




[bookmark: _GoBack]






Conventional and innovative extraction methods of phenolic compounds from Cornus mas L. 




ABSTRACT 

Cornelian cherry (Cornus mas L.) fruits are included in the berries group as a rich source of health-promoting bioactives (phenolic compounds, anthocyanins, vitamins, carotenoids and carbohydrates) with a high antioxidant activity. In the present study, the illustrative overview on of conventional and emerging extraction techniques of cornelian cherry fruits are presented, in order to investigate the influence of the extraction conditions on the bioactives concentration. Given  that the importance of the environmental impact, in the last decade, emerging extraction methods were applied. The main aim of our paper is to give a special attention to the mechanism and principle of ultrasound- assisted extraction and extraction assisted by natural deep eutectic solvents. Due to the novelty of the extraction with the natural eutectic solvents, we investigate the effect of different conditions on phenolics extraction from different species of berries. Our comprehensive study revealedlieved the great potential of the cornelian cherry fruits extracts in the food industry, pharmaceutics, cosmetic and homeopathic medicine.


Keywords: cornelian cherry; maceration; innovative extraction methods; phenolic compounds. 	Comment by Microsoft Office User: Give in alphabetical order


1. INTRODUCTION 

In 2018, the worldwide berries production was more than 10 million tonnes [1]. The berries are consumed fresh, ice-cold, and processed in juices [2]. Red berries (strawberry, raspberry, blackberry), blue or black berries (blueberries, aroniaAronia, black currants and , blackberry are accepted by the consumers due to their nutraceutical properties and health benefits [3,4. 
Cornus mas L. (Cornelian cherry) is one of the 65 species of the family Cornaceae, that can live up to 300 years [5].  The fruits are used in many countries from Central and Southern Europe, such as Iran [6], Bulgaria, Italy and Romania [8], Armenia and Caucasus, south America or Peru [9,10].
 The small trees are dense and with glossy green leaves that turns into yellow or orange in autumn. The edible fruits are olive in shape with pink, shiny red or yellow colour. Known also as dogwoods, the ripe fruits are dark red with a sour and cherry taste that is very important for the production of syrup, drinks, juice, gels, jam or marmalade [9, 8, 11], pestil and tarhana [12] or in medicine and for cosmetic purposes [8].  
The cornelian cherry fruits are a very potential source of many bioactive compounds grouped into the following polyphenols (phenolic acids and flavonoids such as anthocyanins [13], monoterpenoids, minerals, and pectin [8, 14], ascorbic acid, tartaric acid, malic acid, citric acid, gallic acid, loganin acid, chloragenic acid [15]. Additionally, all these bioactive have cardiovascular, endocrine, radioprotective and neuroprotective effects, or protection of the reproductive organs [8, 16] and against nocturnal urinary incontinence for  the children [17].  Also, the hypertriglyceridemia and atherosclerosis effects were tested on rats and rabbits [18, 19].  Nizioł-Łukaszewska et al. (2018) [20] demonstrated the role of the cornelian cherry fruits extract for as a body nutrient lotion. 
Studies have found an abundance of the phytochemicals in the Cornus mas fruits such as organic molecules (anthocyanins, iridoids, phenolic acids, flavonoids, and tannins), carbohydrates, fatty acids (linoleic acid [21] , oleic acid, eicosapentaenoic acid, docosapentaenoic acid [22], vitamin C [23 and minerals (K, Fe, Cu, Ca, Mg, Zn, P, Na  [24, 25, 26, 27, 28]).
Phytochemistry of the cornelian cherry fruits  it is influenced by the plant genotype, cultivation, climatic conditions of the plant growth (the multiannual average precipitations, the annual average temperature, the topographic characteristics, the soil type and his geology [29], the ripeness grade of the fruit [8, 30] and different extraction methods (maceration, UAE, extraction with eutectic solvents or combined method such as cold atmospheric plasma with UAE.
In Table 1 are presentsed the phytochemicals concentrations from the Cornus mass L. fruits in the extracts obtained by different methods This work provides an overview about some extraction methods of bioactive from berries with the focused-on principle, mechanism, extraction conditions and their impact on phenolic compounds. The differences among the compound concentrations can be attributed to the influence of genetic factors, plant age, yield, geographical region and environmental factors [30, 31].

