Table S1. Identification and selection of the PRISMA-Guided Literature

	Identification

	1. Keywords: chokeberry AND pomace OR chokeberry AND byproduct OR chokeberry AND by-product OR chokeberry AND waste OR aronia AND pomace OR aronia AND byproduct OR aronia AND by-product OR aronia AND waste
2. Search: title, abstract and keywords
3. Database: Scopus and Web of Science, Core Collection
Records identified through database searching:
n = 423 (ISI WOK Core Collection: n= 240; Scopus: n = 183)

	Screening

	Records screened after exclusion:
1. not within the time frame 2000-2024 
(kept WOS: 240; Scopus: 183) 
2. language other than English or Polish (kept WOS 238; Scopus: 175) 
3. early access, proceedings paper, meeting paper, books, book chapters, book review, editorial material, correction, letter, new item; erratum, note (kept WOS 230; Scopus: 172)
	1. No in time horizon excluding WOS: 76, Scopus: 30.
2. Language other than English or Polish excluded WOS: 19, Scopus: 50
3. excluded WOS: 45, Scopus: 118 

	
	Deduplication
	Duplicate records removed (n = 298)

	Eligibility

	 screened records (title and abstract). Records assessed for eligibility: 
n= 140
	Not related to the topic: not related to the aronia by-product or pomace (n=
158)

	
	Full-text article assessed for eligibility: 
n=138 research papers
	not related to the topic; or review paper (n=28)

	
	Analysis of full text content analysis n = 110

	
	Additional papers n=11
	Update on 14 August 2025: new research articles published in 2025: WOS =2, Scopus 19 and. After deduplication and considering all criteria, the inclusion of 11 research articles for the complete analysis of the article was determined. 

	
	Additional papers n=24
	Update on 10.July 2026: new research articles published in 2025-2026: WOS =36, Scopus 103 and. After deduplication and considering all criteria, the inclusion of 24 research articles for the complete analysis of the article was determined

	Included 
	Studies included (only research papers):
n = 145



Table S2. Stabilisation, pre-treatment, and recovery and fractionation of valuable compounds from chokeberry pomace
	A. Stabilisation and pre-treatment

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Chokeberry pomace
	To assess the effect of juice-processing steps and factors on yield, anthocyanin retention, and anthocyanin profile in pomace
	Enzyme addition, pre-processing treatment, and temperature
	Anthocyanins were retained in higher amounts in the pomace than in the juice, demonstrating the importance of juice-processing conditions for the composition of the resulting pomace
	[1]
	Berry press residues, including chokeberry
	To evaluate the effect of drying technologies on anthocyanin stability, polyphenol content, and antioxidant activity
	Hot-air and vacuum drying at 30–90 °C; freeze-drying; comparison across ten berry species
	Freeze-drying preserved the highest TPC and TAC. Vacuum drying at 30–60 °C showed comparable stability and outperformed conventional drying. Anthocyanin degradation accelerated above 75 °C, with chokeberry being particularly susceptible to high-temperature degradation
	[2]
	Chokeberry pomace
	To assess the effect of drying technologies on polyphenols, antioxidant capacity, and colour in tea infusions
	Microwave-vacuum drying, atmospheric drying, and freeze-drying; infusion of 3.5 g sample in 200 mL boiled water for 5 min; 100%, 50:50, and 60:40 pomace/market tea blends
	Freeze-dried and microwave-vacuum-dried samples preserved high polyphenol content and colour. Infusions containing 100% pomace had higher TPC and total anthocyanins than mixed samples, while blending with other fruits may improve flavour
	[3]

	Aronia melanocarpa pomace
	To evaluate preservation methods and optimise accelerated solvent extraction of polyphenols
	Drying, freeze-drying, freezing at −18 °C, and deep freezing at −80 °C; UAE screening; ASE optimisation using RSM and Box–Behnken design; UHPLC–MS and HPLC–DAD analysis
	Drying reduced several compounds, particularly anthocyanins, whereas low-temperature preservation had minimal impact. Optimal ASE conditions differed among compound groups: phenolic acids required harsher conditions, whereas anthocyanins required milder extraction because of their thermal sensitivity
	[4]

	Berry seeds, including chokeberry seeds
	To enhance phenolic compound recovery using a non-thermal pre-treatment
	Pulsed electric field treatment at 8 or 10 kV; 50 kJ/kg energy input; aqueous extraction; TPC, ABTS, DPPH, HPLC-DAD, and colour analysis
	PEF enhanced the release of polyphenols, anthocyanins, and antioxidant compounds, particularly from chokeberry, raspberry, and blackberry seeds. Extracts showed higher TPC, radical-scavenging activity, and more intense red colour
	[5]

