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RESEARCH ARTICLE

Berries Pomace Valorization: From Waste to Potent Antioxidants 
and Emerging Skin Prebiotics
Anja Petrov Ivankovića, Marija Ćorovićb, Ana Milivojevićb, Milica Simovićb, Katarina Banjanaca, 
Milica Veljkovića, and Dejan Bezbradicab

aInnovation Center of Faculty of Technology and Metallurgy, Belgrade, Serbia; bDepartment of Biochemical 
Engineering and Biotechnology, Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia

ABSTRACT
Fruit pomaces are agro-industrial by-products obtained in large quantities by 
the juice production industry, hence their reutilization is a suitable way to 
minimize environmental impact by transforming them into different value- 
added products. Considering the wide abundance and bioactive potential of 
berries pomaces, raspberry, strawberry, blackcurrant, and chokeberry 
pomace were chosen to examine and compare polyphenol content, antiox-
idant activity, and skin prebiotic capacity of their extracts. Extracts of 5.28 to 
13.39 mg GAE ⋅ g−1 DM total polyphenol content were obtained, with sig-
nificant differences in polyphenol abundance between classes. Relative anti-
oxidant capacity index and global antioxidant score revealed that the 
blackcurrant pomace extract exhibited the highest antioxidant capacity. 
Staphylococcus epidermidis growth was promoted by lower extract concen-
trations, while higher concentrations showed inhibitory effects. On the other 
hand, Staphylococcus aureus was inhibited more strongly and no stimulation 
was detected in the tested concentration range (.025–.1 mg GAE ⋅ mL−1). In 
co-cultured experiments, a S. aureus/S. epidermidis rebalancing effect was 
proven for all tested extracts, whereas the best prebiotic capacity of 2.84 was 
achieved at .05 mg GAE⋅ mL−1 of raspberry pomace extract. In conclusion, 
berry pomace extracts could be valorized by extraction of their phytochem-
icals which are potent antioxidants and emerging prebiotics for topical 
application.
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Introduction

Environmental sustainability is one of the most pressing issues confronting modern society, therefore 
valorizing by-products from various industries has arisen as a promising strategy to minimize waste 
and develop products with additional value (Iqbal et al., 2021). Fruit processing contributes signifi-
cantly to the global food industry, but generates large amounts of pomace – the mushy residue 
consisting of peels, pulp, flesh, skin, stems, and seeds that remains after juice extraction (Struck 
et al., 2016). Although generally regarded as waste, in recent years fruit pomace has received increasing 
attention due to its unrealized potential. So far, pomace is known to be used as animal feed, an organic 
fertilizer, biofuel as well as food ingredient due to its diverse bioactive compounds that can promote 
health (Iqbal et al., 2021; Nirmal et al., 2023; Struck et al., 2016). The complex composition of fruit 
pomaces includes high concentrations of polysaccharides and phytochemical, especially polyphenols 
(Iqbal et al., 2021), which can improve the appearance and health of the skin as cosmetic compounds 
(Barbulova et al., 2015; Osorio et al., 2021). Polysaccharides act as natural moisturizers helping in 
water retention, enhancing hydration and skin barrier function (Yao and Xu, 2022). On the other 
hand, polyphenols are potent antioxidants that protect skin from oxidative stress and premature aging 
(Osorio et al., 2021). However, before applying these bioactive compounds of pomace in skin 
products, it is essential to isolate them through a careful extraction process (Caponio et al., 2023; 
Osorio et al., 2021; Plainfossé et al., 2020).

In addition to bioactive components, the skin microbiota, a complex ecosystem of microorganisms 
that reside on the surface of the skin, has increasingly attracted the interest of the cosmetic industry. 
Maintaining skin integrity depends on the balance between skin microbiota members. If this balance is 
disrupted, it may result in less microbial diversity and, consequently, to the skin disorders like 
psoriasis, atopic dermatitis, and acne (Byrd et al., 2018; Zhou et al., 2020).

Staphylococcus aureus and Staphylococcus epidermidis are typical species found in the skin micro-
biota, which is primarily composed of bacteria (Yang et al., 2022). S. aureus, an opportunistic 
pathogen, usually colonizes skin surface without hindering host health, but under certain circum-
stances, it can cause skin infections or exacerbate existing disorders (Edslev et al., 2020; Yang et al.,  
2022). On the other hand, S. epidermidis is regarded as commensal, and can prevent growth of 
pathogens by secreting antimicrobial compounds, activating the host’s immune response, or compet-
ing with pathogens for nutrients and space (Edslev et al., 2020; Severn and Horswill, 2022).

Therefore, in order to keep healthy skin, it is important to maintain a normal microbiota with the 
presence of beneficial bacteria like S. epidermidis. If S. aureus becomes overabundant, as in severe 
atopic dermatitis, antibiotics can be used as treatment. However, antibiotics would reduce the number 
of all bacteria present. Prebiotics, compounds that stimulate the growth and activity of beneficial 
bacteria, while inhibiting the overgrowth of harmful bacteria, are a more favorable option (Krutmann,  
2009; Petrov et al., 2022). Considering that skin prebiotics are still under extensive research, besides 
oligosaccharides (Di Lodovico et al., 2020; Petrov et al., 2022), there are promising indications that 
plant extracts rich in polyphenols could be used for this purpose (Martel et al., 2020).

The goal of this study was to evaluate extracts of four different berry pomaces, blackcurrant (Ribes 
nigrum L.), raspberry (Rubus idaeus), strawberry (Fragaria × ananassa), and chokeberry (Aronia 
melanocarpa), as potential antioxidant cosmetic ingredients with skin microbiota rebalancing proper-
ties. Utilization of these berries as cosmetic ingredients is widespread due to their ability to protect 
skin from premature aging or UV damage (Gasparrini et al., 2017; Plainfossé et al., 2020). However, to 
the best of our knowledge, the applicability of their pomace extracts as skin prebiotics in bioactive 
cosmetics has not been investigated. Comparative analysis of their antioxidant capacities and bioactive 
contents has also not been previously performed. In this study, the extraction was performed in an 
organic solvent-free medium and the extracts obtained were characterized in terms of total poly-
phenol, flavonoid, flavonol, anthocyanin, phenolic acid, hydrolysable tannin, condensed tannin and 
reducing sugar content. In vitro antioxidant activity was determined by DPPH, ABTS, CUPRAC, and 
FRAP methods, which were integrated by using relative antioxidant capacity index (RACI) and global 
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antioxidant score (GAS) in order to get a ranking of the antioxidant capacities of tested extracts. 
Afterward, their effects on the two most relevant skin Staphylococci members – beneficial 
S. epidermidis and pathogenic S. aureus were investigated at different concentrations. Finally, the 
two microorganisms were co-inoculated and the prebiotic effect of tested extracts was evaluated after 
24 h of growth.

