
1 

 

 

Universitatea Națională de Știință și Tehnologie 

POLITEHNICA București 

Școala Doctorală Inginerie Chimică și Biotehnologii 

Domeniul fundamental: Inginerie Chimică 

 

 

 

 

 

Valorization of plant extracts from local raw materials 

to obtain antioxidant products 

SUMMARY OF THE DOCTORAL THESIS 

 

 

 

 

 

Doctoral thesis supervisor:  

Prof. Dr. Ing. Raluca STAN 

 

Thesis author: 

Ing. Ana-Maria DRĂGHICI-POPA 

 

 

 

- 2025 - 

 



2 

 

CUPRINS 

INTRODUCTION .......................................................................................................................... 3 

I. ORIGINAL CONTRIBUTIONS ................................................................................................. 5 

I.1. Objectives of the study ......................................................................................................... 5 

I.2. Materials and methods used ................................................................................................. 5 

I.3. Results and discussions regarding the optimization of the conventional extraction process 

of polyphenols from Prunus spinosa fruits ................................................................................. 6 

I.4. Results and discussions regarding the optimization of the ultrasound-assisted extraction 

process of polyphenols from pigeon peas ................................................................................... 9 

I.5. Results and discussions regarding the obtaining and use of polyphenolic extracts from grape 

marc in order to obtain lotions with a photoprotective effect ................................................... 11 

I.6. Results and discussions regarding the study of the impact of green methods on the extraction 

of polyphenols from flax seeds ................................................................................................. 13 

II. Conclusions .............................................................................................................................. 14 

Dissemination of results ................................................................................................................ 16 

Bibliography ................................................................................................................................. 18 

 



3 

 

INTRODUCTION 

Polyphenols are a class of bioactive compounds of plant origin, known for their antioxidant, 

anti-inflammatory and antimicrobial properties (Vega, 2025). In the last two decades, the interest 

in investigating polyphenols has been demonstrated by numerous works related to the extraction 

and separation of polyphenolic compounds (Mojzer, 2016). 

The main method of obtaining bioactive compounds, which are extremely necessary in the 

food and pharmaceutical industries, is extraction from plant sources (Wani, 2023). The extraction 

of polyphenols from less valuable sources, such as corn or flax seeds, or from food residues, such 

as grape marc, represents a sustainable strategy, which allows the recovery of some bioactive 

compounds, reducing waste and environmental impact. 

Blackthorn (Prunus spinosa fruits) have various pharmacological properties, such as 

diuretic, anti-inflammatory, spasmolytic, etc. Despite all these beneficial properties, due to the 

astringent taste, food products from blackthorn are difficult to find on the market. Regarding the 

extraction of polyphenols, blackthorn, as a raw material, has not been the subject of many studies, 

although the literature presents data showing the remarkable antioxidant properties of blackthorn 

extracts (Oancea, 2024). Also, data are presented that showed the antibacterial effect of the 

aqueous extract of blackthorn on the strain of Pseudomonas sp. (Gegiu, 2015). In addition, the 

ethanolic extract shows antimicrobial activity against Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Salmonella abony and Candida albicans (Velickovic, 2014). 

Grape marc, another suitable raw material for the extraction of polyphenols, is a by-product 

of the wine industry that still contains compounds that can be exploited. The management of waste, 

such as grape marc, an area of significant environmental concern, and its use for obtaining 

polyphenol extraction can have significant economic advantages (Wani, 2023). The phenolic 

composition of grape marc varies greatly depending on the grape variety, climatic conditions, soil 

type, degree of ripeness and the winemaking process (Georgiev, 2014). The literature attributes 

the antioxidant activity of grapes to grape marc, 90% of this effect being due to the presence of 

anthocyanins (Yilmaz, 2004). 
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Also, there is not much data in the literature regarding the isolation and identification of 

polyphenolic compounds from flax seeds and their associated properties (Wang, 2024). From the 

available data, flax seed extract contributes to the reduction of cholesterol levels (Shim, 2015) and 

exhibits a strong antibacterial effect on Escherichia coli, Staphylococcus aureus, Salmonella, 

Pseudomonas fluorescens and Listeria monocytogenes (Wang, 2024). 

