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Abstract 

Resveratrol, a natural organic polyhydroxyphenolic compound, has gained significant attention 

in the last years given its potential health benefits, including antioxidant, anti-cancer, and anti-

inflammatory properties. It can be directly extracted from plants, vegetables, and related 

products and waste resources, but also chemically/enzymatically/microbially synthesized. 

However, certain process strategies have some limitations, such as high costs, reduced yield or 

high energy demand, thus implying significant environmental loads. In this context, the search 

for more sustainable and circular process schemes is key to the integration of resveratrol into the 

market value chain of the food, cosmetic and pharmaceutical sectors. The extraction of 

resveratrol has traditionally been based on conventional methods such as solvent extraction, but 

advanced green extraction techniques offer more efficient and environmentally friendly 

alternatives. This review analyses both conventional and green alternative extraction 

technologies, as well as its bioproduction through microbial fermentation, in terms of 

production capacity, yield, purity and sustainability. It also presents alternative biorefinery 

models based on resveratrol bioproduction using by-products and waste streams as resources, 

specifically considering wine residues, peanut shells and wood bark as input resources, and also 

following a circular approach. This critical review provides some insight into the opportunities 

that resveratrol offers for promoting sustainable development and circularity in the related 

market value chains, and thus provides some criteria for decision making for biorefinery models 

in which resveratrol is one of the targeted high value-added products. It also identifies the future 

challenges to promote the inclusion of resveratrol in value chains, with the scale-up of green 

technologies and its demonstrated economic feasibility being the most prominent. 
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1. Introduction 

The first resveratrol isolation dates from 1939 using white hellebore as bioresource (Veratrum 

grandiflorum O. Loes) (Takaoka, 1939), which is classified as a species of poisonous perennial 

herbs of the Melanthiaceae spp.. Later, it was isolated from the roots of Polygonum cuspidatum 

syn. Fallopia japonica, also known as Japanese knotweed, a well-recognized plant given its 

high content of polyphenolic trans-resveratrol, being the highest bioavailable form of 

resveratrol that can be extracted and isolated from bio-based resources (Kaur et al., 2022; 

Suvarna et al., 2018).  

Resveratrol can be found on various plants, fruits, and herbaceous species, but its functions can 

vary depending on the bioresource of extraction (Donnez et al., 2009). For example, grapevine, 

one of the most recognized raw materials for the extraction of resveratrol, provides a product 

with antifungal properties, while in berries and plant leaves, its main function is to respond to 

stress situations, acting as a phytoalexin, i.e. antimicrobials with protective functions belonging 

to the iso/flavonoid family of phenolic-based compounds (Tuladhar et al., 2021). Furthermore, 

resveratrol can be found in more wood-nature sources, in which its main behavior is to act as a 

phytoanticipin, a precursor of an antimicrobial compound against pathogens (Tiku, 2020). 

Given the benefits that resveratrol can provide, resveratrol bioavailability has been enhanced by 

encapsulation in nanoparticles or liposomes (Jayan et al., 2019; Davidov-Pardo and 

McClements, 2014), co-administration with adsorption enhancers as piperin, a compound that 

could be found on black pepper (Vesely et al., 2021; Johnson et al., 2011) or by the 

development of controlled and sustained release formulations (Chimento et al., 2019; Devi et 

al., 2018).  

Interest in resveratrol has been increasing year after year, given its potential and interesting 

properties as an antioxidant, cardioprotective, cancer preventive agent, neuroprotective, anti-
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inflammatory, among others (Abo-Kadoum et al., 2022; Gugleva et al., 2020; Majeed et al., 

2023; Zhang et al., 2022). However, one of its main drawbacks is that most commercial forms 

of resveratrol are produced chemically, as it is more economically viable and meets market 

demands (Lorena et al., 2018). Some of the commercial products are extracted from plants, but 

the procedures are not efficient, and the extraction yield is low. With this in mind, the 

introduction of biotechnological production processes and/or environmentally-friendly 

processes for extraction is key to increase their quality, natural nature and commercialization.  

In this context, this critical review is developed to present the bioactive potentials of resveratrol, 

together with the main bio-based and waste resources that can be used for its extraction, 

followed by the description of the valorization technologies available for its extraction, as well 

as its bioproduction, with a special focus on the usage of renewable substrates. In addition, in 

order to provide a broader view and potential of resveratrol in the market value chain, 

alternative biorefinery scenarios are described. It is hoped that the information provided by this 

critical review can help researchers, policy makers, stakeholders and manufacturers to advance 

the recovery and biotechnological production of resveratrol from waste-related streams, seeking 

to provide more sustainable production pathways based on the comprehensive use of available 

resources.  

2. Resveratrol: properties, uses and market trends 

Resveratrol belongs to the polyphenol stilbenes group, concretely being a 3,5,4-trihydroxy-

trans-stilbene, with an ethylene bridge in which two phenol groups are bonded. It has an average 

molecular weight of 228 g/mol, with 14 carbon skeletons (Thirumalaisamy et al., 2022). It has 

two geometric isomers, cis-resveratrol and trans-resveratrol, being the trans isomer the one 

associated with its biological functions and properties, and also the dominant geometrical 

structure (Salehi et al., 2018).  

One of the most promising features of resveratrol is its antioxidant properties, which implies 

potential health benefits (Fraga et al., 2019). The antioxidant effects of resveratrol could be 

provided by various mechanisms, including its actuation as free radical scavenger (resveratrol 
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donate electrons to superoxide anions, hydroxyl and peroxynitrite radicals, thus stabilizing them 

and avoiding cell damage), neutralization of reactive oxygen species (ROS), reaction with 

nitrogen free compounds (RNS) and it could also activate various antioxidant enzymes, as the 

cases of superoxide dismutase and catalase, which may also help to combat cellular oxidative 

stress and thus maintain cellular redox balance (Bononi et al., 2022; Heo et al., 2018). The latter 

case is known as “indirect antioxidant activity” as it could act as a regulator for these enzymes 

and thus enhancing the body defense system (Truong et al., 2018; Xia et al., 2017). Besides, 

resveratrol could also chelate metal ions, including iron and copper, which are known as 

important enhancers of high reactive free radicals by developing Fenton and Haber-Weiss 

reactions (Aaseth et al., 2021; Salehi et al., 2018). Another antioxidant effect of resveratrol is 

through the inhibition of lipid peroxidation, which is a chain reaction that also promotes cell 

damage, and mitochondrial protection in cellular respiration (a source of ROS) (Pinyaev et al., 

2019; Gimeno-Mallench et al. 2019). 

Apart from the antioxidant properties, resveratrol also stands out for its potential to provide 

antimicrobial functions (Abedini et al., 2021; Karamese and Dicle, 2022). It has been identified 

that it has activity against multidrug-resistant Gram-negative bacteria with a minimal inhibitory 

concentration between 32 µg/mL and 128 µg/mL, following an inhibition action analogous to 

that of efflux pump inhibitors (Inchingolo et al., 2021; Dexter et al., 2018). Given this, 

resveratrol has the ability to rejuvenate the functionality of antibiotics against bacterial 

pathogens (Sharma et al., 2019). On the other hand, resveratrol could also induce the expression 

of antimicrobial peptides (AMPs), which are crucial proteins in the immune system for defense 

against pathogens and microbial infections (Lan et al., 2017). Besides, it positively modulates 

gut microbiota, considered as essential for the preservation of a balanced immune system (Wang 

et al., 2022; Inchingolo et al., 2022) and also it has demonstrated its good combination with 

other antimicrobial agents, thus enhancing microbial resistance (Liu et al., 2020; Skroza et al., 

2019; Vestergaard and Ingmer, 2019). It has been demonstrated that resveratrol has the capacity 

to inhibit the replication and expression of rhinovirus, the cause of common respiratory 
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diseases, as well as other illness related with high-fat diets, as hepatic steatosis or 

hyperglycemia, given the efficacy of resveratrol to reduce the amount of glucose, total 

cholesterol and triglycerides, among others (Su et al., 2022; Mastromarino et al., 2015). 

 

But, it should be taking into account that, even with its benefits, the amount of resveratrol intake 

could be critic to human and animal organisms Jung et al. (2009). 

There are some derivatives of resveratrol with slightly different molecular and functional 

properties, and mechanisms of action (Thirumalaisamy et al., 2022). Resveratrol can be found in 

a hydroxylated form (as dihydroxy stilbene) containing higher stilbene proportion and lower 

amount of hydroxyl groups, which leads to increased water solubility and pharmacological 

functionality but, at the same time, reduced bio-availability within oral intake (Arbo et al., 

2020). It can also be found in a methoxylated structure (as pterostilbene or trimethoxy stilbene), 

commonly available on berries and grapes, which has enhanced oral absorption and stability, 

given the addition of a methoxy group on the resveratrol structure (Nagarajan et al., 2022).  

On the other hand, to enhance natural resveratrol stability and water solubility, as well as 

bioavailability and prevention of enzymatic oxidation, the development of a glycosylation 

reaction has been demonstrated to be effective. It is based on the addition of glycosidic 

compounds (carbohydrates, such as sugars), commonly glucose, by the formation of an ether 

bond with the hydroxyl group of the resveratrol compound (Cole and Kramer, 2016; Lin et al., 

2021). Another way to increase the bioavailability and water solubility of resveratrol for human 

intake is through its micro and nanoencapsulation in casein microparticles, as reported by Gani 

et al. (2022). For this encapsulation, resveratrol is dissolved with casein, phosphate buffer and 

95% ethanol, homogenized and ultrasonicated in periods of 5 min to avoid casein denaturation, 

ending with a lyophilization of the nanoparticles, which are then ready to be included in the 

formulation of food, pharmaceutical or cosmetic products (Arora and Jaglan, 2018; Gani et al., 

2022). Other less common derivative forms are the aminated/amidated/iminated forms, based on 
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reaction with an amine group, with enhanced antioxidant and neuroprotective properties, and the 

prenylated derivatives, obtained by the substitution of the hydroxy groups of the resveratrol 

molecule (Puksasook et al., 2017; Toume et al., 2015).  

Regarding resveratrol use on the market value-chain, it is mainly applied for the production of 

nutraceuticals, cosmetics, pharmaceuticals and for drug formulation. The rationale behind its 

prominent use in the aforementioned applications is based on its bioactive properties, which are 

beneficial for preventing cancer, liver diseases, arthritis, oxidative stress, age-related illnesses, 

and skin-related problems, among others (Sharifi-Rad et al., 2022). Besides, it could also be 

used to enhance the quality and productivity on the agricultural sector, and thus increasing the 

food quality, an important value chain for the bioeconomy, as it could degrade some bacteria 

found on the soil, on the rhizosphere, thus reducing the detrimental effects of the chemicals over 

the soil properties and nutrients balance (Kurt et al., 2018).  

Another important characteristic of resveratrol is that its properties do not alter with increasing 

storage time of the raw material used for its extraction. This has been the main conclusion 

reached when analyzing how the concentration of resveratrol varies in vine-related residues 

(such as shoots) or grapes stored after one, three, and six months, observing that not only its 

potential is maintained but increases (Cebrián et al., 2017). The rationale behind this fact could 

be explained given the influence of the environmental issues over the resveratrol content, 

mainly due to its polygenic trait (Guo et al., 2022). This fact also implies that even the same 

type of feedstock (e.g., vines or peanuts) could have a different content of resveratrol depending 

on the cultivated region or on the genotypes. For example, in the case of vines, the V. labrusca 

genotype has a much lower content in comparison to that of V. vinifera, and on peanuts, the 

variation in resveratrol composition could vary in the range of 125-1626 µg/kg of peanut, which 

is, indeed, a significant variance (Crăciun and Gutt, 2022).  

In order to provide the main applications of resveratrol, the following Table 1 is included:  

<Table 1 to be included here> 
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On the other hand, according to the available reports on resveratrol market insights, it is 

expected to achieve an annual growth between 6.2% and 8.4% until 2031 (Future Market 

Insights (a), 2023; Priya 2021). The last data about the market size on resveratrol dates to 2022, 

with an amount of $118.60 million, with a projection to reach $131.0 by 2030 (Future Market 

Insights (b), 2023; Priya 2021). Another important fact is that there will be a significant 

difference between production trends between synthetic and natural resveratrol, being the latter 

the one that is going to increase and penetrate better on the market, and also the one with the 

highest growth. With respect to the applications of resveratrol, the huge market value is going to 

be appreciated for nutraceuticals and pharmaceuticals production, while its use on cosmetics 

will be lower. Considering the global scope of resveratrol, is North America the region with the 

higher production market, followed by Europe (Priya, 2021).  

3. Sources for resveratrol extraction  

Various plants, including vegetables, fruits and nuts, are good examples of food products 

containing resveratrol in their composition. Resveratrol can be found in more than 70 plant 

species, highlighting its higher composition in grapes (92-1759 mg/g fresh weight), peanuts 

(around 0.08 µg/g), berries (0.007-5.88 µg/g), apples (400 mg/g), pistachio (0.09-1.67 µg/g) and 

cocoa (around 1.85 µg/g) (Bolling et al., 2010; Weiskirchen and Weiskirchen, 2016). It is 

important to mention that the amount of resveratrol available in these biological sources could 

vary depending on several factors. Factors that could significantly alter the bioavailability of 

resveratrol are the growing conditions of the plants and vegetables, the processing of the food in 

manufacturing facilities, and food cooking at home. 

Resveratrol has a reduced solubility in water, which affects its bioavailability, so its dissolution 

and absorption potential are low (Robinson et al., 2015). This implies that the main absorption 

occurs in the intestine and liver, where it is rapidly converted into primary metabolites (i.e., 

resveratrol sulfate and glucuronide) that are more easily excreted from the body, thus reducing 

the potential beneficial health effects (Pannu and Bhatnagar, 2019; Sergides et al., 2016). 
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Another important aspect affecting the availability of resveratrol is the source used for its 

production, together with the amount of added dose, interaction with other substances (e.g., 

pharmaceuticals) and interindividual variation among consumers (Liu 2022).  

To give an overview of the amount of resveratrol present in the most common vegetables and 

food products, as well as it methods for extraction and quantification, Table 2 is provided.  

<Table 2 to be included here> 

Regarding the extraction technologies used, good recovery yields are attained with different 

techniques as summarized in Table 3. These techniques will be detailed in the next section.  

<Table 3 to be included here> 

4. From resources to product: main extraction techniques 

There are several methods for obtaining resveratrol, considering its extraction from plants 

and/or food products with different bioprocessing or chemical reaction schemes. Both 

conventional methods, such as solvent extraction, or emerging technologies, such as 

supercritical, microwave-assisted or ultrasound-assisted extraction, could be used as efficient 

procedures. Each method has its advantages and disadvantages, and the selection of one or the 

other will vary depending on the quality required, the desired processing time, and/or the type of 

raw material or resource used. In this context, this section highlights the most used extraction 

methods, both conventional and emerging, for resveratrol recovery. 

4.1 Conventional methods 

Conventional extraction technologies have been used for resveratrol recovery from, for 

example, spruce bark. Diethyl ether was selected as the extraction solvent, with a solid-to-liquid 

ratio of 1:10, requiring an extraction time of 24 h. Then, as a subsequent step to purify 

resveratrol, a first washing step with 5% sodium bicarbonate, elution in dichloromethane and 

methanol for a first HPLC analysis, followed by re-elution in dichloromethane and ethyl acetate 

for reverse-phase column chromatography, is necessary. Following this extraction scheme, an 
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amount of 279.9 µg of resveratrol/g spruce bark is obtained, thus achieving a global resveratrol 

recovery of 84% (Piyaratne et al., 2022).  

