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Abstract. This paper aims at spectrophotometric determination of changes in stability of extractable anthocyanins during 

drying of plant materials depending on their color. Raw and dried colored parts of 50 plant species from 25 families were 

used for the study. The extracts were prepared over 95% ethanol acidified with hydrochloric acid (pH ~ 1). The absorption 

spectra were registered within the range of 210 to 680 nm. The extinction variability factor, coefficient of intensity 

absorption relative and generalized stability factor were used to determine the anthocyanin degradation. The highest 

values of the stability factor were obtained for the extracts from fruit shells of burgundy or violet color within the range 

of 0.934±0.024 to 0.973±0.024, while the extracts from flower petals of the same care featured the stability factor that 

was 1.19 to 1.44 times less. The values of the stability factor of the extracts from black, red and blue materials are 1.15 

to 1.19 times, 1.74 to 2.48 times and 4.65 to 4.84 times less respectively than those of the extracts from violet-burgundy 

materials. It is appropriate to apply the spectrophotometric factors of anthocyanins stability used in this study to selection 

of promising plants for industrial cultivation as material of anthocyanin-containing herbal preparations. The most stable 

anthocyanins are those of burgundy-purple and black fruits. 

Keywords: UV-visible spectrophotometry; anthocyanin-containing herbal extract; natural dyes; anthocyanin stability. 

1. Introduction  

Anthocyanins are one of the groups of plant pigments 

that give flower petals, fruits and root plants a variety of 

colors - from pink-red to purple-black.  

In higher plants, anthocyanins are represented by six 

types of flavyliums: cyanidin, delphinidin, pelargonidin, 

peonidin, malvidin and petunidin. Depending on the 

radicals R (Fig. 1), the flavyliums form about 600 

varieties of anthocyanins [1, 2]. 

 

Figure 1. Flavylium cation. Radicals: R1, R2 – H, OH or 

OCH3, R3 – glycosyl or H, R4 – OH and glycosyl 

Anthocyanins may be present in both vegetative and 

generative organs of the plant, where they perform a 

range of functions. Anthocyanins mainly serve as 

optical filters protecting photosynthetic apparatus from 

high energy quanta [3, 4]. They also deactivate radical 

oxygen and nitrogen forms [5]. Anthocyanins express 

significant antioxidant activity [6, 7] in the human body 

and have a therapeutic effect on many diseases, 

especially on cardiovascular pathology [8-10]. 

Furthermore, anthocyanins are becoming increasingly 
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attractive as plant pigments for food industry as a natural 

alternative to synthetic dyes [11]. 

However, the wide use of anthocyanins in 

pharmacological, food and other industries is limited by 

their high lability, since they are highly prone to 

structural deformation, hydrolysis, destruction or 

degradation during storage and processing of plant raw 

materials [12-15]. The stability of different types of 

anthocyanins is related to their structural that determine 

the color as well. 

The correlation between the stability of extractable 

anthocyanins and the color of plant materials is not 

sufficiently studied, although it could serve as a basis for 

selection of promising plant species and their cultivation 

on industrial scale to produce herbal preparations and 

natural dyes. Such correlation can be revealed by optical 

methods, using drying, which is quite often used in plant 

material processing technology, as a model "damaging" 

factor. 

This paper aims at spectrophotometric determination 

of changes in stability of extractable anthocyanins 

during drying of plant materials depending on their 

color. 

2. Experimental 

Colored parts of 50 plant species (Tables 1 and 2) from 

25 families were used for this study. Flower petals were 

collected in the initial phase of flowering, fruits - at full 

maturity, and root plants and bulbs - in late autumn, 
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during the phase of withering of the ground part. The 

collected materials were divided into two parts, with the 

first part extracted immediately after collection, the 

second part was extracted after preliminary drying. The 

drying was carried out in a drying cabinet at 36 to 38 °C 

for 10 to 14 hours until residual humidity reached 10 to 

12%. The extracts were prepared over 95% ethanol 

(Merck, Germany) acidified with hydrochloric acid (pH 

~ 1). A quantity of plant material was thoroughly grated 

in the pounder together with extraction agent and quartz 

sand. Following 5 to 6 minutes infusion, it was filtered 

through a 0.45-μm PTFE-H filter (Hyundai micro, South 

Korea) into dark-glass vials. 