In this context, the present study is relevant, as it addresses the challenges of efficient 

extraction of polyphenols from less exploited plant materials, considering the specific 

characteristics of each method used. At the same time, it proposes the optimization of extraction 

parameters to obtain maximum yield and the implementation of sustainable methods, with reduced 

consumption of toxic solvents and minimal impact on the environment. 

This research falls within the field of chemical engineering, having direct implications in 

the optimization of extraction processes of bioactive compounds and in the development of 

pharmaceutical and food products. 

Thus, the general objective of the experimental study in this paper was to optimize the 

methods of extraction of polyphenols from three plant materials (blackthorn, grape marc and flax 

seeds) in order to obtain natural extracts with applicability in the pharmaceutical and food 

industries. 

The general objective of the study results in the following specific objectives:  

- Optimization of the classical extraction of polyphenols from blackthorn.  

- Optimization of the ultrasound-assisted extraction of polyphenols from blackthorn. 

- Obtaining and using polyphenol extracts from grape marc in order to obtain lotions with a 

photoprotective effect.  

- Combined use of microwave and ultrasound extraction technologies to increase the 

extraction yield of polyphenols from flax seeds. 

Therefore, this work makes significant contributions in the field of polyphenol extraction, 

proposing solutions for optimizing extraction processes, implementing sustainable extraction 

methods and using extracts in order to obtain lotions with a photoprotective effect. The results can 

be applied in industry, contributing to the development of new pharmaceutical and food products. 
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I. ORIGINAL CONTRIBUTIONS 

I.1. Objectives of the study 

The aim of the study presented in this paper was to optimize the methods of extraction of 

polyphenols from three plant materials (blackthorn, grape marc and flax seeds) in order to obtain 

natural extracts with applicability in the pharmaceutical and food industries. 

The main objectives of the experimental study are the following: 

O1: Optimization of the classical extraction of polyphenols from blackthorn. 

O2: Optimization of the ultrasound-assisted extraction of polyphenols from blackthorn. 

O3: Obtaining and using polyphenol extracts from grape marc in order to obtain lotions with a 

photoprotective effect. 

O4: Combined use of microwave and ultrasound extraction technologies to increase the extraction 

yield of polyphenols from flax seeds. 

I.2. Materials and methods used  

To obtain polyphenolic extracts from plant raw materials (blackthorn/grape marc/flax 

seeds), both conventional and unconventional methods were used (ultrasound extraction, 

microwave extraction, combined ultrasound and microwave extraction), using solvents such as 

ethanol, water or acetone. 

After obtaining the extracts, they were analyzed by spectrophotometric methods: Folin-

Ciocâlteu analysis, antioxidant activity analysis by the CUPRAC method, spectrophotometric 

analysis of anthocyanin content and determination of total polyphenol content using the OD280 

index. Also, the determination of the chemical profile was performed by HPLC analysis and high-

resolution mass spectrometry. 

To obtain lotions with a photoprotective effect, the extracts obtained from the grape marc 

were mixed with a commercial lotion base. The photoprotective effect of the extracts was 

determined, and then the photoprotective effect of the lotions containing the extracts was analyzed 

by the COLIPA method. 
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All experimental measurements were performed in triplicate, and the results are presented 

as mean ± standard deviation (SD). A one-way ANOVA post hoc test with Tukey's HSD test was 

applied to assess whether the process factors had a significant effect (p < 0.05). The values of the 

dependent variables obtained at different levels of the extraction factors were processed using 

principal component analysis (PCA). The Pearson correlation coefficient (r) was used to assess the 

strength of linear correlations between the dependent variables. The response surface method was 

also used to quantify the effects of the process factors. In addition, the following experimental 

designs were selected: Plackett-Burman Design and Central Composite Design. 

I.3. Results and discussions regarding the optimization of the conventional extraction 

process of polyphenols from Prunus spinosa fruits 

This chapter aimed to establish the optimal conditions for the classical extraction of 

polyphenols from Prunus spinosa L. fruits. The effects of the following extraction parameters were 

studied: ethanol concentration in the extraction solvent (cet), extraction temperature (t) and 

extraction time (τ). The response factors of the process were: total phenolic content (TPC), total 

anthocyanin content (TAC), antioxidant capacity (AC), protocatechuic acid content (PA), caffeic 

acid content (CA), vanillic acid content (VA), rutin hydrate content (RH) and quercetin content (Q). 