OVERVIEW ON CONVENTIONAL EXTRACTION 
	
Currently, the most important extraction methods of bioactive compounds from plants (fruits, flowers, leaves, etc.) are represented by: decoction, hydro-distillation, maceration, percolation and Soxhlet method. Most of them are being performed in over a long time, with water, under heat treatment and atmospheric pressure Regarding the advantages of theseis techniques, the most relevant can be considered the low price – because of reagents and equipment used [32]. Table 2 summarizesed the bioactive identified in cornelian cherry fruits by conventional extraction methods.

Table 2. Bioactive compounds obtained by conventional extraction from Cornus mas L. fruits

	Extraction conditions	Comment by Microsoft Office User: Specify conventional extraction technique
	Bioactive concentration
	Bioactivity	Comment by Microsoft Office User: Suggesting to put a new column to indicate their biological action
	Reference

	70% Ethanol 70%, 
60 days, 

	Phenolics (mg/L)
Gallic acid       14.22 – 16.10 
Caffeic acid     33.10 – 36.50
Syringic acid   10.40 – 12.60
Ferulic Acid     16.31 – 28.52
Sinapic acid      0.70 – 1.14 
Vanillic acid    14.90 – 15.60
Quercetin      115.46 – 201.33 
Apigenin         51.20 – 79.11 
Kaempferol       6.56 – 17.42 
Luteolin             6.12 – 10.70 
Catechin        300.71 – 345.23
Amygdalin          1.45 – 10.64 
Salicyl acid         2.25 – 8.64
	
	[33]

	Methanol	Comment by Microsoft Office User: Give strength (100%?)
45 - 60 h
45 °C…  - 50 °C

	Anthocyanin (mg/100 g)
                         10.36 – 21.52 
Flavonoids (mg/100 g)
                         19.74 – 76.32 
Ascorbic acid (mg/100 g)
                            2.21 – 4.89 
	
	[34]


	60%, 80% and 100% Ethanol 
60%, 80%, 100%
15 – 45 min
30 oC- …50 oC
	Phenolics (mg/g raw material)
Gallic acid               0.89 – 24.70 
Quercetin                 0.08 – 1.36 
	
	[29]
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Table 1. Phytochemicals from Cornus mass L. fruit obtained by different extraction methods
	Extraction method of the 
Cornus mas L. fruits
	Fruits provenience and year of croping
	Phytochemicals
	Reference

	Maceration  


	Maceration  
distilled water or 40% (v/v) ethanol 
S:L, 1:5 (w/v) 
30 min, 40oC	Comment by Microsoft Office User: No any consistency in your table. Please adhere to one format e.g. extraction technique; solvent; temperature; duration….
	2018, farm Szynsad in Dąbrówka Nowa, Błędów, Mazowieckie, Poland 
(seven cultivars)
	Phenolics (mg/kg extract)
2,5-DHBA          43.6 – 198.8 
Quercetin             3.3 – 291.4
Caffeic acid          0.6 – 3.8
Ferulic acid           2.8 – 7.3
Vanillic acid          0.5 – 3.7 
Kaempferol           0.2 – 2.7 
	[35]

	25oC, water, 24 h
S:L, 1:5, 1:10, 1:15 (w/v)

	2016, Turkey
	Phenolics (mg/g d.w)
CGE                      0.4
      Gallic acid             3.9 – 5.5 
	[36] 

	Ultrasound Assisted Extraction (UAE) 