The absorption spectra of the extracts were recorded 

using UV-2501PC digital spectrophotometer 

(Shimadzu, Japan) within the range of 220 to 650 nm.  

As is known [15], the absorption spectrum of the 

anthocyanin-containing extract in acidic media usually 

includes three maxima. The y-axis of the third maximum 

M3 (Fig. 2) is most variable under external impacts. The 

y-axis of the third absorption maximum for the extracts 

from dried plant parts was indicated as DA, while the 

similar y-axis for raw parts was indicated as RA. The 

extinction variability factor (EVF) was used to 

characterize the degradation of anthocyanins inside the 

extracts as follows:  

𝐸𝑉𝐹 =
𝐷𝐴 

𝑅𝐴
 

The integral absorption intensity of the third 

maximum band for raw material was calculated using 

Simpson formula [16, 17] as the RS area (Fig. 2, R, 

vertical hatching) within the x-axes b and c of the bend 

points b and c. The DS area (Fig. 2, D, oblique hatching) 

was similarly calculated for dried materials within the x-

axes f  and g of the bend points f and g. The coefficient 

of intensity absorption relative (CIAR) was determined 

using the following formula: 

𝐶𝐼𝐴𝑅 =  
𝐷𝑆

𝑅𝑆
 

The generalized stability factor (SF) characterizing 

the variability of the third maximum for both extinctions 

and absorption intensities in the absorption spectra of 

anthocyanin-containing extracts was calculated as the 

product of the foregoing factors as follows: 

 

 

 

Figure 2. Absorption spectra (Sp1 and Sp2) of the extracts 

soaked in acid ethanol and produced from raw (R) and dried 

(D) flower petals of Impatiens roylei Walp. M1, M2 and M3 

– maxima, RA and DA – y-axes, RS and DS – areas, b, c and 

d, f –bend points, b, c and d, d– x-axes of the absorption 

band boundaries 

3 to 5 independent samples were taken to study each 

part of the plant. The results were statistically processed 

using small sample technique [18]. 

3. Results and discussion  

Wavelengths (M3) of the third maxima in the 

absorption spectra of extracts of the examined plant 

parts are within the green-yellow range of 513 to 548 nm 

(Tables 1 and 2). The mean M3 values of the extracts 

from flowers and fruit shells of burgundy or violet color 

coincide (p > 0.05), while those of the extracts from red 

plant parts differ by 11.8 nm.

Table 1. Wavelength of the third absorption maximum (M3), extinction factor (EVF), intensity coefficient (CIAR) of the absorption 

spectra of the extracts from different colored parts of various plant species 

Color Plant species Plant part M3 EVF CIAR 

Violet 

Lonicera dulis Turcz. ex Freyn. 

Fruit shell 

536 0.998 0.998 

Vaccinium corymbosum L. 546 1 0.924 
Vaccinium myrtillus L. 548 1 0.999 

mean ± statistical error of mean 
543.3 

±3.7 

0.999 

±0.005 

0.974 

±0.025 

Burgundy 

Allium cera L. Variety «Karmen» Bulb 536 0.892 0.964 
Beta vulgaris L. Variety «Zilindra» 

Root plant shell 
543 0.963 0.947 

Raphanus sativus var. radicula Pers. Variety «Gara» 513 1 0.967 

Prunus domestica L. Fruit shell 538 1 0.999 

mean ± statistical error of mean 
532.5 

±6.7 

0.964 

±0.025 

0.969 

±0.011 

Black 

Aronia mitschurinii A.K. Skvortsov & Maitul. 

Fruit shell 

534 1 0.998 
Padus avium Kom. 538 0.884 0.916 

Padus maackii Rupr. 537 0.725 0.727 

Ribes nigrum L. Variety «Chempion» 543 0.969 0.928 

mean ± statistical error of mean 
538 

±1.9 

0.894 

±0.194 

0.892 

±0.059 
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Table 2. Wavelength of the third absorption maximum (M3), extinction factor (EVF), intensity coefficient (CIAR) of the absorption 

spectra of the extracts from different colored flower petals of various plant species 

Color of flower fetal Plant species M3 EVF CIAR 

Burgundy 

Cosmos bipinnatus Cav. 536 0.778 0.934 

Cosmos atrosanguineus Cav. 536 0.952 0.916 

Petunia × hybrid Hort. ex. Vilm. 545 0.714 0.716 
Rhododendron dauricum L. 543 0.899 0.903 

