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Abstract 
The sustainable recovery of valuable compounds from agro-industrial waste is in line with the principles of the 
circular bioeconomy. This study examined the potential of tomato skins as a source of polyphenols, using 
optimised extraction and analysis techniques. Freeze-dried tomato skins were extracted using 70% ethanol 
and 70% methanol with both ultrasonication and conventional stirring applied. The total polyphenol content 
was quantified using the Folin–Ciocalteu assay with both micro- and macro-method approaches. Calibration 
curves constructed using gallic acid standards exhibited excellent linearity (R² > 0.999), confirming the 
reliability of the analytical procedure. In addition, the validity of both methods was confirmed by analysing 
twelve replications of the minimum, intermediate, and maximum concentration points. This was followed by 
the calculation of statistical parameters, which were used to validate the reproducibility. The influence of matrix 
effects was evaluated through spiking experiments with gallic acid (50 µg/mL), yielding recovery rates ranging 
from 92.7% to 101.5%. These values were consistent with those of the AOAC method, indicating minimal 
interference from the sample matrix. Regarding the quantification of total polyphenols in tomato peel extracts, 
methanolic ultrasonic extraction yielded the highest concentrations (9,157 ± 0,798 mg GAE/g using the micro-
method and 9,291 ± 1,051 mg GAE/g using the macro-method), followed by ethanolic ultrasonication (8,910 ± 
0,376 mg GAE/g and 8,760 ± 0,552 mg GAE/g, respectively). The lowest yields were obtained for stirring 
extractions, particularly in ethanol (7,552 ± 0,607 mg GAE/g and 7,113 ± 0,614 mg GAE/g, respectively). 
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Introduction 
Tomatoes (Solanum lycopersicum) rank among the most extensively cultivated and consumed 

vegetables worldwide, with the Food and Agriculture Organization (FAO) estimating a global annual production 
exceeding 186 million tonnes [1]. In industrial processing, the by-products, namely skins and seeds, generate 
substantial quantities of residues, which can account for more than 5–10% of the total processed mass. These 
residues are notably rich in bioactive compounds, including polyphenols, flavonoids, carotenoids (particularly 
lycopene), and essential vitamins [2,3]. Given these attributes, tomato skins are increasingly recognized as a 
promising raw material for the development of nutraceuticals, cosmetic formulations, and dietary supplements, 
thereby contributing to a circular bioeconomy paradigm where agricultural waste streams are valorised and 
reintegrated into value chains. 

At the national level, the Romanian tomato industry is undergoing a phase of transformation. Domestic 
production declined and a shift accompanied by record-high prices up to almost €8 per kilogram [4].         
Conversely, domestic consumption is projected to surpass 1 million tonnes by 2026, with imports, particularly 
from Turkey and Spain, increasing significantly [5,6]. 
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In this context, the strategic valorisation of residues generated during tomato processing emerges not 
only as an ecological imperative but also as an economic opportunity, transforming by-products into valuable, 
high-potential resources. 

Tomato processing by-products (peels, seeds, and pomace) can be effectively valorised within a 
circular economy through sequential, high-value reuse pathways that minimize waste and maximize resource 
efficiency. Tomato seeds can be exploited for oil extraction for food and cosmetic applications, while the 
remaining protein-rich seed cake can be redirected to animal feed or biotechnological processes. Residual 
pomace may subsequently be converted into dietary fibre ingredients, compost, biofertilizers, or bioenergy 
(biogas), returning nutrients and energy to the production system and closing material loops [19, 20]. 

Recent scientific investigations underscore that tomato peels are abundant in phenolic compounds 
and flavonoids, such as chlorogenic acid, quercetin, naringenin, and rutin [3, 17, 18]. These bioactive 
constituents exhibit potent antioxidant, anti-inflammatory, and cardioprotective properties. 

The present study focuses on the conversion of tomato skins into a stable, intermediate form, 
specifically, freeze-dried powders, and the subsequent characterization of the extracts in terms of total 
polyphenols. 
 