Materials and Methods

Plant Material

Pomaces of blackcurrant (Ben Nevis cultivar), raspberry (Fertodi Zamatos cultivar), strawberry (Senga 
Sengana cultivar) and chokeberry (Nero cultivar) were kind donation from Floriva (Ivanjica, Serbia). The 
propagated plantlets of all berries were from mother plants located in the experimental field of the Floriva 
(Ivanjica, Serbia), which are under the constant professional supervision of the authorized institutions of 
the State of Serbia and the Netherlands Inspection Service of Horticulture (Naktuinbouw) which 
guarantee high quality. Blackcurrant was planted in 2019, while raspberry, strawberry and chokeberry 
were planted in 2021 in Ivanjica (Serbia, 43° 34’N, 20° 13’ E) which has moderate-continental climate. All 
berries were harvested at full maturity in 2022, with harvesting taking place every 2 days during second 
half of April and first half of May for strawberries, first half of July for raspberries, and second half of 
August for blackcurrants and chokeberries. For each berry fruit, samples were obtained by mixing berries 
from three individual harvests and stored at −20°C. In October 2022, all berry samples were used for juice 
production, and pomaces were separated and stored at −20°C. Obtained pomaces were lyophilized in 
a vacuum freeze dryer (Beta 1–8 Freeze Dryer, Martin Christ, GmbH, Osteroide am Harz, Germany) and 
used in experiments that were conducted in March and April 2023.

Chemicals

Sodium molybdate dihydrate, 3,5-dinitrosalicylic acid and, 6-hydroxy-2,5,7,8-tetramethylchroman- 
2-carboxylic acid (Trolox), neocuproine, sodium molybdate dihydrate, and caffeic acid were pur-
chased from Sigma-Aldrich (Schnelldorf, Germany). Gallic acid, quercetin, and glucose were obtained 
from Merck (Darmstadt, Germany). Folin – Ciocalteu phenol reagent was from Carlo Erba (Arese, 
Italy). Glacial acetic acid and hydrochloric acid were purchased from Zorka Pharma (Šabac, Serbia). 
Copper chloride, 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
and 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid diammonium salt (ABTS) were purchased 
from Thermo Fisher Scientific (Geel, Belgium). All other chemicals and solvent methanol and 
n-butanol, were obtained from Centrohem (Stara Pazova, Serbia). All used chemicals and solvents 
were analytical grade. Trypticase soy broth, agar, yeast extract, and mannitol salt agar were purchased 
from the Institute Torlak (Belgrade, Serbia). Bacterial strains Staphylococcus epidermidis DSM 20,044 
and Staphylococcus aureus ATCC 25,923 were purchased from Leibniz Institute DSMZ (German 
Collection of Microorganisms and Cell Culture GmbH, Braunschweig, Germany) and American Type 
Culture Collection (Rockville, Maryland, USA), respectively.

Methods

The Extraction of Bioactive Compounds from Pomaces

Before the extraction, lyophilized blackcurrant, chokeberry, red raspberry, and strawberry pomaces 
were ground in a mill (Retsch MM 400, Retsch GmbH, Haan, Germany) to a powder. A 10 g of sample 
of each powdered pomace was macerated with 100 mL of .1 M acetate buffer (pH 4.5) at 50°C with 
constant stirring at 150 rpm during 2 h. Then the precipitates were separated by centrifugation at 
6000 rpm for 15 min and the supernatants were collected. This process was repeated three times for 
each pomace and all prepared extracts were stored at −20°C until analysis.
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Extracts Composition Analysis

The total polyphenol content (TPC) in the extracts was assessed using a modified Folin-Ciocalteu 
method (Milutinović et al., 2015). In summary, diluted extracts (50 µL) were mixed with Folin- 
Ciocalteu reagent (250 µl), 15% sodium carbonate solution (1 mL), and distilled water (3.7 mL). 
After an incubation in the dark for 2 h, the absorbance was measured at 750 nm using buffer instead 
of extract as a blank sample. The results were expressed as milligrams of gallic acid equivalents (GAE) 
per gram of dry matter (DM) of the pomace.

The total flavonoid content (TFC) in the extracts was evaluated using the aluminum chloride 
colorimetric method (Marjanovic et al., 2021). A diluted extract (1 mL) was mixed with methanol (1.5  
mL) and vortexed. After that, 10% aluminum chloride solution (.1 mL), 1 M sodium acetate solution 
(.1 mL) and water (2.8 mL) was added, and the mixture was then incubated in the dark for 30 min. The 
absorbance of the samples was measured at 415 nm against a blank sample containing buffer instead of 
the extract. The results were presented as milligrams of quercetin equivalents (QE) per gram of dry 
matter (DM) of the pomace.

The total anthocyanin content (TAC) in extracts was obtained by the pH differential method 
(Marjanovic et al., 2021). A diluted extract (.5 mL) was mixed with .025 M potassium chloride buffer 
pH 1.0 (1.5 mL), and simultaneously, another portion (.5 mL) of the same extract was combined with 
.4 M sodium acetate buffer pH 4.5 (1.5 mL). Both mixtures were vortexed for 30 s and incubated for 15  
min in dark. The absorbance of samples was read at 520 and 700 nm, against buffer as a blank. The 
total anthocyanins concentration (C), expressed as mg of cyanidin-3-O-glucoside equivalents per L, 
was calculated as follows: 

C ¼ A�MW � R� 1000ð Þ= ε� lð Þ (1) 

where A is absorbance, determined as A = (A520 – A700) pH 1.0 – (A520 – A700) pH 4.5; MW is 
a molecular weight of cyanidin-3-O-glucoside (449.2 g ⋅ mol−1); R is a dilution factor; ε is molar 
extinction coefficient for cyanidin-3-O-glucoside (26900 L ⋅ mol−1⋅ cm−1) and l is path length (1 cm). 
The final results were expressed as milligrams of cyanidin-3-O-glucoside equivalents (Cy3GE) per 
gram dry matter (DM) of the pomace.