	Ultrasound Assisted Extraction (UAE) 
S:L,1:1 (ethanol/water mixture)
20 min
40 °C
	2011 / 2012, Novi Sad at Rimski Šančevi, Serbia
(seven cultivars)
	Phenolics (mg/100 g LF)
Gallic acid             0.10 – 0.77
LA                      499.67 – 1054.78
Cornuside            69.35 – 162.51
Cy3gal                  21.89 – 968.20
Dp3gal                   0.19 – 29.84 
Pg3gal                  52.08 – 121.02
Pg3rob                    3.21 – 10.09
	[37]

	
Water 
Hydroalcoholic solution (50%) 
β-CD/water (1.5% w/w) 
β-CD/50% ethanolic (1.5% w/w)
20 min, 30◦C, 550 W
	
Lyophilized fruits (LF), Svetlyachok cultivar, Rimski Sančevi, Serbia
	
Phenolics (mg/100 g LF)
Gallic acid               3.37 - 8.16 
Chlorogenic acid     4.76 – 4.95 
LA                        662.54 – 677.35 
Cy3gal                 111.55 – 268.09 
Ellagic acid              7.19 – 10.67       
Q 3-glu                     2.83 – 4.43 

	
[38]

	S:L, 1.10, 1:20, 1:30 (w/v)
Ethanol concentration 40%, 60%, 80% (v/v)
30, 40, 50oC
10 min, 25 min, 40 min
40 Hz, 100 W

	2018, Cultivar “Bordo”, Romania
	Phenolics (mg/100 g d.w)
       Gallic acid      2036.17 – 4416.28 
 CGE               145.54 - 281.56
Optimal conditions: 
(354.46 mg CGE/100 g d.w.):
30°C, ethanol concentration 80%, 40 min, S:L, 1:10 (w/v)
	[39]

	
CAP pretreatment conditions:
0 – 21 min; 1 – 3 mm thickness of material 
10 – 30 mm distance 
UAE optimized conditions S:L, 1:50 (w/v), 
β-CD, 4.5 mg/mL
22 min., amplitude, 90%.
	
Cornelian cherry pomace
	
Phenolics (mg/100 g d.w)
         Gallic acid          2017.9 ± 137.5 
          LA                       721.7 ± 11.4 
          CGE                   168.8 ± 5.9 
Antioxidant activity (μmol Trolox/100 g d.w)
                                   13150 ± 435.8 
	40]

	Microwave assisted extraction (MAE)


	Microwave assisted extraction (MAE)
2450 MHz
180 – 360 W
S:L, 1:5, 1:10, 1:15 (w/v)
10, 60, 120, 180 min.
	2016, Turkey
	Phenolics (mg/100 g d.w)
Gallic acid        27.7
CGE                  0.3 
Antioxidant activity (μmol Trolox/g d.w)
                    4.5 
Optimal conditions: 
S:L,1:15; 120 min., 180 W.
	 36] 

	Ohmic assisted microwave extraction (OHAME)


	Ohmic assisted microwave extraction (OHAME)
20 – 40 V/cm, 50 Hz
S:L,1:15 (w/v)
60oC
Holding time 10 – 20 min
Electrode diameter 5 cm
Electrodes distance 15 cm
MAE (180 W, 120 min)
	2016, Turkey
	Phenolics (mg/100 g d.w)
Gallic acid          29.4
CGE                     0.65

Optimal conditions:
20 V/cm, holding 10 min and for MAE extraction 60 min
	 36] 

	Extraction assisted by eutectic solvents 


	Extraction assisted by eutectic solvents 
Glu-Gly, 1:1 
25oC, 120 min, 120 rpm
water concentration 50% (v/v)
	2022, Hungary
(13 cultivars)
	Phenolics (mg/g)
Gallic acid            8.66 – 25.4 .
QE                       0.32 – 2.06
CGE                     2.47 – 7.56 
	41]


Note: 2,5-dihydroxybenzoic acid (2,5-DHBA); cyanidin-3-glucoside equivalents (CGE); Loganic acid (LA); Cyanidin 3-O-galactoside (Cy3gal); Delphinidin 3-O-galactosid (Dp3gal); Pelargonidin 3-O-galactoside (Pg3gal); Pelargonidin 3-O-robinobioside (Pg3rob); quercetin 3-glucoside (Q3-glu); β-cyclodextrin (β-CD); Glucose (Glu); Glycerin (Gly); Cold atmospheric plasma (CAP). Quercetin equivalent (QE).