Spruce species have also been used as feedstock for analyzing and identifying the best solvent 

to be used in the extraction of resveratrol compounds. This has been the main goal of Suprun et 

al. (2021) research, in which methanol, ethanol, ethyl acetate, acetone, hexane, and water were 

selected for resveratrol extraction (Suprun et al., 2021). Extraction temperatures, process time, 

and seasonal variation have also been evaluated, looking for the conditions that allow the 

highest possible extraction yield. The main results obtained showed that methanol is the most 

advisable solvent not only for resveratrol but also for other stilbene-based compounds (such as 

astringin, piceid, or piceatannol, among others). As for the operating conditions, 60 ºC is the 

optimum temperature for resveratrol extraction from spruce bark, considering an extraction time 

of 6 h. Finally, as regards seasonal variation, it has been observed that the concentration of the 

target compound on the raw material really varies according to the harvesting season, detecting 

that, for resveratrol, autumn harvesting is the most suitable, whereas, when evaluating all the 

stilbene compounds, summer is the most recommended (Suprun et al., 2021). 

4.2 Emerging methods 

Pressurized liquid extraction (PLE) has been used as an extraction method to recover the 

bioactive compounds available on grapevine shoots. Quercetin and resveratrol are the bio-

actives extracted in gross quantity, being its concentrations in the grapevine shoots of 10.6 mg/g 

and 1.9 mg/g, respectively (Serna-Loaiza et al., 2022). It should be mentioned that quercetin is 

available mostly in the leaves, while resveratrol is mostly present in the stem part of the 

grapevine shoots, thus both could be obtained separately. The best results of extraction 

correspond to the following conditions: 75ºC and 50 vol% of ethanol, 30 min, and a solid load 

of 1:11 w/w. Considering these conditions, the extraction yield of resveratrol amounts to 1.90 

mg/g dry matter of grapevine shoots, while for the case of quercetin the yield increases to 10.69 

mg/g (Serna-Loaiza et al., 2022). Furthermore, the highest antioxidant capacity is obtained, thus 

increasing the quality of resveratrol and quercetin. On the other hand, a liquid hot water 
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treatment could be applied to separate sulfur-free lignin from the cellulosic and hemicellulosic 

fractions of the grapevine shoots which could be used as a source of fermentable sugars, being a 

more efficient process scheme that valorizes completely the feedstock used  (Serna-Loaiza et 

al., 2022). 

Another emerging green extraction technology that is considered for the extraction of stilbenes, 

such as resveratrol, is subcritical water extraction (SWE), requiring processing temperatures 

between 100 ºC and 374 ºC. The main advantage of this extraction alternative is that water at 

high temperature and pressure, acquires a dielectric constant similar to that of organic solvents, 

thus being able to extract the resveratrol within the same yield as the one achieved by ethanol. 

Vine pruning residue has been shown to be a relevant resveratrol source (Jesus et al., 2019; 

2020). Galovic et al. (2022) have used SWE to extract trans-resveratrol from pruning waste of 

V. vinifera (vineyards) (Jesus et al., 2019), according to the following conditions: 200 ºC, 30 

bar, 18.27 min, addition of 1.55 of HCl, and a solid to liquid ratio of 1:10 g/mL (Galović et al., 

2022). Subsequently, a liquid extract was obtained with a flavonoid content of 2.91 g/100 g (dry 

weight, DW) and a phenolic content of 10.67 g/100 g (DW), with an amount of resveratrol 

extracted of 296.98 µg/100 mL of extract (Galović et al., 2022).  

Deep eutectic solvents have also been used as a green method for the extraction of resveratrol 

from different plant species, as Melinjo (Gnetum gnemon L.), a Gymnospermae with a 

promising composition of resveratrol. For the extraction, a NADES (natural deep eutectic 

solvent) has been prepared, for which various components are used: betaine:urea (1:11), 

betaine:lactic acid (1:1) and betaine:malic acid (1:1), 90ºC, 500 rpm and 90 min processing 

time. Afterward, the NADES is added to the Melinjo seed powder and ultrasound assisted 

extraction (UAE) is applied, with a solvent (water) to solid ratio of 1:10. Considering these 

aspects, the yield on resveratrol extraction amounts to 0.227 mg/g of powder, which is almost 

50% higher than using betaine-urea as extraction solvent and 70% when using betaine-malic 

acid, which demonstrates the effectiveness of using NADES for the extraction of resveratrol 

(Aryati et al., 2020). A similar extraction procedure has been developed by Wang et al. (2021), 
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but using Polygonum cuspidatum, a Polygonaceae plant species, and using hydrogen bond 

donors for the formulation of the NADES, using glycerol and choline chloride/oxalic acid in a 

molar ratio of 1:1 and 75 ºC. Afterward, NADES is mixed with P. cuspidatum powder in a ratio 

of 20 mg:1 mL and ultrasonicated for 80 min, prior to obtaining the final resveratrol product, 

within an extraction yield of 8.03 mg/g (Wang et al., 2021). Chen et al. (2018) combined 

NADES with UAE for the extraction of resveratrol from peanut roots. The NADES is 

formulated considering choline chloride and 1.4-butanediol in a ratio of 1:3 g:g, requiring 55 ºC, 

40 min and a solid to liquid ratio of 1:30 g:mL. The UAE procedure requires energy (40 kHz 

and 400 W) to achieve a resveratrol extraction yield of 38.91 mg of resveratrol per kg of peanut 

roots used (Chen et al., 2018). 

5. Resveratrol production 

5.1 Chemical synthesis 

The synthesis of resveratrol can be achieved following different reaction schemes (Tian and Liu, 

2020). The Heck-reaction is one the most widely used, consisting of a heterogeneous catalytic 

reaction in which a C-C cross-coupling is developed between a halide compound and an 

activated oleofin (Andrus et al., 2003; Klotter and Studer, 2014). Other common alternatives are 

the Perkin-reaction, characterized by the synthesis of unsaturated aromatic acids through the 

condensation of aromatic anhydrides and aldehydes (de Lima et al., 2009; Grau et al., 2023), 

and the Wittig-reaction, which comprises an oleofin production by the reaction between an 

aldehyde or a ketone with a primary or secondary alkyl halide (Chalal et al., 2012; Kang et al., 

2009). Several studies also recurred to the Horner-Wadsworth-Emmons reaction, an organic 

reaction based on the reaction of a carbanion phosphate and an aldehyde or ketone (Gester et al., 

2005; Khan et al., 2017). However, biosynthesis could be considered as an alternative more 

sustainable scheme. 

5.2 Microbial synthesis 

Another valuable option that has attracted increasing interest among researchers is the microbial 

production of resveratrol. This has advantages over microbial-mediated conversion mainly due 
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to the availability and cost of the resveratrol precursor. One example of such a process is the use 

of the bacteria Bacillus safensis to convert polydatin, a glucoside derivative of resveratrol, 

efficiently and rapidly to resveratrol, reaching a yield of 93.1% in 8 h and 37 ºC (Hu et al., 

2019). Regarding resveratrol production, Escherichia coli and Corynebacterium glutamicum 

are, among bacteria, two of the most widely used hosts (Hong et al., 2020; Braga et al., 2018), 

while Yarrowia lipolytica, Scheffersomyces stipitis, and Saccharomyces cerevisiae are the most 

reported yeasts (Costa et al., 2021, 2022b; Y Kobayashi et al., 2021). Some strategies to 

increase the yield on resveratrol encompass protein engineering and mutagenesis of the 

microorganisms, increasing the overall efficiency and feasibility of the resveratrol production 

process.  

5.2.1 Genetically modified strains 

Genetically engineered strains have been developed to enable the capacity of producing 

resveratrol. The first reports on the biotechnological production of resveratrol relied on the 

supply of the expensive precursor p-coumaric acid, which hindered the feasibility of the 

biotechnological production of resveratrol (Beekwilder et al., 2006). Since then, many 

developments were accomplished and, in the last decade, several studies on de novo resveratrol 

production from carbon sources were reported. The production of resveratrol from cheap and 

simple carbon sources, such as glucose or ethanol, by fed-batch fermentation has been proposed 

(100 h) and S. cerevisiae as a strain, achieving 415.65 mg/L of resveratrol from glucose and 

531.41 mg/L from ethanol, being 5.7 and 3.1-fold higher compared to batch cultivation (Li et 

al., 2015). In fact, resveratrol production by fed-batch fermentation strategies has often been 

explored. In another study using a recombinant strain of S. cerevisiae, an initial concentration of 

20 g/L glucose was used, with a subsequent feeding of 3 g/L/h, leading to a significant increase 

in resveratrol titers up to a final concentration of 4.1± 0.2 g/L (Meng et al., 2023). 

While most of the researchers focus on using glucose as a carbon source, given the extensive 

number of feedstocks that could be used as a source of fermentable sugars, other carbon sources 

have also been explored to produce resveratrol. Park et al. (2021) engineered an E. coli strain 
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with the ability to produce 80.4 mg/L of resveratrol using glycerol as a carbon source. S. stipitis, 

which is capable of naturally metabolizing various carbon sources, has been used to produce 

resveratrol from carbon sources such as glucose, fructose, galactose, xylose, maltose, and the 

disaccharides cellobiose and sucrose, reaching a maximum concentration of 668.6 mg/L from 

50 g/L of sucrose (Kobayashi et al., 2021). Costa et al. (2022a, 2022b) have reported the 

production of resveratrol from lactose and xylose using recombinant S. cerevisiae strains, 

achieving titers of 210 mg/L and 223.8 mg/L of resveratrol, respectively. A maximum titer of 

388 mg/L of resveratrol was achieved when combining xylose (10 g/L) and glucose (50 g/L) in 

batch fermentation. The authors reported the valorization of different agro-industrial residues 

such as cheese whey (source of lactose) or vine pruning residue hydrolysate (source of xylose 

and glucose) as substrates for resveratrol production (Costa et al., 2022a, 2022b; Kobayashi et 

al., 2021). 

5.2.2 Co-culture production processes 

Other authors have also developed co-culture processes in order to enhance resveratrol 

production. Yuan et al. (2020) have developed a co-culture of E. coli and S. cerevisiae, based on 

an upstream process in which E. coli can excrete p-coumaric acid for being used in the 

downstream module, in which S. cerevisiae is placed, with the function of converting p-

coumaric acid into resveratrol. In this strategy, both upstream and downstream modules are fed 

with glucose as a carbon source of fermentable sugars (Yuan et al., 2020). Considering this co-

culture, using an inoculation ratio of 1:1, 33.5ºC, and a process time of 72 h, the maximum 

amount of resveratrol obtained was 36 mg/L, representing a productivity of 0.25 mg/L/h. Hong 

et al. (2020) reported a co-culture strategy using glucose as carbon source (20 g/L) and a single 

type microorganism, dividing this metabolic pathway in two E. coli strains. This co-culture was 

able to produce 55.7 mg/L of resveratrol after 30 h (Hong et al., 2020). 

 

6. Examples of proposed biorefinery schemes 
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The increase on the demands of agroindustrial-based products have ended on an intense 

production of waste streams, that, if not properly managed at the end of the value chain, could 

entail significant effects over the sustainability of the value chains. In this context, the 

enhancement and penetration of integrated biorefineries could promote eco-friendly and 

economically profitable production chains (De Corato et al., 2018). Resveratrol could be part of 

this transition on the implementation of integrated biorefineries, given the possibility of 

extracting or bioproducing it from waste resources with high carbon (sugar) composition. To 

this end, some examples of valorization scenarios are presented in this section. It should be 

noted that the later scenarios only include the section necessary for the extraction of resveratrol, 

which is included as another stage of the production process, i.e., in the wine production 

process, the grape pomace stream is valorized for the recovery of resveratrol. The idea of this 

section is to give a broader view of how the integration of waste streams to resveratrol 

production could help in the development of cascade biorefinery approaches, thus promoting the 

integral use of available resources.  

6.1 Scenario I. Winery biorefinery 

The first stage of the winemaking process consists of destemming, in which the stems are 

removed from the grapes, thus being cataloged as the first waste stream obtained in the 

winemaking process with a significant concentration of resveratrol (0.08-5 mg/L) (Anastasiadi 

et al., 2012). This side stream could be considered as a potential bio-resource and two 

alternatives have been considered for providing an example of a biorefinery approach in the 

winery sector, depicted on Figure 1.  

One conventional extraction technique and one emerging technology has been proposed, 

concretely maceration and pressurized liquid extraction (PLE). Both alternatives require a pre-

treatment to dry the stems and reduce their size through a crushing stage, before passing 

thoroughly to the extraction stage. In the case of maceration, a solid/liquid ratio of 1:100 w/v is 

required, using ethanol at 50% as solvent. One of the main drawbacks in performing maceration 

is the extraction time required (24 h), somewhat decreasing the resveratrol productivity. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



15 

 

Considering these operation conditions, and a constant temperature of 40 ºC, the recovery of 

resveratrol amounts to 0.88 mg/g extract (Quero et al., 2021). In the case of opting for PLE, the 

solvent required is barely the same, considering in this case a ratio of 30% v/v. The main 

difference observed on the extraction conditions relies on the extraction time (only 10 min), and 

on the temperature, which is significantly higher (120 ºC). The amount of resveratrol obtained 

by the development of the PLE method is 227 mg/g of stalks (DW) going through the extraction 

reactor, thus being a potential valorization route for the residual stalks (Nieto et al., 2020). 

Grape skins and pips are another by-product obtained in the industrial production of wine, with 

120 kg of this waste stream being obtained per ton of grapes (Marqués et al., 2013; Rodrigues et 

al., 2022). Given this large amount of residual secondary flow produced, the recovery of the 

available bioactive compounds, such as resveratrol, could be considered as a viable and an 

appropriate strategy in search of a more sustainable wine production. In this regard, two main 

alternatives for resveratrol extraction have been included in Figure 1. 

One possible route for extracting the resveratrol from grape skin and seeds is through 

conventional extraction, using as solvent a mixture of methanol/HCl, requiring 30 min of 

process time, to be afterward centrifuged and filtered for further purification. Another 

alternative is an extraction procedure at high pressure, using as CO2 and ethanol as solvents, 

requiring 400 bar and 55 ºC. The main difference between both extraction technologies relies on 

the extraction yields and the concentration of resveratrol in the extract. While for the 

conventional extraction a yield of 0.9 mg resveratrol/100 g of dry sample and a concentration of 

8.82 mg resveratrol/g extracted is obtained, by using a high pressurization system the yield 

increases to 19.2 mg resveratrol/100 g of dry sample and the concentration to 5.97 mg 

resveratrol/g extracted, thus enable a more efficient production process to be further scaled-up 

(Casas et al., 2010).  

A similar result has been obtained by Monari et al. (2020), who also chose to compare a solvent 

extraction, in this case with ethanol, and a pressurized liquid extraction, with the latter showing 
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a higher extraction yield. Another more emerging technology is the supercritical water 

extraction, requiring firstly an air drying and grinding pretreatment of the seeds and grape skin. 

It consists of a high pressure and temperature extraction procedure, amounting to 1 MPa and 

152 ºC, respectively, with a solid-to-liquid ratio of 1:15 g/mL, requiring an extraction time of 25 

min. Bearing in mind these operation conditions, a total of 6.9 µg resveratrol/g extract was 

obtained, which is a lower quantity in comparison with the high pressure and temperature 

extraction method, though the process time is lower. Considering an analogous time for 

extraction, the total quantity of resveratrol that could be potentially extracted is 49.6 µg 

resveratrol/g (Tian et al., 2017).  