The total flavonol content (TFLC) in the extracts was determined using the method reported 
previously with slight modifications (Formagio et al., 2014). The mixture of diluted extract (.5 mL), 2% 
aluminum chloride solution in methanol (.5 mL) and 5% sodium acetate solution (1.5 mL) were 
incubated in the dark for 2.5 h, after which the absorbance was measured at 440 nm against blank. 
The results were expressed as milligrams of quercetin equivalents (QE) per gram of dry matter (DM) 
of the pomace.

The total phenolic acid content (TPAC) in the extract was quantified using the method with 
Arnow’s reagent (Boroja et al., 2018). This reagent was prepared by dissolving 10 g of sodium nitrite 
and 10 g of sodium molybdate dihydrate up to 100 mL of distillate water. The mixture of diluted 
extract (.1 mL), distilled water (.6 mL), .5 M hydrochloric acid (.1 mL), Arnow’s reagent (.1 mL) and 1  
M natrium hydroxide (.1 mL) was vortexed for 30 s and the absorbance was immediately read at 490  
nm. The results were expressed as milligrams of caffeic acid (CAE) per gram of dry matter (DM) of 
pomace.

Total hydrolysable tannins content (THTC) in the extract was determined by the potassium iodate 
solution method (Willis and Allen, 1998). The first step consisted of heating 2.5% potassium iodate 
solution (2.5 mL) for 7 min at 30°C, before adding extract (.5 mL). Then, the mixture was heated for 
additional 2 min at 30°C and the absorbance was measured at 550 nm. The total amount of tannins in 
the sample was expressed in milligrams of gallic acid equivalents (GAE) per gram of dry matter (DM) 
of pomace.

Total condensed tannins content (TCTC) in the extract was determined by the n-butanol- hydro-
chloric acid assay (Vermerris and Nicholson, 2009). The extract (.5 mL) was combined with (5 mL) of 
an acidic ferrous sulfate solution, prepared by dissolving 77 mg of ferrous sulfate heptahydrate 
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dissolved in 500 mL of 2:3 hydrochloric acid/n-butanol. The mixture was heated in a water bath at 
95°C for 15 minutes and absorbance was read at 530 nm. The concentration of condensed tannins was 
calculated as milligrams of cyanidin equivalents (CyE) per gram of dry matter (DM) of pomace using 
molar extinction coefficient (34700 L ⋅ mol−1⋅ cm−1) and molar mass (287.28 g ⋅ mol−1) of cyanidin.

The total reducing sugar content in extracts was assessed by the 3,5-dinitrosalicylic acid (DNS) 
method (Khatri and Chhetri, 2020). After adding DNS reagent (.25 mL) to a diluted sample (.25 mL), 
the test tube with a mixture was treated in boiling water for 5 min. Then, water was added (2 mL) and 
the absorbances were measured at 540 nm against the blank prepared using buffer instead of a sample. 
The results were expressed as millimole glucose equivalents (mmol GE) per gram of dry matter (DM) 
of pomace.

Antioxidant Activity Analysis

The ferric reducing antioxidant power (FRAP) method was utilized to assess the antioxidant activity of 
the extracts (Milutinović et al., 2015). FRAP reagent was prepared by mixing 300 mM sodium acetate 
buffer (pH 3.6), 10 mM TPTZ solution in 40 mM hydrochloric acid, and 20 mM ferric chloride 
hexahydrate solution in a 10:1:1 (v/v/v) ratio, respectively. Then, fresh FRAP reagent (1.5 mL) was 
added to diluted extract (50 µL), incubated in the dark for 5 min and the absorbance of the samples was 
measured at 593 nm against the FRAP reagent. The final results were expressed as micromoles of 
Trolox equivalent (TE) per gram of dry matter (DM) of pomace.

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay (Milutinović et al.,  
2015; Petrovic et al., 2016) was performed to evaluate antioxidant activity of extracts. Briefly, diluted 
extract (50 µL) was mixed with methanol (3.95 mL) and .2 mM DPPH solution (1 mL), incubated in 
the dark for 30 min, and the absorbance was determined at 517 nm against methanol as a blank 
sample. A Trolox calibration curve was plotted as a function of the percentage of inhibition of DPPH 
radical using the following equation: 

Inhibition %ð Þ ¼ Acontrol � Asample
� �

=Acontrol
� �

� 100 (2) 

where A control is an absorbance of control prepared with water instead of extract and A sample is an 
absorbance of tested sample. The results were expressed as the micromoles Trolox equivalent (TE) per 
gram of dry matter (DM) of pomace.

The antioxidant activity of the extracts was evaluated using the 2,2-azino-bis-3-ethylben-
zothiazoline-6-sulfonic acid (ABTS) radical scavenging assay with minor modifications (Petrovic 
et al., 2016). The ABTS •+ stock solution, made by mixing equal volumes of  14 mM ABTS and 
4.9 mM potassium persulfate in 5 mM phosphate-buffered saline (PBS) pH 7.4, then allowed to 
equilibrate in the dark for 16 h. The working ABTS •+ solution was prepared by diluting the 
stock solution in PBS with absorbance .7 ± .02 at 734 nm. The reaction mixture containing 
diluted extract (10 µL) and working ABTS •+ solution (1 mL) was vortexed for 30 s and 
incubated in the dark for 5 min. The absorbance was measured at 734 nm using PBS buffer as 
a blank sample. A Trolox calibration curve was plotted as a function of the percentage of 
inhibition of ABTS radical using Equation 2. where A control is the absorbance of control 
prepared with PBS buffer instead of extract and A sample is the absorbance of the tested sample. 
The results were expressed as the micromoles Trolox equivalent (TE) per gram of dry matter 
(DM) of pomace.