Material and Method 
Freeze-drying of the raw material 
To preserve the integrity of the bioactive compounds, the skins were subjected to a freeze-drying 

process (IlShin FD5512 freeze-dryer, South Korea), a three-stage dehydration method: freezing, sublimation 
and desorption. Initially, the samples were frozen at temperatures between −80 and −83°C to obtain fine ice 
crystals, which reduce cellular degradation and maintain the structure of the material [7]. Subsequently, in the 
primary drying stage, the frozen water was removed by sublimation in a vacuum system, thus ensuring the 
porosity characteristic of freeze-dried powders. In the last stage, called secondary drying, the temperature was 
increased in a controlled manner to remove the bound water, resulting in a final product with a moisture content 
of less than 4–10%, ideal for the stability of sensitive compounds such as lycopene or β-carotene [8]. The 
entire process lasted a total of 24 hours. 

The resulting powders were then ground and standardized in terms of particle size to ensure optimal 
homogeneity in the extraction process. This processing method minimizes the loss of volatile or thermolabile 
compounds and is an essential step in obtaining high-quality extracts (Figure 1). 

The Figure 1. illustrates the stabilization and standardization of tomato processing by-products through 
freeze-drying (lyophilization), transforming raw pomace into a dehydrated, homogeneous material suitable for 
reproducible analytical characterization and further valorisation. 

 

          
Figure 1. Tomato skins before and following the freeze-drying process 

 
Extraction of bioactive compounds 
To obtain the extracts, two types of organic solvents were used: 70% ethanol and 70% methanol, both 

of which have high polarities and good efficiency in the extraction of polyphenols and flavonoids. The plant: 
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solvent matrix ratio was 1:10. To facilitate the extraction process, ultrasonically assisted extraction (UAE) was 
chosen, a modern and efficient technique that uses acoustic cavitation to accelerate the mass transfer between 
the solvent and the plant matrix [9]. The extraction parameters included a frequency of approximately 35 kHz 
and a process duration of 30 minutes.  

As a reference method, conventional stirring was also used. A classic extraction method in which the 
plant matrix is mixed with the solvent during the process (30 minutes). Following the extraction process, the 
samples were centrifuged for 15 minutes at 6000 rpm (Figure 2). 
 

  a)                b) 

 
Figure 2. Extracts from tomato peels before (a) and after centrifugation (b) 

 
Validation of total polyphenol content (TPC) determination methods 
The total polyphenol content (TPC) was determined by the Folin–Ciocâlteu method, a colorimetric 

reaction based on the reduction of the phosphomolybdenum-phosphotungstic complex, resulting in a blue 
compound measured spectrophotometrically at 765 nm.  

In this study, we tested the conventional macro-method (0.2 mL sample; 1.0 mL Folin-Ciocâlteu 
reagent 1:10; 0.4 mL Na2CO3 7.5%) but also a micro-method (25 μL sample; 125 μL Folin-Ciocâlteu reagent 
1:10; 100 μL Na2CO3 7.5%). To ensure accuracy, a nine-point calibration was performed for both methods 
using the Gallic acid standard (1 mg/mL) (Figure 3). 

The nine concentration points were pipetted according to the same experimental conditions applied to 
the analysed samples, using the same instruments, procedures and working parameters. This standardised 
approach was chosen to ensure the comparability of the data obtained and to reduce potential variations 
caused by external factors or sample manipulation. By maintaining the uniformity of the working conditions, 
the aim was to guarantee the accuracy of the measurements and to obtain reproducible results, relevant for 
the final interpretation of the experiment. 

The linearity of the calibration curve was verified by analysing in twelve replications of the minimum, 
intermediate and maximum concentration points, calculating the standard deviation for validation of 
reproducibility. 
 

a)                                                                    b) 

             
Figure 3. The nine calibration points analysed by micro- (a) and macro-method (b) 

 
Following the introduction of the values of the optical densities obtained by micro-method on the 

calibration curve, a correlation coefficient (R2) equal to 0.9999 was obtained, and the results related to the 
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determination of the TPC were calculated by referring to the concentrations on the standard curve, 
respectively, to the equation of the linear line of type y=mx+b. The calibration curve for the micro-method is 
shown in Figure 4a. For the macro-method, a correlation coefficient (R2) equal to 0.9997 was obtained, and 
the calibration curve is represented in Figure 4b. 
 

a)                                                                              b) 

        
Figure 4. Graphical representation of the calibration curves obtained by a) micro- and b) macro-

method 
 
Also, from a statistical perspective, the Shapiro-Wilk test was performed for both the micro-and macro-

method. 
Determination of recovery via fortification 
For each sample analysed, an additional determination by fortification (spike) was performed, 

consisting of the addition of a known amount of Gallic acid standard (50 μg/mL). This stage aimed to evaluate 
the efficiency of the analytical method by calculating the recovery percentage. The fortified sample was 
subjected to the same extraction and analysis conditions as the unfortified samples, and the total flavonoid 
content was spectrophotometrically determined. The recovery was calculated by comparing the amount added 
with the difference between the value obtained for the spike sample and the average value of the initial sample, 
thus providing an estimate of the accuracy of the method used. 

