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Abstract 

The extraction of flavoring compounds from different plants and aromatic herbs has been using since ancient 
times in vegetable oils to enhance their aroma and taste, whereas the technology of production has changed over 
time. Our work aimed to evaluate alternative technologies for the production of aromatized olive oil such as 
ultrasound- and microwave-assisted extraction in comparison to traditional infusion or maceration of dried red 
hot chili pepper (10% w/v for 7 days). For the ultrasonic treatment, samples of olive oil were prepared by adding 
10% and 20% dried chili pepper and subjected to ultrasound-extraction for 10 or 20 minutes. For microwave 
extraction, samples were added with 20% chili powder and treated for 10, 30 or 60 seconds. Capsaicinoids were 
quantified by HPLC-DAD directly in the flavored olive oil and antioxidant activity was evaluated by ABTS+ 
method. Capsaicinoids analysis in aromatized olive oil treated 20 minutes by ultrasound resulted about 130 ppm 
(capsaicin and hydroxycapsaicin), when 10% chili powder was used, while it was 250 ppm when 20% chili was 
used. The content of capsaicinoids extracted by traditional infusion was always higher for both concentrations of 
chili powder studied. The concentration of capsaicinoids in samples treated by microwaves extraction seem to be 
dependent on the treatment time, resulting 130 and 230 ppm capsaicinoids for 10 and 60 seconds of treatment, 
respectively. In conclusion, the production of flavored olive oils by using technologies such as microwave and 
ultrasound-extraction could allow the production of high quality oils, with fast and cost-effectively methods. 

Keywords: capsaicin, dihydroxycapsaicin, olive oil pungency, antioxidant activity, gourmet olive oil, red hot 
chili pepper, flavored olive oil, UV-HPLC analysis 

1. Introduction 

Flavored olive oil has been defined as an olive oil processed with vegetables, herbs, spices or fruits in order to 
improve its sensory characteristics (Baiano, 2009). Spices have historically been used by many cultures to 
enhance the flavor and aroma of foods. Their aroma is characterized by a wide range of volatile compounds, 
whose presence and quantity mainly depends on the spice used. Moreover, they have antioxidant (Yanishlieva et 
al., 2006) and antimicrobial (Souza et al., 2007) properties, and can be beneficial in the prevention of many 
human diseases such as breast, colon, and lung cancer (Kaefer & Milner, 2008), and also thrombus formation 
(Yamamoto et al, 2005). The most interesting compounds showing positive health effects found in spices and 
herbs are phenolic compounds, terpenoids and derivatives of fatty acids or amino acids (Hirasa & Takemasa, 
1998). Essential oils in spices are complex mixtures of substances, ordinarily terpenes, sesquiterpenes and 
oxygenated derivatives, generally present at low concentrations (Lucchesi et al., 2004). 

Spices can be added to foods in several forms: as whole spices, ground spices, essential oils or as oleoresins, or 
as prepared and filtered oil/vinegar infusions (Peter, 2001; Yamilka & Jorge, 2011).  

Extraction of oils and oleoresins from herbs and spices can be performed by using many methods, including: i) 
steam distillation, ii) hydrocarbon extraction, iii) chlorinated solvent extraction, iv) enzymatic treatment and 
fermentation, v) super critical carbon dioxide extraction (Peter, 2001). Conventional techniques for the extraction 
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of active constituents are time and solvent consuming, thermally unsafe and the analysis of plant constituents is 
also limited by some extraction steps. These extraction techniques are mostly based on the use of solvents and 
heat or agitation to increase the solubility of the desired compounds and to improve the mass transfer (Mandal et 
al., 2007). In recent years, the use of alternative ways for the extraction of plant constituents has shown interest 
and potentialities both in research and industrial level. The Microwave Assisted Extraction (MAE) and 
Ultrasound Assisted Extraction (UAE) are relatively new extraction techniques that combine microwave and 
ultrasound treatments, respectively, with traditional solvent extraction. Both systems have been used for the 
extraction of natural compounds (e.g. polyphenolics, anthocyanins, aromatic compounds, polysaccharides and 
functional compounds) from different plant matrices, by varying the main parameters that may influence the 
extraction efficiency, namely the nature and volume of solvent, extraction time, microwave or ultrawaves power, 
matrix characteristics and temperature (Delazar et al., 2012; Vinatoru 2001; Vilkhu et al., 2008).  

