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Con la constatazione della finitezza ecologica, le società umane si vedono costrette a 

riaggiustare il loro processo di sviluppo, le loro tecniche di coltivazione e il loro sistema 

di riciclaggio. Fra tutti gli insegnamenti dati dall’ecologia, la presa di coscienza della 

finitezza e dell’inestendibilità dello spazio costituisce forse la rivoluzione più gravida di 

conseguenze, la più difficile da accettare.  
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2 Introduction and research profile 

Food waste recovery has become a hot topic in the field of natural product and 

pharmacognostic research in the past twenty years: however, it should not be surprising 

that the development of this research topic was born in conjunction with a series of 

ideologies and historical evidences.  

From the early roots of Carl Linneus, Alexander von Humboldt, Alfred Russel Wallace, 

Charles Darwin, Ernst Haeckel and many more contributors, ecology has been recognized 

as a science and it started to spread all over the scientific world as the study of all those 

complex interactions between organisms and their environment.  

From the first half of the twentieth century, ecology has reshaped the position of the human 

being that has become in biological equilibrium with the planet, now conceived as a finite 

space: the idea that the planetary biomass is limited makes life incapable of eternal renewal 

and subject to depletion (Clemént, 2013).  

In 1981 Walter R. Stahel starts to develop the field of sustainability by supporting 'service-

life extension of goods - reuse, repair, remanufacture, upgrade technologically' or what is 

known today as circular economy (Stahel, 1981). The purpose of circular economy, now 

supported by the European Commission action plans from 2015, is shifting from “taking, 

making, consuming, throwing away” linear scheme to a circular flow which maintain goods 

and resources in the economy as far as possible, reducing environmental impacts while 

maximizing resource efficiency (European Commission, 2015). The birth of Industrial 

Ecology, announced by Erkman in 1997, represent another useful tool for understanding 

the circulation of materials and energy flows and therefore the creation of alternative 

managements through reuse, repair, recycling and remanufacturing for the recovery of 

components and extend their lifecycle (Erkman, 1997; Saavedra, 2018). 

The recovery of industrial by-products and the study of their potential applications began 

already before the First World War, accentuated in the first post-war period with the 

increase in the prices of basic necessities and developing further from the middle of the last 

century (Zitkowski, 1917; Woodruff and Miller, 1929; Symons, 1945); however, a 

significant interest increase in academic research, coincided, between the sixties and 

seventies, with a political awareness of the importance of minimizing waste (Mobius Loop 

is introduced as the symbol for Reduce, Reuse, Recycle in that period), thus numbers of 
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following the guidelines of the green chemistry with the aim of minimizing environmental 

impact, costs and time of extraction while obtaining high added value extracts. In particular, 

the influence of green extraction technologies (such as ultrasounds) on the common 

extraction techniques of phenolics and vegetable oils has been investigated. Phenolic 

molecules and unsaponifiable fractions have been set as the two main extraction targets 

and extracts have been analyzed through qualitative (e.g. HP-TLC, HPLC-DAD, GC-MS, 

etc.) and quantitative assays (e.g. HPLC quantification, total phenolic content, total 

unsaponifiables, etc.). The potential application in the cosmetic industry of the obtained 

extract have been performed with various in vitro biological activity assays for the 

antioxidant (HP-TLC bioautographic assay, spectrophotometric DPPH assay) and 

antimicrobial activity evaluations. 

Finally, in order to provide a practical example of a possible cosmetic application of the 

obtained extracts, four final products have been formulated in collaboration with 

Ambrosialab Srl (www.ambrosialab.it), evaluating the antioxidant activity of both final 

products and extracts with Photochemoluminescence (PCL) and testing the stability of final 

products.  
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3 Goals  

The present PhD project is a three years training program (D.R. 996/2016 Prot. 57324 of 

24-6-16) is aimed to valorize agri-food by-products, for the development of quality and 

safety control of processes and of innovative and sustainable cosmetic products. 

In particular, the purpose of exploiting by-products focuses on the recovery of biomass 

deriving from the cereal supply chain.  

For the enormous quantities of cereal production in Emilia Romagna Region and, 

consequently, for the disproportionate quantities of food waste that are still widely used 

only in the livestock sector, the need to find an alternative, and therefore a second life, for 

the management and recovery of these second-generation waste, became a priority, as 

underlined by the recent European Union directives for circular economy. 

Being in line with the green proposals of natural products research to find alternative and 

sustainable solutions, this project aims to take stock of the current situation on the subject 

of food waste amounts and recovery, and to provide valuable alternative ideas to research 

applications in this area. 

Therefore, the main goals of this project are: 

- Summarize in detail the current literature data about food wastes amounts, 

management and recovery; 

- Develop and apply innovative and green strategies for the extraction of bioactives 

from three of the major cereal biomasses in terms of production (durum wheat, rice 

and maize); 

-  Minimizing the environmental impact of conventionally used extractions by 

reducing, for example, the amount of solvents and extraction’s time as prompt by 

the green chemistry; 

- Identify the main extraction targets; 

- Study the phytochemical profile of the extracts obtained in qualitative and 

quantitative terms using HPTLC, RP-HPLC-DAD, GC-MS, Folin-Ciocalteu’s 

assay, etc. 

- Evaluate the possible industrial application (cosmetic, phytotherapic, nutraceutical, 

etc.) of the obtained extracts by studying their biological activity: antioxidant and 

antimicrobial activities  
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- Formulate finished cosmetic products with the most interesting extracts in 

collaboration with Ambrosialab Srl (www.ambrosialab.it) as the company the 

applicative outcomes of the research project.  
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4 Food losses and wastes  

4.1 Introduction and definitions  

The issues of food losses and wastes are of high importance as they are directly liked to 

environmental, economic development, food quality and safety and on food security for 

developing countries. Hence, before going into the topic in details, few essential definitions 

are given below. 

According to Fusions’s “Estimates of European food wastes levels”1, ‘Food’ is defined as 

“any substance or product, whether processed, partially processed or unprocessed, intended 

to be, or reasonably expected to be eaten by humans. Food includes drink, chewing gum 

and any substance, including water, intentionally incorporated into food during its 

manufacture, preparation or treatment”.  

In the same way, food wastes are: “fractions of food and inedible parts of food removed 

from the food supply chain to be recovered or disposed (including - composted, crops 

ploughed in/not harvested, anaerobic digestion, bioenergy production, co-generation, 

incineration, disposal to sewer, landfill or discarded to sea)” (Fusions, 2016). 

A difference in meaning between ‘food waste’ and ‘food losses’ is given by the Food and 

Agricultural Organization of the United Nations (FAO): the former is considered as food 

loss which occurs at the end of food chain and is related to retailer’s and consumer’s 

behavior, the latter takes place at production, post-harvest and processing stages in the food 

supply chain (FAO, 2011). 

 

4.2 Types of food waste and management 

There are five stages in the food life cycle were waste is generated from both animal and 

vegetable sources, such as agricultural production, post-harvest handling and storage, 

processing, distribution and consumption: they were considered and described in the 

following table.  

 

 
1 FUSION’ EU project is supported by the European Community’s Seventh Framework Programme under 

Agreement no. 311972. 
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Besides their pollution and hazardous aspects, in many cases, food wastes might have a 

potential for recycling raw materials, converting to high added value products, or they 

could be raw materials for other industries.  

Particularly, the recovery of food residues is receiving increased attention because of the 

growing awareness of the benefits deriving from potentially marketable components 

present in foods wastes which represent a possible and utilizable resource to obtain useful 

products (Laufenberg et al. 2003).  

Two generations of food waste valorisation strategies are distinguished: the first-generation 

is aimed to use the complete material streams for animal feed, energy or compost 

production (e.g. bioenergy production); the second-generation valorisation rely on recovery 

and conversion of specific components in order to obtain various classes of products (e.g. 

chemicals, bioactives, biofuels, etc.). 

 

Interesting sources of plant-derived food wastes can be found in each one of the previously 

described categories (table 1): from agricultural wastes until consumption (municipal 

waste), thus much of the efforts in waste processing have been focused on this topic. 

During industrial processing a wide range of materials is generated and, apart from wastes 

that industry has to eliminate by disposal centres, incineration, or landfill, they can be 

distinguished in by-products and co-products. 

According to Chemat et al. (2012), ‘by-products’ are residual products that appears during 

the extraction process: they are unintentional and unpredictable. They can be used directly 

or be ingredients to manufacture another finished product, they have economic value. 

‘Co-products’ are materials, intentional and inevitable, produced along with the main 

product and with the same importance. Co-products must always meet specifications for 

their characteristics and may be used directly for a particular application (Chemat et al., 

2012). 

Figure 2 represents the Agri-Food system flowchart where it is shown how pre-harvest 

productions (A), such as plant, animal and fisheries productions, can be directed towards 

three different managements: the first (1) includes non-food chain (pet food, biomaterials, 

biofuels, etc.), the second (2) regards animal feedings and the third (3) concerns food 

supply chain (including post-harvest, manufacturing, wholesales, distributions and final 

consumptions, etc.). Food and inedible parts deriving from the food supply chain (B), can 
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have different destinations, such as: valorization and conversion, production of 

biomaterials, bioenergy, chemical and phytochemical compounds, up to incineration, 

landfill and composting. 

