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This study investigated the effects of adding basil (Ocimum basilicum L.), oregano (Origanum vulgare), 

and parsley (Petroselinum crispum) on the total carotenoid content of air-fried, microwaved, and pan-fried 

omelets. The herb extracts were first characterized for their antioxidant capacity and total phenolic and 

carotenoid contents. Omelets were prepared without herbs (control) and with the herbs incorporated into 

the egg white and yolk mixture at three levels (0.25%, 0.5%, and 0.75%). In the control samples, cooking 

significantly reduced carotenoid content, except for pan frying. Air frying caused the greatest reduction, 

decreasing carotenoids from 14.87 ± 0.09 μg/g (raw) to 10.06 ± 0.11 μg/g, representing a 32.35% 

degradation. Microwaving resulted in a 23.64% loss. In contrast, higher levels of carotenoids were found 

in samples containing the herbs, mainly when oregano was used at 0.75%. Overall, the results indicate that 

while some carotenoids from the herbs may degrade during cooking, their addition can effectively protect 

egg carotenoids from thermal degradation by acting as natural antioxidants. 

Keywords: eggs, oxidation, carotenoids. 

 

Este estudo investigou o efeito da adição de manjericão (Ocimum basilicum L.), orégano (Origanum 

vulgare) e salsa (Petroselinum crispum) no teor total de carotenóides de omeletes preparadas em air fryer, 

micro-ondas e frigideira. Os extratos de ervas foram inicialmente caracterizados por sua capacidade 

antioxidante e teores de fenólicos e carotenóides totais. As omeletes foram preparadas sem ervas (controle) 

e com as ervas incorporadas à mistura de clara de ovo e gema em três níveis (0,25%, 0,5% e 0,75%). Nas 

amostras de controle, o cozimento reduziu significativamente o teor de carotenóides, exceto para o preparo 

na frigideira. O preparo em air fryer causou a maior redução, diminuindo os carotenoides de 14,87 ± 

0,09 μg/g (cru) para 10,06 ± 0,11 μg/g, representando uma degradação de 32,35%. O micro-ondas resultou 

em uma perda de 23,64%. Em contraste, níveis mais elevados de carotenóides foram encontrados nas 

amostras contendo as ervas, principalmente quando o orégano foi usado a 0,75%. No geral, os resultados 

indicam que, embora alguns carotenóides das ervas possam degradar durante o cozimento, sua adição pode 

efetivamente proteger os carotenóides do ovo da degradação térmica, agindo como antioxidantes naturais. 

Palavras-chave: ovos, oxidação, carotenóides. 

1. INTRODUCTION 

Chicken eggs are an economically affordable source of nutrients and crucial components of a 

balanced diet. They have significant value for daily meals and serve as basic ingredients in various 

culinary dishes [1, 2]. Additionally, eggs provide many desirable technological properties and are 

extensively used by the food industry. As a result, eggs rank among the most widely consumed 

staple foods worldwide [1, 3].  

In addition to being rich in high-quality proteins, lipids, vitamins, and minerals, eggs are an 

important source of carotenoids [4, 5]. The carotenoids found in egg yolk are highly bioavailable 

and exhibit a range of beneficial biological activities. Their consumption has been linked to a 

reduced risk of ocular, cardiovascular, and degenerative diseases, as well as diabetes and certain 
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cancers [5-7]. Furthermore, carotenoids impart the yellow to orange coloration of egg yolk, which 

is highly valued by consumers, and they are recognized for their strong antioxidant properties [8]. 

Carotenoids are highly reactive due to their system of conjugated double bonds, enabling them 

to function as antioxidants by trapping free radicals or physically quenching singlet oxygen [9, 

10]. However, this reactivity also makes them unstable. Due to their unsaturated structures, 

carotenoids are easily degraded through oxidation and isomerization when exposed to factors such 

as heat, light, oxygen, and catalytic agents. Consequently, thermal preparation of eggs can 

degrade carotenoids, potentially compromising their functionality, bioavailability, and overall 

quality [10-12].  

Eggs are frequently consumed as scrambled eggs, commonly referred to as omelets, which can 

be prepared using various thermal methods. The traditional method involves frying in a 

conventional pan, but microwaving and air frying have gained popularity as practical alternatives 

due to their precise process control and space-saving designs [13, 14]. Air fryers cook food by 

circulating heated air uniformly inside the fryer chamber, achieving the characteristic color and 

crispness of fried foods without the use of oil [14, 15]. Microwave heating, a form of dielectric 

heating, eliminates the need for a heat-transfer medium, enabling faster and more uniform cooking 

[13, 16].  