OVERVIEW ON MICROWAVE ASSISTED EXTRACTION 

Over time, bioactive compounds from medicinal plants and fruits have been extracted by using them as for the prevention/ treatment of human diseases for many years. Microwave- assisted extraction (MAE) method generates heat by interacting with polar compounds (e.g. water, organic components, etc.) in the plant matrix following the ionic conduction and dipole rotation mechanisms. Thus, in  the microwave extraction, heat is transferred inside the irradiated medium for microwave heating 42, 43]. The disadvantages of MAE are: low efficiency, high temperature induce degradations of the thermo-sensitive compounds and after extraction are necessary supplementary operations, such as: filtration and centrifugation 44, 45]. The main bioactive compounds identified from Cornus mas L. fruits by MAE are illustrateed in Table 3. 

Table 3. Bioactive compounds from Cornus mas L. fruits obtained by MAE 

	Extraction conditions
	Bioactive concentrations
	Reference	Comment by Microsoft Office User: Maintain connsistency

	Solvent ratios	Comment by Microsoft Office User: What are the solvents?
 1/5, 1/10, 1/ 15 g/mL
 180 W or 360 W
 2450 MHz
 0 – 180 min
	Phenolics (mg/g d.w.)
Gallic acid                     27.7 
Cyaniding-3-glucoside   0.32 
Antioxidant activity (mg Trolox/ g d.w.)
                                            4.51 
	36]

	Solvent
75 – 115 min.
12 – 100 kPa
60 – 102°C
	Tannin content (mg/100 g)
                                   59.39 – 69.04 
	46]




OVERVIEW ON ULTRASOUND ASSISTED EXTRACTION 

Ultrasound Assisted Extraction (UAE) is an emerging technique very useful for the extraction of the bioactive compounds, even thermally sensitive compounds. The main UAE advantages are: provides increased reproducibility, simplified manipulation, low solvent consumption and higher extraction yield, less energy input 47], eliminatesd the need for toxic solvents or other chemical additives 48] and could be used as pretreatment for others the extractions methods. Furthermore, UAE contribution it is correlated with reducing the wastewater treatment after extraction process, so it is included in the green extraction techniques. 
Ultrasounds (US) are forms of mechanical sound energy capable to of pass through a medium as a longitudinal wave producing compression (at high pressure) and rarefaction (at low pressure) (Figure 1).  

[image: ]

Figure 1. UAE extraction of the cornelian cherry fruits 
1 – transducer; 2 – the bubble formation – growth – implosion; 3 – wavelength; 
4 – UAE cornelian cherry extract; 5 – concentrated UAE cornelian cherry extract (author’s photos).