Weigela praecox (Lemoine) Bailey 537 0.989 0.966 

mean ± statistical error of mean 539.4 ±1.9 0.867±0.052 0.887±0.044 

Violet 

Allium nutans L. 542 0.968 0.929 

Allium schoenoprasumL. 541 0.786 0.790 
Aquilegia olympica Boiss. 547 0.645 0.669 

Aquilegia vulgaris L. 546 0.902 0.882 

Iris tenuifolia Pall. 547 0.712 0.713 
Lathyrus sylvestris L. 543 0.717 0.699 

Lupinus polyphyllus Lindl. 548 0.943 0.944 
Petunia × hybrida Hort. ex E. Vilm. 547 0.643 0.629 

Primula siebolgii E. Morren 541 0.991 0.874 

Syringa vulgaris L. 543 0.868 0.999 
Vicia crassa L. 545 0.784 0.801 

mean ± statistical error of mean 544.5±0.8 0.814±0.038 0.812±0.037 

Red 

Impatiens roylei Walp. 545 0.515 0.539 

Paeononia anomala L. 528 0.671 0.477 

Paeononia tenuifolia L. 527 0.412 0.645 
Prunus tribola Lindl. 536 0.592 0.566 

Polygonum persicaria L. 533 0.751 0.685 

Rhododendron schlippenbachii Maxim. 528 0.784 0.806 
Rosa majalis Herrm. 531 0.359 0.805 

Rosa rugosa Thunb. 534 0.544 0.674 

Tagetes patula L. 532 0.797 0.799 
Trifolium pratense L. 545 0.594 0.457 

Valeriana officinalis L. 537 0.621 0.654 

mean ± statistical error of mean 542.2±1.9 0.603±0.043 0.646±0.038 

Blue 

Iris sibirica L. 543 0.416 0.435 

Commelina communis L. 546 0.405 0.406 
Lathyrus komarovii Ohwi 543 0.596 0.594 

Symphytum officinale L. 542 0.319 0.335 

mean ± statistical error of mean 543.5±0.9 0.434±0.058 0.442±0.055 

The highest EVF and CIAR values within the range 

of 0.924 to 1 (Table 1) were obtained for the extracts 

from fruit shells of Vaccinium corymbosum, Vaccinium 

myrtillus, and Prunus domestica. In case of other studied 

fruit shells of purple and burgundy color these indicators 

were 1.4 to 4.5% less (p > 0.05).  

The extracts from black fruit shells of Aronia 

mitschurinii, Padus avium, and Ribes nigrum featured 

values of the similar indicators that were 7.3 to 7.9% less 

comparing with the extracts from violet fruit shells (p < 

0.05). 

The highest EVF and CIAR values obtained for the 

extracts from fruits of Berberis amurensis, Crataegus 

pinnatifida), Lonicera maakii and other studied red 

fruits were 23.6 to 25.7% lower comparing with those of 

the extracts from violet fruit shells (0.001 < p < 0.05). 

Similar correlation between the EVF and CIAR 

indicators and the color of plant material was also 

obtained for flower petals of different coloration. For 

instance, the extracts from burgundy petals of Weigela 

praecox and purple petals of Allium nutans had also high 

EVF and CIAR values (Table 2), yet they were 0.8 to 

4.6% less comparing with fruit shells of similar color. 

These indicators of the extracts from other studied petals 

of the same color were 9 to 12% less. 

 

Figure 3. Stability factor (SF) of anthocyanins in extracts of 

flower petals and fruits depending on their color 

Red 

Berberis amurensis Rupr. 

Fruit shell 

518 0.555 0.568 

Berberis thunbergii DC 517 0.771 0.76 

Crataegus canguinea Pall. 536 0.821 0.817 
Crataegus pinnatifida Burge. 536 0.819 0.816 

Lonicera maakii (Rupr.) Maxim. 532 0.571 0.667 

Ribes rubrumL. 536 0.857 0.742 
Rubus idaeus L. 535 0.797 0.786 

Viburnum sargentii L. 533 0.696 0.608 

mean ± statistical error of mean 
530.4 
±2.8 

0.736 
±0.041 

0.720 
±0.033 
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The values for the extracts of red petals were 27.2 to 

30.4% lower than those for burgundy petals and 10.2 to 

17.9% lower than red fruit shells. The lowest EVF and 

CIAR values were registered in the extracts from blue 

flower petals, which, on average, were 49.9 to 50.2% 

less than those for burgundy petals and 53.6 to 54.7% 

less than those for purple fruit shells.  