The antioxidant activity of the extracts was also evaluated using the cupric ion reducing antioxidant 
capacity (CUPRAC) assay (Darwish et al., 2021). In brief, the diluted extract (100 μL) was mixed with 
10 mM copper chloride solution (1 mL), 7.5 mM neocuproine alcoholic solution (1 mL), 1 M ammo-
nium acetate buffer solution pH 7.0 (1 mL), and distilled water (1 mL). After incubation for 30  
minutes, the absorbance was measured at 450 nm against the blank. The results were expressed as 
the micromoles Trolox equivalent (TE) per gram of dry matter (DM) of pomace.
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Relative antioxidant capacity index (RACI) was calculated according to Sun and Tanumihardjo 
(Sun and Tanumihardjo, 2007) by averaging the standard scores (SS) transformed from the raw data 
generated by different methods for the determination of antioxidant activity. The SS is dimensionless 
value calculated by Equation 3: 

SS ¼ x � μð Þ=σ (3) 

where x is the µ raw data, µ is the mean and σ is the standard deviation. The SS enables the comparison 
of results with different units by indicating how many units a case is smaller or larger than the mean.

For each sample, the sum of T-scores (TS) was used to determine the global antioxidant score 
(GAS) (Tabart et al., 2014). TS was calculated by transformation of raw data according to Equation 4: 

TS ¼ X � Xminð Þ= Xmax � Xminð Þ (4) 

where Xmin and Xmax represent the smallest and largest values of variable X, respectively, among tested 
samples. GAS allows a ranking of antioxidant activity of samples, since the highest GAS corresponds to 
the highest antioxidant activity.

Skin Prebiotic Activity Assays

The effect of berry pomace extracts was evaluated on two gram-positive bacterial strains: 
Staphylococcus epidermidis DSM 20,044 and Staphylococcus aureus ATCC 25,923. The bacterial 
inoculums of both strains were prepared by transferring several colonies to tryptic soy broth contain-
ing .6% (w/v) yeast extract (TSBY) and allowed to grow at 37°C with agitation overnight. The effect of 
extracts on bacterial growth was determined during 24 h of cultivation by optical density (OD) 
measurement. Briefly, each extract was added to the fresh TSBY to obtain final polyphenols concen-
tration of .025 mg GAE ⋅ mL−1, .05 mg GAE ⋅ mL−1, .0625 mg GAE ⋅ mL−1, .08 mg GAE ⋅ mL−1and .1  
mg GAE ⋅ mL−1. Then, an overnight inoculum of S. epidermidis or S. aureus was added to the growth 
medium in order to achieve a final concentration of 107 CFU ⋅ mL−1 (using a standard curve that 
establishes the relationship between colony-forming units and optical density at 600 nm) and incu-
bated at 37°C with constant shaking at 120 rpm. The growth curves were determined by measuring 
optical density of aliquots on 600 nm (OD600) at specific time points. The TSBY without extracts 
served as the control sample.

The prebiotic capacity (PC) of tested extracts was evaluated in co-culture experiment where 
S. epidermidis was co-inoculated with S. aureus in TSBY with addition of extracts as previously 
described. The concentration of each bacterium was 107 CFU ⋅ mL−1. After 24 h of cultivation, samples 
were taken, diluted with saline solution, and placed on mannitol salt agar (MSA). After 48 h of 
incubation at 37°C, the number of grown colonies was determined (bright yellow colonies of 
S. aureus with yellow zones and light pink colonies of S. epidermidis without changing the medium 
color) and compared to the control (sample without extract) (Di Lodovico et al., 2020). The PC of 
investigated extracts was assessed by comparing the growth of beneficial bacteria (S. epidermidis) 
measured with and without prebiotics to the growth of pathogenic bacteria (S. aureus) under the same 
conditions. It was calculated for each pomace extract, using Equation 5: 

PC ¼ SEE24 � SEE0ð Þ= SEC24 � SEC0ð Þ � SAE24 � SAE0ð Þ= SAC24 � SAC0ð Þ (5) 

where SEE24 and SEE0 are CFU ⋅ mL−1 of S. epidermidis with extract after 24 h and 0 h of growth, 
respectively. SEC24 and SEC0 are the CFU ⋅ mL−1 of S. epidermidis without extracts (control sample), 
after 24 h and 0 h of growth, respectively. SAE24, SAE0 and SAC24, SAC0 are the S. aureus CFU ⋅ mL−1 

with and without extracts after 24 h and 0 h, respectively.

90 A. PETROV IVANKOVIĆ ET AL.



Statistical Analysis

All experiments were performed with three independent samples of each pomace, except for the 
experiments related to the measurement of the optical density of the bacterial medium, which were 
performed in duplicate. All results were presented as mean ± standard deviation from the replicates. 
To establish the statistical significance of mean value differences for multiple comparisons of the 
results (a one-way analysis of variance (ANOVA) followed by a post hoc Tuckey’s test) OriginPro 8.5 
(OriginLab Corporation, Northampton, MA, USA) was used. Differences at p ≤ .05 were regarded as 
significant. Pearson’s correlation coefficients (r) and linear regression equations were employed to 
investigate the relationship between various variables by using Microsoft Excel. A negative value for 
r implies a negative linear correlation, while positive value suggests a positive linear correlation. If the 
r value is |r| < .20 correlation is very weak; .20 < |r| < .39 correlation is weak; .40 < |r| < .59 correlation is 
moderate; .60 < |r| < .79 correlation is strong; |r| > .8 correlation is very strong (Fogarasi et al., 2021).