Determination of total polyphenol content (TPC) from the tomato peel extracts 
The total polyphenol content of all tomato peel extracts was determined by the Folin–Ciocâlteu 

colorimetric assay using the micro-method. For each sample, 25 μL of extract were mixed with 125 μL of Folin–
Ciocâlteu reagent (1:10) and 100 μL of 7.5% Na₂CO₃ solution. After incubation in the dark for 30 minutes at 
room temperature, the absorbance was read at 765 nm using a UV–Vis spectrophotometer.  

 
Results and Discussion 
For the micro-method, after completing 12 independent replicate determinations at concentrations of 

150 μg/mL, 50 μg/mL, and 10 μg/mL, descriptive statistical parameters were calculated to evaluate the 
repeatability and analytical precision of the method. The arithmetic mean was determined for each 
concentration level as a measure of central tendency. The standard deviation (SD) was calculated to quantify 
the dispersion of the replicate measurements around the mean, reflecting the variability of the method under 
repeatability conditions. The coefficient of variation (CV%), expressed as the ratio of the standard deviation to 
the mean multiplied by 100, was used as a normalized indicator of precision, allowing comparison between 
concentration levels. In addition, the confidence interval (CI) for the mean was calculated at a 95% confidence 
level, based on the Student’s t-distribution, taking into account the number of replicates (n = 12). These 
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statistical parameters provide an assessment of the reliability and precision of the micro-method across the 
tested concentration range. The results are summarized in table 1. 

The same statistical approach was applied to the macro-method. Twelve replicate measurements 
were performed at identical concentration levels, and the mean, standard deviation, coefficient of variation, 
and 95% confidence interval were calculated using the same formulas and assumptions to ensure 
methodological comparability. The corresponding results for the macro-method are presented in table 2. 
 
Table 1. Mean, standard deviation, coefficient of variation %, confidence interval for the micro-method 

 Mean SD Coef. of variation (%) Confidence interv. 

150 μg/mL 1,1260 0,0037 0,33 

95% 50 μg/mL 0,5154 0,0025 0,48 

10 μg/mL 0,1370 0,0014 1,05 

 
Table 2. Mean, standard deviation, coefficient of variation %, confidence interval for the macro-method 

 Mean SD Coef. of variation (%) Confidence interv. 

150 μg/mL 1,8893 0,00107 0,06 

95% 50 μg/mL 0,6677 0,00054 0,08 

10 μg/mL 0,1585 0,00042 0,26 

 
Regarding the Shapiro-Wilk test that was performed for both methods, the values obtained as well as 

their interpretation can be found in table 3. 
 
Table 3. Shapiro-Wilk Test with interpretation for the micro- and macro-method 

Conc. of sample P-value Interpretation 

Shapiro-Wilk Test for the micro-method 

150 μg/mL 0,8977 
 

Data are normally distributed (p > 0.05) 
50 μg/mL 0,9698 

10 μg/mL 0,8756 

Shapiro-Wilk Test for the macro-method 

150 μg/mL 0,5337 

Data are normally distributed (p > 0.05) 50 μg/mL 0,5114 

10 μg/mL 0,0739 

 
In regards to the determination by fortification (spike) of the method recovery, the results are presented 

in table 4. According to the requirements specified in the AOAC SMPR® 2015.009, for total polyphenols (by 
the Folin-Ciocâlteu method) an acceptable recovery interval is between 80–110%. This margin ensures that 
the method is accurate enough to quantify phenolic compounds from diverse samples without major 
interference or systematic losses. 