The highest stability factor (SF) values were 

obtained for the extracts from fruits of burgundy or 

violet color (Fig. 3) within the range of 0.934±0.024 to 

0.973±0.024, while those for the extracts from flower 

petals of the same color were 1.19 to 1.44 times less. The 

stability factor for the extracts from black materials were 

1.15 - 1.19 times less, those from red materials – 1.74 to 

2.48 times less, and those from blue materials were 4.65 

to 4.84 times less in than the factor values for the 

extracts from violet-burgundy materials. 

The distribution of material color by stability of 

anthocyanins it contains may be expressed in the 

following order:   

[burgundy - violet] > [black] > [red] > [blue]. 

Thus, it is plausible to argue that it is anthocyanins 

of blue plant materials that are prone to the largest 

degradation in the course of drying. Anthocyanins of 

burgundy-violet materials feature the least degree of 

change. The stability of anthocyanins of black and red 

materials is in the middle between that of "burgundy-

violet" and "blue" materials. 

Discussion 

As follows from their presented research results, the 

resistance of anthocyanins from fruits is slightly higher 

compared to that of anthocyanins from flower petals 

with the same color. One of the reasons for this is 

probably due to an increase in the sugar content in the 

fruits during ripening. The effect of sugars on the 

stability of anthocyanins has not been sufficiently 

studied, but it is indicated [14] that glycosylation 

prevents the degradation of anthocyanins due to the 

blockade of fermentation. The increase in sugar residues 

(especially glucose) seems to give a higher stability of 

anthocyanins in the fruit compared to anthocyanins in 

the petals of the flowers. There are probably other 

reasons, which requires special studies. 

The EVF, CIAR and SF indicators used in this study 

have not previously been applied to spectrophotometric 

analysis of the stability of anthocyanins of plant material 

extracts, so direct comparisons and comparisons with 

the results other studies are excluded. However, there 

may be parallels with known data on the presence of 

anthocyanins in plant materials of different coloration. 

Normally, several anthocyanins of different types are 

present in the colored part of a plant, yet among them, 

as a rule, only one or two of them have a predominant 

concentration, and it is them that give plant organs the 

relevant color [2]. 

Blue color is given to plant parts mainly by 

delphinidin derivatives [2, 19]. Among anthocyanins, 

delphinidin features the highest antioxidant capacity [1, 

6, 8], shows the most active participation in redox 

processes, degrades rapidly and has low stability. The 

lowest SF values for the extracts from flower petals of 

Commelina communis and other blue plant parts 

obtained by the authors fully conform to these data.  

Peonidin and malvidin [2] give burgundy and violet 

color to flowers and fruits, e.g. blueberry fruit shells 

(Vaccinium myrtillus) [20, 21]. The highest SF values 

were obtained for the extracts from burgundy and violet 

plant parts of plants, so it is plausible to argue that 

peonidin and malvidin are the most stable substances. 

The black color of fruits is due to the presence of 

many types of anthocyanins, including delphinidin [2], 

e.g. Aronia mitschurinii, Padus avium and Ribes nigrum 

[22, 23]. The presence of poorly stable delphinidin 

causes a decrease in the overall stability of anthocyanin 

group of black fruits comparing with burgundy ones. 

Pelargonidin, peonidin or cyanidin color plant parts 

in red [2, 22], e.g. Vaccinium erythrocarpum and Ribes 

rubrum [2]. Since the SF values obtained for the extracts 

from red materials are lower than those of for burgundy-

purple ones, the stability of pelargonidin and cyanidin is 

lower comparing with them. 

Thus, anthocyanins can be arranged in descending 

order of stability as follows: 

[peonidin, malvidin] > [petunidin, pelargonidin, 

cyanidin] > [delphinidin]. 

As comparison of the obtained data with the material 

color depending on the presence of anthocyanins shows, 

that the most stable anthocyanins are those that give 

plant parts burgundy-purple or black color. 

4. Conclusions 

The stability of anthocyanins is determined by the 

spectrophotometric indicator SF, which is calculated as 

the product of the extinctions and absorption intensities 

of the third maximum absorption spectra of 

anthocyanin-containing extracts from plant raw 

materials. 

Anthocyanins of extracts from fruits with burgundy 

purple and black color have the highest SF value. 