The results of this chapter were published in the article “Effects of Extraction Process Factors on 

the Composition and Antioxidant Activity of Blackthorn (Prunus spinosa L.) Fruit Extracts” 

(Drăghici-Popa, 2023). 

According to the results, the maximum mean value of TPC (37.23 mg GAE/g DM) was 

obtained at the following optimal levels of process factors: cet = 50%, τ = 30 min, and t = 60 °C. 

The values of TPC obtained in this study, i.e., 4.50 - 37.40 mg GAE/g DM (1.39 -11.59 mg GAE/g 

fresh fruit), were consistent with those reported in the related literature (Opriş, 2021). 

The effects of process factors (cet, τ and t) on total polyphenol content were quantified using 

the response surface regression model described with equation (1), where the regression 

coefficients were obtained based on experimental data. 

222
010.0208.1001.0237.0008.0782.018.24 ttccTPC etetpred −+−+−+−=   (1) 

The statistical values characteristic of the regression model indicate a good agreement 

between the experimental and predicted data.  
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A desirability function, d(Y), is defined by Equation (2) (Dima, 2020), where LY = 4.71 mg 

GAE/g DM and UY = 37.23 mg GAE/g DM are the lower and upper limits of process response. 

Under these optimal conditions, the process response is Yopt = TPCpred,opt = 35.92 mg GAE/g DM 

and desirability function is d(Yopt) = 0.96 
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The specific color of P. spinosa fruits indicates a high content of anthocyanins (Tahirović, 

2018), as confirmed in the present study. The values of TAC obtained in this study, i.e., 0.03 - 0.42 

mg C3GE/g DM (0.01 - 0.13 mg C3GE/g fresh fruit), were consistent with those reported in the 

literature. The anthocyanin content obtained by Tahirovic et al. by UAE with 50% ethanol (0.97 

mg C3GE/g DM) highlights the strong influence of ultrasounds on the extraction of anthocyanins 

(Tahirović, 2018). 

The effects of process factors (cet, τ, and t) on total anthocyanin content were quantified 

using response surface regression model described by Equation (3), where the regression 

coefficients were estimated based on the experimental data. 

( ) 3222
1010.01.1201.037.208.082.728.0 −−+−+−+−= ttccTAC etetpred   (3) 

 Regarding AC, the effect of cet was similar to those on TPC and TAC. Moreover, AC (19.49 

- 68.04 µmol TE/g DM, 6.04 - 21.09 µmol TE/g fresh fruit) was very strongly correlated with TPC 

(r = 0.997) and TAC (r = 0.988). The highest mean value of AC at t = 30 °C (56.82 µmol TE/g 

DM) was achieved for cet = 50% and the lowest mean value (20.30 µmol TE/g DM) for cet = 100%. 

For cet = 50%, the mean value of AC at t = 60 °C (67.36 µmol TE/g DM) was significantly higher 

(by 19%) than that obtained at t = 30 °C. Tahirović et al. demonstrated that antioxidant activity 

increased with decreasing ethanol concentration in the solvent mixture (Tahirović, 2018). 

Using HPLC-PDA analysis of extracts obtained from Prunus spinosa fruits, five 

polyphenols were identified out of the twenty-three standard substances (table II.1), five in the 

extracts prepared at 30 °C and, respectively, four in the one obtained at 60 °C. 
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Tabelul I.1. HPLC-PDA polyphenolic profile of blackthorn extracts obtained at an extraction 

time of 30 min. 

(cet) volume percentage of ethanol in the extraction solvent; (t) extraction temperature; (PA) protocatechuic 

acid content; (CA) caffeic acid content; (VA) vanillic acid content; (RH) rutin hydrate content; (Q) quercetin content; 

(DM) dry matter content; different letters in the same column indicate a significant difference (p < 0.05). 