Recent studies, focused on the exploitation of food waste, show many possibilities for food 

supply chain waste recovery such as the valorisation of wastes into high value chemicals: 

the topic of the present PhD project is focused on this type of management and particularly 

it is aimed to valorise by-products deriving from the cereals industries, as described in 

detail in afterwards. 

 
Figure 2. Resource flow in Agri-Food (adapted from: FUSIONS, 2016) 

 

4.3 Extend, costs, and global concern  

4.3.1 World 

According to FAO, one-third of the edible parts of food produced for human consumption 

gets lost or wastes globally, this amount corresponds to 1.3 billion ton per year with a global 

cost of $750 billion annually (FAO, 2011). As previously described, food wastes and losses 

are produced throughout the whole food supply chain but dramatic differences between 

industrialized countries and developing countries are reported: low-income countries 

counted more than 40% of food losses during the post-harvest and processing levels, 

differently in medium and high-income countries more than 40% of food waste is produced 

at consumer level (222 million tons) meaning that food is thrown away even if is still 

suitable for human consumption. It must make us reflect that this amount is almost as high 
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million tons whose costs amount approximately to 143 billion euros) and it has been 

estimated that these numbers could increase up to 30% by 2020 if no action is taken. 

 

The Italian Parliament, has recently approved a law against food waste (Law 166/2016 of 

19 August 2016, n.166), that has been considered the last step of the National Food Waste 

Prevention Plan (Piano Nazionale di Prevenzione degli Sprechi Nazionali – PINPAS), 

launched in 2013, with the aim of promoting the recovery and donation of food surpluses 

for charitable purposes and minimising the negative impacts on the environment and on 

natural resources (reducing waste generation, encouraging reuse and recycle, extending 

products life). https://zerowasteeurope.eu/2016/10/the-italian-recipe-against-food-waste/ 

Italian food wastes have been counted around 5.1 million tons per year, and it has been 

expected that the new law will help to recover 1 million tons of food per year. 

This new Italian approach to food waste is just one step aimed to fight this evergreen and 

growing issue: to give an idea of the severity of the problem, one quarter of the Italian 

forests serve just to absorb carbon dioxide emission produced as a result of food waste. 

Moreover, it has been calculated that if food waste was a country, Italy would be the third 

largest “emitter” of CO2 worldwide (just behind the USA and China) (Food sustainability 

index, BCFN2, 2013). 

 

4.4 The EU agenda against food wastes: the “Circular Economy Action 

Plan” 

The most relevant opportunity to rebalance the food supply chain and develop a sustainable, 

low carbon, resource efficient and competitive economy, at the European level, is 

represented by the so-called “circular economy”. 

Shifting from “taking, making, consuming, throwing away” traditional linear scheme to a 

circular model which closes the loop, is the main purpose of this action plan. 

The Junker Commission of the European Parliament released a proposal for the circular 

economy in 2015, aimed to amend the already cited 2008 Waste Framework Directive: by 

maintaining products, materials and resources in the economy as far as possible, the circular 

 
2 Barilla centre for food & nutrition 



 

 

 

24 

economy will boost the EU’s competitiveness in business, it will save energy and will 

reduce CO2 emissions. 

One key point stressed by the Commission to the European Parliament in 2015 refers to 

food waste as possible raw materials to be reuse and injected back to the economy: organic 

wastes, for example, could return back to soil as sustainable fertilisers. Biomass and bio-

based materials are other possible candidates as they can provide alternatives to fossil-

based products and energy: the bio-based sector is supported by the EU with investments 

and projects through research funding. The Horizon 2020 work programme 2016-2017 

included the initiative: “Industry 2020 in the circular economy” with funding for over €650 

million for projects that supported the circular economy package (European Commission, 

2015). 

In January 2017 a report on the implementation of the circular economy action plan has 

been presented by the Commission to the EU Parliament confirming its full commitment. 

Strategies on plastic recycling and reuse, chemicals and wastes facilitation of management 

as well as dialogue with stakeholders are essential actions for the 2017 in order to make the 

circular economy a reality (European Commission, 2017).  

After intense debates among political groups, in March 2017 some relevant points have 

been prioritized: the need to give detailed definitions of “food waste”, the need to reduce 

food waste up to 30% by 2025 and up to 50% by 2050 compared to the 2014 baseline, as 

well as the need to create an efficient monitoring system by 2017 (IAI, 2017). 

Another report on the implementation of the Circular Economy Action Plan has been 

published in March 2019 and some relevant key point have been stressed: the importance 

of Circular Design and Production Processes to build circular models of production 

(Ecodesign Working Plan 2016-2019); empowering consumers who will be able to make 

informed choices based on reliable information; turning wastes into sources (revised waste 

legislative framework); new regulation for secondary raw material recover (Fertilising 

Products regulation); strategies for plastic lifecycle. All these points together with the 

already described actions, will accelerate the transition towards a greener, and climate-

neutral economy (European Commission, 2019). 

Finally, all these considerations and actions are considered in the so-called Agenda2030 

(https://ec.europa.eu/europeaid/policies/european-development-policy/2030-agenda-
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sustainable-development_en), where ‘sustainability’ and ‘circularity of processes’ are the 

key words for a sustainable development in many industrial and social fields. 
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5 Natural product research  

5.1  A global interest: a focus on cosmetics 

There has been a considerable rise in cosmetic products’ demand in the past decades. 

Among various reasons there are a global economy growth, changing lifestyles, varying 

climatic conditions and also changing targets: in fact, the global cosmetic demand has been 

increasingly enhanced also by men lately (in 2015 it has been counted a 325% increase in 

men’s cosmetic use since 1997). A shift of preference towards natural products, particularly 

in United States and Europe, promotes the growth of the cosmetics market. The increasing 

consumer awareness regarding natural ingredients’ benefits is shifting the cosmetic market 

inclination towards greener products.  

Figure 3, shows data collected by Allied Market Research (2016): among the main factors 

that have influenced the global cosmetics market in 2014, the most significant has been the 

change in lifestyles, followed by the second factor of greatest impact that has been the use 

of natural ingredients which will reach the first place within 2022. 

 

 
 

Figure 3. Top factors impacting Global cosmetics market in 2014 and 2022 

www.alliedmarkedresearch.com 

 

We are expected to register high growth rates between 2017 and 2026 in natural cosmetic 

use: with the largest numbers in North America, followed by Europe. The “Natural and 

Organic Personal Care Products Market: Global Industry Analysis 2013-2017 and Forecast 

2018-2028” reported by Persistence Market Research (PMR), says that the global natural 
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and organic personal care products market is registering a healthy CAGR of 8.3% during 

the forecast period. A continual annual growth rate of 8-10%, which the industry has proven 

to be able to maintain over the last several years, predicts that the natural and organic beauty 

market will reach $22 billion in sales by 2024.  

On the basis of application, the skin care segment is expected to register the highest growth: 

natural product research and innovation need to follow the numbers already reported with 

high quality works and high sustainable products (Allied Market Research, 2016; 

Persistence Market Research, 2017; Handler and Goldberg, 2018). 

 

 
Graph 1. Forecasted market size of the natural and organic cosmetic industry in 2016 and 2024  

www.statista.com 

 

5.2 The Role of Natural Products Research 

In the presence of a realistic threat against natural resources and biodiversity, the need to 

find green solution to tackle food waste and meet the growing demand for cosmetic 

products, natural products research has a crucial role in developing more and more 

sustainable strategies. 

Pharmacognosy, defined as ‘the study of biologically active natural products’, is a broad-

based science with many applications from agricultural to food industry; it is because of its 

multidisciplinary approach that it has become necessary to bring both philosophical and 

practical focuses on this science in order to address scientists’ practices in green terms. 

According to Cordell (2017) ‘the challenge for researchers is how to best develop, innovate, 

and apply new strategies using knowledge in a sustainable manner, by considering and 

integrating the relevant cognate technologies and ideas. 
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Use knowledge in a sustainable manner means also give intellectual property rights 

protection to indigenous who holds important traditional medicine lore: Nagoya Protocol3 

of 2010 is one of the major events of the past 50 years which has been thought to cover 

traditional knowledge associated with genetic resource.  

It was out of these considerations, and many more, that the term “ecopharmacognosy” was 

proposed by Cordell in 2014 and defined as ‘the study of sustainable, biologically active, 

natural resources’, in order to underline the need to bring biodiversity and knowledge to 

posterity. Besides many other aspects of research, working as an ‘ecopharmacognosist’ 

means developing both new and established resources for nutraceuticals, cosmeticeuticals 

as well as foods. Moreover, the utilization of plant-based ingredients in industry, directly 

handed down by popular and ethnobotanical knowledge, could contribute to develop a 

green bioeconomy which have a global market with an annual growth of 11% and 

considering that 10-25% of today prescribed drugs contain at least one active compound 

isolated from plants (Devappa et al., 2015). 

 

5.3 Biorefinery Concept: recovery of bioactive compounds 

In addition to the aforementioned aspects of food waste management, other factors such as 

global warming, scarcity of resources and the constant lookout for natural biochemicals 

and products from both industries and market, are driving to a possible use of food wastes 

as source of biomaterials. Containing a variety of chemical components such as 

polysaccharides, proteins and lipids, food wastes have thousands of significant potential 

applications in the market as the research has demonstrated so far.  