Results and Discussion

Berries Pomace Extracts Composition

Fruit extracts contain a large number of different polyphenolic compounds that could have health- 
promoting effect on human skin. Polyphenols found many applications in dermo-cosmetics due to 
their antioxidant, anti-inflammatory, anti-microbial, anticancer and anti-allergic activities (Rajha 
et al., 2022; Sun et al., 2022). Beyond maintaining skin health, they can prevent premature skin 
aging, control skin pigmentation through tyrosinase inhibition, improve skin elasticity via anti- 
collagenase, anti-elastase and anti-hyaluronidase activities, and contribute to effective wound healing, 
among other positive effects (De Lima Cherubim et al., 2019; Rajha et al., 2022; Sun et al., 2022).

The concentration of extracted polyphenols from the four berry pomaces ranged from 5.28 mg 
GAE ⋅ g−1 DM to 13.39 mg GAE ⋅ g−1 DM (Table 1). Total polyphenol content was highest in the 
chokeberry pomace extract (chokeberry), followed by blackcurrant pomace extract (blackcurrant), 
while raspberry pomace extract (raspberry) and strawberry pomace extract (strawberry) had approxi-
mately two times lower TPC than blackcurrant and chokeberry. Regarding flavonoids, anthocyanins, 
flavonols, phenolic acids and hydrolysable tannins, chokeberry emerged as the richest source. On the 
other hand, raspberry had lowest concentration of flavonoids and anthocyanins, with levels of 
flavonols and phenolic acids showing no significant difference (p > .05) compared to those found in 
strawberry. Interestingly, blackcurrant showed the lowest hydrolysable tannin levels but the highest 
content of condensed tannins among the extracts (Table 1).

Polyphenol content and profile in berries extracts is strongly dependent on the extraction method 
and fruit variety used. Some authors reported both significantly lower and higher polyphenol 
concentrations in berries pomaces extracts (2.71–25.40 mg GAE ⋅ g−1 DM) compared to the results 
obtained in the present study (Kavela et al., 2023; Pukalskienė et al., 2021; Yao et al., 2021). Wide range 

Table 1. Berries pomace extracts composition.

Pomace 
extracts

Polyphenols Flavonoids Anthocyanins Flavonols
Phenolic 

acids
Hydrolysable 

tannins
Condensed 

tannins
Reducing 

sugars

mg GAE ⋅ g−1 

DM
mg QE ⋅ 
g−1 DM

mg Cy3GE ⋅ 
g−1 DM

mg QE ⋅ 
g−1 DM

mg CAE ⋅ 
g−1 DM

mg GAE ⋅ g−1 

DM
mg CyE ⋅ 
g−1 DM

mmol GE ⋅ 
g−1 DM

Blackcurrant 11.26 ± 0.21b .43 ± .01b .32 ± .01b 6.70 ± .28b 2.59 ± 0.12b 2.90 ± .10d .36 ± .03a .34 ± .01c

Raspberry 5.28 ± 0.23c .24 ± .01d .09 ± .01d 2.61 ± .16c .76 ± 0.04c 3.34 ± .10c .03 ± .00c .45 ± .02b

Strawberry 5.39 ± 0.27c .35 ± .02c .26 ± .01c 3.10 ± .13c .97 ± 0.05c 3.90 ± .16b .06 ± .00c .57 ± .02a

Chokeberry 13.39 ± 0.59a .80 ± .05a .68 ± .03a 9.19 ± .51a 4.09 ± 0.18a 6.37 ± .24a .23 ± .01b .32 ± .01c

Different characters in the same column signify a statistically significant difference between pomace extracts at p ≤ .05. Experiment 
was conducted in triplicate.
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of the polyphenol concentration was reported in studies using fresh berries (4.89–19.09 mg GAE⋅ g−1 

DM), as well (Georgescu et al., 2022; Kim, 2018; Su et al., 2023).
Regarding reducing sugars content, strawberry had highest concentration, then raspberry, followed 

by blackcurrant and chokeberry. Based on the comparison of obtained results with literature data 
(Kavela et al., 2023; Pukalskienė et al., 2021; Yao et al., 2021) in which 2.71–25.40 mg GAE ⋅ g−1 DM of 
polyphenols were extracted, we concluded that an organic-solvent-free method is providing satisfying 
polyphenol yields, especially when it comes to chokeberry (13.39 mg GAE ⋅ g−1 DM) and blackcurrant 
(11.26 mg GAE ⋅ g−1 DM) pomaces. Therefore, this approach was adopted as an environmentally 
sound and easy way to extract polyphenols from berries pomaces that would be used for examining 
their antioxidant and skin prebiotic potential.

Antioxidant Capacity of Berries Pomace Extracts

Antioxidants have the ability to prevent oxidative stress, which can harm cells and have a negative 
influence on health (Kotha et al., 2022). Oxidative stress occurs when there are more highly reactive 
compounds, known as free radicals, than antioxidants (Kotha et al., 2022; Neha et al., 2019). 
Polyphenols can neutralize free radicals, and their antioxidant activity is enhanced when with an 
increase in the number of phenolic hydroxyl groups they contain. Topical application of polyphenols 
suggests that they are effective in protecting the skin from UV radiation, resulting in reduced UV- 
induced skin photodamage and a lower risk of skin cancer (De Lima Cherubim et al., 2019; Rajha et al.,  
2022; Sun et al., 2022).

The highest antioxidant activity of 53.56 µmol TE ⋅ g−1 DM was achieved by blackcurrant according 
to the FRAP assay that assesses the ability of antioxidants to reduce ferric iron (Fe3+) to ferrous iron 
(Fe2+) (Table 2). This result differs significantly (p ≤ .05) from the antioxidant activity of other 
extracts, which was 20.84–33.87 µmol TE ⋅ g−1 DM. In the ABTS assay, blackcurrant and chokeberry 
showed the highest ABTS radical cation scavenging capacities, followed by strawberry and raspberry, 
with scores ranging from 27.22 to 72.81 µmol TE ⋅ g−1 DM. The CUPRAC assay confirmed that 
raspberry has the lowest antioxidant activity compared to the other tested samples, only 64.77 µmol TE 
⋅ g−1 DM. Its ability to reduce cupric (Cu2+) ions to cuprous (Cu1+) ions was 63–65% lower than 
blackcurrant and chokeberry, the pomace extracts with the highest antioxidant activity among the 
tested samples. According to the DPPH test, the antioxidant activities of blackcurrant and chokeberry, 
as well as those of strawberry and raspberry, were comparable and not statistically different from each 
other (p > .05) (Table 2).