Culinary herbs are widely used both in traditional cuisine and the food industry to enhance the 

color, flavor, and aroma. Furthermore, herbs have garnered significant research interest due to 

their nutritional value and health-promoting properties, which are linked to the presence of 

antioxidant compounds (e.g. phenolic acids, flavonoids, carotenoids) [17]. Due to these 

antioxidant properties, incorporating herbs into food preparations can support the human 

endogenous antioxidant system and protect food components from oxidation [18-20]. 

In this context, given the nutritional and biological significance of carotenoids in eggs, it is 

worth investigating the impact of cooking methods on carotenoid stability during omelet 

preparation, a topic that has not yet been thoroughly explored. Therefore, this study aimed to 

evaluate the role of basil, oregano, and parsley (0.25, 0.5, and 0.75%) on the thermal degradation 

of carotenoids in omelets prepared by air frying, microwaving, and pan frying. 

2. MATERIAL AND METHODS 

2.1 Chemicals 

Folin–Ciocalteu reagent, 2,4,6-tris(2-pyridyl)-s-triazine, 1,1-diphenyl-2-picrylhydrazyl, 

gallic acid, and Trolox were purchased from Sigma-Aldrich (St. Louis, MO, USA). All other 

chemicals were acquired from Vetec (São Paulo, SP, Brazil).  

2.2 Herbs 

Fresh basil, oregano, and parsley, approximately 1 kg of each herb, were donated by local 

producers from Seropédica, Rio de Janeiro, Brazil (latitude 22°76'19.31"S; longitude 

43°67'16.99"W). The herbs were authenticated and voucher specimens were deposited in the 

Herbarium of the Federal Rural University of Rio de Janeiro under numbers 45091 (basil), 37741 

(parsley), and 56083 (oregano). The leaves were washed in running water, dried with paper 

towels, and chopped. Next, they were stored in plastic bags and maintained at 4 °C until analyses 

or, immediately used. 

2.3 Herbs’ characterization 

2.3.1 Extracts 

The extracts were prepared as described by de Oliveira et al. (2022) [21]. Each fresh herb (2 g) 

was homogenized with 40 mL of an ethanol/water solution (80:20, v/v) at 25 °C under mechanical 

shaking for 30 min. Then, the mixture was sonicated for 20 min (40 kHz) (Elmasonic P, Elma 

Schmidbauer GmbH, Singen, Germany) and centrifuged at 18,000 x g for 10 min (NI 1813, Nova 
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Instruments, São Paulo, Brazil). Then, the supernatant was transferred to a volumetric flask of 

50 mL and the volume was completed with the extracting solution. 

2.3.2 Total phenolic content and in vitro antioxidant capacity  

These analyzes were performed following the procedures reported by Mariano et al. (2022) 

[22]. For total phenolic compounds, 1 mL of extract was mixed with 10 mL of distilled water and 

1 mL of the Folin–Ciocalteu reagent diluted in distilled water (1:10, v/v). After 3 min, the mixture 

was homogenized with 1.5 mL of 10% sodium carbonate solution and allowed to rest for 2 h at 

25 °C in the dark [23]. The absorbance was measured at 725 nm with a spectrophotometer             

(WUv-m51, Weblabor, São Paulo, Brazil) and results were presented as mg gallic acid equivalent 

(GAE)/g sample. 

The in vitro antioxidant capacity was determined by the DPPH and FRAP assays. For the 

DPPH radical scavenging assay, a mixture prepared with the extract (100 μL) and 3.9 mL of a 

0.06 mM methanolic DPPH solution was homogenized and left resting for 1 h in the dark at 25 °C 

[24]. Readings were performed at 517 nm and the DPPH radical scavenging activity was 

determined as follows: %I DPPH = (A0 - A) / A0) x 100, where A0 and A are the absorbance of the 

control (DPPH) and sample, respectively.  

The FRAP reagent was prepared by mixing 300 mM sodium acetate buffer (pH 3.6), 10 mM 

TPTZ (2,4,6-tris(2-pyridyl)-s-triazine) solution in 40 mM hydrochloric acid, and 20 mM ferric 

chloride in proportions of 10:1:1 (v/v/v). The extract (90 μL) was homogenized with distilled 

water (270 μL) and the FRAP reagent (2.7 mL). The solution was heated in a water bath at 37 °C 

for 30 min [25]. Then, it was cooled and the absorbance was measured at 595 nm. The results 

were expressed as µmol Trolox equivalent (TE)/g. 