	Black chokeberry pomace
	To compare green extraction techniques and assess cryogrinding as a pre-treatment
	Pressurised liquid extraction, microwave-assisted extraction, ultrasound-assisted extraction, and reflux extraction; optimisation of temperature, time, and solid-to-solvent ratio; cryogrinding pre-treatment
	PLE achieved high total polyphenol recovery but lower anthocyanin recovery at higher temperatures. MAE provided a better balance between total polyphenol and total monomeric anthocyanin recovery. One-minute cryogrinding enhanced polyphenol extraction, and MAE combined with cryogrinding was identified as the most effective strategy
	[6]

	chokeberry pomace
	studying the kinetics of the drying process
	Laboratory pilot heat pump dryer, 45 °, to equilibrium moisture content
	raw material for use in functional foods
	[7]

	chokeberry pomace
	analyzing the effect of drying and lyophilization on bioactive compounds
	Convective drying process at 50 °C or lyophilization at -55°C
	powder, with the antioxidant capacity to be used as a functional ingredient achieved for bakery and pastry products; total dietary fiber content (55.42-58.67%), minerals (1.97-2.73%), total sugar (12.72-15.89%), vitamin C (9.05-26.08 mg/100 g), total polyphenols (50.26-96.92 mg GAE/g)
	[8]
	Chokeberry fruit pulp
	To produce bioactive-rich powders
	Foam mat drying by freeze drying and convective drying (50–70 °C)
	Freeze drying preserved the highest phenolic, flavonoid, and anthocyanin and antioxidant activity; Convective drying at 50 °C is a cost-effective alternative
	[9]

	B. Conventional extraction and solvent systems

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Chokeberry pomace
	To determine optimum conditions for anthocyanin extraction
	Influence of temperature, solvent concentration, and solid-to-solvent ratio
	The highest anthocyanin concentration (794.16 mg/L) was obtained at 50 °C using 1.5 wt% citric acid and a 1:20 solid-to-solvent ratio
	[10]
	Chokeberry juice pomace
	To determine optimal conditions for maximising anthocyanin concentration and total anthocyanin recovery
	Homogenisation in acidified water; process optimisation using response surface methodology at laboratory scale
	Extraction efficiency reached 71 ± 3% of total anthocyanins, with a final anthocyanin concentration of 456.7 ± 19 mg/L. Optimal conditions were 45 °C, 1.5 wt% citric acid, and a 1:34 solid-to-solvent ratio
	[11]
	Lyophilised chokeberry pomace
	To evaluate the efficiency of green solvents and process parameters for anthocyanin and total phenolic extraction
	50% ethanol, 50% glycerol, and distilled water acidified with 1% citric or formic acid; 40, 50, and 60 °C; 60 and 120 min; additional ultrasonic treatment for 15 or 30 min
	The highest anthocyanin concentration was obtained using 50% ethanol with 1% citric acid at 50 °C for 60 min. The highest TPC was obtained with 50% glycerol and 1% formic acid at 50 °C for 60 min
	[12]
	Chokeberry pomace (anthocyanins)
	To establish green extraction alternatives
	Natural deep eutectic solvents (NADES) compared to water/ethanol
	NADES matched the efficiency of ethanol in anthocyanin recovery; eco-friendly and aligned with green chemistry principles
	[13]

	C. Ultrasound- and microwave-assisted extraction

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Chokeberry pomace containing skin and seeds
	To compare total phenolic, flavonoid, and anthocyanin contents and total antioxidant capacity
	Cooled ultrasonic bath for 15 min; 5 mL of 75% aqueous methanol containing 0.1% formic acid
	Chokeberry pomace showed the highest total phenolic and total anthocyanin contents, while dried fruits showed the highest total flavonoid content and antioxidant activity
	[14]

	Chokeberry pomace
	To optimise extraction of total phenolics, total anthocyanins, and antioxidant compounds
	Ethanol concentration of 60–96%; sonication time of 10–30 min; response surface methodology
	Optimal conditions for TPC and antioxidant capacity were 60% ethanol and 20 min sonication, yielding 188.5 mg GAE/g DM and 49.2 mM Trolox/100 g DM, respectively. Optimal conditions for total anthocyanins were 65% ethanol and 13 min sonication, yielding 89.3 mg C3GE/g
	[15]
	Chokeberry juice-production by-products
	To evaluate the effect of extraction parameters on anthocyanin and polyphenol yields and antioxidant capacity
	Ultrasound-assisted extraction for 0–240 min at 20–70 °C, using 0–50% ethanol in water and ultrasound power of 0–100 W
	UAE reduced extraction time and energy demand while providing high extraction efficiency and antioxidant capacity of the resulting extract
	[16]

	Chokeberry pomace
	To determine optimal conditions for extraction of total phenolics and flavonoids
	Ultrasound-assisted aqueous two-phase extraction; optimisation of ammonium sulphate concentration, ethanol-to-water ratio, extraction time, and ultrasound power
	Optimal conditions differed slightly for total phenolics and flavonoids. Both were obtained using approximately 0.32 g/mL (NH₄)₂SO₄, an ethanol-to-water ratio of approximately 0.7, approximately 50 min treatment, and 200 W ultrasound power
	[17]
	Chokeberry pomace
	To compare microwave- and ultrasound-assisted extraction with conventional reflux extraction for recovery of individual anthocyanins
	Extraction with 50% ethanol or 1% formic acid in 50% ethanol; 40, 60, or 80 °C; MAE for 4–10 min; UAE at 25, 50, or 75% of nominal 200 W ultrasound power
	Optimal conditions for both techniques involved 50% acidified ethanol at 60 °C. Optimal MAE required 4 min irradiation, whereas UAE required 25% amplitude and 10 min sonication
	[18]
	Chokeberry pomace
	To optimize phenolic recovery and test antibacterial activity
	Ultrasound-assisted extraction (20–60% amplitude, 10 min); comparison with conventional water/ethanol extraction
	Highest polyphenol content and antioxidant activity at 30% amplitude; ethanolic extracts richer in antioxidants; antibacterial effect against E. coli and S. aureus
	[19]