Finally, the third residual stream obtained is the result of the aging and wine stabilization stage, 

being known as the wine lees, concretely defined by the EEC regulation No. 337/79 as “residue 

formed at the bottom of wine containers after fermentation, during storage or after treatments, as 

well as the one obtained after filtration or centrifugation of wine”. The wine aging is the main 

stage of wine manufacturing responsible for the production of these residual streams and, in 

fact, this is a traditional technique that improves the quality of wines, as its lees are able to 

enhance the structure and color stability of the wine products (Jara-Palacios, 2019). Two 

strategies have been considered, the first one based on the extraction of resveratrol, and the 

second one based on the production of the resveratrol using a recombinant S. cerevisiae strain 

(Figure 1).  

Regarding the extraction procedure, the ultrasonic assisted extraction requires a pretreatment of 

the wine lees with ethanol 50% (v/v) and formic acid 1.55% (v/v) in order to enhance the 

productivity of the extraction stage and considering a solid to liquid ratio of 1:60 (w/v). 

Afterward, the pretreated wine lees undergo the extraction stage, requiring a ultrasonic power of 

400 W and an amplitude of  90%, for an extraction time of 25 min, to obtain a yield on 

resveratrol that amounts to 0.11 mg/g dry weight of wine lees (Dujmić et al., 2020). On the 

other hand, by considering a bioproduction process, sterilization and sonication of wine lees is 

required as pretreatment stage before introducing them into the fermenter. The concentration of 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



17 

 

yeast extract required for the fermentation process is 7.5 g/L, and the wine lees are dissolved in 

the fermentation media to achieve a concentration value of 50 % (v/v). After 96 h of 

fermentation time, the quantity of resveratrol obtained amounts to 263.9 mg/L, which could be 

considered as a potential alternative for resveratrol production, partly due to the avoidance of 

polluting solvents and the use of renewable biological resources for resveratrol production 

(Costa et al., 2022a). 

<Figure 1 to be included here> 

6.2 Scenario II. Peanut skin biorefinery 

Peanut skin is a by-product obtained from peanut processing, with a global average production 

of 46 million tons annually, and, for the moment, is a scarcely explored source of antioxidants 

of biological origin (Putra et al., 2023). Its commercialization in the market is not foreseen at 

the moment, given its high tannin content and low caloric level (Lorenzo et al., 2018). On the 

other hand, their high level of antioxidants and other bioactive compounds opens up a 

possibility for their valorization through recovery extraction processes (Sorita et al., 2020). One 

of the most commercialized products from peanuts, apart from its natural and roasted form, is 

peanut butter. For this section, a simple biorefinery flowchart is provided in the framework of 

integrating resveratrol recovery into the peanut butter processing line (Figure 2).  

Jin et al. (2020) have developed an extraction of resveratrol by the combination of ultrasound-

assisted surfactant extraction and microbial immobilization using cellulose. A combined 

consortium of yeast and Aspergillus sp., namely, Aspergillus oryzae and Aspergillus niger, has 

been considered the best microbial combination to enhance the recovery of resveratrol from 

peanut skin wastes. In order to immobilize the microbial cells, a cellulose gel was prepared 

using sterile cotton, water, NaOH and urea, requiring soaking for 2 h at -20 °C, to be 

subsequently sterilized for use in the extraction step. Additionally, it is also necessary to add a 

surfactant, as it helps to maintain the stability of the enzyme, thus helping to achieve a higher 

extraction yield. In this case, the use of Triton X-114 is the one preferred, with a concentration 
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of 3% (w/v), a nonionic surfactant, non-toxic and cheap, leading to an extraction yield of 96.58 

µg/g. Regarding the extraction conditions, a temperature of 30 ºC, an ultrasonic power of 250 

W, a ratio of 25:1 mL/g, and a process time of 36 h are the optimal conditions for achieving the 

highest amount of resveratrol (96.58 µg/g), which is 4-fold higher when compared to a 

traditional extraction method (Jin et al., 2020).  

Syahdi et al. (2019) have used NADES in combination with ultrasound-assisted extraction 

(UAE) or microwave-assisted extraction (MAE) to obtain resveratrol, in order to compare the 

yields obtained with a conventional extraction technique, such as maceration, which requires a 

larger amount of solvent and a longer extraction time (Syahdi et al., 2020). Regarding the model 

of extraction used, the MAE requires the addition of 70% ethanol as solvent, a processing time 

of 12 h at 23ºC, and a microwave power that amounts to 270 W. In the case of UAE, the 

NADES is prepared using choline chloride and oxalic acid, in a molar ratio of 1:1, as it is the 

combination that promotes the higher resveratrol extraction, and is used as the solvent for UAE, 

considering a solid to NADES ratio of 1:20 (g:mL) and 15 min of process time. By assessing 

those alternatives, the use of UAE combined with NADES is the one achieving a higher 

extraction of resveratrol of 0.049 mg/g dry weight (0.011 mg/g DW), but when compared to the 

conventional extraction method by maceration, the yield is significantly lower, reaching a total 

of 0.221 mg/g (DW). However, taking into account that maceration requires an extraction time 

of 24 h, the total amount of resveratrol produced amounts to 4.70 mg, being thus significantly 

higher (Syahdi et al., 2020). Therefore, it can be concluded that UAE-NADES is an efficient 

and more sustainable technology for the recovery of resveratrol from peanut skin waste and is a 

potential alternative to be integrated in a biorefinery.  

<Figure 2 to be included here> 

6.3 Scenario III. Wood bark biorefinery 

The commercialization and production of wood-based products, such as wood panels or 

furniture, has increased intensively in the last decades (Arias et al., 2022). The main residual 
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stream obtained from the production process is the bark, as debarking is one of the first stages 

required for wood-based panels and related wood products, including the pulp and paper 

industries. In this regard, it is estimated that millions of cubic meters of bark are annually 

managed as residues (Gomes et al., 2021). The valorization strategies of these waste streams are 

usually based on energy production, through their combustion, but prior to this end-of-life 

management strategy, the extraction of the valuable compounds could be considered in the 

arena of circular economy (Andersone et al., 2018). Given its composition on resveratrol, wood 

bark could be considered as a potential bio-based resource for the development of an integrated 

biorefinery producing resveratrol as a side-product (Figure 3). In addition, this extraction could 

be integrated with the simultaneous valorization of the remaining bark to biofuels (Romaní et 

al., 2019). 

Regarding the extraction alternatives for resveratrol recovery, Ferreira-Santos et al. (2020) have 

considered developing a conventional solid-to-liquid extraction to extract the phenolic 

compounds available in the bark, including resveratrol (Ferreira-Santos et al., 2020). The 

extraction conditions require 115 min of process time, 82 ºC and with a solid-to-liquid ratio of 

0.15 g/mL, using ethanol 70% (v/v) as solvent, thus obtaining a concentration of resveratrol that 

amounts to 18.9 mg/L (Ferreira-Santos et al., 2020). Jyske et al. (2022) have reported the 

extraction of resveratrol from spruce bark by developing a conventional hot extraction method, 

based on using a solution of acetone:water 95:5 (v/v) as solvent, with a concentration of 0.2 

mg/L, in an ultrasonic batch for 30 min, thus obtaining a concentration of resveratrol that 

amounts to 22 mg/g of dry weight (Jyske et al., 2022).  

Another possible alternative is considering an ultrasonic bath extraction (100 W), using as 

solvent ethyl acetate in a solid-to-liquid ratio of 1:10 g/mL for an extraction period of 20 min 

and 27 ºC. Considering all these conditions, a total recovery of 22 mg resveratrol/g of extract 

could be obtained (Pinheiro et al., 2022). 

<Figure 3 to be included here> 
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7. How could resveratrol production support sustainable development and circular 

economy? 

The extraction and production of resveratrol could certainly help and contribute to more circular 

and sustainable production schemes, by reducing waste, thus minimizing environmental 

impacts, improving recovery strategies, and thus promoting resource efficiency, by improving 

the use of alternative technologies and process schemes for its formulation or extraction, and 

also by its use in consumers' daily lives, thus endorsing the consumption of natural and 

sustainable products (Sirohi et al., 2020). Some examples of how resveratrol could be embedded 

in more sustainable and circular practices are described and discussed below: 

(1) The antimicrobial properties of resveratrol could be useful for the development of 

biodegradable active packaging for preserving food and beverages, thus extending the 

shelf life of products by avoiding the use of synthetic preservatives, that has been 

demonstrated that could vary the organoleptic properties of the food products and thus 

reducing its quality. In this regard, a double benefit could be obtained, firstly given the 

promotion of a natural-based preservation agent and, secondly, avoidance of the use of 

plastic packaging that entails significant environmental and waste management 

problematic issues.  

There are different methods to incorporate resveratrol into a biodegradable packaging. 

In the research report developed by Huang et al. (2021), a low methoxyl pectin 

composite films were activated by incorporating resveratrol in a fish gelatin, previously 

dissolved by using ethanol, with a composition of 0.05% (w/v) to be afterward used for 

fatty food packaging. The results obtained show that the composite film composition is 

adequate to favor the resveratrol release for the preservation of the packaged food and 

its encapsulation on the fish gelatin facilitates its slow release from the films, thus 

favoring an increase on the shelf life of the food being stored (Huang et al., 2021). 

Another strategy has been developed by Busolo and Lagaron (2015), through the 

development of an active low-density polyethylene composite in which the resveratrol 
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is immobilized in a polymeric matrix, with the ability to migrate from the film to the 

stored food in a level of 0.01 mg/kg. 

Apart from polyethylene-based films, also polypropylene packaging has been used to 

incorporate resveratrol. Glaser et al. (2019) incorporated resveratrol in chitosan 

nanoparticles, providing a reduction of 90% in the proliferation of Staphylococcus 

aureus and of 77% in E. coli in comparison to the inactive packaging films, and also an 

increase over 10-fold on the antioxidant activity of the stored food was obtained, thus 

increasing its quality and health functions (Glaser et al., 2019). Chitosan nanoparticles 

have also been used by Abdalbeygi and Aminzare (2022) to evaluate how integrating 

resveratrol could be beneficial for chicken meat packaging films, achieving also better 

results in comparison to a common food packaging, in both antioxidant, preservative, 

and microbial quality. 

(2) Since most resveratrol is obtained from agricultural and forestry residues, such as 

prunings, bark, peanut shells, and grape pomace, among others, its recovery leads to a 

more efficient waste management and the promotion of sustainable agricultural 

practices, reducing waste and maximizing the use of resources (Aliaño-González et al., 

2022; Martins et al., 2023; Michalaki et al., 2022; Mir-Cerdà et al., 2023).  

(3) In the scope of farming activities, resveratrol could be used as an antioxidant and anti-

inflammatory natural product for animal feeding. In this sense, a more sustainable 

livestock farming is also achieved, since the use of synthetically produced antibiotics is 

avoided in order to preserve the health of livestock (Alagawany et al., 2015; Yeung et 

al., 2019).  

(4) The presence of resveratrol not only promotes soil health and avoids the extensive use 

of chemical and synthetic fertilizers, but also reduces irrigation needs by reducing water 

losses in the soil (Rätsep et al., 2021). Santos-Wagner et al. (2022) has demonstrated 

that the use of resveratrol as natural crop protector and growth promoter is beneficial for 

the stimulation of vegetables growth, as lettuce, as it aids to increase the photosynthesis 

efficiency and the content on some metabolites (as galactose, nucleotides, amino acids, 
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etc.) that contribute to diminish the presence of free radicals, thus reducing the 

oxidative damage and promoting a more efficient rate of growth (Santos-Wagner et al., 

2022).  

(5) The production or extraction of resveratrol from natural resources promotes the 

reduction of dependence on synthetic products, its bioactive properties are suitable for 

use in the development of health supplements and everyday products that could 

contribute to the reduction of health costs, environmental burdens and improved well-

being (De Luca et al., 2022; Pereira et al., 2022).  

 

8. Main conclusions and future challenges 

Although resveratrol production and extraction routes from bio-based resources and waste 

streams appear promising, it is important to evaluate them from a critical point of view, 

including sensitivity analyses around environmental and techno-economic variables. So far, no 

life cycle assessment (LCA) or techno-economic assessment (TEA) are available in the 

literature to evaluate the full-scale potential of resveratrol production processes, which would be 

essential to deciding on one extraction methodology or another (for example, the emerging 

technologies of microwave or ultrasound-assisted extraction allow for a higher resveratrol 

recovery. However, these technologies are highly energy-demanding, which may represent an 

important environmental contribution, as well as a significant contribution to the economic costs 

and profitability of the process when compared to other more conventional methods such as 

solvent extraction). Therefore, this gap in the lack of sustainable-related assessment could be 

identified as a future challenge for this research field.  

The overall conclusion of the review article can be summarized in the potential of resveratrol to 

be incorporated into the market value chain, given its widely demonstrated bioactive properties 

with high applicability in the food, pharmaceutical and cosmetic sectors. However, a bio-based 

production route should be sought, using organic waste streams, beyond its synthesis by 

chemical methods, as this would promote more sustainable and circular production models.  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



23 

 

CRediT authorship contribution statement 

A.A.: Methodology, Formal analysis, Investigation, Writing-original draft, Writing-review & 

editing. CE.C: Formal analysis, Investigation, Supervision, Writing-review & editing. MT.M: 

Supervision, Writing-review & edition. G.F.: Supervision, Writing-review & edition. L.D.: 

Conceptualization, Validation, Supervision, Writing-review & editing.  

Declaration of Competing Interest 

The authors declare that they have no known competing financial interest or personal 

relationships that could have appeared to influence the work reported in this paper. 

Acknowledgements  

This study was supported by the Portuguese Foundation for Science and Technology (FCT, 

Portugal) under the scope of the strategic funding of UIDB/04469/2020 and ESSEntial project 

(PTDC/BII-BTI/1858/2021). A. Arias, G. Feijoo and MT Moreira authors belong to the 

Galician Competitive Research Group (GRC ED431C 2017/29) and to the Cross-disciplinary 

Research in Environmental Technologies (CRETUS Research Center, ED431E 2018/01). A. 

Arias would also like to express her gratitude to the IACOBUS programme for the fellowship 

provided for the development of one-month research stay at the University of Minho.  

 

References 

Abdalbeygi, S., Aminzare, M., Hassanzad Azar, H., 2022. Chitosan edible coating incorporated with 

resveratrol and Satureja bachtiarica essential oil as natural active packaging: In vitro antibacterial 

and antioxidant properties, and its impact on the shelf life of fresh chicken fillet and growth of 

inoculated Escherichia coli O157:H7. Int. J. Food Eng. 18. https://doi.org/10.1515/ijfe-2022-0138 

Abo-Kadoum, M.A., Abouelela, M.E., Al Mousa, A.A., Abo-Dahab, N.F., Mosa, M.A., Helmy, Y.A., 

Hassane, A.M.A., 2022. Resveratrol biosynthesis, optimization, induction, bio-transformation and 

bio-degradation in mycoendophytes. Front. Microbiol. 13. 

https://doi.org/10.3389/fmicb.2022.1010332 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



24 

 

Alagawany, M.M., Farag, M.R., Dhama, K., Abd El-Hack, M.E., Tiwari, R., Alam, G.M., 2015. 