Olive oil is the most used fat in the Mediterranean countries, and it has been described as one of the most 
representative food in the so-called Mediterranean diet, associated to longevity and reduction of some 
cardio-vascular diseases. The notable positive properties on human health of olive oil has been mainly attributed 
to its fatty acid composition, particularly its high content in oleic acid, and to its phenolic compounds, which 
have been proved to exert interesting protective roles on humans.  

Red-hot chili pepper (Capsicum annuum L.) is a popular spice used in many parts of the world and appreciated 
for its sensory attributes of color, pungency and aroma. The pungency of capsicum fruit is due to a group of 
compounds called capsaicinoids, which are reported in different concentration in Capsicum plants, depending on 
the variety, environment and agricultural practices (Korel et al., 2002). 

The principle of Microwave Assisted Extraction is based on the application of microwaves for heating the 
solvents and plant tissues to accelerate the extraction process and to increase the kinetic of extraction. MAE has 
a number of advantages over traditional method of extraction, e.g., shorter extraction time, less need of solvent, 
higher extraction rate and lower cost. The use of MAE for the extraction of natural products started in the late 
1980s and it has now become one of the most popular and cost-effective extraction methods through the 
technological developments. Several instrumentations and methodologies for MAE have become available, e.g., 
pressurized microwave-assisted extraction (PMAE) and solvent-free microwave-assisted extraction (SFMAE) 
(Delazar et al., 2012).  

Ultrasound has been using in potential industrial application for the phyto-pharmaceutical extraction industry 
and food technology for a wide range of herbal extracts. The application of ultrasound as a laboratory-based 
technique for assisting extraction of plant material is widely reported in literature. In fact, several reviews have 
been published in the past years for the extraction of plant origin metabolites (Knorr, 2003), flavonoids from 
foods using a range of solvents (Zhang, Xu, & Shi, 2003) and bioactives from herbs (Vinatoru, 2001). Despite 
the wide application of these two techniques for the solvent extraction of naturally occurring antioxidant 
compounds from plant tissues, few is known about the direct application of microwave and ultrasound treatment 
in the “direct extraction” by using vegetable oils as a solvent and thus avoiding the use of synthetic and 
unhealthy solvent and the subsequent need to dissolve the active compounds in the vegetable oil for its 
aromatization. 

Thus, the aim of our work was to study the possibility to apply UAE and MAE for the extraction of dried chili 
pepper non-volatile compounds into olive oil to produce flavored olive oil, testing the extraction efficiency and 
the effect in terms of olive oil final quality. 

2. Materials and Methods 

2.1 Standards and Reagents 

All chemicals used were of HPLC grade. The following chemical compounds were used as standards: natural 
capsaicin (capsaicin 65% and dihydrocapsaicin 35%), Trolox and ABTS+ were purchased from Sigma–Aldrich 
(Steinheim, Germany), such as other chemicals used in our experiment. 

2.2 Samples and Flavored Olive Oils Production 

A commercial olive oil (mixture of virgin olive oil and refined olive oil) used for the experiments was donated 
by I.O.B.M. (Montesarchio, Benevento, Italy). Dried red hot chili pepper powder (Capsicum annuum) was 
purchased on the local market in Calabria region (Italy). Chili pepper flavored olive oils (CPOO) were prepared 
by infusion of chili pepper at different concentrations, 10 and 20% for 7 days maceration, as previously reported 
by Caporaso et al. (2013).  
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2.2.1 Microwave-Assisted Extraction 

Three samples of olive oil were used for the microwave treatment by adding 20% chili pepper, and subjected to 
microwave treatment for 10, 30 and 60 seconds, respectively. The microwave heating was carried out using a 
Microwaves Oven M500 (Philips S.p.A., Milano Italy), operating at a maximum power (500W).  