Anthocyanins of extracts from flower petals are less 

stable compared to anthocyanins of extracts from fruit 

shells with the same color. 

SF can be used in practice in the selection of 

promising plants for industrial cultivation and 

production of anthocyanin-containing phyto 

preparations. 

Conflict of interest 

Authors have no conflict of interest to declare. 

Acknowledgements 

The authors would like to acknowledge unknown 

reviewers for their reviews and useful comments. 

 

References 

[1]. J.M. Bueno, F. Ramos-Escudero, P. Sáez-Plaza 

M.J. Navas, A.G. Asuero, A.M. Muñoz, Analysis 

and antioxidant capacity of anthocyanin pigments. 

Part I: General consideration concerning 



 Koldaev et al./ Ovidius University Annals of Chemistry 31 (2020) 88-92 

92 

polyphenol and flavonoids, Critical Reviews in 

Analytical Chemistry 42 (2012) 102-125.  

Doi: 10.1080/10408347.2011.632312 

[2]. J.M. Bueno, F. Ramos-Escudero, P. Sáez-Plaza F. 

Ramos-Escudero, A.M. Jiménez, A.G. Asuero, R. 

Fett, Analysis and antioxidant capacity of 

anthocyanin pigments. Part II: Chemical structure, 

color and intake anthocyanins, Critical reviews in 

analytical chemistry 42 (2012) 126-151. Doi: 

10.1080/10408347.2011.632314 

[3]. M.N. Merzlyak, O.B. Chivkunova, Light-stress-

induced pigment changes and evidence for 

anthocyanin photoprotection in apples,  Journal of 

Photochemistry and. Photobiology B: Biology 55 

(2000) 155-163. Doi: 10.1016/S1011-

1344(00)00042-7 

[4]. K.M. Zhang, H.J. Yu, K. Shi, Y Zhou, J. Yu, X. 

Xia, Photoprotective roles of anthocyanins in 

Begonia semperflorens, Plant Science 179 (2010) 

202-208. Doi: 10.1016/j.plantsci.2010.05.006 

[5]. H.M. Ali, W. Almagribi, M.N. Al-Rashidi, 

Antiradical and reductant activities of 

anthocyanidins and anthocyanins, structure–

activity relationship and synthesis, Food 

Chemistry 194 (2016) 1275-1282. Doi: 

10.1016/j.foodchem.2015.09.003 

[6]. Y. Noda, T. Kaneyuki, A. Mori, L. Packer, 

Antioxidant Activities of Pomegranate Fruit 

Extract and Its Anthocyanidins:  Delphinidin, 

Cyanidin and Pelargonidin, Journal of Agricultural 

and Food Chemistry 50 (2002) 166-171. Doi: 

10.1021/jf018765 

[7]. A. Cassidy, Berry anthocyanin intake and 

cardiovascular health, Molecular Aspects of 

Medicine 61 (2018) 76-82. 

Doi: 10.1016/j.mam.2017.05.002 

[8]. J. Fang, Review: Classification of fruits based on 

anthocyanin types and relevance to their health 

effects, Nutrition 31 (2015) 1301-1306. Doi: 

10.1016/j.nut.2015.04.015 

[9]. A. Smeriglio, D. Barreca, E. Bellocco, D. 

Trombetta, Review: Chemistry, Pharmacology and 

Health Benefits of Anthocyanins, Phytotherapy 

Research 30 (2016) 1265-1286. Doi: 

10.1002/ptr.5642 

[10]. B. Yang, M. Kortesniemi, Clinical evidence on 

potential health benefits of berries, Current 

Opinion in Food Science 2 (2015) 36-42. Doi: 

10.1016/j.cofs.2015.01.002 

[11]. N.Y. Chesnokova, L.V. Levochkina, A.A. 

Kuznetsova, R.A. Zakharyan, The use of 

anthocyanin of black currant and polysaccharides 

in the production of sweet dishes, Biomedical and 

Pharmacology Journal 8 (2015) 697-703. Doi: 

10.13005/bpj/815 

[12]. F. Weber, L.R. Larsen, Influence of fruit juice 

processing on anthocyanin stability, Food 

Research International 100 (2017) 354-365. Doi: 

10.1016/j.foodres.2017.06.033 

[13]. G.H. Laleh, H. Frydoonfar, R. Heidary, R. Jameei, 

S. Zare, The effect of light, temperature, pH and 

Species on stability of anthocyan in pigments in 

four Berberis species, Pakistan Journal of Nutrition 

5 (2006) 90-92. 