The pPrinciple of UAE is based on the phenomenon of acoustic cavitation (or ultrasonic cavitation). Ultrasonication increases extraction efficiency using the very energy-intense forces of acoustic cavitation. Acoustic cavitation occurs when high-intensity ultrasound waves pass through a liquid 48]. The US waves create alternating high-pressure and low-pressure regions. During the low-pressure phase (rarefaction, Figure 1), small bubbles or voids form within the liquid 49]. These bubbles continue to grow as the pressure decreases further. When the bubbles reach a critical size, they collapse violently during the high-pressure phase (compression, Figure 1). This collapse is known as acoustic cavitation. 
Cavitation generates intense localized forces (shockwaves, microjets, high temperature and pressures within the liquid). Furthermore, microscale liquid jets are created which enhance mass transfer between solids and the liquid. These jets are able to agitate the mixture, to increase the contact surface area between liquid and solid 50]. Like this, the collapse of cavitation bubbles produces microscale hotspots with high temperatures and pressures. This phenomenon occurs when high- intensity ultrasound waves pass through a liquid.
The UAE extraction mechanism it is possible due to the mass transfer phenomena and diffusion. Cell disruption can be challenging due to the complexity and resilience of plant cell walls. The main components of the cell walls as are cellulose, hemicellulose, lignin provides rigidity and strength. These barriers must be breaking broken down for accessingto access the intracellular components. The fFirst step, could be realized by grinding the plant material. Secondly, after the disruption of the cell walls in small particle size and membranes 48] a certain flux of the solvent is required to extract and transport the bioactive from the cell interior in the mass transfer phenomenon. The efficiency of the mass transfer depends by on particle size, porosity, density and , initial plant water content (Give reference). The mass transfer efficiency could be reduced by larger particle sizes, dense plant material or the presence of the hydrophobic compounds that could be less soluble in aqueous system. Also, the solubilities, polarities and extractability of different bioactive influence the extraction performance. 
Overall, the combination of mechanical forces, microscale liquid jets and localized heating generated by ultrasonication significantly enhances the extraction efficiency by promoting better penetration of the solvent, disrupting the plant material and facilitating the release of phytochemicals from the cells 51, 50, 48].
Enache et al. (2021) 52] performed the optimization of the UAE cornelian cherry fruits extraction. The fruits were collected in 2017 from the spontaneous cultivar from the village of Slivna located in the northeastern part of Galați city, Romania. The authors have been considering a Box-Behnken experimental design with three independent variables (X1, the amplitude, 40, 60, and 80%, X2, the sonication mode: pulsed/continuous, 0.5, 0.75, and 1; X3, the extraction time, 5, 10, and 15) and three responses (TPC, TFC and TAA content of the extracts). The UAE experiments were performed in an ultrasonic system at constant ultrasound frequency (20 kHz) and temperature (40°C) with a 60% hydroalcoholic solution (v/v). 	Comment by Microsoft Office User: Introduce abbreviations before use
Enache et al. (2021 52] established that at higher amplitudes higher accelerations were generated, which increased the probability of cavitation phenomena due to the higher -pressure differences. Increased cavitation leads to higher extraction rates. At the same amplitude (60%), if the extraction time decreased down to 5 min, but with continuous sonication action, the TPC value was 32.42 ± 1.13 mg GAE/g dw. At the maximum ultrasound amplitude and continuous sonication (5 min extraction), the TPC concentration (31.44 ± 0.49 mg GAE/g dw) was close to the result obtained at 60% amplitude. This means that the amplitude during ultrasound extraction had no effect on the recovery of the TPC concentration. Also, [53] reported that the amplitude does not n’t have influence on the recovery of total phenols from brown seaweed Ascophyllum nodosum. Moreover, [54] concluded that the amplitude in the range of 50–100% had no significant effect on the extraction yields of the individual and total glycoalkaloids of potato peel. 
[bookmark: _Hlk192170575]Dumitrașcu et al. (2019) [39] reported the TPC content from cornelian cherry ranged from 2036.17 mg GAE/100 g d.w. to 4416.28 mg GAE/100 g d.w. Tthese authors observed that up to 35 °C, for ethanol concentration between 50 − 70%, the highest values of TPC were obtained. Furthermore, these authors demonstrated that the extraction of TPC from cornelian cherry at 50 °C for 40 min allows to obtain TPC less than 2200 mg GAE/100 g d.w, whereas when using the same extraction temperature, but only for 10 min the TPC recovery ranged between 2600 and 2800 mg GAE/100 g d.w.
The cornelian cherry fruits UAE extraction (40 Hz) at the temperature 40oC, 30 min with water as a solvent (at the ratio solid: liquid, 1:2) indicated the presence of anthocyanins, as: cyanidin-3-rutinoside with a content of 241.21 mg/100 g DW and cyanidin-3-glucoside (5.42%) with a content of 22.62 mg/100 g DW. The delphinidin-3-galactoside, pelargonidin-3-glucoside and pelargonidin-3-rutinoside contents were 4.31 mg/100 g DW, 12.73 mg/100 g DW and 9.12 mg/100 g DW, respectively [55].
In 2019, Cosmule	scu et al. 2019 [56] obtained cornelian cherry extracts with 10% methanol (v/v) and 1% hydrochloric acid (v/v) at 30°C during for 60 min in a water bath with ultrasound. They used the cornelian cherry fruits from the spontaneous flora of the western part of Romania, collected in 2017, and indicated  a content from 163.69 mg GAE/100g fresh weight (Strimba-Jiu village, Gorj county) to 359.28 mg GAE 100/g fresh weight (Hartagani village in Hunedoara) of total phenolic compounds. 
Vakula et al. [2019] [57] used cornelian cherries as a raw material for the extraction of polyphenols with high antioxidant capacity by ultrasound-assisted extraction. The optimal conditions for multiresponse maximization in terms of yields of polyphenols and antioxidant activity were temperature of 80°C, extraction time of 54.8 min, and ethanol concentration of 28.2%.
The UAE efficiency may be quantified by some variables, such as the solid/liquid (S/L) ratio, temperature, and ultrasound amplitude [58, 59, 60, 61, 62, 63, 64]. Other authors report that suboptimal UAE conditions may lead to reduced cavitation phenomena, resulting in reduced recovery bioactives [65]. 
In the case of the methanol extracts obtained at 30°C under ultrasound action for 60 min, Cornescu and Cosmulescu (2017) [66] found an average content of flavonoids of 59.37 mg QE /100 g for the cornelian cherry collected from the village of Baita, Hunedoara county. The cornelian cherry fruits possess high antioxidant activity with a huge variation among Cornus mas genotypes. The six wild cornelian cherry fruits from the western part of Romania have a variation of the total antioxidant activity between 1.24 and 2.71 mMol TE/ 100 g FW. The higher antioxidant activity was found for the genotype collected from the village of Hartagani, Hunedoara county [66]. 