2.2.2 Ultrasound-Assisted Extraction 

Two concentration of chili pepper were used to produce flavored oils by adding 10% and 20% (w/w) powdered 
chili pepper. The samples were subjected to ultrasound treatment for 10 and 20 minutes using a FALC UTA60 
Ultrasonic Cleaner (Treviglio, BG, Italy), operating at a 28.5/31.5 kHz. All samples were prepared in triplicates 
(3 bottles, 100 mL each) and the analytical determinations were carried out on oil phase. 

2.3 Chemical Determinations 

2.3.1 Quality Indices 

The analysis of the peroxide value (PV) and the spectrophotometric indices (K232, K270, ΔK) were performed 
according to the European Official Methods of Analysis (EC Regulation 2568/91). 

2.3.2 HPLC Quantification of Capsacinoids 

The extraction of capsaicin from CPOOs and the UV-HPLC analysis was performed as previously reported by 
Caporaso et al. (2013). Capsaicin (65% capsaicin and 35% dihydrocapsaicin, SIGMA-Aldrich, Steinheim, 
Germany) was used as external standard for calibration curve (R2 = 0.92). Identification of capsacinoids was 
performed by comparing their retention times and UV spectra to those of pure compounds. 

2.3.3 Antioxidant Activity by ABTS+ Method 

ABTS analysis of flavored olive oil was performed according to the method reported by Re et al. (1999). Briefly, 
ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)] (Sigma-Aldrich, Italy) was dissolved in 5 mL 
water to obtain a concentration of 7 mM. Then 88 µL of a 2.45 mM potassium persulfate solution was added to 
form the radical cation ABTS+. The mixture was stored in the dark at 4-6 °C for 12-16 h before use. The ABTS+ 
stock solution was diluted with ethanol to reach an absorbance of 0.70 ± 0.02 at 734 nm and at 25 °C. 
Calibration curve was prepared using Trolox diluted in ethanol by using concentrations of 18, 36, 60, 90 and 120 
μM. The analysis was carried out after exactly 2.5 minutes of sample addition and the absorbance was read at 
734 nm using a spectrophotometer mod. UV-1601 (Shimadzu Italia, Milan, Italy). For each dilution, the 
percentage of inhibition was calculated using the formula A734 % = (1-Af/A0)*100, where A0 was the absorbance 
of blank sample and Af was the absorbance after 2.5 min. The inhibition percentage was plotted as a function of 
concentration and the TAA (Total Antioxidant Activity) was calculated from the ratio of linear regression 
coefficient of the analyte and that of the Trolox. Results were expressed as mmol Trolox equivalents per 
kilogram oil (Re et al., 1999).  

2.3.4 Statistical Analysis 

The production of flavored olive oil and their treatment were performed in triplicate, and chemical analyses were 
carried out in triplicate. A two-way analysis of variance (ANOVA) was used to assess the effect of dried chili 
pepper concentration and the different treatments and extraction times, by using XLStat Version 6.1 software 
(Addinsoft, France). The differences were considered significant at p < 0.05. 

3. Results and Discussion 

3.1 Ultrasounds Extraction of Chili Pepper Compounds 

Capsaicinoids analysis in flavored olive oils obtained by using ultrasound-assisted extraction (UAE) showed that 
the amount of capsaicinoids (capsaicin and dihydrocapsaicin) was dependent on the concentration of added chili 
pepper powder, and on the time of ultrasound treatment, as expected (Figure 1).  
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Figure 1. Capsaicin (a) and dihydrocapsaicin (b) content, and antioxidant activity (c) in chili pepper aromatized 
olive oil (CPOO) using different concentrations of chili pepper (10 and 20%, w/w) and maceration times: 7 days 

traditional maceration (infusion), 10 and 20 minutes of ultrasound-assisted extraction 

 

The content detected in UAE flavored oil was compared with that detected in the CPOO obtained by traditional 
chili pepper infusion for 7 days. This latter maceration time was chosen as it was previously described as the 
optimum time for the maximization of capsaicinoids extraction in the case of traditional maceration of chili 
pepper in olive oil (Caporaso et al., 2013). In Table 1 the amount of capsaicinoids (capsaicin and 
dihydrocapsaicin) extracted by using the ultrasound test was reported. A concentration of about 100 ppm 
capsaicinoids was reached using a 10% of chili powder and about 200 ppm using the concentration of 20%, for 
samples treated for 20 minutes by UAM. The content of capsaicinoids extracted by means of 7 days traditional 
infusion was always higher for both concentrations of chili powder considered in our experiment (Figure 1). 