	D. Pressurised, accelerated and supercritical extraction

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Black chokeberry pulp
	To examine the effects of plant loading, pressure, temperature, and ethanol concentration on supercritical extraction
	Supercritical CO₂ batch extraction with ethanol as a modifier
	Extraction conditions influenced the recovery of cyanidin hexose, cyanidin pentose, and quercetin deoxyhexose–hexose compounds. A significant decrease in cellular viability was also reported for selected extracts
	[20]
	Chokeberry pomace
	To optimise ultrasound-assisted pressurised liquid extraction of anthocyanins
	Pressure, temperature, ultrasound intensity, solvent concentration, and solvent flow rate were varied
	Higher total anthocyanin recovery was obtained than with classic batch extraction. An extraction efficiency of 88.0 wt% of total anthocyanins was achieved within 45 min at 70 °C and 180 bar using 1.5 wt% citric acid and a 200 W ultrasound bath
	[21]
	Aronia pomace
	To optimise extraction kinetics and yields of lipophilic and phenolic compounds
	Supercritical CO₂ extraction with or without ethanol co-solvent; 20–40 MPa; 50–90 °C; extraction kinetics modelled using a feedforward neural network
	The highest overall yield was obtained at 40 MPa and 90 °C, while the highest TPC was obtained using 5% ethanol co-solvent at 50 °C and 30 MPa. Lipid extracts were rich in linoleic acid, supporting scCO₂ as a selective green recovery route
	[22]


	E. Enzyme- and fermentation-assisted recovery

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Chokeberry pomace
	To recover anthocyanins and other phenolic compounds
	Enzyme-assisted extraction using commercial pectinases, followed by purification and stabilisation
	Recovery reached 96% of the anthocyanins initially present in the extract
	[23]
	Chokeberry pomace
	To extract bioactive substances and evaluate the resulting material as a potential feedstock
	Pectinase-based enzymatic treatment followed by ultrafiltration
	Free and complex sugars, including glucose, fructose, and sorbitol, as well as extractable humic substances and cellulose, were identified, indicating the potential of the resulting material as feedstock for platform-molecule production
	[24]
	Chokeberry pomace
	To recover total phenolics and anthocyanins
	Pretreatment with a pectinolytic enzyme followed by supercritical CO₂ extraction; 35, 50, and 65 °C; 7.5, 10.0, and 12.5 MPa; ethanol addition of 20%, 50%, and 80% (m/m)
	Enzymatic pretreatment combined with supercritical extraction resulted in superior recovery of phenolic compounds
	[25]

	Lingonberry and aronia berry pomace
	To assess flavonoid composition in enzymatic hydrolysates and evaluate their potential as food or supplement ingredients
	Enzymatic hydrolysis using pectinase, cellulase, protease, and lipase; HPLC-DAD-MS analysis
	Enzymatic treatment increased flavonoid content in aronia pomace hydrolysate by 46.6% compared with the control. Six flavonoids were identified, with hyperoside as the dominant compound
	[26]
	Chokeberry pomace
	To enhance polyphenol release and activity
	Solid-state fermentation with Trichoderma viride; enzymatic activity (β-glucosidase, cellulase, tannase, pectinase)
	Increased extraction of polyphenols; improved antioxidant and hypoglycemic activity; improved stability of bioactives
	[27]

	F. Fractionation, purification and recovery

	Material
	Aim
	Conditions/technique
	Main result
	Ref.

	Chokeberry pomace from concentrated juice production
	To analyse the chemical composition of separated pomace fractions
	Multilevel screens and pneumatic segregation
	Seedless fractions contained high levels of total dietary fibre (approximately 75%), proanthocyanidins (12,000 mg/100 g), and anthocyanins (1,200 mg/100 g)
	[28]

	Pellets from chokeberry juice extrusion
	To develop an integrated extraction–adsorption process for selective recovery of phenolic antioxidants
	Combination of an extraction contactor and adsorption column with circulation of the liquid phase in a closed loop; laboratory- and pilot-scale experiments
	Almost all water-extractable polyphenols were recovered at ambient temperature
	[29]

	Wet chokeberry pomace
	To recover anthocyanins using a one-step extraction and adsorption procedure
	60 °C for 3 h; 0.1% v/v hydrochloric acid; biomass-to-solvent ratio 1:16; biomass-to-solid-phase extraction resin ratio 1:1
	The integrated process provided higher anthocyanin yield and purity than the batch method
	[30]

	Skin extracts from black chokeberry
	To purify anthocyanins and polyphenols
	Solid-phase extraction using non-polar reversed-phase materials, non-ionic polymeric adsorbents, and weak and strong ion-exchange materials
	Highly concentrated and purified anthocyanin pigment fractions were obtained. Reversed-phase silica gels and macroreticular non-ionic acrylic polymer adsorbents were identified as the most suitable materials
	[31]