2.3.3 Total content of carotenoids  

A methodology that determines carotenoids and chlorophylls simultaneously and is widely 

applied the in the literature for plant materials was used[26]. Each fresh herb (2 g) was macerated 

with calcium carbonate (0.2 g) and an acetone/water solution (7 mL; 80:20, v/v). The mixture was 

filtered to a volumetric flask (25 mL) and the volume was completed with the solution. Readings 

were performed at 470 (carotenoids), 647 (chlorophyll a), and 663 nm (chlorophyll b) and the 

carotenoid content (μg/g) was determined as follows using equations 1, 2, and 3. 

 

Chlorophyll a (Ca) = [12.25 A663.2 − 2.79 A646.8] (1) 
 

Chlorophyll b (Cb) = [21.50 A646.8 − 5.10 A663.2] (2) 
 

Total Carotenoids = [1000 A470 − (1.82Ca − 104.96 Cb)/198] (3) 

2.4 Omelets 

2.4.1 Omelet preparation 

Fresh eggs (50 ± 0.5 g) were purchased in a market in Seropédica, Rio de Janeiro, Brazil. The 

yolk and white of twelve eggs were mixed using a mixer (velocity 1 for 15 s, Ri7000, Walita, São 

Paulo, Brazil) to obtain a homogenous sample, which was analyzed before cooking (raw sample). 

Subsequently, the same procedures were performed to prepare the cooked samples.  

The omelets were cooked according to each treatment: omelets without herb (control) and 

omelets containing fresh basil, parsley, or oregano leaves at concentrations of 0.25, 0.5, and 

0.75%. The amount of herb used was determined based on previous research [27, 28], which used 

these herbs as natural antioxidant in eggs. Moreover, informal sensory tests were also performed 

with the laboratory team to establish herb percentages deemed suitable by consumers based on 

the size of the prepared omelet (150 ± 0.5 g, made with 3 eggs). As the quantity of herbs used in 

culinary dishes is largely subjective, tests were conducted using various proportions, with visual 

evaluation as the primary method of analysis [28]. 
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2.4.2 Thermal process 

Due to the lack of standard procedures for preparing omelets, the temperature/time binomial 

of each thermal treatment was determined by performing informal tests with the laboratory team, 

mimicking domestic preparations as previously reported [27, 28]. In addition, food safety was 

also considered and a minimum internal temperature of 70 °C was defined [29]. The temperature 

was monitored with a thermometer (Incoterm 6132, São Paulo, Brazil) to achieve the minimum 

value requested.  

Air frying was performed using an electric air fryer (RI9225/50, Philips Walita, São Paulo, 

Brazil) set at 220 °C for 10 min. Pan frying was carried out using a domestic stove (Esmaltec, 

Ceará, Brazil). The sample was prepared using only a Teflon pan without the addition of oil, being 

turned over at 1-min intervals, totaling 4 min of cooking. For microwaving, a microwave oven 

(CCE, São Paulo, Brazil) was used to cook the samples for 3 min (900 W) [27, 28].  

Three omelets were prepared for each cooking method. Then, they were combined to obtain a 

single sample, which was ground and lyophilized.  

2.4.3 Total content of carotenoids  

The sample (3 g) was mixed with 15 mL of acetone and sonicated for 15 min at 40 kHz. The 

mixture was filtered using a vacuum glass funnel equipped with a sintered plate. The extraction 

process was repeated until the sample no longer displayed the distinctive carotenoid coloration. 

The acetone extract was transferred to a separatory funnel containing 15 mL of petroleum ether 

and washed with distilled water at least 3 times. The ether extract was filtered through anhydrous 

sodium sulfate, collected in a volumetric flask (25 mL), and the volume was completed with 

petroleum ether. The procedures were performed using limited light and readings were performed 

at 450 nm. The results were calculated according to Equation 4, where A is the absorbance, V is 

the total extract volume, m is the mass of sample, and A1%
1cm is the absorption coefficient of 

zeaxanthin in petroleum ether [30]. 