Falleh et al. (2012) reported the application of an assisted-extraction procedure by using ultrasound, but the 
authors used methanol and ethanol for the extraction of polyphenols in various herbs and spices. As expected, 
longer treatment times caused higher increase in both capsaicinoids extraction and antioxidant activity. This 
result was in accordance with literature data about ultrasound-assisted extraction of plant bioactive compounds, 
e.g. Falleh et al. (2012) found a significant increase in total polyphenol contents and iron reducing activity, from 
5 to 10 minutes of treatment. By using solvents, ultrasound treatment for 3 h had better performance respect to 
maceration (15 h) and Soxhlet (5 h), and the extraction yield was also improved (Boonkird, Phisalaphong, & 
Phisalaphong, 2008). The same authors reported that the solvent extraction was very fast during for the first 5 
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minutes, probably for the effect of gradients from the chili pepper and the extraction phase.  

As reported in our previously published paper (Caporaso et al., 2013), the direct application of HPLC on the 
flavored olive oil allowed quantifying the amount of capsaicinoids extracted. The method was very similar to 
that applied in the analysis of individual phenolic compounds of olive oil, thus it seems very interesting for a 
complete characterization of the non-volatile fraction of the vegetable oils, particularly olive oil and virgin olive 
oils. In our work, we used an olive oil, which is a blend of refined olive oil and virgin olive oil, and the natural 
amount of phenolic compounds (“biophenols”) is very low. Further studies could use extra virgin olive oil, rich 
in phenolic compounds such as oleuropein derivatives, to also verify if interactions among some of these 
compounds and those released in the oil from Capsicum could occur. 

Our approach, i.e. the direct aromatization of olive oil, was scarcely reported in literature at the moment. Viellet, 
Tomao and Chemat (2010) applied ultrasound assisted maceration by using basil. In this case, due to the specific 
composition of basil, the authors only evaluated the volatile composition of the aromatized olive oil. 

Another example of the application of ultrasound-assisted extraction has been reported by Hossain et al. (2012) 
for marjoram. The authors applied Response Surface Methodology to assess the best extraction conditions of 
marjoram compounds, particularly phenolic compounds and they found a higher efficiency of ultrasound 
extraction respect to solid-liquid extraction. Many spices that are used in culinary applications have been 
reported in literature for the aromatization of vegetables oils, i.e. rosemary, marjoram, oregano, chili pepper, 
basil, thyme, etc., also due to their demonstrated potent antioxidant properties (Hossain et al., 2011). As reported 
by Hossain et al. (2011), traditional extraction methods as based on the use of solvents, and the liquid has to 
reaches high temperatures (up to 129-150 °C) to obtain higher extraction efficiency, thus some thermal 
degradations could occur, depending of the type of spice or herb. Also, the same authors reported that at higher 
temperature, namely 150 °C in the case of Laimanceae spices, the formation of Maillard reaction products may 
occur. 

 

Table 1. Capsaicinoid concentration, total antioxidant activity (TAA) and quality indices (peroxide value, K232, 
K270 and ΔK) for olive oil and chili pepper aromatized olive oil (CPOO) at different concentrations of chili 
pepper (10 and 20 % w/w) produced by using traditional maceration (7 days) and ultrasound-assisted maceration 
at different times (10 and 20 minutes) 

 Olive oil 10% CPOO 20% CPOO 

   7 days 10 minutes 20 minutes 7 days 10 minutes 20 minutes 

Capsaicin   - 123.8 ±6.4a 84.6 ±3.9b 93.3 ±4.0b 221.0 ±10.7c 114.7 ±5.8a 169.9 ±6.8d

Hydrocapsaicin  - 56.5 ±3.8a 39.1 ±2.45b 43.0 ±2.4b 103.2 ±6.6c 53.2 ±3.0a 83.0 ±3.8d

TAA   3.09 ±0.1a 18.0 ±1.3b 13.8 ±0.8c 15.3 ±0.6c 25.7 ±0.9d 17.1 ±0.9b 23.2 ±1.6d