Mechanisms and beneficial applications of resveratrol as feed additive in animal and poultry 

nutrition: A review. Int. J. Pharmacol. 11, 213–221. https://doi.org/10.3923/IJP.2015.213.221 

Aliaño-González, M.J., Gabaston, J., Ortiz-Somovilla, V., Cantos-Villar, E., 2022. Wood Waste from 

Fruit Trees: Biomolecules and Their Applications in Agri-Food Industry. Biomolecules 12. 

https://doi.org/10.3390/biom12020238 

Anastasiadi, M., Pratsinis, H., Kletsas, D., Skaltsounis, A.L., Haroutounian, S.A., 2012. Grape stem 

extracts: Polyphenolic content and assessment of their in vitro antioxidant properties. LWT - Food 

Sci. Technol. 48, 316–322. https://doi.org/10.1016/J.LWT.2012.04.006 

Andersone, A., Arshanitsa, A., Solodovniks, V., Kampars, V., 2018. Pelletizing of bark residue resulting 

from debarking of softwood trees. Key Eng. Mater. 762, 115–120. 

https://doi.org/10.4028/WWW.SCIENTIFIC.NET/KEM.762.115 

Andrus, M.B., Liu, J., Meredith, E.L., Nartey, E., 2003. Synthesis of resveratrol using a direct 

decarbonylative Heck approach from resorcylic acid. Tetrahedron Lett. 44, 4819–4822. 

https://doi.org/10.1016/S0040-4039(03)01131-6 

Arbo, B.D., André-Miral, C., Nasre-Nasser, R.G., Schimith, L.E., Santos, M.G., Costa-Silva, D., 

Muccillo-Baisch, A.L., Hort, M.A., 2020. Resveratrol Derivatives as Potential Treatments for 

Alzheimer’s and Parkinson’s Disease. Front. Aging Neurosci. 12, 103. 

https://doi.org/10.3389/FNAGI.2020.00103/BIBTEX 

Aresta, A., Cotugno, P., Massari, F., Zambonin, C., 2018. Determination of Trans-resveratrol in Wines, 

Spirits, and Grape Juices Using Solid-Phase Micro Extraction Coupled to Liquid Chromatography 

with UV Diode-Array Detection. Food Anal. Methods 11, 426–431. 

https://doi.org/10.1007/S12161-017-1013-0 

Arias, A., González-García, S., Feijoo, G., Moreira, M.T., 2022. Tannin-based bio-adhesives for the wood 

panel industry as sustainable alternatives to petrochemical resins. J. Ind. Ecol. 26, 627–642. 

https://doi.org/10.1111/JIEC.13210 

Arora, D., Jaglan, S., 2018. Therapeutic applications of resveratrol nanoformulations. Environ. Chem. 

Lett. 16, 35–41. https://doi.org/10.1007/S10311-017-0660-0/TABLES/1 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



25 

 

Aryati, W.D., Azka, K.M., Mun’im, A., 2020. Ultrasonic-assisted extraction using a betaine-based natural 

solvent for resveratrol extraction from melinjo (Gnetum Gnemon) seeds. Int. J. Appl. Pharm. 12, 

26–31. https://doi.org/10.22159/IJAP.2020.V12S1.FF001 

Becker, J.V.W., Armstrong, G.O., Van Der Merwe, M.J., Lambrechts, M.G., Vivier, M.A., Pretorius, I.S., 

2003. Metabolic engineering of Saccharomyces cerevisiae for the synthesis of the wine-related 

antioxidant resveratrol. FEMS Yeast Res. 4, 79–85. https://doi.org/10.1016/S1567-1356(03)00157-

0 

Beekwilder, J., Wolswinkel, R., Jonker, H., Hall, R., De Rie Vos, C.H., Bovy, A., 2006. Production of 

resveratrol in recombinant microorganisms. Appl. Environ. Microbiol. 72, 5670–5672. 

https://doi.org/10.1128/AEM.00609-06/ASSET/EB3E5114-78F5-4107-8146-

D696D0568A63/ASSETS/GRAPHIC/ZAM0080670390004.JPEG 

Bolling, B.W., McKay, D.L., Blumberg, J.B., 2010. The phytochemical composition and antioxidant 

actions of tree nuts. Asia Pac. J. Clin. Nutr. 19, 117. 

Brasnyó, P., Molnár, G.A., Mohás, M., Markó, L., Laczy, B., Cseh, J., Mikolás, E., Szijártó, I.A., Mérei, 

Á., Halmai, R., Mészáros, L.G., Sümegi, B., Wittmann, I., 2011. Resveratrol improves insulin 

sensitivity, reduces oxidative stress and activates the Akt pathway in type 2 diabetic patients. Br. J. 

Nutr. 106. https://doi.org/10.1017/S0007114511000316 

Busolo, M.A., Lagaron, J.M., 2015. Antioxidant polyethylene films based on a resveratrol containing 

Clay of Interest in Food Packaging Applications. Food Packag. Shelf Life 6, 30–41. 

https://doi.org/10.1016/J.FPSL.2015.08.004 

Căpruciu, R., Doloris CICHI, D., Cristian MĂRĂCINEANU, L., 2022. The resveratrol content in black 

grapes skins at different development stages. Sci. Pap. LXVI. 

Casas, L., Mantell, C., Rodríguez, M., Ossa, E.J.M. de la, Roldán, A., Ory, I. De, Caro, I., Blandino, A., 

2010. Extraction of resveratrol from the pomace of Palomino fino grapes by supercritical carbon 

dioxide. J. Food Eng. 96, 304–308. https://doi.org/10.1016/J.JFOODENG.2009.08.002 

Castaldo, L., Narváez, A., Izzo, L., Graziani, G., Gaspari, A., Minno, G. Di, Ritieni, A., 2019. Red wine 

consumption and cardiovascular health. Molecules. https://doi.org/10.3390/molecules24193626 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



26 

 

Cebrián, C., Sánchez-Gómez, R., Salinas, M.R., Alonso, G.L., Zalacain, A., 2017. Effect of post-pruning 

vine-shoots storage on the evolution of high-value compounds. Ind. Crops Prod. 109, 730–736. 

https://doi.org/10.1016/J.INDCROP.2017.09.037 

Chalal, M., Vervandier-Fasseur, D., Meunier, P., Cattey, H., Hierso, J.C., 2012. Syntheses of 

polyfunctionalized resveratrol derivatives using Wittig and Heck protocols. Tetrahedron 68, 3899–

3907. https://doi.org/10.1016/J.TET.2012.03.025 

Chen, J., Jiang, X., Yang, G., Bi, Y., Liu, W., 2018. Green and Efficient Extraction of Resveratrol from 

Peanut Roots Using Deep Eutectic Solvents. J. Chem. 2018. https://doi.org/10.1155/2018/4091930 

Cole, L., Kramer, P.R., 2016. Macronutrients. Hum. Physiol. Biochem. Basic Med. 157–164. 

https://doi.org/10.1016/B978-0-12-803699-0.00005-0 

Costa, C.E., Møller-Hansen, I., Romaní, A., Teixeira, J.A., Borodina, I., Domingues, L., 2021. 

Resveratrol Production from Hydrothermally Pretreated Eucalyptus Wood Using Recombinant 

Industrial Saccharomyces cerevisiae Strains. ACS Synth. Biol. 10, 1895–1903. 

https://doi.org/10.1021/ACSSYNBIO.1C00120 

Costa, C.E., Romaní, A., Møller-Hansen, I., Teixeira, J.A., Borodina, I., Domingues, L., 2022a. 

Valorisation of wine wastes by de novo biosynthesis of resveratrol using a recombinant xylose-

consuming industrial Saccharomyces cerevisiae strain. Green Chem. 24, 9128–9142. 

https://doi.org/10.1039/D2GC02429B 

Costa, C.E., Romaní, A., Teixeira, J.A., Domingues, L., 2022b. Resveratrol production for the 

valorisation of lactose-rich wastes by engineered industrial Saccharomyces cerevisiae. Bioresour. 

Technol. 359, 127463. https://doi.org/10.1016/J.BIORTECH.2022.127463 

Counet, C., Callemien, D., Collin, S., 2006. Chocolate and cocoa: New sources of trans-resveratrol and 

trans-piceid. Food Chem. 98, 649–657. https://doi.org/10.1016/J.FOODCHEM.2005.06.030 

Crăciun, A.L., Gutt, G., 2022. Study on Kinetics of Trans-Resveratrol, Total Phenolic Content, and 

Antioxidant Activity Increase in Vine Waste during Post-Pruning Storage. Appl. Sci. 12. 

https://doi.org/10.3390/app12031450 

de Lima, D.P., Rotta, R., Beatriz, A., Marques, M.R., Montenegro, R.C., Vasconcellos, M.C., Pessoa, C., 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



27 

 

de Moraes, M.O., Costa-Lotufo, L. V., Frankland Sawaya, A.C.H., Eberlin, M.N., 2009. Synthesis 

and biological evaluation of cytotoxic properties of stilbene-based resveratrol analogs. Eur. J. Med. 

Chem. 44, 701–707. https://doi.org/10.1016/J.EJMECH.2008.05.003 

De Luca, I., Di Cristo, F., Valentino, A., Peluso, G., Di Salle, A., Calarco, A., 2022. Food-Derived 

Bioactive Molecules from Mediterranean Diet: Nanotechnological Approaches and Waste 

Valorization as Strategies to Improve Human Wellness. Polymers (Basel). 14. 

https://doi.org/10.3390/POLYM14091726 

Donnez, D., Jeandet, P., Clément, C., Courot, E., 2009. Bioproduction of resveratrol and stilbene 

derivatives by plant cells and microorganisms. Trends Biotechnol. 27, 706–713. 

https://doi.org/10.1016/J.TIBTECH.2009.09.005 

Dujmić, F., Ganić, K.K., Ćurić, D., Karlović, S., Bosiljkov, T., Ježek, D., Vidrih, R., Hribar, J., Zlatić, E., 

Prusina, T., Khubber, S., Barba, F.J., Brnčić, M., 2020. Non-Thermal Ultrasonic Extraction of 

Polyphenolic Compounds from Red Wine Lees. Foods 2020, Vol. 9, Page 472 9, 472. 

https://doi.org/10.3390/FOODS9040472 

Ewald, P., Delker, U., Winterhalter, P., 2017. Quantification of stilbenoids in grapevine canes and grape 

cluster stems with a focus on long-term storage effects on stilbenoid concentration in grapevine 

canes. Food Res. Int. 100, 326–331. https://doi.org/10.1016/J.FOODRES.2017.08.003 

Fraga, C. G., Croft, K. D., Kennedy, D. O., & Tomás-Barberán, F. A. (2019). The effects of polyphenols 

and other bioactives on human health. Food & Function, 10(2), 514–528. 

https://doi.org/10.1039/C8FO01997E 

Ferreira-Santos, P., Genisheva, Z., Botelho, C., Santos, J., Ramos, C., Teixeira, J.A., Rocha, C.M.R., 

2020. Unravelling the Biological Potential of Pinus pinaster Bark Extracts. Antioxidants 9. 

https://doi.org/10.3390/ANTIOX9040334 

Gani, Asir, Noor, N., Gani, Adil, Joseph-Leenose-Helen, J., Shah, A., Ashraf, Z. ul, 2022. Extraction of 

protein from churpi of yak milk origin: Size reduction, nutraceutical potential and as a wall material 

for resveratrol. Food Biosci. 46, 101612. https://doi.org/10.1016/J.FBIO.2022.101612 

Genovese, A., Basile, B., Lamorte, S.A., Lisanti, M.T., Corrado, G., Lecce, L., Strollo, D., Moio, L., 

Gambuti, A., 2021. Influence of berry ripening stages over phenolics and volatile compounds in 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



28 

 

aged aglianicowine. Horticulturae 7. https://doi.org/10.3390/horticulturae7070184 

Gester, S., Wuest, F., Pawelke, B., Bergmann, R., Pietzsch, J., 2005. Synthesis and biodistribution of an 

18F-labelled resveratrol derivative for small animal positron emission tomography. Amino Acids 

29, 415–428. https://doi.org/10.1007/S00726-005-0205-X 

Glaser, T.K., Plohl, O., Vesel, A., Ajdnik, U., Ulrih, N.P., Hrnčič, M.K., Bren, U., Zemljič, L.F., 2019. 

Functionalization of polyethylene (PE) and polypropylene (PP) material using chitosan 

nanoparticles with incorporated resveratrol as potential active packaging. Materials (Basel). 12. 

https://doi.org/10.3390/ma12132118 

Gomes, D.G., Michelin, M., Romaní, A., Domingues, L., Teixeira, J.A., 2021. Co-production of biofuels 

and value-added compounds from industrial Eucalyptus globulus bark residues using hydrothermal 

treatment. Fuel 285, 119265. https://doi.org/10.1016/J.FUEL.2020.119265 

Grau, L., Soucek, R., Pujol, M.D., 2023. Resveratrol derivatives: Synthesis and their biological activities. 

Eur. J. Med. Chem. 246, 114962. https://doi.org/10.1016/J.EJMECH.2022.114962 

Gu, Y., Ma, J., Zhu, Y., Ding, X., Xu, P., 2020. Engineering Yarrowia lipolytica as a Chassis for de Novo 

Synthesis of Five Aromatic-Derived Natural Products and Chemicals. ACS Synth. Biol. 9, 2096–

2106. https://doi.org/10.1021/acssynbio.0c00185 

Gugleva, V., Zasheva, S., Hristova, M., Andonova, V., 2020. Topical use of resveratrol: technological 

aspects. Pharm. 67(2) 89-94 67, 89–94. https://doi.org/10.3897/PHARMACIA.67.E48472 

Guler, A., Candemir, A., Ozaltin, K.E., Asiklar, F.B., Saygac, S., 2022. Determination of Biochemical 

Characteristics, Antioxidant Activities, and Individual Phenolic Compounds of 13 Native Turkish 

Grape Juices. Erwerbs-Obstbau 64. https://doi.org/10.1007/s10341-022-00681-y 

Guo, J., Chen, H., Liu, N., Chen, W., Zhou, X., Luo, H., Huang, L., Li, W., Wu, B., Huai, D., Lei, Y., 

Liao, B., Jiang, H., 2022. Identification and validation of a major locus with linked marker for 

resveratrol content in culitivated peanut. Euphytica 218. https://doi.org/10.1007/s10681-022-02969-

2 

Hong, J., Im, D.K., Oh, M.K., 2020. Investigating E. coli Coculture for Resveratrol Production with 13C 

Metabolic Flux Analysis. J. Agric. Food Chem. 68. https://doi.org/10.1021/acs.jafc.9b07628 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



29 

 

Houillé, B., Besseau, S., Courdavault, V., Oudin, A., Glévarec, G., Delanoue, G., Guérin, L., Simkin, 

A.J., Papon, N., Clastre, M., Giglioli-Guivarch, N., Lanoue, A., 2015. Biosynthetic origin of e -

resveratrol accumulation in grape canes during postharvest storage. J. Agric. Food Chem. 63, 1631–

1638. https://doi.org/10.1021/JF505316A 

Huang, S., Tu, Z., Sha, X., Hu, Y., Chen, N., Wang, H., 2021. Fabrication and performance evaluation of 

pectin–fish gelatin–resveratrol preservative films. Food Chem. 361. 

https://doi.org/10.1016/J.FOODCHEM.2021.129832 

Hurst, W.J., Glinski, J.A., Miller, K.B., Apgar, J., Davey, M.H., Stuart, D.A., 2008. Survey of the trans-

resveratrol and trans-piceid content of cocoa-containing and chocolate products. J. Agric. Food 

Chem. 56, 8374–8378. https://doi.org/10.1021/JF801297W 

Hurst, W.J., Miller, K.B., Stuart, D.A., 2009. Cocoa ingredient having enhanced levels of natural stilbene 

compounds useful for enhancing the level of resveratrol present in a food product e.g. chocolate 

product or chocolate-flavored product. US2008268097-A1. 