 

Total carotenoid content (μg/g) = A x V x 104 / A1%
1cm x m    (4) 

2.5 Statistical analysis 

For herbs comparison, it was applied an one way ANOVA, followed by mean test comparison 

of Tukey when differences were detected. On the other hand, to evaluate the effect of cooking 

method, the type of the herb, and the amount of herb, it was applied a three way ANOVA, then, 

where differences were detected, it was applied a Tukey test for multiple comparison. Finally, the 

Dunnet test was applied to compare the treatments with the control. A significance level of 5% 

was considered using the software R. 

3. RESULTS AND DISCUSSION 

3.1 Herbs’ analyses: in vitro antioxidant capacity, phenolic compounds, and carotenoids 

Oregano exhibited the highest antioxidant capacity against the DPPH radical (p < 0.05), with 

an inhibition of 89.36 ± 0.48 %, followed by basil (37.82 ± 0.09 %) and parsley (13.07 ± 0.64 %) 

(Table 1). These results align with the ones obtained by other authors [31], who described the 

highest potential of oregano to inactivate DPPH radicals when compared to basil and parsley. 

Inactivation values for parsley extracts ranging from 2.16% to 14.26% were determined [32], 

consistent with the present study, whereas a higher value of 59.21% was also reported [18]. 

Regarding basil, extracts obtained with ethanol, methanol, and water presented inhibition 

percentages of 6.86, 9.10, and 6.09%, respectively [33].  
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Table 1: Total content of phenolics and carotenoids and antioxidant capacities determined by DPPH and 

FRAP assays of basil, oregano, and parsley extracts. 

 Basil Oregano Parsley 

Total phenolics 

mg GAE/g 
8.00 ± 0.75b 11.21 ± 0.20a 5.12 ± 0.03c 

Total carotenoids 

µg/g 
6.18 ± 0.04c 12.95 ± 0.09a 11.76 ± 0.12b 

DPPH  

% Inhibition percentage 
37.82 ± 0.09b 89.36 ± 0.48a 13.07 ± 0.64c 

FRAP 

µmol Trolox TE/g 
217.36 ± 1.14b 134.55 ± 0.16a 321.11 ± 0.35c 

Results presented as mean ± standard deviation, n=3. Different letters in the same row mean statistically different 

results by the Tukey test (p < 0.05). 

Regarding FRAP, the antioxidant capacity decreased in the following order: parsley (321.11 ± 

0.35 µmol TE/g), basil (217.36 ± 1.14 µmol TE/g), and oregano (134.55 ± 0.16 µmol TE/g)                

(p < 0.05) (Table 1). Hossain et al. (2011) [34] reported FRAP values of 232.93 µmol TE/g for 

basil, 753.53 µmol TE/g for oregano, and 51.14 µmol TE/g for parsley. The result obtained for 

basil is in agreement with the present study; however, the authors observed a higher reducing 

power for oregano and a lower potential for parsley. Lower values, compared to the ones from 

this study, were also described for oregano (51.56 µmol TE/g) and parsley (5.99 µmol TE/g) [35, 

36].  

For the total phenolic contents, oregano showed the highest amount (11.21 ± 0.20 mg GAE/g), 

followed by basil (8.00 ± 0.75 mg GAE/g) and parsley (5.12 ± 0.03 mg GAE/g), respectively            

(p < 0.05) (Table 1). Oregano extracts prepared under different process conditions, like solvent 

concentration and extraction time, showed values ranging from 5.76 to 18.75 mg GAE/g [37], 

while a higher level (39.48 mg GAE/g) was determined for an ethanolic extract [36]. 

Previous studies on parsley extracts revealed total phenolic contents ranging from 1.15 to 

12.49 mg GAE/g [18, 35, 38, 39], which are consistent with the values found in this study. For 

basil, lower phenolic contents were assessed by Siti Mahirah et al. (2018) [33], ranging from 2.61 

to 3.84 mg GAE/g. 

For carotenoids, the levels decreased in the following order: 12.95 ± 0.09 µg/g (oregano) > 

11.76 ± 0.12 µg/g (parsley) > 6.18 ± 0.04 µg/g (basil) (p < 0.05) (Table 1). Dobričević et al. 

(2019) [38] evaluated 6 cultivars of parsley, showing carotenoid levels from 80 to 160 μg/g. 

Higher contents were also reported for basil (829 µg/g) and oregano (345 µg/g) extracts [40].  

The values found in the literature may differ significantly from those obtained in this study. 

