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Abstract. 24 

The degradation of carotenoids in tomato and paprika oleoresins in a simulated 25 

thermo-degradative environment was evaluated. The results showed that lycopene 26 

content in tomato oleoresin was 13.95 μg/g, whereas paprika oleoresin contained 27 

34.51 μg/g capsanthin. A complete degradation of capsanthin was reached on day 14, 28 

while lycopene was completely degraded on day 8. Tocopherols analysis revealed that 29 

α-tocopherol content was slightly different between the two oleoresins and that its 30 

degradation followed the same pattern. The peroxide value and the antioxidant 31 

activity evaluated by the DPPH· free radical and the hydrogen peroxide scavenging 32 

activities were dramatically affected by the heat oxidation. The rancimat test showed a 33 

not significant decrease on the prevention ability of the degraded oleoresins against 34 

the autoxidation of the sunflower oil. Further work for the assessment of the activity 35 

of isolated, purified oxidation products is of utmost importance. 36 
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Introduction: 40 

Use of preservatives and additives is a common practice in food processing. 41 

Nowadays, its shift toward natural additives has been supported by the consumers’ 42 

preferences and the health benefits claimed for many natural compounds (Wissgott 43 

and Borttlik, 1996). Carotenoids, a natural class of the terpenoid family, are widely 44 

used in the food industry for their coloration properties (Mínguez-Mosquera et al., 45 

2007). Tomato and paprika are among the main sources of these compounds and they 46 

are usually used as a concentrated oily solution where all the lipophilic compounds 47 

are dissolved. These extracts are commonly called oleoresins (Attuquayefio and 48 

Buckle, 1987). 49 

Nevertheless, color is not the only attribute for what carotenoids gain this 50 

importance. Carotenoids have a special molecular structure characterized by long 51 

conjugated double bond system, which provides this group the ability of quenching 52 

singlet oxygen, granting them to be effective antioxidants (Steenson and Min, 2000). 53 

However, this polyene structure also renders them vulnerable to degradation by heat 54 

and/or light (Mínguez-Mosquera and Jarén-Galán, 1995). The loss of the polyene 55 

structure affects the antioxidant activity, as well as nutritional and physiochemical 56 

properties resulting from it, such as the coloration properties (Jarén-Galán, Pérez-57 

Gálvez and Mínguez-Mosquera, 1999), and thus the economic value of the product 58 

diminishes (Mínguez-Mosquera et al., 2007). Therefore, color stability is of utmost 59 

importance for the commercial and technological quality of oleoresins. Some studies 60 

have been carried out on paprika and tomato oleoresins in order to establish the 61 

kinetic parameters for the degradation in order to master them or at least to reduce 62 

their extent by manipulating all the factors affecting the stability of carotenoids during 63 

processing and storage (Jarén-Galán, Pérez-Gálvez and Mínguez-Mosquera, 1999 and 64 



Hackett, Lee, Francis and Schwartz, 2004). However few studies were focusing on the 65 

impact of this degradation on their functional attributes and the evolution of their 66 

oxidative state. Some of these researches claimed that carotenoids oxidation may 67 

improve their antioxidant properties (Britton, 2002). Despite the growing agreement 68 

about the enhanced antioxidant activity after oxidation, few researches have been 69 

done so far on the antioxidant activity of the oxidized carotenoids and they were only 70 

realized on lycopene and β-carotene. However, carotenoids differ also on their 71 

oxidation level according to their degree of oxygenation (Jarén-Galán and Mínguez-72 

Mosquera, 1999). 73 

The aim of the present work was to compare the degradation of carotenoids in 74 

tomato and paprika oleoresins in a simulated thermo-degradative environment and to 75 

evaluate the impact of this degradation on their coloring capacity, their nutritional 76 

value, their oxidative state and their antioxidant activity. 77 

1. Materials and methods. 78 

Samples. Commercial oleoresins of tomato and paprika were generously provided by 79 

the company Extractos Vegetales S.A. (La Línea de la Concepción, Cádiz, Spain). 80 

Reagents. Acetonitrile and Hydrogene Peroxide (H2O2, 35%) were purchased from 81 

Merck. 2,2-diphenyl1-1-picrylhydrazyl (DPPH·), 9,10-diphenylanthracene (9,10-82 

DPA), bis(2,3,6-trichlorophenyl)oxalate (TCPO) and Imidazole were from Sigma 83 

Chemical Co. The external standards α, δ and γ-tocopherols were purchased from 84 