Igielska-Kalwat, J., Firlej, M., Lewandowska, A., Biedziak, B., 2019. In vivo studies of resveratrol 

contained in cosmetic emulsions. Acta Biochim. Pol. 66, 371–374. 

https://doi.org/10.18388/ABP.2019_2838 

Jara-Palacios, M.J., 2019. Wine Lees as a Source of Antioxidant Compounds. Antioxidants 8. 

https://doi.org/10.3390/ANTIOX8020045 

Jeandet, P., Clément, C., Tisserant, L.P., Crouzet, J., Courot, É., 2016. Utilisation de cultures cellulaires 

de vigne pour la production de phytostilbènes d’intérêt cosmétique. Comptes Rendus Chim. 19, 

1062–1070. https://doi.org/10.1016/J.CRCI.2016.02.013 

Jesus, M.S., Ballesteros, L.F., Pereira, R.N., Genisheva, Z., Carvalho, A.C., Pereira-Wilson, C., Teixeira, 

J.A., Domingues, L., 2020. Ohmic heating polyphenolic extracts from vine pruning residue with 

enhanced biological activity. Food Chem. 316, 126298. 

https://doi.org/https://doi.org/10.1016/j.foodchem.2020.126298 

Jesus, M.S., Genisheva, Z., Romaní, A., Pereira, R.N., Teixeira, J.A., Domingues, L., 2019. Bioactive 

compounds recovery optimization from vine pruning residues using conventional heating and 

microwave-assisted extraction methods. Ind. Crops Prod. 132, 99–110. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



30 

 

https://doi.org/https://doi.org/10.1016/j.indcrop.2019.01.070 

Jin, S., Gao, M., Kong, W., Yang, Bingyou, Kuang, H., Yang, Bo, Fu, Y., Cheng, Y., Li, H., 2020. 

Enhanced and sustainable pretreatment for bioconversion and extraction of resveratrol from peanut 

skin using ultrasound-assisted surfactant aqueous system with microbial consortia immobilized on 

cellulose. 3 Biotech 10, 1–9. https://doi.org/10.1007/S13205-020-02287-1/FIGURES/6 

Jovanović Galović, A., Jovanović Lješković, N., Vidović, S., Vladić, J., Jojić, N., Ilić, M., Srdić Rajić, T., 

Kojić, V., Jakimov, D., 2022. The Effects of Resveratrol-Rich Extracts of Vitis vinifera Pruning 

Waste on HeLa, MCF-7 and MRC-5 Cells: Apoptosis, Autophagia and Necrosis Interplay. 

Pharmaceutics 14. https://doi.org/10.3390/pharmaceutics14102017 

Jyske, T., Brännström, H., Halmemies, E., Laakso, T., Kilpeläinen, P., Hyvönen, J., Kärkkäinen, K., 

Saranpää, P., 2022. Stilbenoids of Norway spruce bark: does the variability caused by raw-material 

processing offset the biological variability? Biomass Convers. Biorefinery. 

https://doi.org/10.1007/s13399-022-02624-9 

Kang, S.S., Cuendet, M., Endringer, D.C., Croy, V.L., Pezzuto, J.M., Lipton, M.A., 2009. Synthesis and 

biological evaluation of a library of resveratrol analogues as inhibitors of COX-1, COX-2 and NF-

κB. Bioorg. Med. Chem. 17, 1044–1054. https://doi.org/10.1016/J.BMC.2008.04.031 

Kaur, A., Tiwari, R., Tiwari, G., Ramachandran, V., 2022. Resveratrol: A Vital Therapeutic Agent with 

Multiple Health Benefits. Drug Res. (Stuttg). 72, 5–17. https://doi.org/10.1055/A-1555-2919 

Khan, Z.A., Iqbal, A., Shahzad, S.A., 2017. Synthetic approaches toward stilbenes and their related 

structures. Mol. Divers. 21, 483. https://doi.org/10.1007/S11030-017-9736-9 

Kim, T.E., Pyee, J.H., Cho, Y.J., 2020. Effect of Ultraviolet irradiation on the stilbenoid content of 

blueberry leaves. J. Food Process Eng. 43. https://doi.org/10.1111/jfpe.13546 

Klotter, F., Studer, A., 2014. Total synthesis of resveratrol-based natural products using a palladium-

catalyzed decarboxylative arylation and an oxidative Heck reaction. Angew. Chem. Int. Ed. Engl. 

53, 2473–2476. https://doi.org/10.1002/ANIE.201310676 

Kobayashi, Y, Inokuma, K., Matsuda, M., Kondo, A., Hasunuma, T., 2021. Resveratrol production from 

several types of saccharide sources by a recombinant Scheffersomyces stipitis strain. Metab. Eng. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



31 

 

Commun. 13. https://doi.org/10.1016/j.mec.2021.e00188 

Kobayashi, Y., Teah, H.Y., Hanada, N., 2021. Environmentally friendly chemical synthesis of 

intermetallic iron aluminide submicrometer particles. J. Clean. Prod. 316. 

https://doi.org/10.1016/j.jclepro.2021.128264 

Lee, S.Y., Lee, S.J., Yim, D.G., Hur, S.J., 2020. Changes in the Content and Bioavailability of Onion 

Quercetin and Grape Resveratrol During In Vitro Human Digestion. Foods 2020, Vol. 9, Page 694 

9, 694. https://doi.org/10.3390/FOODS9060694 

Li, M., Kildegaard, K.R., Chen, Y., Rodriguez, A., Borodina, I., Nielsen, J., 2015. De novo production of 

resveratrol from glucose or ethanol by engineered Saccharomyces cerevisiae. Metab. Eng. 32, 1–11. 

https://doi.org/10.1016/J.YMBEN.2015.08.007 

Li, T., Guo, Q., Qu, Y., Li, Y., Liu, H., Liu, L., Zhang, Y., Jiang, Y., Wang, Q., 2022. Solubility and 

physicochemical properties of resveratrol in peanut oil. Food Chem. 368. 

https://doi.org/10.1016/j.foodchem.2021.130687 

Lin, M.-H., Hung, C.-F., Sung, H.-C., Yang, S.-C., Yu, H.-P., Fang, J.-Y., 2021. The Bioactivities of 

Resveratrol and Its Naturally Occurring Derivatives on Skin. J. Food Drug Anal. 29. 

https://doi.org/10.38212/2224-6614.1151 

Lorena, M.C., Baihong, A., Lorenzo, C., María, B., Pedreño, A., Chu, M., Burgos, · L, Chen, · B, 

Almagro, L., Pedreño, M.A., 2018. Recent trends and comprehensive appraisal for the 

biotechnological production of trans-resveratrol and its derivatives. Phytochem Rev 17, 491–508. 

https://doi.org/10.1007/s11101-017-9546-9 

Lorenzo, J.M., S Munekata, P.E., Baptista Carvalho, R., Barba, F.J., Toldrá, F., Mora, L., Trindade, M.A., 

2018. Main characteristics of peanut skin and its role for the preservation of meat products. Trends 

Food Sci. Technol. 77, 1–10. https://doi.org/https://doi.org/10.1016/j.tifs.2018.04.007 

Lu, S.C., Liao, W.R., Chen, S.F., 2018. Quantification of Trans-resveratrol in red wines using 

QuEChERS extraction combined with liquid chromatography-tandem mass spectrometry. Anal. 

Sci. 34. https://doi.org/10.2116/analsci.17P528 

Majeed, U., Shafi, A., Majeed, H., Akram, K., Liu, X., Ye, J., Luo, Y., 2023. Grape (Vitis vinifera L.) 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



32 

 

phytochemicals and their biochemical protective mechanisms against leading pathologies. Food 

Chem. 405. https://doi.org/10.1016/j.foodchem.2022.134762 

Marqués, J.L., Porta, G. Della, Reverchon, E., Renuncio, J.A.R., Mainar, A.M., 2013. Supercritical 

antisolvent extraction of antioxidants from grape seeds after vinification. J. Supercrit. Fluids 82, 

238–243. https://doi.org/10.1016/J.SUPFLU.2013.07.005 

Martins, V.F.R., Pintado, M.E., Morais, R.M.S.C., Morais, A.M.M.B., 2023. Valorisation of 

Micro/Nanoencapsulated Bioactive Compounds from Plant Sources for Food Applications Towards 

Sustainability. Foods 12. https://doi.org/10.3390/FOODS12010032 

Meng, L., Diao, M., Wang, Q., Peng, L., Li, J., Xie, N., 2023. Efficient biosynthesis of resveratrol via 

combining phenylalanine and tyrosine pathways in Saccharomyces cerevisiae. Microb. Cell Fact. 

22, 46. https://doi.org/10.1186/S12934-023-02055-9 

Meng et al., 2023, Q., Li, J., Wang, C., Shan, A., 2023. Biological function of resveratrol and its 

application in animal production: a review. J. Anim. Sci. Biotechnol. 2023 141 14, 1–23. 

https://doi.org/10.1186/S40104-022-00822-Z 

Michalaki, A., Iliopoulou, E.N., Douvika, A., Nasopoulou, C., Skalkos, D., Karantonis, H.C., 2022. 

Bioactivity of Grape Skin from Small-Berry Muscat and Augustiatis of Samos: A Circular 

Economy Perspective for Sustainability. Sustain. 14. https://doi.org/10.3390/SU142114576 

Mir-Cerdà, A., Nuñez, O., Granados, M., Sentellas, S., Saurina, J., 2023. An overview of the extraction 

and characterization of bioactive phenolic compounds from agri-food waste within the framework 

of circular bioeconomy. TrAC - Trends Anal. Chem. 161. 

https://doi.org/10.1016/j.trac.2023.116994 

Monari, S., Ferri, M., Vannini, M., Sisti, L., Marchese, P., Ehrnell, M., Xanthakis, E., Celli, A., Tassoni, 

A., 2020. Cascade strategies for the full valorisation of Garganega white grape pomace towards 

bioactive extracts and bio-based materials. PLoS One 15, e0239629. 

https://doi.org/10.1371/JOURNAL.PONE.0239629 

Moon, H.I., Chung, I.M., Jung, J.C., Lim, E., Lee, Y., Oh, S., Jung, M., 2009. The convenient synthesis 

and evaluation of the anticancer activities of new resveratrol derivatives. 

https://doi.org/10.1080/14756360802185731 24, 328–336. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



33 

 

https://doi.org/10.1080/14756360802185731 

Moran, B.W., Anderson, F.P., Devery, A., Cloonan, S., Butler, W.E., Varughese, S., Draper, S.M., 

Kenny, P.T.M., 2009. Synthesis, structural characterisation and biological evaluation of fluorinated 

analogues of resveratrol. Bioorg. Med. Chem. 17, 4510–4522. 

https://doi.org/10.1016/J.BMC.2009.05.007 

Nagarajan, S., Mohandas, S., Ganesan, K., Xu, B., Ramkumar, K.M., 2022. New Insights into Dietary 

Pterostilbene: Sources, Metabolism, and Health Promotion Effects. Molecules 27. 

https://doi.org/10.3390/molecules27196316 

Naiker, M., Anderson, S., Johnson, J.B., Mani, J.S., Wakeling, L., Bowry, V., 2020. Loss of trans-

resveratrol during storage and ageing of red wines. Aust. J. Grape Wine Res. 26. 

https://doi.org/10.1111/ajgw.12449 

Nieto, J.A., Santoyo, S., Prodanov, M., Reglero, G., Jaime, L., 2020. Valorisation of Grape Stems as a 

Source of Phenolic Antioxidants by Using a Sustainable Extraction Methodology. Foods 9. 

https://doi.org/10.3390/FOODS9050604 

Olivati, C., de Oliveira Nishiyama, Y.P., de Souza, R.T., Janzantti, N.S., Mauro, M.A., Gomes, E., 

Hermosín-Gutiérrez, I., da Silva, R., Lago-Vanzela, E.S., 2019. Effect of the pre-treatment and the 

drying process on the phenolic composition of raisins produced with a seedless Brazilian grape 

cultivar. Food Res. Int. 116. https://doi.org/10.1016/j.foodres.2018.08.012 

Pereira, A., Ramalho, M.J., Silva, R., Silva, V., Marques-Oliveira, R., Silva, A.C., Pereira, M.C., 

Loureiro, J.A., 2022. Vine Cane Compounds to Prevent Skin Cells Aging through Solid Lipid 

Nanoparticles. Pharmaceutics 14. https://doi.org/10.3390/PHARMACEUTICS14020240 

Pezzini, V., Agostini, F., Smiderle, F., Touguinha, L., Salvador, M., Moura, S., 2019. Grape juice by-

products extracted by ultrasound and microwave-assisted with different solvents: a rich chemical 

composition. Food Sci. Biotechnol. 28. https://doi.org/10.1007/s10068-018-0531-x 

Pinheiro, W.B.S., Pinheiro Neto, J.R., Botelho, A.S., Dos Santos, K.I.P., Da Silva, G.A., Muribeca, 

A.J.B., Pamplona, S.G.S.R., Fonseca, S.S.S., Silva, M.N., Arruda, M.S.P., 2022. The use of 

Bagassa guianensis aubl. forestry waste as an alternative for obtaining bioproducts and bioactive 

compounds. Arab. J. Chem. 15. https://doi.org/10.1016/j.arabjc.2022.103813 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



34 

 

Pinto, E.P., Perin, E.C., Schott, I.B., Düsman, E., da Silva Rodrigues, R., Lucchetta, L., Manfroi, V., 

Rombaldi, C.V., 2022. Phenolic compounds are dependent on cultivation conditions in face of UV-

C radiation in ‘Concord’ grape juices (Vitis labrusca). LWT 154. 

https://doi.org/10.1016/j.lwt.2021.112681 

Piyaratne, P.S., Leblanc, R., Myracle, A.D., Cole, B.J.W., Fort, R.C., 2022. Extraction and Purification of 

(E)-Resveratrol from the Bark of Conifer Species. Processes 10. 

https://doi.org/10.3390/pr10040647 

Puksasook, T., Kimura, S., Tadtong, S., Jiaranaikulwanitch, J., Pratuangdejkul, J., Kitphati, W., 

Suwanborirux, K., Saito, N., Nukoolkarn, V., 2017. Semisynthesis and biological evaluation of 

prenylated resveratrol derivatives as multi-targeted agents for Alzheimer’s disease. J. Nat. Med. 71, 

665–682. https://doi.org/10.1007/S11418-017-1097-2 

Putra, N. R., Rizkiyah, D. N., Che Yunus, M. A., Abdul Aziz, A. H., Md Yasir, A. S. H., Irianto, I., 

Jumakir, J., Waluyo, W., Suparwoto, S. & Qomariyah, L. (2023). Valorization of Peanut Skin as 

Agricultural Waste Using Various Extraction Methods: A Review. Molecules, 28(11), 4325. 

Qiu, H.T., Qiu, Z.Z., Chen, Z.Y., Liu, L.L., Wang, J.B., Jiang, H.Y., Zhang, H., Liu, G.Q., 2021. 

Antioxidant properties of blueberry extract in different oleogel systems. LWT-FOOD Sci. Technol. 

137. https://doi.org/10.1016/j.lwt.2020.110364 WE  - Science Citation Index Expanded (SCI-

EXPANDED) 

Quero, J., Jiménez-Moreno, N., Esparza, I., Osada, J., Cerrada, E., Ancín-Azpilicueta, C., Rodríguez-

Yoldi, M.J., 2021. Grape Stem Extracts with Potential Anticancer and Antioxidant Properties. 