The novel concept of ‘biorefinery’ refers, analogously to the petroleum refinery, to the 

conversion of raw material into commercially valuable products: biofuel, bioplastics, 

nanoparticles and bioactives are some of the most relevant applications that have already 

demonstrated a valuable economic potential. 

 
3 The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits 

Arising from their Utilization to the Convention on Biological Diversity was adopted at the tenth meeting of 

the Conference of the Parties on 29 October 2010, in Nagoya, Japan.  
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Plant biomasses have been used for the production of biofuels for several decades, but 

recent developments permitted to use industrial organic wastes as possible source of 

bioethanol: Yang et al., (2014) prospected to use carbohydrates from noodle wastes to 

produce bioethanol; cooking oil wastes have been successfully converted into biodiesel by 

enzymatic transesterification (Seong et al., 2011; Lee et al., 2013). Food wastes and 

agricultural residues have been used as source of lignocellulose for the production of 

biodegradable plastics4 (Ventaka and Venkateswar, 2013; Cesario et al., 2014). 

Many other examples could be reported to emphasize the variety of applications of the 

biorefinery concept: between them, the use of food waste as renewable resource to produce 

valuable phytochemicals represents the main topic of this project.  

Bioactive compounds are molecules with a certain effect upon a living organism and they 

naturally occur as secondary metabolites of plant; as they are already used as nutraceutical, 

cosmetic and phytotherapic constituents, their recovery from food waste rather than from 

cultivated plants represent a sustainable alternative to obtain them.  

In addition, recovering the industrial food waste to obtain high added value molecules 

represents a significant economic potential for the industry. The conversion of citrus peel 

residues into high value products, in fact, would allow companies to increase their 

competitiveness in the market: citrus fruits, including oranges, lemons, limes, grapefruits 

and tangerines are sources of soluble sugars, cellulose and hemicellulose, pectin and D-

limonene. D-Limonene, mainly used in essential oils as flavor and fragrance compound, it 

can be obtained after distillation of peel residues and used as a building block to generate 

compounds with similar structures (e.g. carveol, carvone, a-terpineol, perrillyl alcohol and 

perillic acid). Pectin, one of the most important food additives used as gelling agent and 

thickener, is a complex structural heteropolysaccharide found also in citrus fruits which 

contain 20–30% extractable pectin. Moreover, many flavonoids, including hesperidin, 

naringin and eriocitrin characterized the polyphenols profile of citrus peel and other solid 

residues of this species (Ki Lin et al., 2013). 

Another good example of industrial agro-food waste exploitation is grape pomace: after 

orange production, Vitis sp. (Vitaceae), is the most produced crop in the world. Since grape 

 
4 Polyhydroxyalkanoates (PHAs) and Poly-3-hydroxybutyrate (PHB) are plastic-like materials which can 

replace petroleum-derived plastics. 
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consuming, not sustainable as they require amounts of energy and solvents and quite 

laborious (Cvjetko Bubalo et al., 2018), therefore in the past years various green 

alternatives which are safer, more efficient and in some cases economic, have been 

considered. Following the concept of green chemistry, which first appeared in 1991, six 

principles of green extractions have been given by Chemat et al., (2012) and summarized 

below. 

 

I. Innovation by selection of varieties and use of renewable plant sources 

II. Use of alternative solvents and principally water or agro-solvents 

III. Reduce energy consumption by energy recovery and using innovative technologies 

IV. Production of co-products instead of waste to include the bio and agro-refining 

industry 

V. Reduce unit operations and favour safe, robust and controlled processes  

VI. Aim for non-denatured and biodegradable extract without contaminants (heavy 

metals, mycotoxins, etc.)  

 

EU environmental policy and legislation for the period 2010-2050 prioritized the use of 

eco-friendly solvents which needs to be safe for workers, process and environment and 

sustainable in their possibility to be reuse: green solvents must be in this sense chemically 

and physically stable, low volatile, easy to use and recycle (Cvjetko Bubalo et al., 2018). 

 

5.4.1 Ultrasound-assisted extraction (UAE) 

Ultrasound-assisted extraction has not only been used to extract bioactive compounds (e.g. 

polyphenolics, anthocyanins, aromatic compounds, polysaccharides and functional 

compounds such), but also essential oils, steroids, and lipids from plants. 
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Figure 4. Ultrasonic bath, Ultrasonik 104X, Ney Dental International, 

(photo: Ilaria Burlini) 

 

Sound waves (from 20 kHz to 10 MHz) have been successfully utilized to extraction 

procedures using the cavitation effect. During the sonication process, longitudinal waves 

are created when a sonic wave meets a liquid medium, alternating compression and 

rarefaction waves. Sound waves create bubbles that grow and collapse: during the 

expansion cycle, these bubbles have a larger surface area causing the diffusion of gas and 

bubble to expand. During the compression cycle, in which the energy provided is not 

sufficient to retain the vapor phase in the bubble a rapid condensation occurs and large 

amounts of energy are released, creating shock waves. These shock waves create regions 

of very high temperature and pressure, inducing the penetration of solvent into cellular 

materials, by disrupting the plant cell walls and facilitate the release of extractable 

compounds.  

During UAE extraction, several mechanisms of extraction have been identified and the 

results is the consequence of a combination of them: fragmentation, erosion, sonocapillarity 

effect, sonoporation, local shear stress and destruction of plant structures (Chemat et al., 

2017). 

Frequency and intensity of microwaves, product properties and ambient conditions 

(temperature and pressure) influence the UAE extraction ability. Ultrasound frequency can 

enhance the extraction yields with high reproducibility. Some other advantages of using 

ultrasounds are low temperatures, reduction of extraction time, amount of energy and CO2 

emissions and, in addition, the UAE apparatus is cheaper than that of other innovative 

technologies. Another advantage is that UAE has the capability for large commercial scale-

up due to the availability of recently designed high units for large commercial operations 

(Vilkhu et al., 2008; Galanakis, 2012). 
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Figure 5. Effect of power ultrasound on boldo leaves: 1) control leaf surface, 2) leaf surface after 

conventional process, 3) leaf surface after UAE (Chemat et al., 2017). 

 

5.4.2 Microwave-assisted extraction (MAE) 

Microwave-assisted extraction work with electromagnetic radiations with a frequency from 

0.3 to 300 GHz (generally 2.45 GHz). Microwaves possess electric and magnetic fields 

which are perpendicular to each other because of their electromagnetic nature. The electric 

field causes heating thanks to two mechanisms: dipolar rotation and ionic conduction.  

The former is due to the alignment on the electric field of the molecules possessing a dipole 

moment in both the solvent and the solid sample: this oscillation produces molecules 

collisions and the liberation of thermal energy.  

Unlike classical conductive heating methods, microwaves heat the whole sample 

simultaneously and this is one of the main advantages; another advantage of microwave 

heating is the disruption of weak hydrogen bounds promoted by the dipole rotation of the 

molecules; moreover, a higher viscosity of the medium lowers this mechanism by affecting 

molecular rotation and the migration of dissolved ions increases solvent penetration into 

the matrix facilitating the solvation of the sample. 

The latter consists in ionic currents, which are also induced in the solution by the electric 

field: frictions which occur after the medium resists to these currents, causes heating 

liberation by a Joule effect. Size and charge of the ions present in the solution strongly 

influence this phenomenon. The effect of microwave energy is strongly dependent on the 

nature of both the solvent and the solid matrix and on the size and charge of the ions present 

in the solution. Solvents used can be polar and non-polar but the extracting selectivity and 

the ability of the medium to interact with microwaves can be modulated by using them in 

mixtures (Kauffman and Christen, 2002).  
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Figure 6. Schematic representation of a MAE (source: Thirugnanasambandham et al., 2015) 

 

5.4.3 Pressurized solvent extraction (Naviglio® extractor) 

Extractor Naviglio® has been presented as a technological innovation in the field of solid-

liquid extractions and is the result of the application of a new principle called “Naviglio’s 

Principle” (Naviglio, 2003). 

The device, proposed by Daniele Naviglio in 2003, is a rapid and dynamic solid-liquid 

extractor that applies the “Naviglio’s principle”: ‘in a suitable solvent, generating a 

negative pressure gradient and letting it to go to equilibrium between outside and inside of 

a solid matrix, that contains compounds that can be extracted in the solvent followed by a 

rapid equilibrium condition restoring, a forced extraction of the not chemically bound 

compounds contained in the solid matrix is produced’ (Naviglio, 2003). Extractor 

Naviglio® can operate at room temperature or at sub-ambient temperature, and it works 

applying a pressure increase on the surface of the liquid phase containing the solid material 

(matrix) to be extracted; its device consists of one extracting chamber equipped with a 

cylinder and a piston where, at the bottom, one porous set let the liquid phase and liquid 

soluble substances pass through, while the solid particles are blocked. The solid raw 

material is put in the chamber that is filled with the solvent (organic, inorganic or a 

mixture). During the static phase, pressure gradient is applied allowing the system to reach 

equilibrium at a pressure of about 8-9 atm. When the piston is moved from its equilibrium 

position, the dynamic phase starts; this step is performed for five times and for a brief 

period of time with aim of remixing the solutions and to allow the diffusion of the extracted 

compounds. The movement of the piston and hence the static and dynamic steps alternate 

till the extraction process is efficiently completed. One extraction cycle is formed by one 

static and one dynamic step and by repeating more times these operations, complete 

exhausting of the solid matrix can be obtained.  
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Figure 8. Supercritical carbon dioxide (source: www.avantech.it/) 

 

The main advantages of the extraction process are: no solvent residue behind, the CO2 is 

non-toxic, non-flammable, odorless, tasteless, inert, and inexpensive, various application 

possibilities in food, aromas, essential oils and nutraceutical industries (can be used as a 

sample preparation step for analytical purposes, or on a larger scale to either strip unwanted 

material from a product such as decaffeination or collect compounds as with essential oils) 

(Sapkale et al., 2010). 