Sigma Aldrich. All the solvents used (acetone, hexane, isopropanol and ethyl acetate) 85 

were GC grade and were from Fluka Chemica.  86 

Experimental procedure. Thirty aliquots of each oleoresin (tomato and paprika) 87 

were placed in top-perforated 2 ml Eppendorf tubes, and subsequently placed in a 88 



thermostated aerated oven at 80 ºC, the temperature was chosen as an oxidizing 89 

physical agent. Duplicate samples of each oleoresin were withdrawn every 48 hours 90 

starting from day 0, and stored at -20 ºC until processing for analysis. 91 

Fatty acid profile of the starting material. The fatty acid profile of the two 92 

oleoresins was determined by cold saponification. Briefly, 1 g of the sample was 93 

dissolved in 5 ml heptane. From the upper phase, 2 ml were taken and mixed with 3 94 

ml of 2N potassium hydroxide in methanol, in a pyrex screw capped tube. The 95 

mixture was vortexed thoroughly. After an addition of 2.5 ml of heptane the mixture 96 

was vortexed again and left for decantation. From the upper heptane phase 0,6 μl were 97 

injected into the GC, using a capillary column BPX 70 60 m x 0,25 mm ID x 0,25 µm, 98 

in the split mode (split ratio 1:25). The oven temperature program is the following: 99 

165 °C (10 min) rate 1.5 °C/min to 210 °C (7 min). The injector temperature was set 100 

at 240 °C and the detector FID temperature was 260 °C. 101 

Carotenoid content. UV-Vis spectrophotomety was used in order to quantify the 102 

carotenoid content in both oleoresins, as well as to estimate their degradation rate. 103 

Absorbance was measured after appropriate dilution in acetone for paprika oleoresin 104 

(454 nm) and in hexane for tomato oleoresin (470 nm) with specific extinction 105 

coefficients of 2650 and 3450 respectively (Davis, 1976). 106 

The concentration was calculated following the expression:  107 

Pigment content (μg/g) = (Abs/Ext.coef.)*((10000*Dilution factor)/(Vol.initial 108 

(ml)*Sample amount (mg))). 109 

Peroxide value. The method developed by Hornero-Méndez et al. (2001) for the 110 

determination of peroxide value in food lipids with high carotenoid content was used.  111 



Tocopherols content. Sampling was done on the first days (0, 2 and 4) and at the end 112 

starting from day 18 every second day until day 30. Tocopherols were extracted 113 

following the method described by Xu (2002) for the exaction of tocopherols from oil 114 

and fat matrix. Separation and analysis were carried out by high performance liquid 115 

chromatography (HPLC) using a Hewlett-Packard 1090 Series II chromatograph, with 116 

auto-injector and fluorescence detector, on a normal phase Si60 (250 x 4 mm, 5 μm 117 

particle size), with a guard column containing the same stationary phase. The mobile 118 

phase consisted of n-hexane containing 1 % isopropanol. The flow rate was 1 ml/min; 119 

the excitation wavelength was set at 290 nm and the emission wavelength at 330 nm. 120 

Quantification was performed by using external calibration curves for α-, δ- and γ-121 

tocopherols. β-Tocopherol was calculated and expressed as α-tocopherol equivalent.  122 

Antioxidant activity tests: To evaluate the redox state of the oxidized oleoresins, a 123 

chemiluminescence method was adopted to evaluate the hydrogen peroxide 124 

scavenging activity following a previously established method by Arnous et al. (2003) 125 

and results were expressed as IC50, i.e. the concentration of sample required to 126 

decrease the chemiluminescence intensity of the blank by 50%. The antiradical 127 

activity using the stable radical of 2,2-diphenyl-1-picrylhydrazyl (DPPH·) was used 128 

according to the previously described method by Brand-Williams et al. (1995). The 129 

decrease in the absorbance was determined at 580 nm because of the interfering 130 

carotenoids at 515nm (Jimenez Escrig et al., 2000) and the results were expressed as 131 

EC50, which is the amount of sample necessary to decrease the initial DPPH· 132 

concentration by 50%. 133 

Rancimat test. Rancimat test (Metrohm, Switzerland) was carried out to test the 134 

effect of the degraded oleoresins on the thermal stability of commercial sunflower oil. 135 