 
Table 4. Recovery of Gallic acid spike obtained in the tomato peel extracts 

Sample codification 

 
Spike 50 μg/mL          

Gallic acid standard 
 

Recovery (%)                    

EtOH-US1 95,68 

EtOH-SK2 101,46 

MeOH-US3 97,90 

MeOH-SK4 92,72 
1Extraction in ethanol by UAE; 2Extraction in ethanol by linear shaking; 3Extraction in methanol by UAE; 
4Extraction in methanol by linear shaking 

https://www.aoac.org/wp-content/uploads/2020/11/SMPR202015_009.pdf


JOURNAL of Horticulture, Forestry and Biotechnology 
Volume 30(2), 2026, 1-7 

https://jhfb.ro/index.php/jhfb 
Print ISSN: 2066-1797 

Online ISSN: 3045-1876 

6 

 

For the samples analysed, all recovery values are within the acceptable range, which indicates a good 
accuracy of the analytical method used to determine total flavonoids. This supports the applicability of the 
method in the analysis of plant extracts, either obtained by ultrasonication or by stirring. 

Following the demonstration of the validity of both micro- and macro-method, the total polyphenols 
content was determined from the four samples of tomato skins, namely: EtOH-US (extract obtained in ethanol 
by ultrasound assisted extraction), EtOH-SK (extract obtained in ethanol by linear shaking extraction), MeOH-
US (extract obtained in methanol by ultrasound assisted extraction) and MeOH-SK (extract obtained in 
methanol by linear shaking extraction). The results are presented in table 5. 
 
Table 5. Total polyphenol content (mg GAE/g) relative to the values obtained by micro- and macro-
method 

Sample codification 
TPC micro-method 

mg GAE/g 
TPC macro-method 

mg GAE/g 

EtOH-US1 8,910  0,376 8,760  0,552 

EtOH-SK2 7,552  0,607 7,113  0,614 

MeOH-US3 9,157  0,798 9,291  0,1,051 

MeOH-SK4 8,075  0,326 8,009  0,497 

     TPC: total polyphenol content 
 
It can be observed that methanolic ultrasonic extraction yielded the highest concentrations (9,157 ± 

0,798 mg GAE/g using the micro-method and 9,291 ± 1,051 mg GAE/g using the macro-method), followed by 
ethanolic ultrasonication (8,910 ± 0,376 mg GAE/g and 8,760 ± 0,552 mg GAE/g, respectively). The lowest 
yields were obtained for stirring extractions, particularly in ethanol (7,552 ± 0,607 mg GAE/g and 7,113 ± 0,614 
mg GAE/g, respectively).  

Based on determinations of total polyphenol content (TPC) in tomato peels, it can be concluded that 
they are a valuable source of polyphenols. The measured concentrations (around 7–9 mg GAE/g) fall within 
the expected range reported in the scientific literature for tomato by-products, confirming their significant 
potential as sources of antioxidant compounds. This aligns with other findings showing that tomato peels 
contain notably higher polyphenol levels than tomato pulp and seeds and that these compounds contribute to 
the antioxidant and potentially antimicrobial activities of tomato waste materials [11, 12, 13, 14, 15]. Our final 
results highlighted that, in both the micro- and macro-methods, methanolic ultrasonic extraction yielded the 
highest concentrations of polyphenols, while stirring methods, particularly with ethanol, resulted in the lowest 
yields. These results highlight the effectiveness of ultrasonic extraction, particularly with methanol, in 
maximising polyphenol recovery from the samples studied; statement that aligns with other scientific 
publications [11, 12, 13, 14, 15]. Polyphenol content varies depending on the extraction method, tomato variety 
and processing conditions, but the values obtained support the suitability of these materials for valorisation 
and further development [16]. 

 
Conclusions 
The validation of the analytical methods demonstrated satisfactory precision and accuracy, as 

evidenced by consistent results across the micro- and macro-methods. Spiking experiments confirmed the 
reliability of the procedures, with recovery rates falling within acceptable ranges. This ensures the robustness 
of the methods for quantifying total polyphenol content.  

Following the statistical analysis of the data obtained using both the micro- and macro-methods for 
the 12 repetitions at concentrations of 150 μg/mL, 50 μg/mL, and 10 μg/mL, several conclusions can be drawn. 
For the micro-method, all three data series exhibit an approximately normal distribution (p > 0.05, Shapiro–
Wilk test), with values clearly separated among the different concentrations. The narrow confidence intervals 
indicate low variability and high accuracy, confirming the reliability of the spectrophotometric method. Similarly, 
the macro-method demonstrated excellent accuracy across all concentrations tested, with high repeatability 
(SD < 1%), normal data distributions, and confidence intervals that suggest both stability and predictability of 
the optical signal. Overall, the statistical results for the 12 determinations for each method support the 
robustness and precision of both analytical approaches. 
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