Antioxidants 10, 1–17. https://doi.org/10.3390/ANTIOX10020243 

Ragusa, A., Centonze, C., Grasso, M.E., Latronico, M.F., Mastrangelo, P.F., Sparascio, F., Maffia, M., 

2019. HPLC Analysis of Phenols in Negroamaro and Primitivo Red Wines from Salento. Foods 

(Basel, Switzerland) 8. https://doi.org/10.3390/foods8020045 

Rätsep, R., Karp, K., Maante-Kuljus, M., Aluvee, A., Kaldmäe, H., Bhat, R., 2021. Recovery of 

polyphenols from vineyard pruning wastes—shoots and cane of hybrid grapevine (Vitis sp.) 

cultivars. Antioxidants 10. https://doi.org/10.3390/antiox10071059 

Rodrigues, R.P., Gando-Ferreira, L.M., Quina, M.J., 2022. Increasing Value of Winery Residues through 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



35 

 

Integrated Biorefinery Processes: A Review. Molecules 27. 

https://doi.org/10.3390/MOLECULES27154709 

Roychev, V., Tzanova, M., Keranova, N., Peeva, P., 2020. Antioxidant content and antioxidant activity in 

raisins from seedless hybrid vine varieties with coloured grape juice. Czech J. Food Sci. 38, 410–

416. https://doi.org/10.17221/160/2020-CJFS 

Salehi, B., Mishra, A.P., Nigam, M., Sener, B., Kilic, M., Sharifi-Rad, M., Fokou, P.V.T., Martins, N., 

Sharifi-Rad, J., 2018. Resveratrol: A Double-Edged Sword in Health Benefits. Biomedicines 6. 

https://doi.org/10.3390/BIOMEDICINES6030091 

Salvador, I., Massarioli, A.P., Silva, A.P.S., Malaguetta, H., Melo, P.S., Alencar, S.M., 2019. Can we 

conserve trans-resveratrol content and antioxidant activity during industrial production of 

chocolate? J. Sci. Food Agric. 99. https://doi.org/10.1002/jsfa.9146 

Santos Wagner, A.L., Araniti, F., Ishii–Iwamoto, E.L., Abenavoli, M.R., 2022. Resveratrol exerts 

beneficial effects on the growth and metabolism of Lactuca sativa L. Plant Physiol. Biochem. 171. 

https://doi.org/10.1016/j.plaphy.2021.12.023 

Serna-Loaiza, S., Kornpointner, C., Pazzaglia, A., Jordan, C., Halbwirth, H., Friedl, A., 2022. Biorefinery 

concept for the valorization of grapevine shoots: Study case for the Austrian variety Grüner 

Veltliner. Food Bioprod. Process. 136, 154–165. https://doi.org/10.1016/j.fbp.2022.10.001 

Shanmuganathan, M., Li, P.C.H., 2009. Resveratrol analysis and degradation study in blueberry samples 

by HPLC with fluorescence detection. J. Liq. Chromatogr. Relat. Technol. 32. 

https://doi.org/10.1080/10826070903320491 

Sharifi-Rad, J., Quispe, C., Durazzo, A., Lucarini, M., Souto, E.B., Santini, A., Imran, M., Moussa, A.Y., 

Mostafa, N.M., El-Shazly, M., Sener, B., Schoebitz, M., Martorell, M., Dey, A., Calina, D., Cruz-

Martins, N., 2022. Resveratrol’ biotechnological applications: Enlightening its antimicrobial and 

antioxidant properties. J. Herb. Med. 32, 100550. https://doi.org/10.1016/J.HERMED.2022.100550 

Sirohi, R., Tarafdar, A., Singh, S., Negi, T., Gaur, V.K., Gnansounou, E., Bharathiraja, B., 2020. Green 

processing and biotechnological potential of grape pomace: Current trends and opportunities for 

sustainable biorefinery. Bioresour. Technol. 314, 123771. 

https://doi.org/10.1016/J.BIORTECH.2020.123771 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



36 

 

Solladié, G., Pasturel-Jacopé, Y., Maignan, J., 2003. A re-investigation of resveratrol synthesis by Perkins 

reaction. Application to the synthesis of aryl cinnamic acids. Tetrahedron 59, 3315–3321. 

https://doi.org/10.1016/S0040-4020(03)00405-8 

Song, H.-N., Park, M.-S., Youn, H.-S., Park, S.-J., Hogstrand, C., 2014. Nutritional compositions and 

antioxidative activities of two blueberry varieties cultivated in South Korea. Korean J. Food 

Preserv. 21. https://doi.org/10.11002/kjfp.2014.21.6.790 

Sorita, G.D., Leimann, F.V., Ferreira, S.R.S., 2020. Biorefinery approach: Is it an upgrade opportunity for 

peanut by-products? Trends Food Sci. Technol. 105, 56–69. 

https://doi.org/10.1016/J.TIFS.2020.08.011 

Suprun, A.R., Dubrovina, A.S., Aleynova, O.A., Kiselev, K. V, 2021. The bark of the spruce picea 

jezoensis is a rich source of stilbenes. Metabolites 11. https://doi.org/10.3390/metabo11110714 

Suvarna, V., Chaubey, P., Sangave, P.C., Singh, A.K., 2018. An Insight of Polyphenols in Lung Cancer 

Chemoprevention. Polyphenols Prev. Treat. Hum. Dis. 125–136. https://doi.org/10.1016/B978-0-

12-813008-7.00010-2 

Syahdi, R.R., Nadyana, R., Putri, R.H., Santi, R., Mun’im, A., 2020. Application of green extraction 

methods to resveratrol extraction from peanut (Arachis Hypogaea L.) skin. Int. J. Appl. Pharm. 12, 

38–42. https://doi.org/10.22159/IJAP.2020.V12S1.FF003 

Takaoka, M., 1939. Resveratrol, a new phenolic compound, from Veratrum grandiflorum. Nippon 

Kagaku Kaishi 60, 1090–1100. 

Thirumalaisamy, R., Bhuvaneswari, M., Haritha, S., Jeevarathna, S., Janani, K.S.S., Suresh, K., 2022. 

Curcumin, Naringenin and Resveratrol from Natural Plant Products Hold Promising Solutions for 

Modern World Diseases – A Recent Review. South African J. Bot. 151, 567–580. 

https://doi.org/10.1016/j.sajb.2022.06.027 

Tian, B., Liu, J., 2020. Resveratrol: a review of plant sources, synthesis, stability, modification and food 

application. J. Sci. Food Agric. 100, 1392–1404. https://doi.org/10.1002/jsfa.10152 

Tian, Y., Wang, Y., Ma, Y., Zhu, P., He, J., Lei, J., 2017. Optimization of Subcritical Water Extraction of 

Resveratrol from Grape Seeds by Response Surface Methodology. Appl. Sci. 2017, Vol. 7, Page 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



37 

 

321 7, 321. https://doi.org/10.3390/APP7040321 

Tiku, A.R., 2020. Antimicrobial Compounds (Phytoanticipins and Phytoalexins) and Their Role in Plant 

Defense. Ref. Ser. Phytochem. 845–868. https://doi.org/10.1007/978-3-319-96397-6_63/COVER 

Toume, K., Habu, T., Arai, M.A., Koyano, T., Kowithayakorn, T., Ishibashi, M., 2015. Prenylated 

flavonoids and resveratrol derivatives isolated from artocarpus communis with the ability to 

overcome TRAIL resistance. J. Nat. Prod. 78, 103–110. 

https://doi.org/10.1021/NP500734T/SUPPL_FILE/NP500734T_SI_001.PDF 

Tuladhar, P., Sasidharan, S., Saudagar, P., 2021. Role of phenols and polyphenols in plant defense 

response to biotic and abiotic stresses. Biocontrol Agents Second. Metab. Appl. Immun. Plant 

Growth Prot. 419–441. https://doi.org/10.1016/B978-0-12-822919-4.00017-X 

Varo, M.Á., Martín-Gómez, J., Mérida, J., Serratosa, M.P., 2021. Bioactive compounds and antioxidant 

activity of highbush blueberry (Vaccinium corymbosum) grown in southern Spain. Eur. Food Res. 

Technol. 247. https://doi.org/10.1007/s00217-021-03701-5 

Wang, J.D., Fu, L.N., Wang, L.T., Cai, Z.H., Wang, Y.Q., Yang, Q., Fu, Y.J., 2021. Simultaneous 

transformation and extraction of resveratrol from Polygonum cuspidatum using acidic natural deep 

eutectic solvent. Ind. Crops Prod. 173, 114140. https://doi.org/10.1016/J.INDCROP.2021.114140 

Wang, S.Y., Chen, C.T., Wang, C.Y., Chen, P., 2007. Resveratrol content in strawberry fruit is affected 

by preharvest conditions. J. Agric. Food Chem. 55. https://doi.org/10.1021/jf071749x 

Weiskirchen, S., Weiskirchen, R., 2016. Resveratrol: How Much Wine Do You Have to Drink to Stay 

Healthy? Adv. Nutr. 7, 706–718. https://doi.org/10.3945/AN.115.011627 

Wijekoon, C., Netticadan, T., Siow, Y.L., Sabra, A., Yu, L., Raj, P., Prashar, S., 2022. Potential 

Associations among Bioactive Molecules, Antioxidant Activity and Resveratrol Production in Vitis 

vinifera Fruits of North America. Molecules 27. https://doi.org/10.3390/MOLECULES27020336 

Xiao, Y., Chen, H., Song, C., Zeng, X., Zheng, Q., Zhang, Y., Lei, X., Zheng, X., 2015. Pharmacological 

activities and structure-modification of resveratrol analogues. Pharmazie 70, 765–771. 

https://doi.org/10.1691/ph.2015.5679 

Yeung, A.W.K., Aggarwal, B.B., Orhan, I.E., Horbańczuk, O.K., Barreca, D., Battino, M., Belwal, T., 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



38 

 

Bishayee, A., Daglia, M., Devkota, H.P., Echeverría, J., Balacheva, A., Georgieva, M., Godfrey, K., 

Gupta, V.K., Horbańczuk, J.O., Huminiecki, L., Jóźwik, A., Strzałkowska, N., Mocan, A., Mozos, 

I., Nabavi, S.M., Pajpanova, T., Pittalà, V., Feder-Kubis, J., Sampino, S., Silva, A.S., Sheridan, H., 

Sureda, A., Tewari, D., Wang, D., Weissig, V., Yang, Y., Zengin, G., Shanker, K., Moosavi, M.A., 

Shah, M.A., Kozuharova, E., Al-Rimawi, F., Durazzo, A., Lucarini, M., Souto, E.B., Santini, A., 

Malainer, C., Djilianov, D., Tancheva, L.P., Li, H. Bin, Gan, R.Y., Tzvetkov, N.T., Atanasov, A.G., 

El-Demerdash, A., 2019. Resveratrol, a popular dietary supplement for human and animal health: 

Quantitative research literature analysis-a review. Anim. Sci. Pap. Reports 37. 

Yu, M., Liu, H., Yang, Y., Shi, A., Liu, L., Hui, H., Wang, Q., 2016. Optimisation for resveratrol 

accumulation during peanut germination with phenylalanine feeding & ultrasound-treatment using 

response surface methodology. Int. J. Food Sci. Technol. 51. https://doi.org/10.1111/ijfs.13036 

Yuan, S.F., Yi, X., Johnston, T.G., Alper, H.S., 2020. De novo resveratrol production through modular 

engineering of an Escherichia coli-Saccharomyces cerevisiae co-culture. Microb. Cell Fact. 19. 

https://doi.org/10.1186/s12934-020-01401-5 

Zhang, J., Ping, J., Jiang, N., Xu, L., 2022. Resveratrol inhibits hepatic stellate cell activation by 

regulating autophagy and apoptosis through the SIRT1 and JNK signaling pathways. J. Food 

Biochem. 46. https://doi.org/10.1111/jfbc.14463 

Zhang, L.X., Li, C.X., Kakar, M.U., Khan, M.S., Wu, P.F., Amir, R.M., Dai, D.F., Naveed, M., Li, Q.Y., 

Saeed, M., Shen, J.Q., Rajput, S.A., Li, J.H., 2021. Resveratrol (RV): A pharmacological review 

and call for further research. Biomed. Pharmacother. 143, 112164. 

https://doi.org/10.1016/J.BIOPHA.2021.112164 

Zhu, K., Liu, W., Ren, G., Duan, X., Cao, W., Li, L., Qiu, C., Chu, Q., 2022. Comparative study on the 

resveratrol extraction rate and antioxidant activity of peanut treated by different drying methods. J. 

Food Process Eng. 45. https://doi.org/10.1111/jfpe.14004 

SEYHAN, Suleyman; YALCIN, Guler; AYAZ SEYHAN, SERAP. The extraction and determination of 

ellagic acid and resveratrol in blueberry species by HPLC-DAD and LCMS/MS. Journal of 

Research in Pharmacy, 2023, vol. 27, no 1 

PIÑEIRO, Z.; PALMA, M.; BARROSO, C. G. Determination of trans-resveratrol in grapes by 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



39 

 

pressurised liquid extraction and fast high-performance liquid chromatography. Journal of 

Chromatography A, 2006, vol. 1110, no 1-2, p. 61-65. 

TIAN, Yajie, et al. Optimization of subcritical water extraction of resveratrol from grape seeds by 

response surface methodology. Applied Sciences, 2017, vol. 7, no 4, p. 321. 

CASAZZA, Alessandro A., et al. High‐pressure high‐temperature extraction of phenolic compounds from 

grape skins. International journal of food science & technology, 2012, vol. 47, no 2, p. 399-405 

Pascual-Marti, M. C., Salvador, A., Chafer, A., Berna, A. (2001). Supercritical fluid extraction of 

resveratrol from grape skin of Vitis vinifera and determination by HPLC. Talanta, 54: 735–740. 

CHAINUKOOL, Sumalee, et al. Subcritical Water Extraction of Resveratrol from Barks of Shorea 

Roxburghii G. Don. Separation Science and Technology, 2014, vol. 49, no 13, p. 2073-2078. 

GABASTON, Julien, et al. Subcritical water extraction of stilbenes from grapevine by-products: A new 

green chemistry approach. Industrial Crops and Products, 2018, vol. 126, p. 272-279. 

SUN, Bo, et al. One-pot method based on deep eutectic solvent for extraction and conversion of polydatin 

to resveratrol from Polygonum cuspidatum. Food Chemistry, 2021, vol. 343, p. 128498. 

WANG, Jian-Dong, et al. Simultaneous transformation and extraction of resveratrol from Polygonum 

cuspidatum using acidic natural deep eutectic solvent. Industrial Crops and Products, 2021, vol. 

173, p. 114140. 

CHEN, Jingnan, et al. Green and efficient extraction of resveratrol from peanut roots using deep eutectic 

solvents. Journal of Chemistry, 2018, vol. 2018, p. 1-9. 

Wang, R., Zhao, Y., & Chen, Z. (2021). Separation and purification of resveratrol by liquid extraction 

assistance macroporous adsorption resin mixed-bed technology. Separation Science and 

Technology, 56(18), 3106-3118. 

CRĂCIUN, Alina Lenuța; GUTT, Gheorghe. Optimization of Experimental Parameters in the Solvent 

Extraction of Trans-Resveratrol from Pruning Waste of Vitis vinifera, Fetească Neagră Variety. 

Applied Sciences, 2023, vol. 13, no 2, p. 823 

GARCIA, Leonardo, et al. Optimized extraction of resveratrol from Arachis repens handro by ultrasound 

and microwave: a correlation study with the antioxidant properties and phenol contents. The 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



40 

 

Scientific World Journal, 2016, vol. 2016. 

KANDA, Hideki, et al. Ethanol‐free extraction of resveratrol and its glycoside from Japanese knotweed 

rhizome by liquefied dimethyl ether without pretreatments. Asia‐Pacific Journal of Chemical 

Engineering, 2021, vol. 16, no 2, p. e2600. 

TRIFOI, ANCUTA, et al. Processing Technology and Resveratrol Rich Extract from By-products in 

Wine Industry, 2019.  