300 μl of acetone containing 3 mg sample was added to the rancimat tubes, dried by 136 



liquid nitrogen and then 3 g oil were added in order to have a final concentration of 1 137 

mg oleoresin /1 g oil. The resulted mixtures were oxidized at 120°C, with an air flow 138 

of 20 l x h-1. The protection coefficient (Pc) was determined as the relationship 139 

between the induction period of the sample and the induction period of the control.  140 

                          Induction period of sample 141 

                          Induction period of control 142 

Statistical analysis. All the analyses were in duplicate and processed using Microsoft 143 

Excel 2000 software. 144 

2. Results and discussion. 145 

3.1. Fatty acid profile. The fatty acids profile of tomato and paprika oleoresins, 146 

analyzed by gas chromatography, are shown in Table 1. The major fatty acid 147 

constitutive of both oleoresins was the linoleic acid with slightly higher percentage in 148 

the paprika oleoresin. Oleic acid and palmitic acid were also highly presents in both 149 

oleoresins; however, linolenic acid was a minor one. Pérez-Gálvez et al. (1999) 150 

reported a similar composition when analyzing two pepper varieties with differences 151 

between the lipid patterns in the seed and the pericarp.  In addition, Cámara et al. 152 

(2001) analyzed the fatty acid in tomato pomace and found the same tendency as for 153 

the tomato oleoresin in this work. 154 

 Carotenoids in oleoresins may be subjected to oxidation directly during heating or 155 

indirectly through fatty acids oxidation (Pérez-Gálvez and Mínguez-Mosquera, 2004). 156 

The oxidation rate is thought to increase with the unsaturation degree of the fatty 157 

acids constituting the fatty matrix (Pérez-Gálvez et al., 2000); nevertheless, the work 158 

of Pérez-Gálvez and Mínguez-Mosquera (2004) on oleoresins with different fatty acid 159 

composition showed that carotenoid stability was not linked with the unsaturation 160 

Pc = 



degree. Thus our two oleoresins have an oily system which could not have affected 161 

the degradation rate and all the results would be independent of this factor. 162 

3.2. Carotenoid content. A spectrophotometric evaluation of the carotenoid 163 

content in both tomato and paprika oleoresins during the thermodegradation was 164 

carried out. In the case of tomato oleoresin, the major pigment is lycopene 165 

(accounting up to 90 %), whereas in the paprika oleoresin the main pigment is 166 

capsanthin (accounting up to 60 %) (Figure1). The initial carotenoid content was 167 

13.95 μg/g in tomato oleoresin whereas the content of paprika oleoresin was much 168 

higher, corresponding to 34.51 μg/g (Figure 2). When expressed as a percentage of 169 

retention, the thermodegradation of paprika oleoresin was slower than the tomato 170 

oleoresin, with 3 % degradation after the second day and less than 50 % on the day 8 171 

and there was no complete degradation until the day 14. However, the oxidation rate 172 

was faster in the case of tomato oleoresin with more than 66% altered on the second 173 

day and a total degradation recorded on the day 8. These findings are consistent with 174 

earlier works relating the structural nature of the carotenoids with their oxidation rate. 175 

In fact, according to Jarén-Galán et al. (1999), the oxidative attack is less with the 176 

oxygenation degree, which enables a greater delocalization of electrons and therefore 177 

a better capacity to resist oxidation. Capsanthin, the major carotenoid in paprika 178 

oleoresin, showed a greater stability than did lycopene, due to its oxygenation and to a 179 

special structure (3-hydroxyacylcyclopentane ring) (Figure 1; Pérez-Gálvez et al., 180 

2000). Pérez-Gálvez and Mínguez-Mosquera (2001) stated that the keto groups at the 181 

end of the polyenoic chain favor electron delocalization along the chain thus, increase 182 

the stability of the derived radical and lower the oxidation propagation. However, they 183 

stated in the same work that the single keto group in capsanthin concentrated the 184 

electron charge at the end of the chain; therefore increased its reactivity and 185 



consequently its oxidation compared to the other components of this group of 186 

carotenoids. 187 

3.3. Tocopherols. The use of added antioxidants in oleoresins is a common 188 

practice in order to protect carotenoids, the more susceptible components to oxidation 189 

and in the same time responsible of the quality of the oleoresins. Figure 3 and Figure 190 

4 depict the proportional content change on α-, β-, γ-tocopherols. The initial content 191 

of α-tocopherol in both oleoresins was similar with 3492.6 and 3429.9 μg/g in tomato 192 

and paprika oleoresins respectively. It increased during the first four days to reach 193 