 

5.4.5 Subcritical water extraction (SWE) 

Among the more recent developments of green extraction, water in its subcritical state has 

been identified as an effective solvent with numbers of advantages. At the temperature of 

374°C and a pressure of above 220 bar, water is considered in its supercritical state, but 

subcritical water extraction is performed between 100°C and 374°C and high pressure to 

keep the water liquid. By altering water conditions, this solvent change its properties which 

become unique and adaptable for an effective and environmentally friendly extraction. In 

fact, at these conditions, water decrease its polarity and become suitable for both polar and 

non-polar compounds (this is due to a dramatic drop of the dielectric constant caused by 

the high temperature). As a low polar solvent, subcritical water is able to give high 

extraction yields and reductions of extraction time. At the same time viscosity and density 

of water decrease too and thus enhancing water penetration inside the sample matrix. Water 

is easily available, safe, low cost, non-toxic and non-inflammable and environmentally 

friendly: all these advantages of use brought subcritical water extraction to receive much 

attention among researchers from various research fields. Furthermore, the equipment easy 

to reproduce in a laboratory scale because of its uncomplicated design (Cvjetko Bubalo et 

al., 2018; Nastic et al., 2018). 
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Figure 9. Schematic representation of a subcritical water extractor (source: Machmudah et al., 2015) 

 

5.4.6 Natural deep eutectic solvents (NADESs) 

First reported by Abbott in 2003 (Abbott et al., 2003), deep eutectic solvents (DESs) are 

now recognized as new sustainable solvents. Because of their similarity with ionic liquids, 

some of their properties are non-volatility, high viscosity, non-flammability. The 

preparation of DESs is simple: it is sufficient to mix organic salts such as quaternary 

ammonium or phospohonium salt, with metal salts or hydrogen bond donors (capable to 

create intramolecular hydrogen bonds between each other). NADESs (natural deep eutectic 

solvents) are DESs produced from primary metabolites common in living cells (choline, 

sugars, carboxylic alcohol, etc.) which are involved in the biosysthesis and storage of 

various non-polar compounds. They can be defined as green solvents because of their 

properties: low cost, simple to prepare, non-toxic, biodegradable, readily available and they 

can be tuned easily for specific applications. NADESs capacity to be good extractive 

solvents depends on their combination and physiochemical properties, water can also be 

added to modify polarity; it has been estimated that 108 are the possible combinations of 

NADESs their cost is comparable to the one of conventional solvents. 

Disadvantages are also described: they are difficult to reuse of recover, the industrial scale 

up is possible only when the extract is used without purification steps and high energy 

could be require for stirring because of the high viscosity of NADESs (Zainal-Abidin et 

al., 2017; Cvjetko Bubalo et al., 2018). 
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5.4.7 Enzyme-assisted extraction 

Enzyme-assisted extraction have gained much attention nowadays because of the need of 

green extraction technologies, even if the use of enzyme to extract bioactive compounds is 

already well established, its association with other technologies such as sonication and 

microwaves, is a promising tool. Enzymes, with their ability to disrupt cell walls, represent 

a good alternative to release compounds with higher yields comparing to conventional 

extraction methods. Particularly the use of enzymes in extraction procedures enable to 

reduce solvent amounts and also to extract compounds which are naturally found in a bound 

form with other plant structural components. Among the advantages of using enzyme-

assisted extraction there are low extraction time, high yields and low energy and low 

solvent consumption. 

Cellulases, pectinases and hemicelluloses are often required to hydrolyze cell wall 

components and thus increasing cell wall permeability; they can be derived from bacteria, 

fungi, animal organs or plant extracts. Appropriate operational conditions and enzymes 

combination are important parameters to obtain a successful result. 

Enzymatic extractions are subjected to continuous research: good examples are the 

extraction of oils, polyphenols, phenolic acids, vanillin, polysaccharides and lycopene from 

tomatoes (Puri et al., 2012). 

The release of bound polyphenols from plant cell walls represent a never-ending challenge 

among researches which needs to find green alternatives to the commonly used acid and 

alkaline hydrolyses conditions. Enzymes, such as feruloyl esterases, can be involved in the 

release of bound phenolics, in particular phenolic acid from cereal pericarps: ferulic acid 

exhibited numbers of possible applications such as in health, medicine, food and cosmetic 

fields (Sindhu and Emilia, 2004). 

 

5.4.8 Hybrid techniques  

Beside all the innovative or sustainable extraction strategies described above, the 

possibility of combining two or more of them, in order to optimize results, is receiving 

great attention nowadays. Various combinations of extraction procedures have been 

investigated so far on plant materials: in particular, the combination of ultrasounds with 

conventional or unconventional methods have demonstrated to be effective. 
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Ultrasound-assisted soxhlet extraction (Sono-Soxhlet), used by Djenni et al., (2012) 

combines the advantages of the soxhlet extraction (availability of fresh solvent) and of 

ultrasounds by enhancing mass transfer and reduction of extraction time. This system has 

been used for the extraction of lipids from seeds, sausage products, cheese and bakery 

products.  

Another promising hybrid which is fast and efficient, is made by the combination of 

ultrasound-assisted extraction (UAE) and microwave-assisted extraction (MAE) and it was 

used for the first time by Cravotto et al. (2008). This combination allows to dramatically 

short extraction time with great potential industrial applications. The mechanical ultrasonic 

effect promotes the release of soluble compounds from the plant body by disrupting cell 

walls and microwaves heat the sample inducing the quick migration of molecules. The 

simultaneous irradiation increases the penetration of the solvent into the plant matrix and 

can increases the solubility of compounds. This technique has been used in the extraction 

of oils from vegetable sources (Cravotto & Binello, 2010). 

Sonication have demonstrated also a positive effect when coupled with supercritical fluids 

(SC-CO2) since UAE enhance the mass transfer of ginger to the solvent used for extraction 

of pungent compounds increasing the yields (Balachandran, 2006). 

Between many other possible combinations of technologies that can be used to extract 

biomolecules following the green chemistry concepts, two other strategies need to be 

mentioned: ultrasound-assisted chemical hydrolysis and ultrasound-assisted enzymatic 

hydrolysis. These methods, recently used to extract bound phenolics and other bound 

compounds from various vegetable matrixes, allow to short extraction times and enhance 

the phenolic yields when compared to conventional hydrolysis conditions such as alkaline 

hydrolysis with NaOH 2N (Gonzales et al., 2014) and enzymatic treatments with feruloyl 

esterase (Wang et al., 2014). The advantages connected to these processes and a detailed 

description of methods will be described in the ‘Materials and Methods’ chapter as they 

have been used experimentally in the present PhD project. 

Since the extraction technique’s choice of a desired metabolite has to be a result of a 

compromise between the efficiency and reproducibility of extraction, ease of procedure 

and considerations of cost, time, safety and degree of automation, the use of ultrasounds 

(alone or in combination with other techniques) has become nowadays, one of the most 

effective devices used to obtain green extracts (Chemat et al., 2017).
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Region (equivalent to the historical region of Syria) where the ancestors of wheat, barley 

and peas were based. There are, in fact, evidences of cereal production in Syria 

approximately 9,000 years ago. The spread of agriculture supported the increase of 

population as well as the development of cities and political organization (in order to make 

decisions regarding labor, harvest, access rights to water and land). In the same period 

China began to farm rice and millet (The world’s oldest known rice paddy fields, 

discovered in eastern China in 2007); sorghum and millets were also domesticated in sub-

Saharan West Africa. Corn had to wait for natural genetic mutations to be selected for in 

its wild ancestor, teosinte5 and the first directly dated corn cob dates only to around 5,500 

years ago in North America (“The Development of Agriculture”. National Geographic. 

Archived from original on 2016). 

 

6.2  Botanical description  

The term ‘cereals’ comprises every edible component of the caryopsis of a cultivated grass 

(herbaceous annuals from the Poaceae Family) but it doesn’t represent a botanical precise 

classification; the term ‘cereals’ includes: wheat, oat, rice, corn, barley, sorghum, rye, 

millet and triticale. Pseudocereals includes edible grains which are included into other plant 

Families such as Polygonaceae (buckwheat), Amaranthaceae (quinoa) and Lamiaceae 

(chia).  