The results from this study are consistent with findings from a previous study, which demonstrated 
that the antioxidant activity determined by the DPPH method, was similar between blackcurrant and 
chokeberry (67.0–68.2% inhibition of DPPH radicals) and nearly 1.8 times higher than strawberry 
(39.4% inhibition of DPPH radicals) (Pieszka et al., 2015). On the other hand, in a study that also 
examined the characteristics of several dried fruit pomaces by DPPH method, the antioxidant activity 
of the pomace infusion showed a decreasing trend as follows: chokeberry < strawberry < raspberry < 
blackcurrant (Pachołek et al., 2014). Discrepancies in the results can be attributed to the different 
composition of the pomaces, possibly influenced by cultivar, variations in degree of ripeness or in the 

Table 2. Antioxidant capacity of berries pomace extracts.

Pomace extracts

FRAP ABTS CUPRAC DPPH

µmol TE ⋅ g−1 DM µmol TE ⋅ g−1 DM µmol TE ⋅ g−1 DM µmol TE ⋅ g−1 DM

Blackcurrant 53.56 ± 3.07a 72.81 ± 4.27a 187.44 ± 3.61a 46.31 ± 2.30a

Raspberry 2.84 ± 1.10c 27.22 ± 1.47d 64.77 ± 2.68c 22.86 ± 1.31b

Strawberry 23.88 ± 0.97c 49.09 ± 3.42c 102.02 ± 5.62b 24.89 ± 1.64b

Chokeberry 33.87 ± 1.74b 60.09 ± 1.28b 176.24 ± 12.04a 46.78 ± 2.18a

Different characters in the same column signify a statistically significant difference between pomace extracts at p ≤ .05. Experiment 
was conducted in triplicate.

92 A. PETROV IVANKOVIĆ ET AL.



fruit processing method, growing environment (year, location, cultivation method), age of 
pomace, etc.

The correlation coefficients, which range from .831 (between DPPH and FRAP method) to .965 
(between DPPH and CUPRAC method), reveal a strong high and statistically significant positive 
correlation between the antioxidant tests (Table 3). This suggests that the antioxidant capacity 
determined by various procedures is very comparable, and compounds demonstrating strong 
antioxidant activity in one test are likely to demonstrate so in the others as well. When it 
comes to TPC, the correlations observed with the DPPH and CUPRAC methods (r = .963 and r  
= .920, respectively, p ≤ .01) were very strong, while the correlations with the ABTS and FRAP 
methods (r = .767, p ≤ .01 and r = .692, p ≤ .05, respectively) were strong.

On the other hand, the FRAP assay showed a very     strong positive correlation (r = .972, p ≤ .01) 
with TCTC (Table 3), indicating that this method is suitable for evaluating the antioxidant potential of 
a specific polyphenol class – condensed tannins. This could potentially explain the high antioxidant 
activity of blackcurrant, which was 36.76% higher compared to chokeberry and 2.6 and 2.2 times 
higher than raspberry and strawberry, respectively. Although its total polyphenol content and con-
centrations of other polyphenol classes are significantly lower compared to chokeberry, blackcurrant 
contains higher levels of condensed tannins (Table 1), and its antioxidant activity is significantly 
(p ≤ .05) greater as measured by the FRAP method (Table 2). In other words, condensed tannins may 
be responsible for the increased antioxidant activity of blackcurrant, as reported in previous studies 
(Pap et al., 2021; Paunović et al., 2022). Moreover, it is well documented that oligomerized forms of 
various flavonoids, type of polyphenol compounds which include condensed tannins, could exhibit 
significantly increased antioxidant capacity compared to its monomeric units, which is in line with 
results of the statistical analysis performed within the current study (De Lima Cherubim et al., 2019; 
Jadhaw and Singhal, 2014; Desentis-Mendoza et al., 2006). Additionally, TPC had a very strong 
positive correlation with all classes of polyphenols (r = .833–.989, p ≤ .01), except with THTC (r  
= .565, p > .05), which suggests that this type of tannin may not contribute significantly to the 
antioxidant activity of the extracts.

The highest positive RACI value was attributed to blackcurrant (.96), followed by chokeberry 
(.63) (Figure 1). Conversely, negative RACI values were ascribed to strawberry (−.59) and 
raspberry (−1.01). Similarly, the GAS values exhibited the same order, with chokeberry and 
blackcurrant having values 3.98 and 4.68, respectively, which was significantly higher than 
raspberry (.00) and strawberry (.97) (Figure 1). RACI and GAS represent statistical approaches 
that integrate antioxidant results obtained from different in vitro tests, offering a reasonably 
accurate ranking of the antioxidant capacity of tested samples (Faraone et al., 2018; Petrovic 
et al., 2016; Sun and Tanumihardjo, 2007; Tabart et al., 2014). Recent research suggests that the 
Folin-Ciocalteu reagent method, originally used for polyphenol determination, can also be 
employed as an alternative way to evaluate the total antioxidant activity of samples, so it was 
included in the calculation of dimensionless RACI and GAS (Faraone et al., 2018; Russo et al.,  

Table 3. Correlation matrix among antioxidant capacities and polyphenols.

FRAP CUPRAC ABTS DPPH TPC TFC TAC TCTC THTC TPAC TFLC

FRAP 1
CUPRAC 0.856** 1
ABTS 0.887** 0.946** 1
DPPH 0.831* 0.965** 0.864** 1
TPC 0.692* 0.920** 0.767** 0.963** 1
TFC 0.318 0.724** 0.564 0.772** 0.879** 1
TAC 0.316 0.742** 0.598* 0.762** 0.858** 0.990** 1
TCTC 0.972** 0.937** 0.913** 0.919** 0.833** 0.509 0.505 1
THTC −0.165 0.329 0.148 0.394 0.565 0.878** 0.872** 0.046 1
TPAC 0.556 0.862** 0.694 0.916** 0.979** 0.953** 0.936** 0.722** 0.714**
TFLC 0.611* 0.891** 0.738** 0.937** 0.989** 0.934** 0.917** 0.767** 0.666* 0.997** 1

Asterisks signify significant correlation at levels: *p ≤ .05 and **p ≤ .01.
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2015). The trend of matching order between GAS and RACI was observed in several studies 
(Giovagnoli-Vicuña et al., 2021; Todorovic et al., 2017). Based on the results of the current 
study, both RACI and GAS indicate the higher antioxidant capacity of blackcurrant and 
chokeberry compared to raspberry and strawberry (Figure 1). As a result, it should be high-
lighted that the antioxidant activities of the pomace extracts, which show statistically significant 
differences, follow the order: blackcurrant > chokeberry > strawberry > raspberry.