Such variations are expected, as the levels of compounds like carotenoids and other 

phytochemicals are highly influenced by genetic factors and environmental conditions. 

Additionally, it is well established that the quantitative results of bioactive compounds in plant 

material extracts can be affected by extraction conditions, such as temperature, solvent type, 

solvent ratio, extraction time, and method [33, 37, 38].  

Herbal extracts comprise a variety of components with diverse chemical structures and 

properties. Therefore, methods based on different mechanisms were employed to provide 

complementary insights. The DPPH method relies on the scavenging of the DPPH radical by 

antioxidants or radical species, resulting in the decolorization of the DPPH solution. In contrast, 

FRAP measures the reduction of the Fe(III) complex to Fe(II) in the presence of reducing agents 

[41].  

Phenolic compounds are the primary class of antioxidants found in plant materials [42] and 

are strongly correlated with the high antioxidant capacity of natural extracts [43]. Additionally, 

carotenoids act as quenchers of singlet molecular oxygen and scavengers of free radicals, which 

are key reactive species driving oxidative processes [44]. 
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3.2 Cooking effects on the total carotenoids content of omelets 

Raw samples presented a total carotenoid amount of 14.87 ± 0.09 μg/g (Table 2), which is 

similar to the value reported by Panaite et al. (2021) [4] for fresh egg yolk (15.38 μg/g). However, 

differences may occur since carotenoid levels are primarily affected by the diet of laying hens [4, 

8].  

The heating process resulted in a decrease in carotenoid content in the control samples                 

(p < 0.05). Total carotenoid levels reduced by 32.35% (from 14.87 ± 0.09 to 10.06 ± 0.11 μg/g) 

after air frying, 23.64% (from 14.87 ± 0.09 to 11.36 ± 0.10 μg/g) after microwaving, and 4.78% 

(from 14.87 ± 0.09 to 14.16 ± 0.47 μg/g) after pan frying. However, the decrease observed after 

pan frying was not statistically significant (p > 0.05) (Table 2). 

The effects of cooking and high temperatures on carotenoid degradation are well documented 

[11, 12, 45]. Carotenoids are sensitive to heat, light, and oxygen, and can degrade during cooking 

due to oxidation and isomerization. These processes affect the functionality, bioavailability, and 

content of carotenoids [11, 12].  

Studies have reported reduced levels of carotenoids, such as xanthophylls, in cooked eggs, 

which directly impacts their total carotenoid content. For example, the xanthophyll content in 

boiled, pan-fried, and microwaved egg yolk showed losses ranging from 6% to 18% [45]. Boiling 

and pan frying significantly decreased lutein and zeaxanthin levels in eggs, with reductions of 

approximately 13% and 24%, respectively, in fried samples [11]. 

After heating, the air-fried control samples exhibited the lowest carotenoid content, followed 

by the microwaved samples (p > 0.05). This suggests that carotenoid degradation during cooking 

is linked to both the duration of the cooking process and the temperature reached. As mentioned 

previously, omelets were air fried for 10 minutes, while microwaving and pan frying took 3 and 

4 minutes, respectively. The cooking time and temperature for each method were determined 

through informal tests, taking sensory characteristics into account. Consequently, a longer 

cooking time was required to achieve the sensory characteristics deemed acceptable for air-fried 

omelets. 

Although the time spent on pan frying was longer than microwaving, the internal temperature 

measured in omelets was higher in microwaved samples. The core temperatures in the samples 

decreased in the following order: air frying (138 °C) > microwaving (95 °C) > pan frying (84 °C). 

Pan-fried samples exhibited the lowest internal temperature, and the carotenoid content was 

similar to that of the raw samples. This behavior aligns with a thermal degradation kinetics study, 

which applied varying temperatures (25 °C, 35 °C, and 45 °C) and time intervals (0 - 10 hours) 

and showed that carotenoid contents decreased as heating time and temperature increased [12]. 

It is also important to note that during air frying hot air circulates inside the fryer chamber, 

and samples are most exposed to oxygen, a potent oxidation inducer, compared to the other 

cooking methods [15, 46]. Therefore, the continuous contact of food with the circulating air in 

the air fryer chamber is a critical factor. 

