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Abstract. Modern science provides various methods for the extraction of phytocompounds: conventional and unconventional. The unconventional technique incorporates some features to optimize traditional methods. The aim of this study was to investigate a new environmentally friendly method to enhance realizing of bioactive compounds from Malva sylvestris L. - enzyme-assisted extraction.
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Introduction
Malva sylvestris L. or mallow, as a colored-flowering plant, contains anthocyanins [1] and ascorbic acid. Extraction of these bioactive compounds from the Malva genus is typically accomplished by maceration using different organic solvents [2, 3]. Compared to that, new methods offer technique named “new-generation solvents”, which are water buffers. Enzyme-assisted extraction (EAE) is a the “green chemistry” technique, used in this study. The EAE process includes the ability of the enzyme to hydrolyze plant cell walls and facilitate the bioactive compounds [4].
Anthocyanins are phenolic compounds and flavonoids, which mostly form the colour of flowers (red, blue, purple). Due of their fair stability, some anthocyanins, such as malvidin, petunidin, which were studied in this work, are glycosylated and acylated [5]. The extraction of anthocyanins needs to be carried out at low temperatures, even though they have low stability to heat. Conventional method applications are limited cause of the long duration of the process, but with low facilitation of bioactive compounds [6]. Compared to this enzyme-assisted extraction, an unconventional method, releases anthocyanins from  the vacuoles. Also, an acidic condition used in this technique is common for a more stable flavinium form [5, 7]. Mallows anthocyanins have proven therapeutic applications including antiradical [8], antimicrobial [9], reduced the level of cholesterol [1], etc.
Ascorbic acid or vitamin C is water-soluble in water ketolactone with a carbon ring consisting of 5 atoms. This molecule has strong free radical scavenging ability, which is linked to C2 and C3 carbons [10]. Similarly, classic methods consume solvents that are mostly organic and hazardous to nature. Enzyme-assisted extraction is performed under mild conditions with a water-based solvent, that don’t effect vitamin C [11].
Materials and methods
Malva sylvestris L. plant material (leaves and flowers) from the natural growing area was dried in the shade and then grinded to 4 mesh. 
Enzyme-assisted extraction: 2 g of M. sylvestris plant material were soaked for 30 min in 100 ml of acetic buffer (pH 4), then mixture was placed in water bath at 56.90 ℃ and after 20 min enzyme cellulase was added (producer “ENZIM”, Ukraine) to preheated solvent with plant material. The duration of extraction was 57.40 min. The extract was filtered and stored in the dark place [12].
Anthocyanins content (pH differential method): 200 μl of extract was diluted with 0.8 ml two different buffers 0.025 M potassium chloride buffer (pH 1.0) or 0,4 M sodium acetate buffer (pH 4.5). After 15-minutes incubation, samples were measured at spectrophotometr Specord M40 with different wavelength for each of studied anthocyanin (table 1) [13].
Table 1
Values for antocyanins measurment
	Anthocyanins
	Wavelenght, nm
	Molar absorbtivity, ε
	Molecular weight

	Pelargonidin
	505
	15,600
	271.24

	Peonidin
	511
	37,200
	301.27

	Cyanidin
	510
	24,600
	287.24

	Malvidin-3-glucoside
	519
	28,000
	493,4

	Delphinidin
	523
	34,700
	303,24


The calculations were carried out using formulas (1), (2), where l – leght of  the cuvette (1.00), DF – dilution factor and 700 nm was used as a standard. The results were expressed as micrograms of anthocyanins in grams of dried plant weight (μg/g DW).
 (1)
 (2)
Ascorbic acid content: ascorbic acid solution was used as a standard: 100 to 40 μl was mixed with 500 μl of 10% Folin-Ciocalteu reagent solution in water and then was adjusted with 900 μl of 10 % water solution of trichloroacetic acid and held for 10 min. The primary sign of the reaction is the reduction of the blue colour. The same procedure was used for extract samples. Spectrophotometry was performed at 706 nm by using a Specord M40 spectrometer. Ascorbic acid was expressed as μg of ascorbic acid per g of dried weight (DW) [14].
Results and discussion
The results of anthocyanins assay showed in the table 2, while the chemical formulas of presented in fig 1. Malvidine-3-glucoside emerged as the predominant snthocyanin, exhibiting the highers concentration within extract. In contrast, pelargonidin has lessen amounght, while peonidin was the least abudant. Bahambari, N. et. al also revealed that malvidine has higher content in Malva sylvestris [15].
Table 2
Content of antocyanins in enzymatic extract of Malva sylvestris
	Anthocyanins (mg QE/g DW)

	Pelargonidin
	0.0367

	Peonidin
	0.0200

	Cyanidin
	0.0283

	Malvidin-3-glucoside
	0.0501

	Delphinidin
	0.0247
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Fig. 1 Anthocyanins of Malva sylvestris: a - pelargonidin; b - peonidin; c - cyanidin; d - malvidin-3-glucoside; e – delphinidin

To perform further calculation, a calibration curve for ascorbic acid was established. The curve were include a concentration range from 10 to 25 μkg/ml. The resulted data was illustruted on fig. 2.
[image: ]
Fig. 2 Calibration curve of ascorbic acid

The extract revelaled a concentration of ascorbic acid measured was 53.4248 μg/g DW. This findings highlight the the statement that mallow is a potential source of this compound [16].
Conclusions
Enzyme-assisted extraction of Malva sylvestris L. anthocyanins and ascorbic acid demonstrated a high yields of these compounds. The promicing outcome leads to countinue studying of this extraction method, that enhance the yield for other bioactive compound.
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