Peroxide value 3.5 ±1.0a 6.8 ±1.1b 6.3 ±0.9b 5.5 ±0.4b 6.7 ±0.4b 7.8 ±1.6b 7.7 ±0.5b

K232   2.35 ±0.09a 2.57 ±0.05b 2.74 ±0.09b 3.02 ±0.04c 3.22 ±0.05d 2.96 ±0.05e,c 2.79 ±0.06b

K270   0.67 ±0.02a 0.81 ±0.13b 0.94 ±0.05b,c 0.97 ±0.02c 1.05 ±0.02d 1.15 ±0.02e 0.89 ±0.01b

ΔK  0.10 ±0.01a 0.10 ±0.01a 0.10 ±0.01a 0.09 ±0.00a 0.09 ±0.00a 0.09 ±0.01a 0.10 ±0.00a

a-e: different letters on the same line indicate significantly different values (p < 0.05). 

 

Table 1 reports the quality indices for olive oil and CPOO samples by considering the traditional infusion and the 
UAE. With regard to the overall quality of olive oil, a higher peroxide value in the sample subjected to 
ultrasound for 20 minutes was observed, as well as higher values for the secondary oxidation indices (K232 and 
K270), respect to 10 minutes of treatment. These results indicated a significant increase of the lipid oxidation by 
increasing the time of ultrasound-assisted extraction. This result could be explained by the possible degradation 
of some natural antioxidant in olive oil, such as polyphenols and tocopherols. On the other hand, an increase in 
total antioxidant activity was obtained in all case, respect to the unflavored olive oil. In particular, the highest 
antioxidant activity was recorded in traditionally macerated olive oil by using 20% chili pepper. By using the 
highest ultrasound-treatment time, the value of antioxidant activity reached those obtained for maceration during 
7 days. The same trend, i.e. longer treatment times caused higher values for antioxidant activity, was also 
obtained for 10% chili pepper.  
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Peroxide value was higher in all flavored olive oil, thus indicating a higher formation of primary oxidation 
products. No difference was found among infusion or ultrasound-treatment, both in 10 and 20 minutes. This 
results is probably explained by the higher release of bioactive compounds such as capsaicinoids, which acts as 
antioxidant, thus reducing olive oil oxidation. The same general trend was also observed for other quality indices 
such as K232 and K270. Some differences were explained by the presence in chili pepper of other compounds that 
could act as pro-oxidant (beta-carotene, vitamin C, etc.), depending on the environment. 

3.2 Microwaves-Assisted Extraction 

The application of microwave-assisted extraction has been tested to speed up the process of flavoring. One of the 
first works was reported by Di Cesare et al. (1993), where the authors prepared garlic aromatized olive oil by 
comparing the performance of infusion, conventional heating and microwave treatments. They found that this 
latter technique had better performances than traditional maceration and conventional heating, both for the 
extraction of some volatile compounds and the stability indices.  

According to Lucchesi et al. (2004), the spice used for the aromatization need to be dried in order to avoid the 
release of water that negatively affects olive oil quality and stability. Thus, only the use of dried chili pepper is 
recommended, and the use of fresh products should be avoided by producers or industry. 

Other methods of extraction have been set up in the recent years, involving the use of microwave coupled with 
dry distillation at atmospheric pressure (Lucchesi et al., 2004). This method has been called “solvent-free 
microwave extraction” (SFME) and its efficiency has been tested and reported in literature for basil, mint and 
thyme, basically for their aromatic components. The method has been proposed for its advantages in terms of 
energy and time: in our extraction technology, we only used the first part of this process, which is the use of 
microwave to accelerate the release of non-volatile compounds from chili pepper, thus it seem to us ever more 
“green” and fast than other proposed techniques. In fact, in the case of SFME, the extraction of essential oils is 
based on the long heating of the spice and its distillation, to obtain the product that is subsequently added to a 
vegetable oil for its flavoring (Bayramoglu et al., 2008), whereas in our experiment, the olive oil was used as 
“extracting media”. 