Regarding omelet samples containing the herbs, they presented higher concentrations of 

carotenoids compared to control (p < 0.05) (Table 2). In air-fried samples added with herbs, the 

carotenoid amount ranged from 13.06 ± 0.10 to 14.63 ± 0.04 μg/g (basil), from 15.12 ± 0.05 to 

18.00 ± 0.11 μg/g (oregano), and from 14.48 ± 0.64 to 16.41 ± 0.35 μg/g (parsley). For oregano 

differences were observed when comparing the different concentration of herb used (0.25, 0.5, or 

0.75) (p < 0.05); however, for basil and parsley it was not noted for all levels. Regarding the 

addition of 0.75% herb, samples with oregano showed the highest carotenoid level (18.00 ± 

0.11 μg/g), followed by parsley (16.41 ± 0.35 μg/g) and basil (14.63 ± 0.04 μg/g), respectively. 
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Table 2: Total carotenoids content (μg/g) of raw and cooked omelets (control and samples added with basil, oregano, and parsley at 0.25, 0.5, and 0.75 %). 

Air frying 

 
Raw Control 

Basil 

0.25% 

Basil 

0.5% 

Basil 

0.75% 

Oregano  

0.25% 

Oregano  

0.5% 

Oregano  

0.75% 

Parsley  

0.25% 

Parsley  

0.5% 

Parsley  

0.75% 

Total 

Carotenoids 

(μg/g) 

14.87 ± 

0.09 

*;k10.06 ± 

0.11C;c 

*;h13.06 ± 

0.10B;e 

*;h13.24 ± 

0.23B;f 

g14.63 ± 

0.04A;f 

f15.12 ± 

0.05C;cd 

*;d17.00 ± 0.26 

B;cd 

*;c18.00 ± 

0.11A;bc 

g14.48 ± 

0.64B;d 

*;e16.35 ± 

0.32A;d 

*;e16.41 ± 

0.35A;d 

Pan frying 

 
Raw Control 

Basil 

0.25% 

Basil 

0.5% 

Basil 

0.75% 

Oregano  

0.25% 

Oregano  

0.5% 

Oregano  

0.75% 

Parsley  

0.25% 

Parsley 

 0.5% 

Parsley  

0.75% 

Total 

carotenoids  

(μg/g) 

14.87 ± 

0.09 

g14.16 ± 

0.47B;a 

f14.90 ± 

0.08AB;cd 

f15.17 ± 

0.26AB;e 

*;e15.88 ± 

0.72A;de 

*;d17.45 ± 

0.16A;ab 

*;c18.09 ± 

0.67A;ab 

*;b18.46 ± 

0.62A;ab 

f15.54 ± 

0.06C;c 

*;e16.38 ± 

0.13B;d 

*;d17.43 ± 

0.20A; c 

Microwaving 

 
Raw Control 

Basil 

0.25% 

Basil 

0.5% 

Basil 

0.75% 

Oregano  

0.25% 

Oregano  

0.5% 

Oregano  

0.75% 

Parsley  

0.25% 

Parsley  

0.5% 

Parsley  

0.75% 

Total 

carotenoids  

(μg/g) 

14.87 ± 

0.09 

*;j11.36 ± 0.10 

D;b 

*;i12.11 ± 

0.08C;f 

*;g14.02 ± 

0.11B;f 

f15.13 ± 

0.12A;ef 

*;c17.98 ± 

0.20B;a 

*;c18.22 ± 

0.10B;a 

*;a19.24 ± 

0.03A;a 

*;d17.14 ± 

0.40B;b 

*;d17.37 ± 

0.09B;bc 

*;a19.41 ± 

0.05A;a 

Results presented as mean ± standard deviation, n=3. "*" indicates significant differences in comparison with "Raw" by the Dunnet test. Similar lower letters on the left indicate that the 

treatments presented similar values by the Tukey test. Different capital letters on the right indicate differences among samples added with different concentrations of the same herb. 

Different lowercase letters on the right indicate differences among samples treated with different herbs at the same level of addition. All statistical analyses were performed at 5% of 

significance. 
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For pan frying, the highest content of carotenoids was found in samples added with 0.75% of 

oregano (18.46 ± 0.62 μg/g), followed by 0.75% of parsley (17.43 ± 0.20 μg/g), and 0.75% of 

basil (15.88 ± 0.72 μg/g). Using different levels of basil and oregano did not influence the results 

in samples containing these herbs (p < 0.05), which was not observed for parsley. In microwaved 

samples, the addition of basil, oregano, and parsley at 0.75% resulted in levels of 15.13 ± 0.12, 

19.24 ± 0.03, and 19.41 ± 0.05 μg/g, respectively. The highest variation was determined for basil, 

with carotenoids varying from 12.11 ± 0.08 μg/g (0.25%) to 15.13 ± 0.12 μg/g (0.75%).  