KARACABEY, Erkan; MAZZA, Giuseppe. Optimization of solid− liquid extraction of resveratrol and 

other phenolic compounds from milled grape canes (Vitis vinifera). Journal of agricultural and 

food chemistry, 2008, vol. 56, no 15, p. 6318-6325. 

XIA, Ning, et al. Antioxidant effects of resveratrol in the cardiovascular system. British journal of 

pharmacology, 2017, vol. 174, no 12, p. 1633-1646. 

BONONI, Ilaria, et al. Antioxidant activity of resveratrol diastereomeric forms assayed in fluorescent-

engineered human keratinocytes. Antioxidants, 2022, vol. 11, no 2, p. 196. 

HEO, Jae-Rim, et al. Resveratrol induced reactive oxygen species and endoplasmic reticulum 

stress-mediated apoptosis, and cell cycle arrest in the A375SM malignant melanoma cell 

line. International journal of molecular medicine, 2018, vol. 42, no 3, p. 1427-1435. 

LEONARD, Stephen S., et al. Resveratrol scavenges reactive oxygen species and effects radical-induced 

cellular responses. Biochemical and biophysical research communications, 2003, vol. 309, no 4, p. 

1017-1026. 

HOLTHOFF, Joseph H., et al. Resveratrol, a dietary polyphenolic phytoalexin, is a functional scavenger 

of peroxynitrite. Biochemical pharmacology, 2010, vol. 80, no 8, p. 1260-1265. 

TRUONG, Van‐Long; JUN, Mira; JEONG, Woo‐Sik. Role of resveratrol in regulation of cellular defense 

systems against oxidative stress. Biofactors, 2018, vol. 44, no 1, p. 36-49. 

RODRÍGUEZ-BIES, Elisabeth, et al. Resveratrol: an ergogenic compound. Revista Andaluza de 

Medicina del Deporte, 2009, vol. 2, no 1, p. 12-18. 

SALEHI, Bahare, et al. Resveratrol: A double-edged sword in health benefits. Biomedicines, 2018, vol. 6, 

no 3, p. 91. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



41 

 

AASETH, Jan, et al. Copper, Iron, Selenium and lipo-glycemic dysmetabolism in Alzheimer’s 

disease. International Journal of Molecular Sciences, 2021, vol. 22, no 17, p. 9461. 

PINYAEV, S. I., et al. Influence of resveratrol on oxidation processes and lipid phase characteristics in 

damaged somatic nerves. BioMed Research International, 2019, vol. 2019. 

GIMENO-MALLENCH, L., et al. Resveratrol shifts energy metabolism to increase lipid oxidation in 

healthy old mice. Biomedicine & Pharmacotherapy, 2019, vol. 118, p. 109130. 

SHARMA, Atin; GUPTA, Vivek Kumar; PATHANIA, Ranjana. Efflux pump inhibitors for bacterial 

pathogens: From bench to bedside. The Indian journal of medical research, 2019, vol. 149, no 2, p. 

129. 

LAN, Fan; Weikel, K.A.; Cacicedo, J.M.; Ido, Y. Resveratrol-induced AMP-activated protein kinase 

activation is cell-type dependent: lessons from basic research for clinical application. Nutrients, 

2017, vol. 9, no 7, p. 751. 

DASGUPTA, Biplab; MILBRANDT, Jeffrey. Resveratrol stimulates AMP kinase activity in 

neurons. Proceedings of the National Academy of Sciences, 2007, vol. 104, no 17, p. 7217-7222. 

HWANG, Jin-Taek, KWON, D.Y.; PARK, O.J.; Kim, M.S. Resveratrol protects ROS-induced cell death 

by activating AMPK in H9c2 cardiac muscle cells. Genes & nutrition, 2008, vol. 2, no 4, p. 323-

326. 

WANG, Youxia, et al. Resveratrol in intestinal health and disease: focusing on intestinal 

barrier. Frontiers in Nutrition, 2022, vol. 9, p. 848400. 

INCHINGOLO, Alessio Danilo, et al. Benefits and implications of resveratrol supplementation on 

microbiota modulations: A systematic review of the literature. International Journal of Molecular 

Sciences, 2022, vol. 23, no 7, p. 4027. 

CAI, Ting-Ting, et al. Resveratrol modulates the gut microbiota and inflammation to protect against 

diabetic nephropathy in mice. Frontiers in Pharmacology, 2020, vol. 11, p. 1249. 

MILTON-LASKIBAR, Iñaki, et al. Gut microbiota induced by pterostilbene and resveratrol in high-fat-

high-fructose fed rats: putative role in steatohepatitis onset. Nutrients, 2021, vol. 13, no 5, p. 1738. 

VESTERGAARD, Martin; INGMER, Hanne. Antibacterial and antifungal properties of 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



42 

 

resveratrol. International Journal of Antimicrobial Agents, 2019, vol. 53, no 6, p. 716-723. 

LIU, Li, et al. Resveratrol enhances the antimicrobial effect of polymyxin B on Klebsiella pneumoniae 

and Escherichia coli isolates with polymyxin B resistance. BMC microbiology, 2020, vol. 20, p. 1-

8. 

SKROZA, Danijela, et al. Interactions of resveratrol with other phenolics and activity against food‐borne 

pathogens. Food Science & Nutrition, 2019, vol. 7, no 7, p. 2312-2318. 

ROBINSON, Keila; MOCK, Charlotta; LIANG, Dong. Pre-formulation studies of resveratrol. Drug 

development and industrial pharmacy, 2015, vol. 41, no 9, p. 1464-1469. 

PANNU, Naveet; BHATNAGAR, Archana. Resveratrol: From enhanced biosynthesis and bioavailability 

to multitargeting chronic diseases. Biomedicine & Pharmacotherapy, 2019, vol. 109, p. 2237-2251. 

SERGIDES, Christakis, et al. Bioavailability and safety study of resveratrol 500 mg tablets in healthy 

male and female volunteers. Experimental and therapeutic medicine, 2016, vol. 11, no 1, p. 164-

170. 

LIU, Ji-Kai. Antiaging agents: Safe interventions to slow aging and healthy life span extension. Natural 

Products and Bioprospecting, 2022, vol. 12, no 1, p. 18. 

DAVIDOV-PARDO, Gabriel; MCCLEMENTS, David Julian. Resveratrol encapsulation: Designing 

delivery systems to overcome solubility, stability and bioavailability issues. Trends in food science 

& technology, 2014, vol. 38, no 2, p. 88-103. 

JAYAN, Heera, et al. Improvement of bioavailability for resveratrol through encapsulation in zein using 

electrospraying technique. Journal of Functional Foods, 2019, vol. 57, p. 417-424. 

VESELY, Ondrej; BALDOVSKA, Simona; KOLESAROVA, Adriana. Enhancing bioavailability of 

nutraceutically used resveratrol and other stilbenoids. Nutrients, 2021, vol. 13, no 9, p. 3095. 

JOHNSON, Jeremy J., et al. Enhancing the bioavailability of resveratrol by combining it with 

piperine. Molecular nutrition & food research, 2011, vol. 55, no 8, p. 1169-1176. 

CHIMENTO, Adele, et al. Progress to improve oral bioavailability and beneficial effects of 

resveratrol. International journal of molecular sciences, 2019, vol. 20, no 6, p. 1381. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



43 

 

DEVI, Poonam, et al. Novel drug delivery systems of resveratrol to bioavailability and therapeutic 

effects. Resveratrol-Adding Life to Years, Not Adding Years to Life, 2019. 

UDENIGWE, Chibuike C., et al. Potential of resveratrol in anticancer and anti-inflammatory 

therapy. Nutrition reviews, 2008, vol. 66, no 8, p. 445-454. 

CHOWDHURY, Faizul Islam, et al. Resveratrol treatment modulates several antioxidant and anti-

inflammatory genes expression and ameliorated oxidative stress mediated fibrosis in the kidneys of 

high-fat diet-fed rats. Saudi Pharmaceutical Journal, 2022, vol. 30, no 10, p. 1454-1463 

ZHANG, Li-Xue, et al. Resveratrol (RV): A pharmacological review and call for further 

research. Biomedicine & pharmacotherapy, 2021, vol. 143, p. 112164.  

BONONI, Ilaria, et al. Antioxidant activity of resveratrol diastereomeric forms assayed in fluorescent-

engineered human keratinocytes. Antioxidants, 2022, vol. 11, no 2, p. 196. 

DAS, Manika; DAS, Dipak K. Resveratrol and cardiovascular health. Molecular aspects of medicine, 

2010, vol. 31, no 6, p. 503-512. 

BHULLAR, Khushwant S.; UDENIGWE, Chibuike C. Clinical evidence of resveratrol bioactivity in 

cardiovascular disease. Current Opinion in Food Science, 2016, vol. 8, p. 68-73. 

BASTIANETTO, Stéphane; MÉNARD, Caroline; QUIRION, Rémi. Neuroprotective action of 

resveratrol. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease, 2015, vol. 1852, no 

6, p. 1195-1201. 

KAEBERLEIN, Matt, et al. Substrate-specific activation of sirtuins by resveratrol. Journal of Biological 

Chemistry, 2005, vol. 280, no 17, p. 17038-17045. 

ZHANG, Li-Xue, et al. Resveratrol (RV): A pharmacological review and call for further 

research. Biomedicine & pharmacotherapy, 2021, vol. 143, p. 112164. 

REN, Boxu, et al. Resveratrol for cancer therapy: Challenges and future perspectives. Cancer letters, 

2021, vol. 515, p. 63-72. 

LIU, Kai, et al. Effect of resveratrol on glucose control and insulin sensitivity: a meta-analysis of 11 

randomized controlled trials. The American journal of clinical nutrition, 2014, vol. 99, no 6, p. 

1510-1519. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



44 

 

QIU, Zhixia, et al. Insulin resistance accelerated the clearance of resveratrol: A note of caution. Journal 

of Functional Foods, 2019, vol. 58, p. 311-323. 

POLONINI, Hudson Caetano, et al. Photoprotective activity of resveratrol analogues. Bioorganic & 

medicinal chemistry, 2013, vol. 21, no 4, p. 964-968. 

ZHANG, Juan; MI, Qin; SHEN, Min. Resveratrol binding to collagen and its biological 

implication. Food chemistry, 2012, vol. 131, no 3, p. 879-884. 

JANG, Ji Yong, et al. Resveratrol inhibits collagen-induced platelet stimulation through suppressing 

NADPH oxidase and oxidative inactivation of SH2 domain-containing protein tyrosine 

phosphatase-2. Free radical biology and medicine, 2015, vol. 89, p. 842-851. 

WONG, Rachel HX, et al. Regular supplementation with resveratrol improves bone mineral density in 

postmenopausal women: a randomized, placebo‐controlled trial. Journal of Bone and Mineral 

Research, 2020, vol. 35, no 11, p. 2121-2131. 

LI, Qiangqiang, et al. Effects of resveratrol supplementation on bone quality: a systematic review and 

meta-analysis of randomized controlled trials. BMC Complementary Medicine and Therapies, 2021, 

vol. 21, no 1, p. 214. 

VAN BRUMMELEN, Roy; VAN BRUMMELEN, Anna C. The potential role of resveratrol as 

supportive antiviral in treating conditions such as COVID-19–a formulator’s 

perspective. Biomedicine & Pharmacotherapy, 2022, vol. 148, p. 112767. 

FILARDO, Simone, et al. Therapeutic potential of resveratrol against emerging respiratory viral 

infections. Pharmacology & therapeutics, 2020, vol. 214, p. 107613. 

TOSATTI, Jéssica Abdo Gonçalves, et al. Effects of resveratrol supplementation on the cognitive 

function of patients with Alzheimer's disease: a systematic review of randomized controlled 

trials. Drugs & Aging, 2022, vol. 39, no 4, p. 285-295. 

ZAW, Jay Jay Thaung; HOWE, Peter RC; WONG, Rachel HX. Long-term effects of resveratrol on 

cognition, cerebrovascular function and cardio-metabolic markers in postmenopausal women: A 

24-month randomised, double-blind, placebo-controlled, crossover study. Clinical Nutrition, 2021, 

vol. 40, no 3, p. 820-829. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



45 

 

MALAGUARNERA, Lucia. Influence of resveratrol on the immune response. Nutrients, 2019, vol. 11, 

no 5, p. 946. 

CHEN, Libo; MUSA, Ahmed Eleojo. Boosting immune system against cancer by 

resveratrol. Phytotherapy Research, 2021, vol. 35, no 10, p. 5514-5526. 

QASEM, Rani J. The estrogenic activity of resveratrol: A comprehensive review of in vitro and in vivo 

evidence and the potential for endocrine disruption. Critical Reviews in Toxicology, 2020, vol. 50, 

no 5, p. 439-462. 

GEHM, Barry D., et al. Resveratrol, a polyphenolic compound found in grapes and wine, is an agonist for 

the estrogen receptor. Proceedings of the National Academy of Sciences, 1997, vol. 94, no 25, p. 

14138-14143 

CHEN, Jing-Jing, et al. The antidepressant effects of resveratrol are accompanied by the attenuation of 

dendrite/dendritic spine loss and the upregulation of BDNF/p-cofilin1 levels in chronic restraint 

mice. Neurochemical Research, 2021, vol. 46, p. 660-674. 

ZHU, Xia, et al. The antidepressant-and anxiolytic-like effects of resveratrol: Involvement of 

phosphodiesterase-4D inhibition. Neuropharmacology, 2019, vol. 153, p. 20-31. 

THEODOTOU, Marios, et al. The effect of resveratrol on hypertension: A clinical trial. Experimental and 

Therapeutic Medicine, 2017, vol. 13, no 1, p. 295-301. 

MOVAHED, Ali, et al. The efficacy of resveratrol in controlling hypertension: study protocol for a 

randomized, crossover, double-blinded, placebo-controlled trial. Trials, 2016, vol. 17, no 1, p. 1-8. 

Future Market Insights, 2023 (a). Available at: https://www.globalbankingandfinance.com/resveratrol-

markets-advanced-research-growth-opportunities-in-global-industry-by-2025-edited-by-leading-

research-firm/ Accessed date: 30 august 2023.  

Priya, Roshan D. 2021. Resveratrol Market by Product Type (Natural Resveratrol and Synthetic 

Resveratrol), form (Powder and Liquid), Applications (Nutraceuticals, Pharmaceuticals, Cosmetics 

and Others): Global Opportunity analysis and Industry Forecast, 2021-2030.  

Future Market Insights, 2023 (b) Available at: https://www.futuremarketinsights.com/reports/resveratrol-

market  Accessed date: 30 august 2023.  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



46 

 

 

 

Figure 1. Biorefinery alternatives for the valorization of wine production side-streams to resveratrol 
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Figure 2. Biorefinery alternative of peanut processing considering resveratrol extraction from 

peanut peels 

 

 

Figure 3. Biorefinery alternative for resveratrol extraction from wood-bark residues 
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TABLES MANUSCRIPT 

 

Table 1. Resveratrol applications and descriptions 

Application Description Reference 

Antioxidant Reduces oxidative stress 
Bononi et al., 2022; 

Zhantg et al., 2021 

Anti-inflammatory 
Resveratrol reduces inflammation by modulating 

enzymes in order to produce mediators 

Chowdhury et al., 2022; 

Udenigwe et al., 2008 

Cardiovascular 

health 

The antioxidant properties also provide increase on 

cardiovascular health given the decrease of the 

oxidation of low-density lipoprotein-cholesterol 

Bhullar et al., 2016; Das 

et al., 2010 

Neuroprotective 

functions 

It has demonstrated neuroprotective functions to Aβ- 

related toxicity 
Bastianetto et al., 2015 

Anti-aging effects 

Given the induction of sirtuin expression, as sirtuins 

are directly related with cellular response to oxidative 

stress. 