Skin Prebiotic Potential of Berries Pomace Extracts

In order to examine influence of four extracts on skin microbiota composition, skin commensal 
(S. epidermidis) and opportunistic pathogen (S. aureus) were grown in medium with and without 
supplemented extracts in single culture and co-cultured experiments and their stimulatory/inhibitory 
effect on two microorganisms was monitored. These two bacterial strains were chosen since their 
imbalance is associated with one of the most common skin inflammatory diseases – atopic dermatitis 
(Edslev et al., 2020; Kim et al., 2019; Yang et al., 2022).

Influence on S. epidermidis Growth

All berry pomace extracts showed concentration-dependent effect on S. epidermidis growth 
(Figure 2). Blackcurrant demonstrated the increase of microbial growth rate at concentrations of 
.025 and .05 mg GAE ⋅ mL−1, no effect at .0625 mg GAE ⋅ mL−1, and a decrease at concentrations of .08 
and .1 mg GAE ⋅ mL−1. The other three extracts did not show significant effects on microbial growth 
rate for concentration ranging from .025 to .0625 mg GAE ⋅ mL−1. At a concentration of .08 mg GAE 
⋅ mL−1 growth rate was moderately decreased for raspberry and strawberry, while further increases of 
extract concentration led to more pronounced reducing of the growth rate (81.8% for raspberry and 
41.2% for strawberry). On the other hand, chokeberry demonstrated a slight growth rate decrease 
(12.3%) only at the highest extract concentration (Figure 2).

After 24 h of growth, blackcurrant and chokeberry led to S. epidermidis stimulation at all tested 
concentrations, except .1 mg GAE ⋅ mL−1 (Figure 2). For blackcurrant, maximum stimulation was achieved 
at .025 mg GAE ⋅ mL−1GAE (24.7%), while there was no notable difference between concentrations in the 
range .025–.0625 mg GAE ⋅ mL−1 for chokeberry (~30% on average). Raspberry showed moderate 
stimulatory effect (20.1 and 14.9%) at the two lowest concentrations, and an increase in extract amounts 
resulted in an inhibition increase up to 84.8% at .1 mg GAE ⋅ mL−1. Similarly, strawberry did not influence 
OD600 value after 24 h at .0625 mg GAE ⋅ mL−1, lower concentrations led to ~ 20% stimulation, while 
higher amounts caused concentration-dependent inhibition (maximum of 47.3% at .1 mg GAE ⋅ mL−1) 
(Figure 2). Based on the influence of four extracts on S. epidermidis growth at varying concentrations it is 
clear that a delicate balance between stimulatory and inhibitory effects is present which may be caused by 
their complexity. Namely, these extracts are mixtures of different polyphenols that can exert both positive 
and negative impacts on the human microbiome. A positive effect of certain polyphenols (coumaric acid, 
caffeic acid, vanillic acid, delphinidin, and malvidin glycosides) and polyphenol-rich extracts was previously 
observed on gut microbiota representatives via different metabolic pathways of degradation depending on 
their structure (Makarewicz et al., 2021). On the other hand, many studies proved the antimicrobial 
properties of polyphenol-rich extracts against both skin commensals and pathogens (Sun et al., 2022).

Influence on S. aureus Growth

All tested extracts demonstrated antimicrobial properties for S. aureus at all tested amounts above .025 mg 
GAE ⋅ mL−1 except for chokeberry which did not show significant influence at any of the examined 
concentrations (Figure 3). Dose-dependent decrease of microbial growth rate was detected, with 
a maximum of 89.1% at .1 mg GAE ⋅ mL−1 for raspberry. The same trend was observed after 24 h of 
growth where raspberry demonstrated the highest inhibition degree (up to 91.9%), followed by strawberry 
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(up to 61.6%), blackcurrant (up to 36.1%), and chokeberry (up to 33.5%). A similar effect of higher extract 
concentrations on the two microorganisms was observed – a stronger inhibitory effect by strawberry and 
raspberry and milder inhibition by blackcurrant and chokeberry (Figures 2, 3).

A higher inhibition degree of S. aureus was caused by tested extracts compared to S. epidermidis 
(Figures 2, 3). It was previously reported that some Gram-positive strains, including S. epidermidis 
and S. aureus, were sensitive to extracts rich in certain tannin types such as gallo-tannins. 
Pentagalloyl-O-β-D-glucose was associated with antimicrobial properties against two microorgan-
isms, with bactericidal effect against S. aureus shown after only 3 h of incubation, while 
S. epidermidis was more resistant and 1.5 log reduction in the CFU number after 24 h was 
observed (Maisetta et al., 2019). Strawberries and raspberries are known as natural sources of 
galloyl glucose (https://foodb.ca/compounds/FDB000233); therefore, the pronounced inhibitory 
effect of their extracts against S. aureus could be associated with this particular compound.

All obtained results imply that finding specific conditions at which S. epidermidis growth will be 
promoted while S. aureus will be inhibited leading to their rebalancing is very complex, but crucial for 
future application. Since these two microorganisms live together on the human skin and it is known that 
they interact with each other, the final assessment of the prebiotic capacity of four pomace extracts was 
done in a co-cultured experiment.

Prebiotic Potential of Extracts of Co-Cultured Medium

All tested extracts showed different PC values after 24 hours of growth in co-cultured medium and 
statistical analysis revealed different influence of extracts concentrations on their prebiotic potential 
(Figure 4). Positive PC values imply that tested the compound possesses prebiotic potential against the 
examined strains, while a value below zero suggests a negative effect on the balance of tested 
microorganisms.