When comparing treatments with different herbs, samples containing oregano presented the 

highest carotenoid content (p < 0.05): 18.00 ± 0.11 μg/g (air frying), 18.46 ± 0.62 μg/g (pan 

frying), and 19.24 ± 0.03 μg/g (microwaving). However, an exception was noted for microwaved 

samples, which showed similar concentrations when oregano and parsley (0.75%) were used 

(19.41 ± 0.05 μg/g) (p > 0.05). These findings agree with the values presented in Table 1, where 

the highest content of carotenoids was assessed for oregano extract (12.95 ± 0.09 μg/g), followed 

by parsley (11.76 ± 0.12 μg/g). However, as indicated by the results for raw and control samples, 

heating led to carotenoid degradation in eggs, which may also occur with the carotenoids in the 

herbs. 

It is well established that high cooking temperatures can impact food components in various 

ways. In the present study, air frying and microwaving significantly decreased the content of 

carotenoids (p < 0.05). Although pan cooking remains the most traditional method for cooking 

eggs, the current fast pace of life has influenced the way people prepare their foods, which reflects 

in the preference for more modern and convenient devices.  

Air fryers have become increasingly popular as a healthier alternative for frying foods, as they 

eliminate the need for oil, thereby lowering the health risks linked to high-fat diets. However, the 

results of this study revealed that air frying had the most significant impact on carotenoid 

degradation. More extreme processing conditions were required to cook eggs during air frying, 

leading to greater degradation of carotenoids. Furthermore, both microwaving and air frying are 

considered cleaner, more practical, compact, and easier-to-use devices. They also offer precise 

process control and do not require gas for cooking. 

Adding herbs to omelets resulted in higher levels of carotenoids (Figure 1). This can be 

attributed to the carotenoid content in the herbs (Table 1), which contributed additional amounts 

of these bioactive compounds to the omelets. The thermal stability of carotenoids depends on 

their chemical structures (e.g., the position and number of unsaturated double bonds, and hydroxyl 

groups) [12]. Additionally, the carotenoid profile in eggs differs from that of each herb studied. 

As a result, carotenoids may degrade differently, following distinct mechanisms. Furthermore, 

different cooking methods and conditions must be considered. It is important to note that similar 

behaviors regarding the degradation of carotenoids in eggs and herbs cannot be assumed, and 

further studies are needed to elucidate the mechanisms involved in the thermal degradation of 

carotenoids from both herbs and omelets separately.  
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Figure 1: Percentage increase of carotenoid levels compared to raw samples for samples added with 

A) basil, B) oregano, and C) parsley. 

Besides carotenoids, basil, oregano, and parsley contain other antioxidant compounds, such as 

phenolic compounds (Table 1), which may help protect the carotenoids in eggs from degradation 

processes like oxidation. The antioxidant potential of phenolic compounds is attributed to their 

ability to donate a hydrogen atom and/or an electron to free radicals, thereby preventing oxidative 

reactions. Additionally, phenolic compounds can protect molecules from initiators such as oxygen 

and metal ions [17, 20]. Since carotenoid oxidation can be triggered by factors such as light, heat, 

acidity, oxygen, metals, or interactions with radical species [47], phenolic compounds from herbs 

may help minimize carotenoid losses in eggs during heating. 

4. CONCLUSION 

The overall results highlight the significant degradative effects of air frying and microwaving 

on the total carotenoid content in omelets, with air-fried control samples showing the lowest levels 

of carotenoids. However, samples containing herbs exhibited higher carotenoid concentrations, 

which may be attributed to the additional carotenoids from the herbs and their protective effect 

against carotenoid degradation in eggs. Among the herbs, the most promising results were 

determined for oregano, mainly when it was applied at 0.75%. Therefore, adding herbs to omelets 

can be considered a suitable domestic strategy, not only to enhance organoleptic qualities but also 

to minimize thermal degradation of carotenoids in eggs and add extra nutritional value. Moreover, 

different mechanisms may be involved in the degradation of carotenoids from various sources 

(eggs and herbs) during different cooking techniques, suggesting the need for further studies to 

better elucidate these findings. 
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