	Chokeberry pomace
	To compare extraction techniques for recovering antioxidant fractions
	Ground dried pomace subjected to pressurised liquid extraction, supercritical CO₂ extraction, and Soxhlet extraction using different solvents
	Two major fractions were obtained: a lipophilic fraction rich in tocopherols recovered using supercritical CO₂ and a hydrophilic fraction rich in polyphenolic compounds, particularly phenolic acids and anthocyanins, recovered using alcohol/water extraction
	[32]

	Chokeberry and blackcurrant seeds
	To improve seed-oil recovery and quality using ultrasound-assisted extraction
	UAE compared with conventional extraction and cold pressing; oils assessed immediately after extraction and after three months of storage
	UAE more than doubled chokeberry seed-oil yield compared with conventional extraction. Moderate ultrasound conditions increased polyphenol content and antioxidant activity, while the fatty-acid profile remained stable during storage
	[33]

	Chokeberry pomace extract
	Insoluble dietary fibre
	The physicochemical properties, structural compositions and functional properties of insoluble dietary fibre extracted from black chokeberry by acid extraction, alkali, and enzymatic extraction methods were studied.
	The monosaccharide compositions of 3 insoluble dietary fibre samples were similar. The results indicated that the insoluble dietary fibre sample extracted by the enzymatic extraction had excellent physicochemical and functional properties. It showed great potential as a functional food ingredient.
	[34]



Table S3. Stabilisation, delivery and biological properties of chokeberry pomace-derived compounds
	A. Stabilisation and delivery systems

	Material
	Aim
	Conditions/technique
	Result
	Ref.

	chokeberry pomace
	analyzing the effect of drying chokeberry pomace extract on polyphenolic composition, antioxidant capacity, and formation of Maillard reaction and caramelization products in powders
	different drying techniques and parameters, carrier types
	obtained powders with the highest retention of polyphenolic compounds and the lowest HMF level, when 10% addition of maltodextrin and trehalose mixture for freeze drying and vacuum drying at 90◦C
	[35]

	chokeberry waste
	analyzing the effect of microencapsulation
	Microencapsulation using maltodextrin and skimmed milk as carrier agents, the spray drying method
	97% efficiency for maltodextrin
	[36]

	chokeberry pomace
	Investigating the effect of freeze-drying on the characteristics of powders and their reconstitution
	encapsulating pomace extract in the inner water phase of double emulsion (water-in-oil-in-water), pressurized liquid extraction of defatted supercritical fluid extraction-CO2 pomace powder
	The 2.1% pomace extract was encapsulated in the inner water phase of the double emulsion and remained trapped during 60 days of storage (<97%) and during the freeze-drying of emulsions
	[37]

	chokeberry pomace
	encapsulation of anthocyanin-rich extract
	Microencapsulated with spray drying by using different wall materials, ie, maltodextrin with dextrose, Arabic gum, whey protein isolates and xanthan gum
	Better results for maltodextrin with Arabic gum, particularly in terms of production yield and encapsulation efficiency
	[38]
	chokeberry pomace
	Obtaining anthocyanin-rich black chokeberry pomace extract as a source of bioactive compounds
	freeze-dried, ground, and defatted pomace by supercritical carbon dioxide in a pilot-scale system, with ethanol pressurized to 10.3 MPa; the emulsion contains milk protein concentrate containing a water-soluble emulsifier polyglycerol polyricinoleate (lipophilic emulsifier), refined deodorized rapeseed oil (oil phase), sodium chloride, vitamins A, D3, B12, C
	to be used as a source of anthocyanins for elderly people
	[39]

	Chokeberry extract
	To test encapsulation carriers for phenolic stability
	Freeze drying with maltodextrin, gum arabic, plasmolyzed, and non-plasmolyzed yeast
	Highest encapsulation efficiency with maltodextrin (98.8%); yeast carrier; good antioxidant retention after digestion
	[47]

	B. Antioxidant activity and cellular effects

	Material
	Aim
	Conditions/technique
	Result
	Ref.

	chokeberry pomace
	studying antioxidant activity and cytotoxicity of water-soluble chokeberry anthocyanin-rich extracts
	frozen chokeberry pomace, thawed, extracted, and filtered, water extraction, followed by purification and spray-drying
	confirmed the antioxidant activity of water-soluble chokeberry anthocyanin-rich extracts against chemicals (DPPH and ORAC methods) in contact with cells by causing a decrease of lipid peroxidation in vitro; confirmed lack of cytotoxicity of the extract
	[40]
	Chokeberry pomace and other fruit/vegetable pomaces
	To characterise bioactive compounds and antioxidant potential of processing residues
	Determination of polyphenols, flavonoids and ascorbic acid; antioxidant activity measured by DPPH assay
	Chokeberry pomace belonged to the group with the highest polyphenol and vitamin C content and showed high antioxidant activity compared with other processing residues
	[41]

	C. Antimicrobial activity

	Material
	Aim
	Conditions/technique
	Result
	Ref.