The FT-ICR-MS method was applied for further identification of the phenolic compounds 

quantified by HPLC-PDA. The phenolic compounds were successfully identified by comparing 

the predicted with the measured mass-to-charge ratio (m/z) values.  

PCA was applied to evaluate the effects of the extraction conditions (cet and t) on TPC, 

TAC, AC, PA, CA, VA, RH, and Q in the extract samples obtained at τ = 30 min. PCA results 

highlighted that only the eigenvalues corresponding to PC1 (5.84) and PC2 (1.89) were > 1 and 

they explained 96.6% (73.0% + 23.6%) of the total variance.  

The results suggest the following: 

• depending on significant levels of factor loadings, the most important variables are TPC, TAC, 

AC, PA, CA, and VA for PC1 as well as RH and Q for PC2; 

• extract samples P1 (cet = 50% and t = 30 °C) and P12 (cet = 50% and t = 60 °C) had higher values 

of TPC, TAC, AC, PA, CA, and VA than samples P4 (cet = 100% and t = 30 °C) (discrimination on 

PC1);  

• extract samples P2 (cet = 66.67% and t = 30 °C) and P3 (cet = 75% and t = 30 °C) had higher 

values of RH and Q than samples P4 (cet = 100% and t = 30 °C) and P12 (cet = 50% and t = 60 °C) 

(discrimination on PC2);  

• TPC, TAC, AC, PA, CA, and VA were strongly directly correlated (0.722 ≤ r ≤ 0.995); TPC, TAC, 

and AC were inversely correlated with Q (-0.748 ≤ r ≤ -0.634); RH was directly correlated with 

CA (r = 0.642) and Q (r = 0.515).   

This study highlighted that optimal extraction of some polyphenols requires special 

experimental conditions depending on their chemical and thermal stability, as well as molecular 

mass. 

Sample 
cet 

(%) 

t 

(°C) 

PA  

(mg/100g DM) 

CA 

(mg/100g DM) 

VA 

(mg/100g DM) 

RH 

(mg/100g DM) 

Q 

(mg/100g DM) 

P12 50 60 4.47 ± 0.06 a 2.96 ± 0.02 d 2.65 ± 0.11 a 1.87 ± 0.00 b - 

P1 50 30 3.97 ± 0.02 b 3.34 ± 0.02 a 2.37 ± 0.03 b 3.42 ± 0.17 a 0.26 ± 0.00 d 

P2 66.67 30 3.83 ± 0.02 c 3.15 ± 0.03 b 2.55 ± 0.02 a 3.43 ± 0.33 a 0.83 ± 0.01 b 

P3 75 30 3.75 ± 0.03 d 3.04 ± 0.02 c 2.51±0.01 ab 3.56 ± 0.02 a 1.02 ± 0.01 a 

P4 100 30 2.08 ± 0.03 e 1.06 ± 0.01 e 1.46 ± 0.10 c 1.96 ± 0.09 b 0.68 ± 0.01 c 
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I.4. Results and discussions regarding the optimization of the ultrasound-assisted 

extraction process of polyphenols from pigeon peas 

This chapter presents the study on the optimization of the ultrasound-assisted extraction 

process of polyphenolic compounds from Prunus spinosa fruits, using different aqueous ethanol 

solutions as green solvent. Using Plackett–Burman Design (PBD), six independent variables were 

studied: solvent/plant material ratio, ethanol concentration, extraction temperature, solvent pH, 

extraction amplitude and time. After identifying the relevant variables, i.e. solvent/plant material 

ratio, ethanol concentration and extraction temperature, the process was optimized by applying a 

Central Composite Design (CCD). The results of this chapter were published in the article 

"Optimization of Ultrasound-Assisted Extraction of Phenolic Compounds from Romanian 

Blackthorn (Prunus spinosa L.) Fruits" (Drăghici-Popa, 2025a). 

