double bonds
of the carotenoids molecules can undergo isomerization
from trans- to mono or poly-cis-isomers under the
influence of heat, light, oxygen or certain chemical
reactions in extracts and in food products from tomato.

The changes of the total cis-isomers concentration
during 100 days of storage are shown in Table 1. The
concentration of cis-lycopene increased in all treatments
(1 °C at dark; 20 °C at dark; 20 °C at light and 40 °C at
dark) in except for 40 °C at UV irradiation after 100 days
of storage. The concentration of cis-lycopene isomers
increased until 45.8% after 42 day and decreased until
0% after 100 days in samples stored at 40 °C in
UV irradiation.
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Table 1
The changes of cis-lycopene isomers in samples stored at different conditions
Sample Time Cis-lycopene isomers concentration, %

name  (days) 7 14 21 28 42 63 100
1°C, dark 0.00 3.3+0.08 3.64+0.11 4.46x0.12 4.87+£0.09 6.50+0.16  10.25+0.11 10.77+0.22
20 °C, dark 0.00 6.1+0.20 11.45+0.23 15.31+0.09 18.57+0.33 23.61+0.22 26.35+0.31 28.69+0.14
20 °C, light 0.00 8.8+0.21 12.44+0.17 15.9040.17 16.81+0.15 22.20+0.41 29.50+0.36 35.34+0.32
40 °C, UV 0.00 20.6+0.41 31.73+0.24 39.25+0.32 41.54+0.71 45.81+0.38 34.31+0.30 0.00
40 °C, dark 0.00 25.54+0.30 30.38+0.19 32.86+0.24 33.18+0.46 34.32+0.27 36.80+0.42 37.09+0.44

The cis-isomers concentration increase was greater
about 18% to compare the samples stored at 1 °C in dark
and at 20 °C in dark about 25% to compare the samples
stored at 1 °C in dark and at 20 °C in light after 100 days
of storage. The data in the literature summarized that
isomerisation from trans- to cis-carotenoids isomers
could be a result of the overlapping of the methyl group
of a carbon atom adjacent to a double bond and the
hydrogen (Mercadante, 2007).
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Figure 2. Change of samples colour expressed as
a*/b*during the storage

se@-0 40 °C, UV

Effect of colour change of lycopene oil-based food
model system was investigated to compare the ratio a*
and b* change. The ratio of a* and b*, indicate the
change of redness, are shown in Figure 2. The a* / b*
value of the control was 0.64 and was not significant
differences in samples stored at 1 °C in dark, at 20 °C in
dark and at 20 °C in light (0.63, 0.62 and 0.59 (p>0.05),
respectively after 100 days of storage. The a* / b* value
of the samples stored at 40 °C in dark and at 40 °C in
dark were significantly different to compare with other
storage conditions. The a* / b* value was decreased to

152

0.46 of the samples stored at 40 °C in dark. The a* / b*
value of the sample stored at 40 °C in UV decreased
until 0.2 after 63 days and 0.0 after 100 days of storage.
The results of a low a* / b* value represented the colour
change from yellow-red to brown colour due to the
breakdown of lycopene (Shi, Le Maguer, 2000;
Krebbers et al., 2003). The a* / b* values of samples
stored at low temperatures in light were significantly
greater to compare samples stored at higher
temperatures and especially samples irradiated with UV
(Figure 2).

Conclusions

The optimum storage conditions for lycopene in oil
based food model system were at 1 °C temperature in
the dark. The temperature and light irradiation has a
combined influence on the lycopene stability and
isomerisation (from 17 to 100% changes from trans- to
cis-lycopene isomers). The ratio of a* and b* colour
coordinates indicates the changed as a function of
storage illumination. ASLT is useful and practical tool
for the stability monitoring of lycopene.
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