 

6.2.1 The Poaceae Family 

The Poaceae Family owes its name to John Hendley Barnhart in 1895 based on the tribe 

Poeae described in 1814 by Robert Brown and to the type genus Poa described by Linneus 

in 1753; the term derives also from the Ancient Greek “πόα” (fodder). 

 

Also known as Graminaceae, the Poaceae Family, is a division of the order Poales and is a 

large and ubiquitous Family of monocotyledonous plants, commonly called grasses. It 

includes rhizomatous herbaceous plants or trees that can be annuals or perennials. 

 
5 Teosinte is an Aztec name meaning “mother of the mays” 
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With 780 genera and around 12,000 species of plants, Poaceae is the fifth largest plant 

Family (after Asteraceae, ~23,000, Orchideaceae, ~20,000, Fabaceae ~18,000 and 

Rubiaceae, ~18,000); they are the most abundant and important Family as they account for 

about 24 percent of the Earth’s vegetation. 

They grow on all continents, from the desert to freshwater and marine habitats, except high 

altitudes. Nearly three-quarters of Poaeceae genera are confined to one of seven centers of 

distribution: Africa, Australia, Eurasia north of the Himalayas, South and Southeast Asia, 

North America, temperate South America, and tropical America. About one-fifth have even 

broader distribution patterns throughout temperate or tropical regions of the world.  

Seven major groups (subfamilies) are distinguished depending on their structural features 

such as the anatomy of the leaves and their geographic distribution: Bambusoideae, 

Oryzoideae (e.g. Oryza sativa), Poideae (e.g. Triticum durum, Triticum aestivum, Avena 

sativa), Chloridoideae and Panicoideae, Arundinoideae (e.g. Phragmites australis), 

Centothecoideae and Stipoideae. The successful development of grasses resulted from their 

great tolerance of grazing herbivores and fire, their varied means of reproduction, and their 

versatility in photosynthesis. 

Grasses are perennial or annual, usually terrestrial and free-standing; they are rarely vine 

or aquatic. The root system consists of fine, fibrous roots. Corms and bulbs are sometimes 

present and prop roots may develop from the lower nodes or joints of the stem (as in maize). 

Grass stems, called culms, are herbaceous or woody, and they range from about 2 cm to 40 

m in height and 30 cm in diameter in bamboos. The stems of grasses range from fully erect 

to prostrate, they are solitary to densely clumped, as in the so-called bunch grasses. Many 

grasses produce horizontal stems, either below ground (rhizomes) or above ground 

(stolons). The internodes, or stem regions between the nodes, are usually round in cross 

section and either hollow or filled with a spongy pith. The structural strength of grasses 

comes from the leaf sheaths; the other major part of the grass leaf is the blade. Grass leaves 

are single at the nodes and arranged in two vertical ranks; structurally the point of leaf 

initiation alternates with each node; the leaf sheath grows to encircle the stem and overlap 

when the two points meet. Grass leaf blades (1-5 cm long) are usually long and narrow, 

with parallel margins, occasionally have a lance, egg, arrow or heart shapes. In grasses of 

arid areas, leaves roll up to form long and thin tubes in order to reduce water loss. The leaf 

veins are parallel; some special cells in the outer cell layer of the leaves contain silica 
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bodies, which shapes is used to distinguish large groups of grasses. Leaves have a ligule, a 

small flange or ring of hairs, at the junction of leaf sheath and blade (collar), and on the 

side facing the stem, used by the plant to prevent the entry of water into the leaf sheath. In 

some grasses (particularly Bambusoideae) the leaf is constricted and resembles a stalk or 

petiole at the base of the blade (pseudopetiole) that moves the leaf downward or upward at 

night.  

 

Figure 12. Grass schematic structure (source: forages.oregonstate.edu) 

 

The primary inflorescence of grasses is the spikelet (highly useful in the identification of 

grass species and genera), a small structure consisting of a short axis, the rachilla, to which 

are attached chaffy, two-ranked, closely overlapping scales. There are three kinds of scales: 

the glumes, the lemma and the palea. Grass spikelets consist of usually 2 glumes and 1 to 

about 50 florets, depending on the species. The base of the spikelet may be hardened into 

a pointed and hairy callus, usually best developed in spikelets with an awn that twists when 

atmospheric humidity changes. Spikelets are the units of the secondary grass inflorencesce 

which differs in characteristics depending on the species: wheats have spikelets attached to 

a central axis without a stalk or pedicel; the bluegrasses of the genus Poa, in contrast, have 

a panicle inflorescence, with the spikelets borne on distinct pedicels. Grass flowers are 

minute and simple; in place of the petals there are translucent structures called lodicules. 

Flowers are adapted for wind-pollination since they don’t attract animal pollinators, and 

they don’t have nectar with pollen to be transported by animals. For this reason, there is an 
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abundance of pollen contained in a range of 3 to 120 anthers. Grass flowers may be bisexual 

or unisexual: flowers of wheat, barley, oat and rye are bisexual; the flowers of corn are 

unisexual, although inflorescences for pollen and others for fruit are on the same plant. The 

production of male or female gametes on separate individuals is rare in plants.  

 

 
Figure 13. Inflorescence formed by spikelets (A1); inflorescence of rice (A2), spikelets of rice (B1); male 

inflorescence of maize (B2); two-flowered male spikelet of maize (C1); inflorescence of wheat (C2) 

(source: www.biologydiscussion.com) 

 

Grass fruits, called caryopses (grain), are unusual among plants in that the fruit wall 

completely adheres to the single seed; caryopses are generally dry. The caryopsis, also 

known as kernel, is constituted by a large endosperm (aleurone external layer and 

endorsperm cells with starch granules), germ (embryo) and bran (testa and pericarp). The 

pericarp consists of a thin-walled, long, rectangular cells; the hypoderm vary in thickness. 

The cells of the outer part of the pericarp are elongated in the length-wise direction of the 

grain. The inner layer of the pericarp becomes torn during ripening and in the mature grains 

is represented by a layer of branching hyphalike cells known as “tube cells”. The testa (or 

seed coat) is a thin single or double layer with the inner part often pigmented and the hyaline 

layer is colorless. The bran of cereals comprises all outer structure of the kernel, including 

the aleurone layer; in wheat, the proportion of bran is more affected by the variety than by 

environment. Botanically, the aleurone layer is the outer layer of the endorsperm but the 

miller regards it as part of the bran. In wheat it is a single layer of thick cubical cells and 

almost completely surrounds the kernel over the starchy endosperm and germ and it is 

reported to be 60-70 µ thick; it represents the differentiated meristematic layer which by 

tangential division produced the radial rows of endosperm tissue during the first 10-14 days 

of development. Each aleurone cell contains one large nucleus and aleurone granules; in 
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and Thailand and that the var. japonica in southern China and Vietnam; in 2008 it has been 

determined a single domestication event for O. sativa happened in the region of the Yangtze 

River valley. Another theory from Korean archaeologists proposed the domestication of 

rice in Korea (dated to 13,000 BC). Cultivated in Babylon and in the Middle East by 2,000 

years ago, it was finally spread to Europe during medieval times (Londo et al., 2006; 

Vaughan et al., 2008).  

 

6.2.4 Zea mais L. 

 

Order: Poales 

Family: Poaceae 

Genus: Zea 

Species: Zea mays 

 

 

Figure 21. Zea mais (Photo credit: right up: sciencenordic.com; right down: maveenseeds.com; 

 left: thebalance.com) 

 

Also known as corn, maize is an herbaceous annual plant 1,5-3m tall, originated from 

Central America. It has become the first cereal produced worldwide (before rice and wheat) 

but human consumption represents just a smallest final utilization: in fact, it is primary used 

for livestock feed, ethanol production and production of oil and sweeteners. 

For human consumption corn is used fresh or it can be dried and ground to produce flour 

or meals. The oil, obtained from the grain, is used both for cooking and industrial uses; 

cornstarch can be processed enzymatically to make inexpensive corn syrup to replace 

sugar. 
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Corn, in 2010, was the major cereal grain produced in the world with 825 MMT, followed 

by wheat (650 MMT) and rice (440 MMT polished rice): these three crops contribute for 

more than a half of human dietary calories.  

 

 
Figure 24. World cereal tons production in 2014 (source: it.actualitix.com from FAO) 

 

World consumption and production is directly connected to geographical characteristics 

and water availability: for example, Burkina Faso and Niger, semi-arid African countries, 

introduce calories for more than 85% from cultivation and consumption of millet and 

sorghum (FAO, 2011).  

Moreover, in developing countries more than 60% of intake calories come from cereal 

consumption (this percentage rises up to 80% in the poorest regions) and it decrease until 

30% of intake calories in developed countries (Awika, 2011). 

Cereal consumption seems to be contradictory in terms of human health: in developing 

countries where daily intake of carbohydrates is very high, malnutrition problems are high 

as well because of the low cereal content of proteins (lysine in particular) and because of 

the intake of refined grains which are poor in micronutrients. The second reason is 

connected to developed countries obesity: high contents of easily digestible carbohydrates 

have been cited as major contributors to this disease. The contradiction lies in the fact that 

certain grains consumption in developing countries demonstrated low incident of cancer 

and chronic diseases, particularly consuming high quantities of sorghum and millet. 