	chokeberry pomace
	analyzing the effect of phenolic extracts on the growth and survival of EHEC EDL-933, probiotics, specifically Lactobacillus and other common gut bacterial flora, including: Streptococcus thermophilus, Enterococcus faecalis and Bacillus subtilis
	phenolic extracts (water and 10% ethanol)
	considered adequate therapeutic/preventive for EHECEDL-933 without affecting the common gut microflora and probiotics.
	[42]


	Chokeberry pomace extracts from Nero and Galicjanka varieties
	To determine antioxidant capacity, bioactive profile and antimicrobial activity
	Spectrophotometric assays: DPPH, FRAP, TEAC; HPLC analysis of polyphenol and anthocyanin profile; antimicrobial testing against selected bacteria, yeast and fungi
	Nero extracts showed higher TPC than Galicjanka, but antioxidant activity did not differ significantly. Non-purified extracts inhibited Gram-positive bacteria, including Listeria monocytogenes, Listeria innocua and Staphylococcus aureus, but were ineffective against tested Gram-negative bacteria, yeast and fungi
	[43]


	D. Bioaccessibility/bioaviability and biological efficacy

	Material
	Aim
	Conditions/technique
	Result
	Ref.

	chokeberry pomace after seeds separation
	Impact of chokeberry pomace fragmentation on the bioavailability of polyphenols (anthocyanins, flavonols, and polyphenolic acids) in the extract
	Fine bead milling conditions: semi-continuous operated agitator; 4 consecutive milling steps of 1 h, 75% of the volume of the milling chamber filled with micro milling beads of decreasing sizes (1.5 to 2.0 mm, 0.9–1.2 mm, 0.6–0.7 mm, 0.2 to 0.3 mm), below 40°C, under an oxygen-reduced atmosphere
	Good bioavailability of polyphenols, no significant effect of fragmentation on the bioavailability of polyphenols in the extract
	[44]



Table S4. Application pathways for chokeberry pomace and pomace-derived fractions
	A. Food applications

	Form of food additive
	Product matrix/product category
	Aim
	Result
	Ref.

	Chokeberry powder
	Milkshakes
	To prepare milkshakes, chokeberry pomace (2,5–10%) should be added to the milk and high hydrostatic pressure should be used to improve the extraction of polyphenols from the pomace.
	The highest retention of phenolic compounds and antioxidant capacity with minimum microbiological survival was 
found at 500 MPa for 10 min and 10% (w/v) chokeberry pomace.
	[45]

	Chokeberry pomace powder
	Texturized cereal prototypes
	The effects of extrusion processing were investigated in a model system for texturized ready-to-eat cereals production consisting of blends of starch and a commercial chokeberry pomace powder, with a focus on the technofunctional and physical properties related to sensory characteristics of the extrudates.
	With an increase in the content of chokeberry pomace powder, the expansion and cell pore size of the extrudates decreased, and the extrudates became slightly darker and softer. In vitro glucose release from extruded starch chokeberry pomace powder blends was reduced compared to pure starch, corresponding to the degree of reduction in the amount of corn starch replaced.
	[46]

	Chokeberry pomace
	Sponge cakes
	The study evaluated the effect of using blackcurrant and chokeberry pomace to replace part of the flour, fat, or sugar in sponge cakes.
	The sponge cakes in which flour was replaced by chokeberry or blackcurrant pomace showed lower height, hardness, and smaller pores.
In vitro starch digestibility
The tests found that the flour-replaced cakes had the lowest glycaemic index, the sugar-replaced cakes obtained intermediate values, while the fat-replaced cakes had the highest glycemic index.
	[47]

	Dried chokeberry pomace
	Extruded gluten-free snacks
	The research investigated the effect of adding cherry, blackcurrant and chokeberry pomaces on bioactive compounds and the dietary fiber content in gluten-free extruded corn snacks.
	The highest content of polyphenols, phenolic acids, flavonoids, flavonols, anthocyanins, soluble dietary fiber, insoluble dietary fibre and ash characterized the extruded corn snacks with a 20% addition of chokeberry pomace. They showed a higher density and no deterioration in expansion compared to the control extrudate. The addition of chokeberry pomace made it darker and more visually appealing than the regular corn extrudates.
	[48]

	Dried chokeberry pomace without seeds

	Edible films for cookies
	The study's first aim was to investigate the effects of replacing cocoa powder with fruit by-products and applying edible film on cookies' nutritional value, antioxidant activity and starch digestibility. The second aim was to investigate the effects of cookie consumption on oxLDL receptors in healthy women.
	The results showed that cookies with grape and chokeberry pomace covered with edible film had increased flavonoid content (22%) and antioxidant potential (27–73%) compared to the control samples. The content of slowly digestible starch prevailed over that of rapidly digestible starch.
	[49]
	Freeze-dried chokeberry pomace
	Wheat bread
	The study aimed to determine the effect of lyophilised pomace on the properties of the dough, the quality of wheat flour bread, and the maximum level of additive acceptable to consumers.
	Adding chokeberry pomace powder to wheat flour resulted in deterioration in bread quality, decreased volume and increased crumb hardness. A reduction in consumer acceptance of the enriched bread was observed, especially when the wheat flour was replaced with pomace in a proportion higher than 3%. The chokeberry pomace increased the antioxidant activity of the bread and enriched the amount of dietary fibre, minerals and phenolic compounds.
	[50]