According to the Plackett–Burman 6-factor design, 12 experiments were performed at 2 

levels for each process factor, i.e. RLS (5 cm3/g and 15 cm3/g), cet (30% and 70%), t (30 °C and 70 

°C), pH (2 and 7), A (30% and 70%) and τ (5 min and 15 min). The levels of the dimensionless are 

specified in figure II.1 and table II.2 

 

Run x1  x2  x3 x4  x5  x6 

1 1 -1 1 -1 -1 -1 

2 1 1 -1 1 -1 -1 

3 -1 1 1 -1 1 -1 

4 1 -1 1 1 -1 1 

5 1 1 -1 1 1 -1 

6 1 1 1 -1 1 1 

7 -1 1 1 1 -1 1 

8 -1 -1 1 1 1 -1 

9 -1 -1 -1 1 1 1 

10 1 -1 -1 -1 1 1 

11 -1 1 -1 -1 -1 1 

12 -1 -1 -1 -1 -1 -1 
 

Fig. I.1. Levels of dimensionless factors in the PBD with 6 factors and 12 experimental runs 
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Tabelul I.2.  Mean experimental values of extraction process responses (yj,m, j = 1…3) and 

related values of regression coefficients (aij, i = 0…6, j = 1…3), coefficient of determination 

(Rj
2), adjusted coefficient of determination (Rj.adj

2), F statistic (Fj), and pj-value for Fj at different 

levels of dimensionless process factors (xi, i = 1…6) in PBD. 

Run x1  x2  x3 x4  x5  x6 
y1,m = TPCm 

(mg GAE/g DM) 

y2,m = TACm 

(mg C3GE/g DM) 

y3,m = ACm 

(mg TE/g DM) 

1 1 -1 1 -1 -1 -1 13.30 0.436 11.52 

2 1 1 -1 1 -1 -1 8.160 0.134 5.343 

3 -1 1 1 -1 1 -1 7.058 0.260 8.001 

4 1 -1 1 1 -1 1 14.89 0.450 13.35 

5 1 1 -1 1 1 -1 10.23 0.186 8.036 

6 1 1 1 -1 1 1 11.72 0.226 9.611 

7 -1 1 1 1 -1 1 7.316 0.160 8.290 

8 -1 -1 1 1 1 -1 9.157 0.279 9.937 

9 -1 -1 -1 1 1 1 8.543 0.364 9.883 

10 1 -1 -1 -1 1 1 13.21 0.301 10.83 

11 -1 1 -1 -1 -1 1 6.279 0.093 6.077 

12 -1 -1 -1 -1 -1 -1 8.074 0.185 7.338 

j 1 2 3 

a0j 9.829 0.256 9.018 

a1j 2.091 0.033 0.763 

a2j -1.367 -0.080 -1.458 

a3j 0.744 0.046 1.099 

a4j -0.112 0.006 0.122 

a5j 0.159 0.013 0.366 

a6j 0.498 0.010 0.656 

Rj
2 0.972 0.807 0.935 

Rj,adj
2 0.939 0.575 0.856 

Fj 29.13 3.476 11.91 
pj 0.001 0.096 0.008 

Statistically significant regression coefficients are highlighted in bold. 

The factors that significantly affected the extraction process were RLS, cet, and t. Thus, these 

factors were further optimized. 

Optimization of extraction process factors, aiming at maximizing the process response 

variables, i.e., TPCpr, TACpr, and ACpr, was based on the desirability function (d) approach 

(Drăghici-Popa, 2023). The optimal levels of dimensionless factors were X1,opt, X2,opt and X3,opt,, 

corresponding to RLS,opt = 15.1 cm3/g, cet,opt = 33.2%, and topt = 66.8 °C, and the value of d under 

optimal process conditions was 0.963. The values of the process response variables predicted by 

Equation (4) at X1,opt, X2,opt and X3,opt, i.e. Yj,pr,opt (j = 1…3),, are specified in and Table II.3. 
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Tabelul I.3. Predicted and experimental values of extraction response variables under optimal 

process condi-tions. 

j 

Response Variable Optimal Value 
Percentage  

Prediction Error 
Symbol Units 

Predicted 
Experiment

al 

Yj,pr,opt Yj,m,opt ± SDj εj (%) 

1 TPC mg GAE/g DM 15.13 
14.45 ± 

0.718 
-4.71 

2 TAC mg C3GE/g DM 0.589 
0.405 ± 

0.057 
-1.90 

3 AC mg TE/g DM 14.71 
16.75 ± 

1.144 
3.35 

 

In the extract obtained at optimal levels of extraction process factors, six polyphenols were 

quantified: protocatechuic acid (6.83 mg/100 g DM), neochlorogenic acid (4.88 mg/100 g DM), 

chlorogenic acid (1.93 mg/100 g DM), caffeic acid (1.51 mg/100 g DM), vanillic acid (3.70 

mg/100 g DM) and rutin hydrate (1.84 mg/100 g DM). 