Numbers of publications are counted in literature about health benefits of cereals 

consumption (benefits against cardiovascular diseases, cancer, diabetes and other chronic 
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diseases) emphasizing the importance of whole grains intake which is, despite the 

recommendations, still very low (Anderson, 2003, Gani et al., 2012). 

Whole grains have been defined as ‘the intact, ground, cracked or flaked caryopsis, whose 

principle anatomical components (the starchy endosperm, germ and bran) are present in the 

same relative proportion as they exist in the intact caryopsis’ (Gani et al., 2012). Whole 

grains are, in fact, important sources of carbohydrates, proteins, lipids, dietary fiber, 

vitamins (mainly B-complex and E), minerals and bioactive compounds. In particular, the 

outer layer of grains (brans and husks) have been shown to contain the highest levels of 

bioactive compounds such as phenolic compounds, phytosterols, tocols and carotenoids, 

responsible for the already mentioned beneficial effects; for these reasons the benefits of 

grains are mainly found in the seed coat.  

Milling technologies, industrialized from 1800s, remove the brans and germs from the 

cereal grains efficiently, thus the refined flour obtained is mostly endosperm, poor of fibers, 

lipids, vitamins, minerals and phytochemicals which are removed during the milling 

processing too. 

Beside the sensory appeal reasons which underlie the milling processes (bright color, 

smooth texture, etc.), the other advantage of this process is keeping the quality of flour by 

removing lipids (responsible for quick oxidation and rancidity). Even though it is very 

important to recommend whole grains consumption with its advantages, on the other hand 

it is unlikely that there will be a rapid change in the eating habits of the population, 

therefore, the recovery of milling by-products remain a possible solution. 

In medium- and high-income countries the consumer phase is the stage of cereals supply 

chain with largest losses and wastes (40% and 50% of total cereal wastes) as show in the 

following graph (3); in low-income regions the main losses during cereals supply chain are 

represented by agricultural, production, post-harvested handling and storage. These data 

confirm the ones presented before about global food waste productions. 
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Graph 3.  Cereals losses and wastes during food supply chain stages (source: FAO, 2011) 

 

In the case of Italy, cereals production counts around 18 MMT, with a decrease in the past 

seven years of agriculture.  

 
Graph 4. Italian cereals production: from 1961 until 2016 (source: knoema.com/atlas/Italy/Cereal-

production) 

 

Nevertheless, Italy is still on the major cereal producer in Europe, counting in 2014 a 

production between 9 MMT and 24 MMT as shown in the below figure 25. 

 
Figure 25. European cereals production in 2014 (source: FAO from www.actualitix.com) 
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ISTAT, the Italian National Institute of Statistics, reported Emilia Romagna as one of the 

first Italian regions in terms of total production quantities (fist in sorghum, third in rice, 

fourth in corn and durum wheat productions in 2016). Ferrara, in particular, is the Emilia 

Romagna’s province with the highest total cereal production (2,707,794 MT of corn 

production in 2016). 

 

 
Table 5. Italian total cereal production in 2016 by regions (adapted from: www.istat.it) 

 

 

 

 

 
Table 6. Emilia Romagna and Ferrara cereal production in 2016 (adapted from: www.istat.it) 

 

As already described above, high numbers of production translate into high volumes of 

losses and waste materials: these reasons, together with the need for competitive 

technological innovations in health sectors, brought Emilia Romagna region to invest in 

research (http://fesr.regione.emilia-romagna.it/opportunita/). 

 

Region

Total cereals production in 2016 (quintals)

Rice Mayze Sorghum Common Wheat Durum Wheat Rye Barley Oats

Piemonte 8.292.300 14.415.437 115.435 5.209.225 166.435 9.482 1.008.322 15.637

Valle d'Aosta 1.400 150 160 60 30

Lombardia 6.597.770 18.034.970 215.187 3.791.730 1.422.591 27.477 1.170.539 10.785

Liguria 6.700 4.398 2.005 20

Trentino-Alto Adige 13.825 200 2.100 2.460 180 450

Veneto 210.850 17.914.190 172.150 5.824.805 1.236.894 3.424 1.033.605 8.452

Friuli-Venezia Giulia 1.050 6.238.384 32.885 596.604 21.091 2.237 297.950 920

Emilia Romagna 449.310 6.698.884 2.314.295 8.838.235 5.860.306 17.991 1.162.637 16.429

Toscana 20.630 1.275.298 107.086 706.518 2.895.829 4.564 567.329 312.556

Umbria 530.694 23.080 1.066.600 1.614.600 5.100 799.600 26.520

Marche 400.150 80.713 708.170 5.171.319 700.220 21.790

Lazio 1.371.000 12.300 579.500 1.474.800 4.090 386.500 43.900

Abruzzo 639.150 39.020 990.915 1.343.860 5.900 719.094 69.760

Molise 110.000 4.000 120.158 1.727.040 39.200 31.200

Campania 1.045.174 1.950 617.494 1.799.763 1.600 469.929 321.960

Puglia 65.200 4.500 496.500 13.289.000 591.000 629.100

Basilicata 39.429 6.516 189.743 3.619.920 10.451 417.885 339.530

Calabria 29.850 188.386 18.320 311.754 720.460 36.325 207.913 342.131

Sicilia 470 14.500 9.900 7.845.710 250 132.630 132.550

Sardegna 271.230 37.435 2.045 2.266 1.082.424 306.286 321.966

Italia 15.873.460 69.040.206 3.149.682 30.066.757 51.292.050 133.446 10.014.984 2.645.804

Province

Total cereals production in 2016 (quintals)

Rice Mayze Sorghum Coomon Wheat Durum Wheat Rye Barley Oats

Piacenza 6.130 1.040.000 26.000 1.165.500 359.600 336 171.500 2.010

Parma 410.400 46.500 695.200 483.900 80.030 2.115

Reggio 

nell'Emilia 400 560.500 45.600 592.100 47.600 58.600 800

Modena 15.270 746.450 496.400 1.263.750 150.500 109.120 2.296

Bologna 9.120 761.440 825.890 1.670.624 1.286.428 3.726 372.100 1.908

Ferrara 418.390 2.707.794 359.905 1.828.869 1.281.460 1.435 115.136 160

Ravenna 432.000 360.000 637.500 714.000 3.859 106.600 480

Forlì-Cesena 28.800 119.000 522.400 148.820 960 199.190 6.650

Rimini 10.500 35.000 193.800 139.200 78.000 1.890

Emilia 

Romagna 449.310 6.698.884 2.314.295 8.596.743 4.611.508 10.372 1.290.276 18.309
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6.4 The milling process and by-products 

Cereals processing is an important step of the production chain and milling represents the 

main procedure used in industry which produce large amounts of by-products. Milling is 

classified into dry milling, wet milling and brewing. The reason why this is a crucial part 

of production is because the nature of the obtained by-product is influenced, not only by 

the particular cereal concerned, but also by the exact conditions of processing.  

Dry milling is the process by which cereal grains are ground into flour; before being 

grounded, a separation step of the grain into its constituents is performed: the bran and the 

germ layers are by-products and separated from the endosperm. 

Pearling, an abrasive technique usually used for rice, oat and barley, is also considered part 

of a dry milling process and it permits to remove the seed coat (testa and pericarp), aleurone 

layers, and germ to obtain polished grain (e.g. polished rice). Wet-milling is used to 

produce starch and gluten, germ (for the oil-crushing industry) and bran. Lastly, malting in 

the process used to obtain beer and other alcoholic beverages by enzymatic fermentation 

of grain’s starch. 

 

During the dry milling process there are five working steps:  

1. Storing: after the grain is collected, grain elevators are used to store the grain before 

the milling process.  A truck full of grain is weighed, unloaded, and then weighed 

again to determine the amount of grain.  An elevator manager will then determine 

the grade of the grain and consequently, the storage bin to place the load of grain 

in; 

2. Cleaning: involves passing the grain through several machines that will remove any 

contamination in the batch of grain.  Grain is also separated by size, shape and 

weight;   

3. Conditioning: it takes place to produce a uniform moisture content, this will make 

the grain easier to mill without breaking up of the brans; 

4. Gristing: different batches of cereals are blended together (gristed); 

5. Milling process and sifting: separation of bran and germ from endosperm, and 

reduction of endosperm size to enhance uniformity. 



 

 

 

59 

 
Figure 26. Sschematic representation of milling process (source: Heinze, 2017) 

 

All of the different products resulting from the milling process are stored and can be 

blended to create different grades of flour: these blends can be treated with various 

enrichments before they are packaged and ready to ship; by-products are available to reuse 

and recycle processes (Galanakis, 2015). 

Beside the general procedure steps of dry milling, each cereal has its own process adapted 

to best valorize product and by-products production. For this reason, a more detailed 

description of corn, rice and wheat milling and by-products, is reported. 