[14]. H. Remini, F. Dahmoune, Y. Sahraoui, K. Madani, 

V.N. Kapranov, E.F. Kiselev, Recent advances on 

stability of anthocyanins, RUDN Journal of 

Agronomy and animal industries 13 (2018) 257-

286. Doi: 10.22363/2312-797X-2018-13-4-257-

286 

[15]. M. Espinosa, Spectrophotometric determination of 

anthocyanin content in six common vegetables, A 

Thesis. Present to the College of Arts and Sciences, 

Central Philippine University (2014) 6-18. 

[16]. V. M. Koldaev, The optical properties of including 

anthocyan extracts from plant’s material, Pacific 

Medical Journal 2 (2018) 50-52. Doi: 

10.17238/PmJ1609-1175.2018.2.50-52 

[17]. V.M. Koldaev, A.Y. Manyakhin, Numerical 

indicators of absorption spectra of green leaf 

extracts obtained from plants of different forms, 

Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy 203 (2018) 404-407. 

Doi: 10.1016/j.saa.2018.06.019 

[18]. J.H. McDonald, Handbook of biological statistic, 

Sparky House Publishing, Baltimore, Maryland, 

2014. 

[19]. G.A. Ellistad, Structure and chiroptical properties 

of supramolecular flower pigments, Chirality 18 

(2006) 134-144. Doi: 10.1002/chir.20228 

[20]. J. Lee, R.E. Wrolstad, Extraction of anthocyanins 

and polyphenolics from blueberry processing 

waste, Journal of Food Science 69 (2004) 564-574. 

Doi: 10.1111/j.1365-2621.2004.tb13651 

[21]. Z. Diaconeasa, L. Leopold, D. Rugina H. Ayvaz, 

C. Socaciu, Antiproliferative and antioxidant 

properties of anthocyanin rich extract from 

blueberry and blackcurrant juice, International 

Journal of Molecular Sciences 16 (2015) 2352-

2365. Doi: 10.3390/ijms16022352 

[22]. A. Slatnar, J. Bizjak, F.Stampar, M. Mikulic-

Petkovsek, Anthocyanin composition of different 

wild and cultivated berry species, Food Science 

and Technology 8 (2015) 143-154. Doi: 

10.1016/j.lwt.2014.08.033 

[23]. D.I. Pisarev, O.O. Novikov, M.D. Bezmenova, 

E.A., Tomchakovska, V.N. Sorokopudov, N.N. 

Netrebenko, M.A. Halikova, N.V. Avtina, The 

study of late prunus – Padus serotina (Enrh.) 

Agardh. now to prospective source of biologically 

active polyphenols, Scientific news. Series 

Medicine. Pharmacy 93 (2010) 155-161. 

Received: 30.06.2020 

Received in revised form: 18.08.2020 

Accepted: 20.08.2020 

 

https://www.sciencedirect.com/science/article/abs/pii/S1011134400000427#!
https://www.sciencedirect.com/science/article/abs/pii/S1011134400000427#!
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/journal/10111344
https://www.sciencedirect.com/science/article/pii/S0168945210001329#!
https://www.sciencedirect.com/science/journal/01689452
https://www.sciencedirect.com/science/journal/03088146
https://www.sciencedirect.com/science/journal/03088146
https://www.sciencedirect.com/science/article/pii/S0098299717300444#!
https://www.sciencedirect.com/science/journal/00982997
https://www.sciencedirect.com/science/journal/00982997
https://www.sciencedirect.com/science/journal/08999007
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Smeriglio%2C+Antonella
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Barreca%2C+Davide
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bellocco%2C+Ersilia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Trombetta%2C+Domenico
https://www.sciencedirect.com/science/article/abs/pii/S2214799315000387#!
https://www.sciencedirect.com/science/article/abs/pii/S2214799315000387#!
https://www.sciencedirect.com/science/journal/22147993
https://www.sciencedirect.com/science/journal/22147993
https://www.sciencedirect.com/science/article/pii/S0963996917302867#!
https://www.sciencedirect.com/science/article/pii/S0963996917302867#!
https://www.sciencedirect.com/science/journal/09639969
https://www.sciencedirect.com/science/journal/09639969