I.5. Results and discussions regarding the obtaining and use of polyphenolic extracts 

from grape marc in order to obtain lotions with a photoprotective effect 

This chapter presents the use of polyphenolic extracts from grape marc to obtain sunscreen 

creams. Classical extractions were performed in ethanol and acetone solutions using grape marc 

from different grape varieties (Merlot, Burgund, Fetească Neagră, Isabella). The extracts obtained 

were analyzed to determine the total polyphenol content, antioxidant activity and sun protection 

factor (SPF). Sunscreen creams were prepared using the extract with the highest potential 

photoprotective effect determined. 

Results presented in this chapter were published in the article “Cosmetic Products with 

Potential Photoprotective Effects Based on Natural Compounds Extracted from Waste of the 

Winemaking Industry” (Drăghici-Popa, 2024). 

The experimental data obtained revealed that the extraction of polyphenolic compounds 

from grape marc is dependent on the type of marc and the type of solvent used for extraction. Thus, 

the highest extraction yields were obtained for grape marc from Feteasca Neagră, followed by 
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grape marc from Merlot, Burgund and Isabella. The solvent that ensures the best extraction in all 

cases is 70% ethanol. Ethanol ensures a better extraction yield compared to acetone. The addition 

of water has a beneficial effect on both solvents, increasing the amount of extracted polyphenolic 

compounds. The best extraction yield is obtained in the case of 70% ethanol extraction of Feteasca 

Neagră grape marc (189 mg polyphenolic extract/g DM). 

Analysis of the extracts by determining the OD280 index shows that the best results are 

obtained using 70% ethanol, followed by 100% ethanol. The grape pomace varieties that lead to a 

high OD280 index are: Feteasca Neagră (65.84 mg GAE/g DM, using 70% ethanol and 56.95 mg 

GAE/g DM using 100% ethanol) and Merlot (47.59 mg GAE/g DM, using 70% ethanol). 

Extraction with 100% or 70% acetone leads to low OD280 index values for all types of grape 

marc. 

The analysis of the extracts obtained shows that the highest polyphenol content is obtained 

in the case of 70% acetone extraction of Feteasca Neagră pomace (238.62 mg GAE/g DM) 

followed by 70% ethanol extraction of Feteasca Neagră pomace. 

Also, the evaluation of antioxidant activity (AC) by the CUPRAC method highlights the 

fact that Feteasca Neagră pomace has a high content of polyphenolic compounds with high 

antioxidant activity. 

The data analysis shows that the best results, given the presence of compounds capable of 

absorbing UV radiation (290-320 nm), are obtained when the extraction is performed with 70% 

ethanol. In addition, the variety that contains these compounds in the highest quantity is the Merlot 

variety, followed by Feteasca Neagră and Burgund. The sun protection factor estimated by the 

Mansur method for 70% ethanol extraction from the Merlot variety is 7.83. In addition, for lotions 

obtained by adding polyphenolic extract, the protection factor increases with increasing 

polyphenol concentration, the maximum SPFin vitro value (14.07) being obtained when 50% 

aqueous polyphenolic extract is added to the lotion base. For ethanolic extract, the SPFin vitro value 

for the 50% concentration is 11.46. In all cases, creams obtained with ethanolic extracts show 

lower in vitro SPF values than creams obtained with aqueous extracts at the same concentrations. 
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I.6. Results and discussions regarding the study of the impact of green methods on the 

extraction of polyphenols from flax seeds 

This chapter presents the integrated use of microwave and ultrasound extraction 

technologies to increase the extraction yield of polyphenols from flax seeds. Flax seeds were 

pretreated with microwaves before being subjected to ultrasound-assisted extraction. The impact 

of different parameters (ethanol concentration in the extraction solvent, extraction temperature and 

extraction time) on the extraction efficiency was also examined. 