 

6.4.1 Corn milling and by-products 

Corn needs an extra step of process, degermination, which can be both wet or dry and is 

aimed to remove the germ if a low-fat finished product is needed. The outer coat of the 

maize grain is frequently removed during dry milling too. Dry milling of corn produces 

various by-products but a global terminology for dry-milled maize products is not yet 

standardized; pericarp, germ cake, standard meal and broken kernels are usually combined 

to produce the hominy feed (for animal feed of ethanol production). The maize germ is 

directed send to extract oil which very between 15% and 25%, depending on several 

variables such as the extraction procedure. The by-products obtained from wet milling are 

still rich in nutriments and they can be used by pharmaceutical industries as growth media 

for the antibiotic production (Papageorgiou and Skendi, 2018). 
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6.4.2 Rice milling and by-products 

Rice treatment differs from the other cereal’s procedures because of its physical and 

botanical peculiarities and because it is mainly consumed as intact grain. 

Rice is first deawned in order to eliminate awns from the paddy grains (modern step); since 

the husk is not considered edible, a dehusking step is performed; the smooth brown rice 

obtained is still covered by its bran. The following steps are aimed to improve rice 

aesthetical appeal by pearling, polishing and grading: rice kernels are achieved with these 

steps their bright color and translucency. Rice flour is less commonly produced than other 

cereals, but it is becoming interesting to replace wheat flour in gluten-free products. 

The main by-products of rice are rice husk (20%), rice bran (8%), germ (2%) and brewer’s 

rice and they represent the 30% of paddy grains: rice bran consists mostly of pericarp, seed 

coat and aleurone layers (Papageorgiou and Skendi, 2018). 

 

6.4.3 Wheat milling and by-products 

Wheat is first cleaned and conditioned, after these steps, a breaking procedure is used to 

remove endosperm and germ from the pericarp obtaining also sizings, middlings and break 

flour fractions. The separation of wheat kernels is performed with sifters and purifiers, 

sievings and grinding follow the separation step obtaining wheat flour which can have 

various colors and ash content depending on wheat characteristics and milling procedure 

conditions.  

Conventional wheat milling processes remove all bran layers together, whereas the 

debranning process (modern technology) takes of each individual bran layer in sequence 

and permits to obtain high value by-products. Wheat by-products are mainly bran, shorts 

(mixture of bran and germs), germ and middlings which are primary used as animal feed 

as source of energy and proteins (Papageorgiou and Skendi, 2018). 

 

6.5 By-products and biomolecules of interest 

Whole grain cereals contain significant amounts of phytochemicals (polyphenols such as 

phenolic acids and alkylresorcinols), vitamins (vitamin B and E group and folate), minerals 

(selenium, iron, zinc and magnesium) and fibers (β-glucans, lignans, soluble pantosans and 

arabinoxylans) which contribute to the health benefits of whole grains consumption. 
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In cereal grains most of phytochemicals, dietary fibers and micronutrients are located 

within brans and germ parts which corresponds to the main by-products of the milling 

industries and thus represent a valuable source of important biomolecules. 

The bran and aleurone layers, which corresponds to the outer hard layers of cereal kernels, 

are constituted by dietary fibers, lipids, starch, protein, vitamins, minerals and 

phytochemicals such as phenolic acids. Dietary fibers include cellulose, hemicellulose, 

pectins, gums and other polysaccharides and oligosaccharides. The aleurone cells are 

surrounded by thick nonlignified walls (which correspond to 40% of total cell weight), 

constituted by nonstarch polysaccharides (mostly arabinoxylans and secondary β-glucans). 

Ferulic acid, the most represented phenolic compound in cereals bran, is esterified with 

arabinoxylans of the cell wall and in the form of diferulate is cross-linked between cell wall 

polysaccharides providing the structural properties of aleurone layer. Besides giving 

rigidity, phenolic acids are responsible for the protection against chronic disease radical 

scavenging activity associated with whole cereal consumption (Zaupa et al., 2014). 

The germ of cereals, the reproductive part of the kernel, is usually produced as a by-product 

of the milling process and its primary use is finalized to the production of vegetable oils 

(from wheat and corn in particular), or it is directly used as ingredient. Since the germ is 

rich in polyunsaturated fats, it has the tendency to oxidize and to become rancid on storage 

and for this reason it is usually removed from the cereal flour production. Germs are source 

of important phytochemicals such as phenolic acids (ferulic acids, p-coumaric acids, etc.) 

flavonoids (kaempferol, quercetin, etc.), proanthocyanidins (cyaniding 3-O-glucoside) and 

lipids (phytosterols). This chemical composition makes cereal germ interesting not only for 

the production of vegetable oils but also for the recovery of biologically active 

phytochemicals. 

 

6.5.1 Phenolic molecules 

Phenolic acids belong to the polyphenols class and they are widely distributed in the plant 

kingdom: flavonoids, tannins, proanthocyanidins, stilbene and coumarins are other 

examples of compounds belonging to this category.  

Even if there is no explicit ascription in literature regarding who coined the term 

polyphenols, it is known that Emil Fischer (1919), Karl Freudenberg (1920) and Theodore 

White (1957) carried out earliest historically significant laboratory studies on these 
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Figure 28. Schematic representation of bound phenolic bonds:(A) Cellulose (B) Hemicellulose (C) 

Structural protein (D) Pectin (E) Phenolic acids (F) Lignin (Acosta-Estrada et al., 2014)  

 

 
Figure 29. Structure of ferulic acid esterified to arabinoxylan: (A) ferulic linked to O-5 of arabinose chain 

of arabinoxylan. (B) b-1,4-linked xylan backbone. (C) a-1,2-linked L-arabinose (Buanafina, 2009) 

 

 

Agro-industrial by-products are good sources of lignocellulosic materials which are rich in 

bound phenolics.  

Ferulic acid (4-hydroxy-3-methoxycinnamic acid) is a derivative of cinnamic acid and it 

exists in both cis and trans isomeric forms. The double bond in the side chain is subjected 

to cis-trans isomerization stabilized phenoxy radical accounts for its antioxidant activity. 

With dihydroferulic acid, ferulic acid is the component of lignocelluloses responsible for 

the cell wall rigidity by making crosslink between lignin and polysaccharides. The covalent 

bonds already described make the release of ferulic acid available only after strong 

hydrolysis conditions.  

Ferulic acid have demonstrated many possible applications in literature. Some of the main 

activities reported in literature have been summarized and listed by Mathew and Abraham 
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(2004) and by N. Kumar and V. Pruthi (2014): anti-diabetic, free radical scavenger, lipid 

lowering, antioxidant, UV absorber, anti-atherogenic, neuroprotective, anti-apoptotic, food 

preservative, anti-ageing, precursor of vanillin, anti-carcinogenic. Ferulic acid is, in fact, 

well known and it has been studied for decades: it is reported as antihepatotoxic and offers 

various benefits for the cardiovascular system (Kiso et al., 1983, Rukmini and Reghuram, 

1991). It showed anti-inflammatory activity by suppressing the production of interleukin-

8 (IL-8). Studies on its chemopreventive potential colon carcinogenesis showed that ferulic 

acid increases the activities of detoxifying enzymes such as glutathione S transferase and 

quinone reductase (Kawabata et al., 2000). Some of ferulic acid biological activities have 

a possible direct application in the cosmetic, phytotherapic and nutraceutical industries. In 

particular, the possible cosmetic application of this molecule can be considered in relation 

to the free radical scavenger, antioxidant, UV absorber activites. Ferulic acid structure is 

similar to the tyrosine one and this phenolic acid can inhibit the melanine formation by 

competition with tyrosine (Saija et al., 2000). Ferulic acid is a good candidate as topical 

protective agent against UV-induced skin damage because it was found to permeate 

through the stratum corneum thanks to its high lipophilicity (Shahrzad and Bitsch, 1996; 

Saija et al., 2000). Furthermore, it exhibits scavenging activity against nitric oxide secreted 

by human skin keratinocytes in response to UV A and B radiations. Moreover, it has been 

found that the incorporation of ferulic acid into a topical solution of 15% vitamin C and 

1% vitamin E, not only improved chemical stability of the product, but also doubled the 

skin photoprotection to solar-simulated irradiation with a synergistic effect (Lin et al., 

2005). 

 
Figure 30. cis (a) and trans (b) ferulic acid structure (Kumar & Pruthi, 2014). 

 

6.5.2 Unsaponifiable fraction 

The unsaponifiable fraction is the whole quantity of substances present in oils or fats that 

after treated with saponification with potassium hydroxide are not volatile under the 

conditions of the tests. This fraction includes sterols, methyl sterols, high aliphatic alcohols, 
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and were only recently recognized as a new class of plant growth regulators called 

brassinosteroids (Schaller, 2003). 

They are found in free form and conjugated form (as steryl esters, steryl glycosides and 

acyl steryl glycosides). Conjugated sterols are ubiquitously found in plants and their profile 

may change in response to developmental and environmental changes. Steryl esters play a 

central role in membrane sterol homeostasis and represent a storage of sterols in plant 

tissues. Moreover, there are evidences supporting a role of conjugated sterols in plant stress 

responses (Ferrer et al., 2017). 

Methyl sterols are more recently studied and between the various identified compounds 

there are gramisterol, citrostradienol and isocitrostradienol. 

Many studies on the biological activity of phytosterols agree on their ability to lower 

cholesterol levels with decreased risk of coronary heart diseases, moreover they exhibit 

anti-inflammatory activities, induction of apoptosis in cancer cells, disease prevention and 

treatment (Jiang and Wan, 2005). 