PHENOLICS EXTRACTION WITH EUTECTIC SOLVENTS  


Eutectic solvents were developed as a green alternative to conventional solvents. Abbott et al. (2003) [67] mention about first deep eutectic solvent (DES) as a mixture of choline chloride and urea as a transparent liquid with a melting point of 12 oC much lower than that of its individual components [68]. Since the first published results on these interesting solvent properties, many applications for the extraction of bioactive compounds from different plant species and foods samples [69] were performed. 
Basically, DESs are mixtures in a certain molar ratio of hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA) [70, 71, 68  with a melting point much lower than of individual components that is combined [72, 69] (Figure 2).

[image: ]

Figure 2. The phase diagram of a ideal eutectic mixture (blue) and a deep eutectic solvent (green)
(adapted according [73, 68])

Tf real is the measured freezing point of a mixture at the eutectic composition (correspondingd to the deep eutectic point); Tf ideal is the theoretically predicted freezing point for an ideal mixture (corresponding to the ideal eutectic point); TmA, TmB is melting temperature of compound A and B, respectively; Tf is a temperature gradient.
In the preparation process of the DESs two or more compounds interact with the formation of a dense network of molecules with specific physical, and thermo-chemical properties [74] (Figure 3). 


[image: ]

Figure 3. The components HBDs and HBAs used in formation of DESs (References)