	Dried chokeberry pomace
	Infusions
	The study aimed to determine the effect of the addition of dried chokeberry pomace to green tea leaves or white or red hibiscus flowers on the selected quality parameters of the obtained infusions.
	Adding chokeberry pomace to the infusions caused a significant increase in the content of phenols, including anthocyanins. The highest health benefit potential infusion was obtained from green tea leaves (0.5 g) with 3.0 g of dried chokeberry pomace.
	[51]

	Chokeberry pomace
	Pastries
	The study aimed to evaluate the possibility of using chokeberry pomace as a component shaping the content of bioactive compounds, nutritional, health-promoting and sensory properties of shortcrust pastries sweetened with sucrose and erythritol.
	Increasing the proportion of chokeberry pomace in shortcrust pastries improved their nutritional value (especially energy value), nutritional fibre content (10-fold higher in shortcrust pastries with the highest proportion of pomace added), as well as the content of potassium, calcium, magnesium and iron. Chokeberry pomace was a carrier of 14 bioactive compounds. The most beneficial antioxidant and anti-diabetic effect was shown for shortcrust pastries containing 50% chokeberry pomace.
	[52]

	Chokeberry pomace extracts
	Liqueurs
	The possibility of using apple, beetroot and chokeberry pomace in liqueur formulations was investigated.
	The highest retention of phenolic compounds and antioxidant activity after 6 months was obtained for chokeberry liqueur.
	[53]

	Chokeberry pomace substrate
	Water kefir
	The study aimed to evaluate the effect of the fermentation process on the chemical, physical and sensory quality of water kefir produced from chokeberry juice and pomace.
	To valorise the chokeberry pomace gained from the beverage industry, it was used (for the first time) to produce water kefir, demonstrating greater antioxidant activity due to the addition of chokeberry pomace.
	[54]

	Black chokeberry pomace extracts
	Pork meat products
	The study evaluated the antimicrobial potential of defatted chokeberry pomace extracts in pork meat products and microorganism cultures.
	Chokeberry ethanolic extract (2%) inhibited bacteria in pork slurry, pork meat burgers and cooked ham. The results indicated that chokeberry ethanolic extract has excellent potential as a natural antimicrobial to reduce microbial growth, increase the safety of meat products and extend their shelf life.
	[55]

	Chokeberry pomace extracts
	Beef patties
	The study evaluated beef patties' physicochemical and microbiological properties and sensory parameters formulated with black chokeberry, blackberry, red currant and blueberry pomace water extracts.
	The water extract of black chokeberry pomace may be a promising natural preservative to improve the oxidative stability and increase the microbiological quality of the beef patties during refrigerated storage.
	[56]

	Convectively dried and freeze-dried chokeberry pomace (powder)
	Gluten-free bread
	To evaluate the impact of raspberry and chokeberry pomace on colour (CIELab), texture (TPA), and sensory acceptance of gluten-free bread
	Chokeberry addition decreased hardness and chewiness, improving sensory scores (best: 5% CD chokeberry pomace); consumer acceptance confirmed, but shelf-life extension was required.
	[57]

	Shredded chokeberry pomace
	Pork burgers (convenience food)
	To evaluate physicochemical properties, microbial safety, and sensory potential
	Increased thermal loss and colour changes, but nutritional value and microbial safety were preserved; a moderate antimicrobial effect was observed.
	[58]

	Chokeberry pomace extract
	Ready-to-eat sweet potatoes
	To test shelf-life extension using pomace extracts with organic acids
	Controlled lactic acid bacteria growth; improved antioxidant stability; extended refrigerated shelf-life in vacuum-packed sweet potatoes
	[59]

	Chokeberry pomace
	Extruded chokeberry pomace
	Assess the impact of extrusion on bioactives
	Antioxidant availability increased; vitamins partly degraded (riboflavin more stable than tocopherols)
	[60]

	B. Feed applications

	Form/material
	Product matrix/product category
	Aim
	Result
	Ref.

	Dried chokeberry pomace
	Feed additive
	The study aimed to determine the effect of amaranth seeds, dried sea buckthorn pomace and dried chokeberry pomace on broiler chicken growth performance and the meat lipids' fatty acid profile and oxidative stability.
	Chokeberry pomace can be an efficient method of modifying the fatty acid profile of the pectoralis major muscle by increasing the n-3 PUFA content and decreasing the ratio of n-6/n-3 PUFAs, which is desirable from a human nutrition point of view.
	[61]

	Chokeberry pomace extracts
	Grain-chokeberry preparation 
	The objective was to study the composition, hydration properties and oil holding capacity, antioxidant properties and physiological effects on the digestive system of dietary preparations containing wheat or oat fibre enriched with polyphenol extracts of strawberry, chokeberry and blackcurrant pomace.
	Compared to preparations without polyphenols, only chokeberry extract significantly decreased short-chain fatty acid concentration. The addition of strawberry and chokeberry extracts caused a decrease in the activity of bacterial β-glucosidase and α-galactosidase. In contrast, blackcurrant extract led to increased activity of β-galactosidase and β-glucuronidase.
	[62]