Figure 1. Relative antioxidant capacity index (RACI) and global antioxidant score (GAS) of blackcurrant, raspberry, strawberry and 
chokeberry. Different lowercase and capital characters indicate statistically significant difference (p ≤ .05) considering RACI and GAS, 
respectively. Bars represent the mean values of three independent experiments, and error bars indicate the standard deviations.
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Strawberry was the only extract demonstrating a negative PC value indicating that the corre-
sponding concentration (.025 mg GAE ⋅ mL−1) will alter the S. aureus/S. epidermis ratio in favor of 
the harmful microorganism. At high concentrations (.08 and .1 mg GAE ⋅ mL−1) this extract had 
no statistically significant influence on PC since both bacteria were strongly inhibited, while 
concentrations of .05 and .0625 mg GAE ⋅ mL−1 showed prebiotic potential with PC values around 
.5. Chokeberry showed the highest PC of around .5 at the lowest tested extract concentration, while 
higher concentrations demonstrated a less pronounced effect on the two microorganisms’ ratio. 
For blackcurrant extract, concentration did not show a statistically significant influence in the 
tested range and a PC plateau was observed at a value of ~ .5. The best results were obtained with 
raspberry extract which demonstrated a dose-dependent effect on PC values with sharp maximum 
at polyphenol concentration of .05 mg GAE ⋅ mL−1. The highest and lowest concentrations showed 
a moderately positive effect – PC of .5, while concentrations of .08, .0625 and .05 mg GAE ⋅ mL−1 

gave 1.73, 2.44 and 2.85 values of PC, respectively (Figure 4). This results accentuated raspberry as 
the most promising skin prebiotic source among tested extracts.

Figure 2. Influence of: (a) blackcurrant, (b) raspberry, (c) strawberry and (d) chokeberry pomace extract on S. epidermidis growth. The 
legend symbols meaning: – control without extract, and samples with polyphenol concentration of − .025 mg GAE ⋅ mL−1, – .05 mg 
GAE ⋅ mL−1, − .0625 mg GAE ⋅ mL−1, − .08 mg GAE/mL and − .1 mg GAE ⋅ mL−1. Data represent the mean values of two 
independent experiments, and error bars indicate the standard deviations.
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This result showed that previously documented antagonistic effect of S. epidermidis against 
S. aureus is even more pronounced in a medium supplemented with raspberry extract, and 
indicates a potential synbiotic effect of S. epidermidis and raspberry pomace extract (Woo and 
Sibley, 2020). In addition to polyphenols and gallo-tannins, raspberry extract is known as 
a source of xylitol, a proven skin prebiotic. Xylitol demonstrated antimicrobial and antibiofilm 
effects on S. aureus, and had no statistically significant impact on S. epidermidis when 
combined with various oligosaccharides, suggesting a possible explanation for the high PC 
value observed in the current study (Di Lodovico et al., 2020; Woo and Sibley, 2020). Since the 
amount of raspberry used was two times higher than that of blackcurrant and chokeberry (due 
to its lower polyphenol content), it probably provided a suitable ratio of all biomolecules 
which influenced microbial growth and was thus singled out as the best potential skin 
prebiotic.

Figure 3. Influence of: (a) blackcurrant, (b) raspberry, (c) strawberry and (d) chokeberry pomace extract on S. aureus growth. The 
legend symbols meaning: – control without extract, and samples with polyphenol concentration of − .025 mg GAE ⋅ mL−1, – 
.05 mg GAE ⋅ mL−1, − .0625 mg GAE ⋅ mL−1, − .08 mg GAE/mL and − .1 mg GAE ⋅ mL−1. Data represent the mean values of two 
independent experiments, and error bars indicate the standard deviations.
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Conclusions

Almost half of all the fruit and vegetables produced are wasted, therefore it is clear that the 
valorization of their agro-industrial by-products is of global importance. This study proved that 
blackcurrant, raspberry, strawberry, and chokeberry pomace from the juice production industry 
can be reutilized. Organic solvent-free extraction of these berry pomaces yielded polyphenol-rich 
extracts with demonstrated antioxidant activity. RACI and GAS statistical analysis revealed that 
blackcurrant is the most powerful antioxidant among tested extracts. All extracts demonstrated 
a dose-dependent effect on skin beneficial (S. epidermidis) and harmful (S. aureus) bacteria 
growth, whereas raspberry pomace extract showed the highest potential based on prebiotic 
capacity achieved in co-culture of the two microorganisms. Overall, the results provide strong 
evidence for berries pomaces as valuable sources of bioactive compounds and suggest potential 
application in functional foods and prebiotic cosmetics. Future investigations would be directed 
toward additional extraction process optimization in order to maximize its efficiency. 
Furthermore, a detailed prebiotic activity screening of berry pomace extracts on in vitro skin 
models and other cutaneous microbiota representatives should be performed to obtain more 
comprehensive evidence of these extracts on the entire skin microbiome.

Abbreviation

TPC Total polyphenol content
TFC Total flavonoid content
TPC Total anthocyanin content
TFLC Total flavonol content
TPAC Total phenolic acid content
THTC Total hydrolysable tannin content
TCTC Total condensed tannin content
Cy3GE Cyanidin-3-O-glucoside equivalent
CyE Cyanidin equivalent

Figure 4. Prebiotic capacity of different berries pomace extracts concentrations in S. epidermidis and S. aureus co-culture. Different 
lowercase characters indicate statistically significant difference (p ≤ .05) between tested concentrations of each pomace extracts. 
Data represent the mean values of three independent experiments, and error bars indicate the standard deviations.
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TE Trolox equivalent
Blackcurrant Blackcurrant pomace extract
Chokeberry Chokeberry pomace extract
Raspberry Raspberry pomace extract
Strawberry Strawberry pomace extract
RACI Relative antioxidant capacity index
GAS Global antioxidant score
PC Prebiotic capacity
TSBY Tripton soy broth with yeast
MSA Mannitol salt agar
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