In the last two decades, the DES were have been used in many applications due to the its main advantages, such as: lower toxicity [75] and eco-friendly, wide range temperature, facilitated ion transport, increased stability, sustainability, as well biodegradability [68], low cost [76], biocompatibility with the natural matrixes and enhance mass transfer during extraction of bioactive [77]. 
DESs could be categorized according to three criteria:
a) Bbased on their complexing agents [78] and their hydrates, are:
· Type I – a mixture of quaternary ammonium salts of chloroaluminate with metal chlorides;
· Type II – a mixture of quaternary ammonium salts and metal halide hydrates. [79];
· Type III – a mixture of hydrogen bond acceptors (HBAs) substances (as quaternary ammonium, sulfonium, and phosphonium salts) with hydrogen bond donors (HBDs) (as carboxylic acids, amines, alcohols, and amides); [80, 77, 81, 82];
· Type IV – mixtures of metal halides and HBDs.
· Type V – mixtures of non-ionic molecules as both HBAs and HBDs [83]. The differentiation between HBAs and HBDs poses difficulties in this type of DESs (ex: a mixture of thymol and menthol [77].
b) Bbased on pH values, are: 
· acidic DES (ex: (choline chloride - lactic acid, choline chloride - glycolic acid [84], maleic acid -choline chloride, oxalic acid-choline chloride [85];
· basic DES (K2CO3:glycerol, NaOH:ethylene glycol, choline chloride:2-aminoethanol, choline chloride: thiourea, choline chloride:acetamide [86];
· neutral DES presents a low corrosion effect, excellent fluidity, and high thermal stability [86] (ex. Gly/ChCl/ AlCl3⋅6H2O metal-based [87]; Gly with different quaternary ammonium salts and p-Toluenesulfonic acid, as catalyst). 
c) Bbased on their miscibility in water, are:
· hydrophilic DES, exhibits poor stability and decomposes in water due to the formation of hydrogen bonds). In contact with water their components are broken down, making them unsuitable for use in the extraction and separation of aqueous solutions [88].
· hydrophobic DES, are immiscible with water and could be used for the extraction and separation of  the non-polar compounds from aqueous solutions [89, 90].
In order to prepare the DES mixture/stiringstirring and heating, vacuum evaporation, microwave and ultrasound-assisted methods [78, 91], liophylization, grinding and , twin screw extrusion [68] could be used. 
Extraction of the antioxidant compounds from different types of sources means the utilization of appropriate solvents. In 2011, natural deep eutectic solvents (NADES) were reported as a subclass of DESs and obtained with primary metabolites substances available in living cells, including water, urea, alcohols, organic acids, amino acids [92, 93, 69]. NADES are obtained on the basis ofbased on two natural components (sugars, alcohols, amino acids or organic acids). Many studies demonstrate their solvation abilities and strong interactions with phenolics due to hydrogen bonding, dipole-diploe interactions and van der Walls forces [41]. Therefore, the use of DES/NADES in the phenolics extraction processes from different berries is increasing (Table 4).
[bookmark: bbib0159][bookmark: bbib0105]Others studies present extraction of phenolic derivate from olive pomace using a mixture of choline chloride: caffeic acid or choline chloride: 2- hydroxy propanoic acid by homogenization at 60 °C/12,000 rpm and UAE at 60 °C [94]. The extracts TPC content was 34.08 mg gallic acid /g dw. Xue-hua and Heng-peng, 2022 [96] have been used the DES mixture acetylcholine (80 %): lactic acid (aqueous), 1:1 to obtain the total flavonoids content of 65.8 mg/mL from green tea. Also, the DES mixture ChCl: Urea: water, 1:2:4 was used to extract phenolics from Allium cepa L. under optimal microwave-assisted extraction conditions, 100 W, 15.03 min and 54.97 mL/g liquid to solid ratio [96]. The total polyphenol content was 80.45 mg GAE/g d.w.

4. CONCLUSION

In conclusion, this work provides an overview of some extraction methods for phenolic compounds, ranging from conventional methods to more innovative, non-conventional methods. For each techniques, fundamental mechanisms and principles with their advantages were presented. Furthermore, this study underscores the importance of the berry’s fruits due to their bioactive. This study underlines that the geographic position of the plant, the cropping year, the pre-treatment conditions,  and the extraction conditions (as solvent type, temperature, time, solvent-to-matrix ratio) are factors that significantly influence the bioactive concentration.
In this context, the importance of morpho-anatomical structures of plants and the extraction method parameters allow further applications in order to contribute to efficient and sustainable food science practices.   