4548 μg/g in tomato oleoresin and 4225.1 μg/g in paprika oleoresin, which could be 194 

due to a concentration effect of the oleoresins after first heating. This increase was 195 

followed by a similar decrease in both oleoresins until day 30 to reach 1152.7 and 196 

1100.7 μg/g in tomato and paprika oleoresins respectively (33.0 and 32.1 % of the 197 

initial content respectively). β-Tocopherol content was 7 times higher in the initial 198 

tomato oleoresin (1366 μg/g α-tocopherol equivalents) than in paprika oleoresin (177 199 

μg/g α-tocopherol equivalents). However, it decreased during the thermo-oxidation in 200 

both oleoresins to reach 59.9 and 9.9 μg/g in tomato and paprika oleoresins 201 

respectively (representing 4.38 and 5.61 % respectively). The inverse was true for γ-202 

tocopherol with higher contents in paprika oleoresin (412 μg/g against 261 μg/g in 203 

tomato oleoresin) but marked similar decrease as well, to reach 20.63 and 3.24 % of 204 

the initial amount in tomato and paprika oleoresins respectively. Among tocopherols, 205 

α-tocopherol is known to delay lipid peroxidation by reacting with the peroxyl 206 

radicals (Aruoma, 2003). Hackett et al. (2004) showed that the addition of α-207 

tocopherol slowed the degradation rate of lycopene in oleoresin. The results reported 208 

for both oleoresins in this study, showed a similar initial content of tocopherols, due 209 

to a similar addition of these additives into the oleoresins and the same degradation 210 



tendency, therefore, tocopherols content in this case does not account for the different 211 

degradation rate of carotenoids in both oleoresins. 212 

3.4. Peroxide value. Under high temperature conditions, unsaturated lipid systems 213 

are exposed to oxidation initiated by free radicals and resulting on peroxide formation 214 

(Burton and Ingold, 1984). In the present study, the peroxide value increased 215 

constantly with heat treatment time in both oleoresins (Figure 5). However two 216 

periods could be distinguished: the first between the beginning of the treatment until 217 

day 8, were the increase was not significant. Its end coincided with the total 218 

degradation of carotenoids in tomato oleoresin but it occurred when only 46% 219 

carotenoid degradation in paprika oleoresin was evaluated. The second step was 220 

marked by an exponential increase of the peroxide value in both oleoresins reaching 221 

values of 32.4±0.31 and 42.1±1.64 meq.p/kg extract in tomato and paprika oleoresins 222 

respectively on day 14. The PV increase reached a plateau after day 14 for tomato 223 

oleoresin and after day 20 for paprika oleoresin attending a PV of 51.2±5.7 meq.p/kg 224 

extract. These findings are in agreement with a previous work of Steenson and Min 225 

(2000) reporting lycopene as the most effective scavenger of free radical cations in 226 

non polar solvent system when compared with various xanthophylls, and that the 227 

thermal oxidation products have some type of antioxidant activity.  228 

3.5. Antioxidant activity. During the heat treatment of the oleoresins, 229 

transformations and degradations of the carotenoids constitutive may occur, leading to 230 

a significant modification of their antioxidant activities (Pérez-Gálvez and Mínguez-231 

Mosquera, 2004). It was stated that processing could improve the antioxidant 232 

properties and that carotenoid oxidation products may be responsible of some 233 

biological activities (Britton, 2002). In order to check the consistency of these 234 

statements, three in vitro tests of the antioxidant activity were carried out in all the 235 



samples, with three different mechanisms: the 2,2-diphenyl-1-picrylhydrazyl (DPPH·) 236 

assay, the hydrogen peroxide scavenging activity and the rancimat test. The 237 

antiradical activity of the initial oleoresins was similar with EC50 of 647.6 and 647.9 238 

mg extract/mg DPPH· for tomato and paprika oleoresins respectively. A constant 239 

increase of the EC50 reflecting a fall of the antiradical activity was marked from the 240 

first days of the heat treatment (Figure 6). This increase was much more important in 241 

the case of paprika oleoresin with a final EC50 of 6325 mg extract/mg DPPH·, 242 

corresponding to 9.7 times less efficiency or pro-oxidant activity in day 30. While a 243 

less dramatically increase was noticed with tomato oleoresin with an EC50 reaching 244 