	Chokeberry pomace
	Feed mixture
	The study aimed to determine the functionalities of the bioactive compounds present in chokeberry pomace based on enzymatic and non-enzymatic parameters related to the active defence of the liver and blood against the effects of oxidative stress.
	The results indicated the health-promoting effect of chokeberry pomace on lamb organisms, which could be caused by the high bioavailability of the polyphenolic compounds contained in the additive. Parameters responsible for the oxidative status of expatiated tissue were significantly modified, despite a commonly held view about the impossibility of transferring phenolic compounds to the organs.
	[63]

	Chokeberry pomace
	Feed mixture
	The study aimed to determine the effect of
phenolic compounds present in the chokeberry pomace upon blood biochemical parameters related to the
liver metabolic profile and to examine the modulating
functions of bioactive compounds found in chokeberry pomace regarding glucose and lipid fractions in blood, as well as to assay the contents of phenolic compounds in the collected biological material.
	The obtained results indicated the health-promoting effect of the chokeberry pomace on the lamb
organisms, which might be caused by the high bioavailability of the polyphenolic compounds contained in the additive. Phenolics in chokeberry pomace modulated biochemical blood markers, resulting in hypoglycemic and hypolipidemic effects.
	[64]

	Dried chokeberry pomace
	Feed additive
	The study aimed to evaluate the effect of naturally occurring compounds such as kaolin clay, dried chokeberry pomace and fructooligosaccharides on piglet productivity and intestinal microflora.
	Piglets in two experimental groups had improved ADG between 1 and 70 days of age and FCR between 29 and 70 days of age compared to the control group. The additives reduced the appearance of diarrhea, positively influenced the growth of intestinal commensal microflora and contributed to a higher dry matter content and a lower concentration of nitrogen compounds in the faeces.
	[65]

	Dried chokeberry pomace
	Feed additive
	The study's main objective was to evaluate the effect of two experimental feed additives based on kaolin clay on piglets' health and microbiota status.
	There was an improvement in blood parameters related to anemia, which were significantly better in the experimental group of animals that received kaolin clay enriched with dried chokeberry pomace and fructooligosacharide compared to the control group and the experimental group of animals supplemented with kaolin clay. 
	[66]

	Chokeberry pomace
	Antioxidant
feed additive
	The study's objective was to determine the effects
of dietary chokeberry pomace supplementation on growth performance, nutrient digestibility and biochemical profile in serum in pigs at the weaned stage and on carcass traits and meat quality in pigs at the finishing stage.
	The results showed that the 2‰ chokeberry pomace diet improved the average daily feed intake, the average daily gain and decreased the diarrhea rate in piglets, compared to the control diet during days 0-14 and 0-28.
	[67]

	Dried chokeberry pomace
	Feed additive
	The study aimed to determine the effect of dietary supplementation with dried apple, chokeberry, blackcurrant, strawberry and carrot pomaces on production parameters and meat quality in fattening pigs.
	Dried chokeberry pomace showed tendencies to increase feed intake and reduce the fattening period.
	[68]

	Chokeberry pomace
	Feed additive
	The study aims to study the effects of dietary chokeberry pomace supplementation on the feeding outcome and intestinal barrier function of pigs to provide a theoretical basis for developing and utilizing chokeberry pomace.
	The results showed that compared to the control diet, 4% chokeberry pomace supplementation significantly increased the average daily gain of the pigs. Various levels of chokeberry pomace significantly decreased the relative abundances of opportunistic pathogens and increased the acetic acid and butyric acid contents in the cecal content of pigs.
	[69]

	Chokeberry pomace
	Supplement to the basal diet
	The study aimed to evaluate the fermentation characteristics of dried fruit and vegetable pomaces in a short-term in vitro experiment using the Hohenheim Gas Test.
	Chokeberry pomace significantly decreased (-14.5%) the organic matter digestibility in the highest concentration, while apple (+12%), carrot (+10%) and beetroot (+8%) pomaces increased the formation of gas related to digestible organic matter.
	[70]
	Chokeberry by-product
	Meal
	This study evaluated the effects of dietary supplementation with pelleted Tenebrio molitor powder with chokeberry by-product meal on duck production and meat quality traits.
	The inclusion of up to 3 % of pelleted Tenebrio molitor powder with chokeberry by-product meal in the diets of ducks improved the effects of growth production and antioxidant characteristics, which could decrease TBARS and is reflected in changes in 1,1-diphenyl-2-picrylhydrazyl free DPPH radical scavenging values.
	[71]

	Dried black chokeberry pomace
	Supplement to the basal diet
	The study aimed to assess the impact of dried raspberry, blackcurrant and black chokeberry pomace, at 30 g per kg of feed, on performance, egg quality, white blood cells, heterophil: lymphocyte ratio, and lymphatic organs in Hy-Line laying hens.
	The dried black chokeberry contributed to higher yolk weight at week 62. A diet with dried black chokeberry and blackcurrant pomaces positively impacted the immune system of laying hens, as confirmed by changes in white blood cell smear and a higher percentage of spleen.
	[71]

	Chokeberry pomace
	Poultry feed (laying hens)
	To examine effects on egg quality, serum variables, nutrient utilisation, and gut microflora
	3% aronia powder improved egg production, shell thickness, and lipid metabolism; reduced cholesterol and triglycerides; and beneficially modulated gut microbiota
	[72]

	C. Material, packaging and environmental applications

	Form/material
	Product matrix/product category
	Aim
	Result
	Ref.