Zhang et al., 2021; 

Kaeberlein et al., 2005 

Anti-cancer effect 

Could promote the inhibit of cancer cell-growth and 

proliferation by modulating the transduction 

mechanisms. 

Ren et al., 2021; Zhang et 

al., 2021 

Metabolic 

functions 
Affect over insulin sensitivity and glucose regulation 

Qiu et al., 2029; Liu et 

al., 2014 

Increase skin 

health 

By enhancing collagen synthesis and protecting against 

UV 

Jang et al., 2015; Polonini 

et al., 2013; Zhang et al., 

2012 

Increase bone 

health 

Resveratrol could promote osteoblast-mediated bone 

formation. 

Li et al., 2021; Wong et 

al., 2020 

Anti-viral 
It has shown antiviral effects over some viruses related 

with respiratory infections 

Van Brummelen et al., 

2022; Filardo et al., 2020; 

Cognitive function 
Reduction on oxidative stress of brain cells enhances 

the protection of neurodegenerative processes 

Tosatti et al., 2022; Zaw 

et al., 2021 

Immune support 
It could modulate the immune response of the body by 

the regulatory cell suppressive functions 

Chen and Musa 2021; 

Malaguarnera 2019 

Hormone 

regulation 

Resveratrol could balance the hormone levels, mostly 

with estrogen. 

Qasem 2020; Gehm et al., 

1997 

Anti-depressant 

The anti-inflammatory and neuroprotective effects of 

resveratrol promote a positive impact on mental well-

being. 

Chen et al., 2021; Zhu et 

al., 2019 

Anti-hypertensive 

It could lower blood pressure caused by hypertension 

by the production of an endogenous vasodilate, as 

nitric oxide 

Theodotou et al., 2017; 

Movahed et al., 2016 
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Table 2. Resveratrol amount, extraction or quantification method and important features on 

bibliographic references about resveratrol 

Source Technique used 
Resveratrol 

amount 
Other information Reference 

Grapes 

Homogenization + 

HPLC 

1.87 ± 0.64 

mg/g 

Digestibility: 52.45 

± 3.48 
(Lee et al., 2020) 

Water extraction + 

HPLC 

1.47 ± 0.26 

mg/g 

Digestibility: 51.08 

± 5.54 
(Lee et al., 2020) 

Ethanol extraction + 

HPLC 

1.97 ± 0.71 

mg/g 

Digestibility: 49.54 

± 3.47 
(Lee et al., 2020) 

Freeze drying + 

HPLC 

7.93 ± 2.05 

µg/g 

Red globe grape 

variety is the one 

with the higher 

resveratrol content 

(Wijekoon et al., 

2022) 

Ethanol extraction + 

HPLC 

4.74 ± 3.57 

mg/L 

Variability on 

content considering 

from July to 

September, being 

July the month in 

which the grapes 

have higher content 

(Căpruciu et al., 

2022) 

Enzymatic 

hydrolysis with 

glycosidase and 

reverse-phase solid 

extraction 

1.7 ± 1.3 mg/L 

Variations on the 

concentration of 

resveratrol in 

function of the 

ripening stages, 

being 20 ºBrix the 

one presenting the 

highest content 

(Genovese et al., 

2021) 

Red wine 

Solid phase micro 

extraction 

3.78 ± 1.79 

mg/L 

The average 

recovery obtained is 

99.4 % 

(Aresta et al., 

2018) 

HPLC 0.1-0.7 mg/L 

Resveratrol content 

in red wine improve 

insulin resistance 

and phosphorylation 

(Brasnyó et al., 

2011; Castaldo et 

al., 2019) 
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Source Technique used 
Resveratrol 

amount 
Other information Reference 

HPLC 
3.0 ± 0.6 

mg/kg 

Negroamaro red 

wine type (Salento) 

(Ragusa et al., 

2019) 

HPLC 2.4± 0.4 mg/kg 
Primitivo red wine 

type (Salento) 

(Ragusa et al., 

2019) 

Reverse-phase 

HPLC 

10.7 ± 7.0 

mg/L 

Decrease on an 

average of 76% the 

resveratrol 

concentration during 

storage and wine 

ageing 

(Naiker et al., 

2020) 

Red wine 

Homogenization, 

liquid-liquid 

microextraction and 

disperse solid-phase 

extraction 

8-322 µg/L 

Resveratrol content 

analysis of wines 

from local markets, 

detected in 4 out of 

6 

(Lu et al., 2018) 

Grape 

juice 

Solid phase micro 

extraction 

0.74 ± 0.22 

mg/L 

The average 

recovery obtained is 

94.9 % 

(Aresta et al., 

2018) 

Ultraviolet- C 

radiation and 

colorimetric analysis 

CP:0.53± 

0.06** 

OP:0.40± 

0.05** 

CP-UV :0.50± 

0.10** 

OP-UV :0.45± 

0.05** 

Comparison of 

traditional and 

organic productions, 

as well as UV post-

treatment on 

resveratrol 

concentration 

(**mg/mL) 

(Pinto et al., 2022) 
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Source Technique used 
Resveratrol 

amount 
Other information Reference 

Liquid-liquid
1
, 

ultrasound
2
 and 

microwave assisted 

extraction
3
 

0.94 ± 0.06 

mg/kg
1
, ND

2
, 

7.59 ± 0.49 

mg/kg
3 

For conventional 

liquid-liquid 

extraction 

resveratrol is only 

detected with 

ethanol, and for 

MAE also with ethyl 

acetate, but 7 times 

lower in comparison 

with ethanol solvent 

(Pezzini et al., 

2019) 

Folin – Ciocalteu 

colorimetric method 

0.01 mg/ 100g 

DW – 0.58 

mg/100 g DW 

Grape juice coming 

from red wine is the 

one with highest 

resveratrol content, 

and the one coming 

from white wine has 

the lowest 

resveratrol content 

(Guler et al., 

2022) 

Raisins 

Homogenization 

with HCl and 

methanol, and 

HPLC analysis 

18.62 mg/kg 

54% of the 

antioxidant activity 

of raisins is coming 

from the content on 

resveratrol 

(Roychev et al., 

2020) 

HPLC 

1.08 ± 0.17 

mg/kg
4
 and 

0.40 ± 0.04 

mg/kg
5 

Change on 

resveratrol content 

by raisins pre-treated 

with olive oil
4
 and 

not-pre-treated with 

olive oil
5
. 

(Olivati et al., 

2019) 
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Source Technique used 
Resveratrol 

amount 
Other information Reference 

Berries 

HPLC 

236.4 ± 7.5 

µg/g – 269.9 ± 

5.7 µg/g 

The variety of 

blueberry implies 

different resveratrol 

concentration, and 

its degradation is 

increased when 

exposed to light at 

room temperature 

(Shanmuganathan 

and Li, 2009) 

HPLC 0.12 mg/100 g 

DPPH radical 

scavenging activity 

increases with the 

increase in 

resveratrol content 

(Song et al., 2014) 

Oleogel systems of 

soybean and peanut 

oil containing 

blueberry extract 

0.001 – 0.063 

mg/ 100 g 

Best inhibition rate 

for oxidation 

products achieved 

with soybean 

oleogel 

(Qiu et al., 2021) 

Ultrasound 

extraction with 

methanol as solvent 

38.13 ± 0.27 

µg/100 g dry 

matter 

The blueberry 

variety of “Windsor” 

is the one with 

higher resveratrol 

content, followed by 

“Millennia” variety 

(Varo et al., 2021) 

HPLC with
6
 and 

without
7
 ultraviolet 

treatment 

2.43 mg/g
6
 and 

7.53 mg/g
7
 dry 

weight 

Content of 

resveratrol on 

blueberry leaves, the 

UV irradiation 

increases the content 

of resveratrol 

(Kim et al., 2020) 
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Source Technique used 
Resveratrol 

amount 
Other information Reference 

Extraction with 80% 

acetone and 

dissolution with 

formic acid and 

methanol, HPLC 

830.5 ± 20.6 

ng/ g of dry 

weight 

The concentration of 

resveratrol increases 

with maturation, 

with compost 

cultivation treatment 

and with enriched 

CO2 environment 

(Wang et al., 

2007) 

Cocoa & 

chocolate 

Botrytis inoculates 

to treat cocoa beans 

and treatment with 

UV light 

7.0 g/g 

Enhancement of 

resveratrol content 

by modifying the 

treatment of the 

cocoa beans for the 

production of related 

products 

(Hurst et al., 

2009) 

Extraction with 

ethanol/water for 10 

min and 60 ºC, 

analysis with HPLC 

0.4 mg/kg in 

dark chocolate 

and 0.5 mg/kg 

in cocoa liquor 

The antioxidant 

activity of cocoa and 

chocolate is more 

related to the 

procyanidin content 

than the composition 

of stilbenes 

(Counet et al., 

2006) 

Extraction with 

hexane, 

hydrolyzation with 

methanol/water 

acidified solution 

and rotatory 

evaporation before 

HPLC analysis 

1.85 ± 0.43 g/ 

g in cocoa 

powder, 0.35 ± 

0.08 g/g in 

dark chocolate, 

0.10 ± 0.05 g/g 

in milk 

chocolate 

The content of 

resveratrol on cocoa-

related products 

varies according to 

the type of 

chocolate, the 

processing of the 

final product and the 

amount of contained 

sugar 

(Hurst et al., 

2008) 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



54 

 

Source Technique used 
Resveratrol 

amount 
Other information Reference 

Industrial processing 

of chocolate for 

producing cocoa-

related products 

11.4 g/kg 

before 

fermentation 

and roasting 

and 9.8 g/kg 

after 

fermentation 

and roasting 

Fermentation and 

roasting processing 

stages imply a not 

significant reduction 

in the resveratrol 

content of cocoa-

related products 

(Salvador et al., 

2019) 

Peanut 

Ultrasonic and 

magnetic stirring-

assisted dissolution 

175.51 mg/kg 

peanut oil 

The resveratrol 

content of peanut oil 

helps to preserve its 

organoleptic and 

antioxidant 

properties, prolongs 

its shelf-life for 2 

folds and improves 

its thermal stability. 

(Li et al., 2022) 

Peanut 

Ultrasonic treatment 

and phenylalanine 

addition during 

peanut germination 

36.99 g/g dry 

weight 

The content of 

resveratrol by 

developing this 

alternative 

germination process 

increases 9.4 times 

(Yu et al., 2016) 

Various methods for 

drying peanuts for 

further resveratrol 

extraction: hot-air 

drying, infrared 

radiation and 

microwave-freeze-

drying 

33.5 % of 

resveratrol 

extracted using 

infrared 

radiation and 

40.9 % using 

microwave 

The huge energy 

consumption of 

microwave-freeze-

drying does not 

compensate the 

increased extraction 

capacity, being the 

infrared radiation the 

preferred drying 

method 

(Zhu et al., 2022) 

* CP: Conventional production, OP: organic production, UV: ultraviolet 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



55 

 

Table 3. Extraction technologies for resveratrol recovery. Acronyms: PLE (Pressurized Liquid 

Extraction), SFE (Supercritical Fluid Extraction), SWE (Supercritical Water Extraction), DES 

(Deep Eutectic Solvents), NADES (Natural Deep Eutectic Solvents), UAE (Ultrasound Assisted 

Extraction)  

Method Product(s) Resource 
Operation 

conditions 
Recovery/yield Reference 

PLE 

Resveratrol 

(RES) and 

ellagic acid 

(EA) 

Blueberries 

1500 psi 

40 ºC 

Methanol 

91.85% EA and 

84.97% RES 

Seyhan et 

al., 2023 

PLE 
Trans-

resveratrol 
Grapes 

40 atm 

5 min 

150 ºC 

Water 

2.33 mg trans-

RES /kg grapes, 

94.5 % trans-

RES 

Piñeiro et 

al., 2006 

PLE Resveratrol 
Grape 

seeds 

1.02 MPa 

152 ºC 

25 min 

Ethanol 

1:15 g/mL 

91.98 % 
Tian et al., 

2017 

High pressure 

and high 

temperature 

stirred reactor 

Polyphenols 
Grape 

skins 

150ºC 

270 min 

Methanol 

1:5 

45.4 mg /100 g 

DS 

 

Casazza et 

al., 2012 

SFE Resveratrol Grape skin 

110 bar 

40 ºC 

7.5% ethane 

15 min 

100 %  

Pascual-

Marti et al., 

2001 

SWE Resveratrol Bark 

190 ºC and 3 

mL/min water 

flowrate 

23.18 µg/g dry 

weight 

Chainukool 

et al., 2014 

SWE Resveratrol Grapevine 

160 ºC 

5 min 

10 MPa 

1.95 g/kg dry 

mass 

Gabaston et 

al., 2018 

DES Resveratrol 
Polygonum 

cuspidatum 

80 ºC 

80 min 

60 % v/v DES 

4.5 % g/v HCl 

40:1 g/mL 

96.3% 
Sun et al., 

2021 

NADES 

(choline 

chloride/oxalic 

acid) 

Resveratrol 
Polygonum 

cuspidatum 

1:50 

75 ºC 

80 min 

250 W 

ultrasonic 

powder 

12.31 mg/g 
Wang et al., 

2021 

DES + UAE Resveratrol 
Peanut 

roots 

1:3 g water:g 

DES 

55 ºC 

40 min 

1:30 g/mL 

88.19 %  
Chen et al., 

2018 

Maceration Resveratrol 
Arachis 

repens 

1:40 g: mL 

methanol 

30 min 

25 ºC 

1.02 mg/L 
Garcia et al., 

2016 
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1 h 

Solvent 

extraction 

Resveratrol 

and its 

glycoside 

Knotweed 

35 ºC 

0.79 MPa 

5 h 

Water 

0.34 mg/g 

 

 

Kanda et al., 

2021 

Solvent 

extraction 
Resveratrol Grape skin 

Ethanol or 

methanol as 

solvent 

1 h 

1:10 

80 ºC 

400 rpm 

stirring 

72.4 mg/L 

MeOH and 71.3 

mg/L EtOH, 

82% purity 

recovery 

Trifoi et al., 

2019 

Solid-liquid 

extraction 

Resveratrol 

and other 

phenolics 

Milled 

grape 

canes 

Ethanol/water 

(80:20 v/v) 

30 min 

83.6 ºC 

103.6 mg/L 

solvent to solid 

ratio 

4.25 mg /g dw 

 

Karacabey 

et al., 2008 

Solvent 

extraction 

Trans-

resveratrol 

Vine 

pruning 

waste 

4:1 

ethanol:diethyl 

ether 

1 g: 35 mL 

solid to liquid 

ratio 

96 h 

25 ºC 

174.14 mg/kg 

dw 

Crăciun et 

al., 2023 

Liquid 

extraction 
Resveratrol 

Polygonum 

cuspidatum 

2/3 v/v 

water/organic 

mixture 

5 h 

45 ºC 

81.10 % 
Wang et al 

2021 
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Highlights:  

1. Resveratrol produced by agro-industrial waste valorization leads to more efficient and 

sustainable waste management. 

2. Green extraction and biosynthesis technologies for resveratrol are more effective and 

beneficial than conventional ones. 

3. Further analysis and optimization is needed for the effective and feasible scale-up of 

emerging technologies. 

4. Integration of resveratrol production on biorefinery schemes could enhance its 

penetration on the market value chains.  

5. Sustainability assessments are crucial to demonstrate the benefits of resveratrol 

industrialization and market penetration.  
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