1713 mg extract/mg DPPH· in day 30, thus only 2.6 times less than the initial activity. 245 

These results support the thoughts that carotenoids oxidation products may have some 246 

antioxidant activity. The results from the hydrogen peroxide scavenging activity test 247 

showed rather a similar increase tendency of both oleoresins (Figure 7). However, 248 

capsanthin and its oxidation products had higher scavenging activity than lycopene, 249 

differing from the free radical scavenging activity where lycopene had the greatest 250 

efficiency. The different activity for both reactive oxygen species (ROS) could be due 251 

to the different mechanisms of scavenging among the carotenoids. According to 252 

Mortensen (2002), carotenoids react with peroxyl radicals only slightly and by adduct 253 

formation; however the role of tocopherols in the apparent antioxidant activity could 254 

not be estimated and can not be ignored.  255 

Aruoma (2003) suggested the use of in vitro tests to examine direct antioxidant 256 

ability, but for further extrapolation of the results; an in vivo model is required. A 257 

lipidic model was chosen in our case using the rancimat in order to assess oil stability 258 

with the added oleoresins. Figure 8 depicted the changes of the protection coefficient 259 

after addition of oleoresin samples and degraded samples at 1 mg/g oil. Untreated 260 



tomato and paprika oleoresins protected similarly the sunflower oil during the 261 

autoxidation with Pc values of 1.18 for both cases. Further, the oxidized oleoresins 262 

acted as antioxidant with lower Pc values but not significantly different from the 263 

initial oleoresins. These results agreed with the previous results of Steenson and Min 264 

(2000), indicating that thermally degraded lycopene displayed antioxidant activity 265 

during the autoxidation of soybean oil held in the dark and under the light.  266 

4. General discussion and conclusion. This study showed that the main quality 267 

constituents of an oleoresin were impaired after an extreme heat treatment, mainly 268 

carotenoids and tocopherols. However, the extent was different between the two 269 

oleoresins for the reason that the rate of carotenoids degradation depended mainly on 270 

their structure. Tomato oleoresin contains less lycopene than paprika oleoresin does 271 

with capsanthin. The former marked faster degradation reaching 100 % on day 8 of 272 

the treatment. Paprika oleoresin carotenoids marked a less fast degradation with 100 273 

% degradation on day 14. In the other hand, Tocopherols content was almost similar 274 

as well as their degradation rate in both oleoresins, except for γ-tocopherol, where in 275 

tomato oleoresin 20.6 % of the initial content were kept in day 30 while in paprika 276 

oleoresin, 3.2 % only were kept. The peroxide value and the antioxidant activity 277 

evaluated by the DPPH· free radical and the hydrogen peroxide scavenging activities 278 

were dramatically affected by the heat oxidation. Even though the degradation of 279 

lycopene was faster than capsanthin, the peroxide value increased markedly more in 280 

the paprika oleoresin as well as the EC50, indicating less antiradical scavenging 281 

activity than in the tomato oleoresin. The opposite was true with the hydrogen 282 

peroxide scavenging activity. Both results, however, support the theory indicating that 283 

carotenoids oxidation products may have some antioxidant activity, with lycopene 284 

having higher efficiency. The difference between the two in vitro tests is mainly due 285 



to the different mechanisms of scavenging among the carotenoids and their oxidation 286 

products. The rancimat test showed a not significant decrease on the prevention ability 287 

of the degraded oleoresins against the autoxidation of the sunflower oil. Further work 288 

for the assessment of the activity of isolated, purified oxidation products is of utmost 289 

importance 290 
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Table 1 529 

Fatty acid Isomer Paprika oleoresin Tomato oleoresin 

Lauric acid C12 1.58 0.00 

Myristic acid C14 3.79 0.37 

Palmitic acid C16 15.13 16.59 

Palmitoleic acid C16:1 0.75 0.45 

Heptadecanoic acid C17 0.14 0.18 

Heptadecenoic C17:1 0.05 0.05 

Stearic acid C18 2.52 4.94 

Oleic acid C18:1 13.79 19.44 

Linoleic acid C18:2 55.87 53.14 

Linolenic acid C18:3 5.10 3.88 

Arachidic acid C20 0.37 0.42 

Gadoleic acid C20:1 0.10 0.10 

Behenic acid C22 0.51 0.18 

Lignoceric acid C24 0.30 0.28 

 530 