	Aronia-derived biomass from juice manufacturing
	To improve enzymatic digestibility for bioethanol production
	Mild alkaline pretreatment optimised by RSM; KOH concentration, temperature and reaction time varied; enzymatic hydrolysis followed by fermentation with Saccharomyces cerevisiae K35
	Optimised conditions: 3% KOH, 75 °C, 3h; increased glucan content and enzymatic digestibility. Fermentation achieved high bioethanol yield from ADB hydrolysate, supporting an integrated biorefinery pathway
	[73]
	Aqueous chokeberry pomace extracts
	Green insecticide / agricultural application
	studying optimal extraction conditions for aqueous extracts for bioactive compound production for novel green insecticides based on natural polyphenols 
antioxidant activity response surface methodology
	The aqueous extracts did not achieve satisfactory digestive efficiency; a toxic impact was observed at contact application in all Halyomorpha. halys growth stages
	[74]
	aqueous chokeberry pomace extracts
	Fish gelatin films / active packaging
	The formulation of fish gelatin films
	The increased extract volume possessed a strong antimicrobial property against E. coli, P. fluorescens, S. aureus, and L. innocula  
	[75]
	Chokeberry pomace polyphenols (AMPPs) in gelatin coatings
	Chilled pork
	To assess the preservation effects of edible coatings enriched with AMPPs
	Shelf-life extended by up to 15 days; coatings reduced microbial growth, limited pH/TVB-N increases, and maintained texture and colour
	[76]

	Chokeberry pomace extract
	Alginate films / bio-based packaging
	To evaluate the use of chokeberry-derived bioactives in alginate films
	Chokeberry-derived compounds enabled the production of bioactive alginate films with antioxidant functionality, supporting their potential use in sustainable packaging
	[77]
	Chokeberry pomace
	Rigid polyurethane foams
	To evaluate chokeberry pomace as a plant-derived filler in rigid polyurethane foams
	Incorporation of chokeberry pomace improved thermal foam stability, indicating potential for the development of bio-based functional materials
	[78]

	Lignocellulosic particles derived from chokeberry residues
	Composite particleboards
	To evaluate the use of chokeberry-derived lignocellulosic particles in composite particleboards
	Boards containing chokeberry residues showed a 25% increase in flexural strength and a 40% improvement in water contact angle compared with controls
	[79, 80]


	Chokeberry pomace
	Biodegradable biocomposites
	To evaluate chokeberry pomace as a component of biodegradable composite materials
	Incorporation of chokeberry pomace supported improved material properties and potential economic and environmental benefits compared with conventional petroleum-based materials
	[81, 82]


	Chokeberry pomace
	Water purification / environmental remediation
	To evaluate the potential of chokeberry pomace for binding toxic heavy metals from water
	Chokeberry pomace showed the ability to bind cadmium and lead, indicating its potential as a low-cost plant-based material for water purification
	[83]

	Chokeberry pomace
	Compost / agricultural application
	To assess the effects of chokeberry pomace-amended compost on plant metabolites
	Pomace-amended compost increased carotenoid concentrations and reduced glucosinolate and phenolic contents in the tested vegetables
	[84]

	Chokeberry seeds
	Activated carbon / adsorbent
	To evaluate chokeberry seeds as precursors for activated carbon
	Microwave-assisted CO₂ activation improved surface properties, microporosity, and adsorption capacity; chokeberry seeds were confirmed as a viable raw material for adsorbent production
	[85]

	Chokeberry pomace
	Ethylene–norbornene polymer biofiller
	To evaluate chokeberry pomace as a biofiller for improving polymer biodegradability
	Pomace incorporation increased compostability, surface hydrophilicity, and microbial susceptibility of the polymeric material
	[86]

	Chokeberry pomace
	Integrated biorefinery
	To compare chokeberry pomace valorisation through phenolic recovery combined with bioethanol or bioenergy production
	Bioenergy pathways showed better environmental performance, but neither evaluated scenario was economically profitable under the analysed conditions because of high steam generation and operational costs
	[87]

	Anthocyanin-rich chokeberry pomace extract
	Intelligent colorimetric packaging film
	To develop a colorimetric indicator film for visual monitoring of chicken breast meat freshness
	The film changed colour in response to microbial growth and pH changes in chicken meat, demonstrating potential for low-cost visual freshness monitoring
	[88]

	Chokeberry pomace
	PLA biofiller / compostable biocomposite
	To evaluate the effects of chokeberry pomace bioactive compounds on the physicochemical properties and composting behaviour of PLA materials
	Chokeberry pomace polyphenols delayed the onset of PLA biodegradation and reduced weight loss, although the materials remained susceptible to composting
	
[89, 90]

	Chokeberry pomace extract
	Healthcare textiles, biomedical hydrogels and green corrosion inhibitor
	To evaluate high-value material applications of chokeberry pomace-derived bioactive compounds
	The extract enabled antioxidant and antibacterial functionalisation of healthcare textiles and hydrogels and showed high corrosion-inhibition efficiency for carbon steel
	[90]
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