 

 

Figure 2. Capsaicinoids content (A) and antioxidant activity (B) in olive oil flavored with dried chili pepper 
(CPOO) by using 20% (w/w) chili pepper and different times (10, 20 and 60 seconds) of microwave treatment 

 

Capsaicinoids concentration (capsaicin and dihydrocapsaicin) in CPOO samples obtained by using microwaves 
treatment (MAE) resulted depended upon the treatment time of olive oil, as showed in Figure 2. The results 
indicate that a fast release of capsaicinoids is reached at 10 seconds of treatment; while in the following 10 
seconds of heating no significant difference was obtained. At the end of the experiment, i.e. 60 seconds, a 
significant increase of capsaicinoids and antioxidant activity was obtained. This trend was probably explained by 
the different extractability of the chili compounds, on the basis of their higher or less retention in the chili pepper 
matrix, and also as affected by the gradient of concentration in the olive oil. 

Also, these results have been explained by the acceleration of oxidative phenomena following the raising of the 
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temperature in CPOO, which increased from 26 °C to 34 °C in the sample treated for 10 seconds, from 26 °C to 
70 °C in the sample treated for 30 seconds and from 26 °C to 76 °C in the sample treated for 60 seconds (data 
not shown). The quality indices for CPOO samples for microwave treatment showed a higher value of PV for 
samples added with 20% chili pepper.  

 

Table 2. Capsaicinoids concentration, total antioxidant activity (TAA) and quality indices (peroxide value, K232, 
K270 and ΔK) for olive oil and chili pepper flavored olive oil (CPOO) produced by using 20% (w/w) chili pepper 
produced by using microwave treatment at different times (10, 30 and 60 seconds) 

  Olive oil 20% CPOO 

    10 seconds 30 seconds 60 seconds 

Capsaicin   - 89.8 ±3.5a 86.7 ±3.7a 164.7 ±6.9b 

Dihydrocapsaicin  - 42.7 ±3.0a 37.6 ±2.9a 75.1 ±3.3b 

TAA 3.09 ±0.1a 15.70 ±1.6b 13.91 ±1.8b 19.94 ±0.5c 

Peroxide value  3.50 ±1.0a 6.50 ±0.6b 6.57 ±1.45b 9.25 ±0.3c 

K232   2.35 ±0.09a 2.71 ±0.05b 2.55 ±0.09b 2.74 ±0.25b 

K270   0.67 ±0.02a 0.83 ±0.02b 0.77 ±0.12b 0.85 ±0.01b 

ΔK  0.10 ±0.01a 0.10 ±0.01a 0.10 ±0.00a 0.09 ±0.00a 

a-c: different letters on the same line indicate significant different values (p < 0.05). 

 

As reported in Table 2, total antioxidant activity dramatically increased respect to that found in unflavored olive 
oil, and the highest value was obtained for the longer treatment time. At the same time, an increase in peroxide 
value was observed, according to the extraction of some pro-oxidant compounds as previously discussed. The 
quality indices in flavored olive oil slightly but significantly changed as effected by heating: in particular, it has 
to be highlighted that in the specific case of our experiment the initial values for K232 and K270 were high, 
considering the limits for virgin olive oils (EU Reg. 2568/91). Thus, in the case of low quality olive oil, it is 
important for producers to strictly control the flavoring procedure to avoid excessive oxidation and very high 
(low quality) indices for lipid oxidation. 

4. Conclusions 

The accelerated methods for olive oil aromatization by addition of dried chili pepper allowed obtaining a 
flavored product by reducing the extraction time respect to the traditional maceration process. Ultrasound and 
microwaves treatments seem to be very effective, rapid and low-cost methods for the production of flavored 
olive oil, whereas the chemical indices of olive oil quality slightly changed as affected by the high temperature 
during treatment. On the other hand, one has to consider that methods involving the use of solvent for the 
extraction of capsaicinoids of other active compounds from spices and herbs are expensive, time-consuming and 
generally involve the use of toxic chemicals. Thus, our results suggest the application of direct extraction of chili 
pepper in the lipid phase at industrial level, as the method applied was effective and the final quality of flavored 
olive oil resulted satisfactory. This procedure also allows the production of a "green" flavored olive oil, avoiding 
the use of any petroleum solvent. Further work is needed by applying the same extraction procedure and using 
other kinds of spices, while other systematic studies will allow the definition of the extraction kinetic by 
considering the time and temperature during the process. 
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