The article "Extraction of bioactive compounds from flaxseed using sequential green 

technology: microwave and ultrasound", which contains the results of this chapter, is accepted for 

publication in Scientific Bulletin, Series B (Drăghici-Popa, 2025b). 

The obtained data showed a significant increase (p<0.05) in TPC and AC for the extract 

made with an ethanol concentration of 80% compared to 50% and 96%, regardless of the type of 

flax seeds used (microwave-pretreated flax seeds and ultrasound-assisted extraction – denoted 

MW+US, untreated flax seeds and ultrasound-assisted extraction – denoted US). 

All unconventional methods (MW+US, US and microwave-pretreated flaxseed and 

conventional extraction – denoted MW) led to better results compared to conventional extraction 

(untreated flaxseed and conventional extraction – denoted Conv). In addition, extraction of 

microwave-pretreated seeds led to higher yields compared to extraction from untreated seeds, 

regardless of ethanol concentration. 

Also, ANOVA analysis showed a non-significant increase in TPC in the temperature range 

from 30 to 60 °C, regardless of the type of flaxseed used (MW+US and US). 

In addition, both TPC and AC increased significantly in the first 15 minutes (according to 

ANOVA analysis, p<0.05), regardless of the type of flaxseed used (MW+US and US). After 15 

min of extraction, a slight decrease in polyphenol content occurs. 

Therefore, the combined MW+US extraction (TPC = 7.72 mg GAE/g DM; AC = 10.25 mg 

TE/g DM) outperformed the individual methods, yielding a 30% improvement over MW, a 24% 

increase over US, and a 60% improvement over Conv. This strategy is not only more efficient but 

also more environmentally friendly than traditional methods. The resulting polyphenol-rich 

extracts have potential applications in pharmaceuticals, food, and other industries as alternative 

sources of antioxidants. 
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II. Conclusions 

In this work, the paper presented a study on the valorization of plants or plant residues to 

obtain polyphenol extracts because this class of compounds presents numerous beneficial 

properties: antioxidants, anti-inflammatory, antimicrobial, etc. 

The paper addresses the challenges of efficient extraction of polyphenols from less 

valorized plant materials, considering the specific characteristics of each method, thus using, the 

extraction of polyphenols from cornelian cherry, flax seeds, and ostrich pomace was achieved. The 

extraction of bioactive compounds from less valorized plants or from food residues, a sustainable 

strategy, which allows the recovery of bioactive compounds, reducing waste and environmental 

impact. 

Finally, I mention that a novelty element of the present research consists in the development 

and optimization of conventional and unconventional methods for the extraction of bioactive 

compounds from cornelian cherry, an unused plant material that is part of the spontaneous flora. 

Also, another new element consists in the possibility of valorizing some waste from the industrial 

industry in a less addressed direction, that of cosmetic products. Although the use of polyphenols 

from various sources in the production of cosmetic products is a widely addressed field at the 

moment, the production of lotions with a photoprotective effect is less studied. It was also aimed 

to find extraction options that target those compounds that have good and very good absorption in 

the UVB and UVA range, taking into account the fact that most polyphenols absorb mainly below 

300 nm. The method of investigating the photoprotective effect aimed at finding simple, efficient 

and cheap methods that would allow the rapid characterization of the extracts obtained for use in 

sunscreen products. Given the compositional variety of grape marc and the multitude of factors 

that influence it, the results of the study offer the possibility of an analysis and a rapid decision 

regarding the direction of valorization of these wastes from the wine industry. 

In addition, another element of originality was the combination of two advanced extraction 

techniques to increase the yield of polyphenols extracted from flax seeds. To date, studies have 

examined microwave pretreatment of flax seeds or ultrasonic extraction of polyphenols from flax 
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seeds, the use of microunit and pretreatment of polyphenols for the extracted section of 

polyphenols has not been investigated. in. 

Therefore, this work makes significant contributions in the field of polyphenol extraction, 

proposing solutions for optimizing the extraction process. The results obtained in this work can be 

applied in industry, contributing to the development of pharmaceutical and food products. 
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