Table 4. Eutectic solvents extraction of phenolics compounds from berries fruits 

	Natural matrix name, geographic area and period of cropping
	DES / NADES preparations
	Extraction conditions	Comment by Microsoft Office User: Maintain consistency 
	Phenolics concentration
	Reference

	Cornelian cherry 
(Hungary, 2022)
	Glu-Gly, 1:1 
Water 50%(v/v) 
500 rpm,900C,3 h
	25oC
120 min 120 rpm
	25.4 mg GAE/g
1.01 mg QE/g
3.22 mg CGE/g
35.4 mg AAE/g
	[41]

	Chokeberries (Slovenia)
	ChCl:LA:water, 2:1:1
	S:L, 1:5 (w/v)
5 min
Ultrasonication at 7000 rpm
	36.15 mg GAE/g d.w.
 4.71 mg rutin/ d.w.
28.9 mg QE/kg d.w.
	[81]

	Blueberry (Brazil, 2014/2015)
	ChCh:Glycerol:CA

	S:L, 0.1:5 (w/v)
UAE 
(40 kHz, 50 min, 22oC)
	362.3 mg CGE/100 g fruit powder

	[76]

	Bilberry (Serbia)
	NADES optimization
MalA:Glycerol, 1:2
TaA:Sorbitol, 1:2
CA:Sorbitol, 1:2
Bet:Ur, 1:2
	S:L, 1:20 (w/v)
UAE 
(40 kHz, 30 min, 50oC)

	21.15 – 30.94 mg GAE/g d.w. 
1.3 - 1.6 mg Protocatechuic acid/g
1.4 – 1.53 mg Chlorogenic acid/g

Bet:Ur, 1:2 was the most efficient NADES mixture.
	[97]



	Sour cherry by-pomace


	ChCl: MalA, 1:1
Water 20% (v/v)







	S:L, 1:13 (w/v)
Conventional 
(40oC, 30 min)

UAE 
(40oC, 30 min, 40 kHz)

MAE 
(90W, 15 s)
	
2,44 mg TA/g
0.418 mg TFC/g

1.93 mg TA/g
0.31 mg TFC/g

2.29 mg TA/g
0.35 mg TFC/g
	[38]

	
	ChCl:Ur, 1:1
Water 20% (v/v)






	S:L,1:13 (w/v)
Conventional 
(40oC, 30 min)

UAE 
(40oC, 30 min, 40 kHz)

MAE
(90W, 15 s)
	
2.02 mg TA/g
0.38 mg TFC/g

1.87 mg TA/g
0.36 mg TFC/g

1.85 mg TA/g
0.33 mg TFC/g
	

	
	ChCl:Fru, 1:1 
Water 20% (v/v)
	S:L, 1:13 (w/v)
Conventional
(40oC, 30 min)

UAE 
(40oC, 30 min, 40 kHz)

MAE 
(90W, 15 s)
	
1.37 mg TA/g
0.21 mg TFC/g

1.95 mg TA/g
0.34 mg TFC/g

1.92 mg TA/g
0.31 mg TFC/g
	




	Strawberry tree fruit (Croatia)
	Bet:Gly:water, 1:2:1 
S:L, 1:10 (w/w)
50 ◦C, 60 min,600 rpm

	S/L, 1:30 (w/w)
65oC, 150 min.

	50.84 mg GAE/100 g f.w.
5.72 mg catechin/100 g f.w.
38.24 mg ellagic acid /100 g f.w.
	[98]

	
	ChCl: Gly, 1:2
S:L, 1:10 (w/w)
50 ◦C, 60 min,600 rpm

	S/L, 1:20 (w/w)
56oC, 180 min.
	83.04 mg GAE/100 g f.w.
14.23 mg catechin/100 g f.w.
21.01 mg ellagic acid /100 g f.w

	


Note: UAE – Ultrasound Assisted Extraction; glucose (Glu); citric acid (CA); glucose (Glu); glycerin (Gly); lactic acid (LA); Choline chloride (ChCl); 
malic acid (MalA); tartric acid (TaA); Betaine (Bet); urea (Ur); gallic acid equivalents (GAE); quercetin equivalents (QE); cyanidin-3-glucoside equivalents (CGE); total flavonoids content (TFC); total anthocyanins (TA); 
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