 

Γ Orizanols  

Orizanol is one of the main components of the unsaponifiable fraction of rice bran oil: it 

was first presumed to be a single component, but later is has been determined to be a 

mixture of ferulate esters of triterpene alcohols and sterols: cycloartenyl ferulate, 24-

methylenecycloartanyl ferulate, sitosteryl ferulate and campesteryl ferulate are the main 

components which characterize this fraction. It was first isolated from rice bran oil and this 

is where its name comes from: Oryza sativa L. (Sohail et al., 2016). 

The unsaponifiable fraction (up to 5% mass of crude oil) contains approximately 0.9-2.9% 

of gamma oryzanols (Oliveira et al., 2012). 

The interesting aspects of gamma-oryzanol in the health field, lies in the fact that this 

fraction have been reported to be effective against various disorders and diseases: it 

demonstrated antiatherogenic potential and hypocholesterolaemic-hypolipdipaemic effects 

(Kennedy and Burlingame, 2003; Tsuji et al., 2003); free-radical scavenging activity 

(Zhimin et al., 2001); anti-diabetic potential (Ohara et al., 2009; Son et al., 2011); anti-

cancer (Nam et al., 2005; Revilla et al., 2013); antiinflammatory activity (Islam et al., 

2008). 
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The antioxidant activity of gamma oryzanol have a potential in industry as stabilizer on fats 

and oils: brown rice, rice bran and oryzanol have already been used to stabilize food 

products with interesting application in develop functional foods (Bergman & Xu, 2003); 

rice bran oil extracts are also used in cosmetic formulation in the treatment of skin-related 

disorders and in sunscreen formulations as it absorbs UV radiations (Indira et al., 2004; 

Juliano et al., 2005). 

 

 
Figure 33. Chemical structure of the main components of γ-oryzanol (www.examine.com) 

 

Tocopherols and tocotrienols 

Tocopherol and tocotrienols comprise a group of closely related lipids (collectively known 

as tocols) that consist of a polar chromanol ring and a hydrophobic 16-carbon side chain 

attached to the ring via the C-2 atom. Tocopherols have saturated phytyl side chains while 

tocotrienols have isoprenyl side chains with three double bonds (Eitenmiller et al., 2004). 

The main tocotrienols are: 5,7,8-trimethyltocotrienol (α-T3), 5,8- trimethyltocotrienol (β-

T3), 7,8- trimethyltocotrienol (γ-T3), 8-metyltocotrienol (δ-T3). 

The main tocopherols are: α-tocopherol (α-T) 5,7,8-trimetyltocol, β-tocopherol (β-T) 5,8-

dimethyltocol, γ-tocopherol (γ-T) 7,8-dimethyltocol, δ-tocopherol (δ-T) 8-methyltocol, 

(5,7-T) 5,7-dimethyltocol, (7-T) 7-methyltocol. Only alfa, beta, gamma and delta-

tocopherols exist in nature with alfa, beta and gamma-tocopherols as the more abundant. 
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Figure 34. Tocols chemical structures (lipidlibrary.aocs.org) 

 

The antioxidant activity of tocopherols and tocotrienols varies according to the molecule 

with the following order: α-T < α-T3 < γ-T < γ-T3 < β-T < β-T3 < δ-T < δ-T3 (Capella et 

al., 1997). 

Tocols are antioxidants that scavenge lipid peroxyl radicals by donating hydrogen atoms, 

reduce oxidative stress and oppose development of degenerative diseases such as 

cardiovascular diseases and cancer; they also have been demonstrated to regulate cellular 

signaling, cell proliferation and gene expression (Sen et al., 2007).  

Cereal grains are unique sources of tocols, in particular of Vitamin E which have an 

important role as natural preservative thanks to its radical scavenging activity: it is an 

alternative to, for example, the other synthetically derived butylated hydroxytoluene, 

butylated hydroxyanisole, tert-butylhydroquinone preservatives. The possibility of using 

vitamin E as a natural preservative emphasizes the importance of its extraction from natural 

sources and cereal grains which are rich in lipids particularly in the germ and represent a 

good starting matrix. Whole grain corn is the richest source of vitamin E among, rye, barley, 

sorghum, oat and millet (Fardet, Rock & Remesy, 2008). The extraction of vitamin E from 

cereal grains by-products (e.g. maize germ) have been performed in literature both with 

conventional and green extractions techniques: the levels of tocopherols extracted by SFE 

with supercritical CO2 have been found to be similar to the results obtained with 

conventional extraction methods but with low content of phospholipids extracted by SC-

CO2 which is advantageous from the processing point of view (Rebollenda et al., 2012). 

Wheat germ oil is a good source of tocopherols and tocotrienols which have been also 

successfully extracted with SC-CO2 by Gelmez (2009) with 10 minutes of extraction (336 
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bar and 58°C) obtaining 0.33 mg tocopherol/g germ and suggesting a potential green 

extraction process which can be applied in cosmetic and food industries. 
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Hinton Broth (MHB) and Muller Hinton Agar (MHA) were obtained from Oxoid S.A. 

(Madrid, Spain). 

7.3  Microorganisms 

Two clinical isolates of Staphylococcus aureus (MRSA 185087 and MSSA 185960) and 

one clinical isolate of Staphylococcus epidermidis (185240) have been obtained from the 

Hospital Universitario Reina Sofía (Córdoba, Spain). One reference strain of 

Staphylococcus aureus (ATCC 29213) Culti-Loops was obtained from Oxoid S.A. 

(Madrid, Spain). All antimicrobial agents were purchased from Oxoid S.A. (Madrid, 

Spain). 

 

7.4  Extractions targets 

All extraction techniques performed for the present PhD project have been chosen in order 

to maximize the extraction yields of the two extraction targets: phenolic acids and 

unsaponifiable compounds, the main biomolecules characterizing cereal by-products.  

At the same time the extraction methods used were performed with the aim of minimizing 

as much as possible the environmental impact compared to other conventional 

methodologies.  

§ Ultrasound-assisted extraction (UAE), alkaline hydrolysis, alkaline hydrolysis 

coupled with sonication, enzymatic hydrolysis and enzymatic hydrolysis on 

sonicated materials, were performed to extract phenolic compounds which typically 

characterize cereal grains and germs; 

§ Supercritical fluid extractions (SC-CO2) have been performed to extract the 

lipophilic compounds (unsaponifiables) which typically characterize cereal brans 

and germs.  

 

Each extraction has been performed in triplicate. Prior to any extraction, all plant materials 

have been prepared to enhance accessibility of the substrate: this step requires grinding into 

fine powder the plant materials in order to disrupt cell walls and increase the solvent contact 

surface with the matrixes which have been milled through a 2 mm sieving ring of a Variable 

Speed Rotor Mill (Fritsch, Germany) and immediately stored at -20°C until further use. 
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7.5  Target 1: Phenolic acids 

7.5.1 Extraction techniques  

- Ultrasound-assisted extraction 

Ultrasound-assisted extraction was performed in an ultrasonic cleaning bath (Ultrasonik 

104X, Ney Dental International, MEDWOW, Cyprus) under a working frequency of 

48 kHz.  

In order to extract free phenolics from cereal by-products matrixes (CBM) 5 g of each 

sample were placed into a volumetric flask (100 mL), filled with a 65% ethanolic solution 

as extraction solvent and sonicated at room temperature (solvent/solid ratio of 20 mL/g of 

cereal matrix).  

Literature reports two optimization methods for the extraction of phenolic molecules 

through UAE from wheat germ (Wang et al. 2008) and rice bran (Tabaraki et al. 2011), 

which were followed in the present project for the extraction of FP from cereal matrices. 

Since no literature data have been found about the most suitable ethanol content for corn 

UAE extraction, three extractions have been performed with three different percentages of 

hydroalcoholic solvent (100%, 50%, 0% of ethanolic solution). All the FP extractions are 

summarized in table 8. The obtained extracts have been filtered and lyophilized until further 

use. 

 

n° CBM 

Parameters   

Time 

(min)  
Solvent  Solvent/solid ratio  note 

1 Wheat aleurone  25 65% ethanolic solution  

20/ 1 

Residues of 
these 

extractions 
were used 

for BP 
extractions 

2 Rice bran  45 65% ethanolic solution  

3 Yellow corn germ 
25 100%, 50%, 0% ethanolic 

4 White corn germ  

 

 
Table 8. UAE extractions of FP performed on cereal by-products matrices (CBM) 
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Even if there are several literature methods about the enzymatic extraction of bound 

phenolics from cereal by-products, it was difficult to follow them scrupulously due to the 

peculiarities of the available enzymes (origin, synthesis, concentration, etc.). The method 

of Yu et al. (2002) was taken as a starting reference and it has been then adapted according 

to the needs of the present work. 

Thus, to develop the most suitable method, various extractions have been performed 

starting on wheat bran aleurone and evaluating the extraction efficacy through HPTLC 

screenings. To do so, 0.1 g of wheat bran aleurone, have been hydrolyzed for 24 hours with 

two enzymatic blends, reported in table 9, in order to find the most suitable combination 

and the most performing FAE enzyme and against a blank. 

 

n° Sample FAEZCT FAERU  Xilanase Time 

1 

Wheat bran aleurone  

1% (0.49 U) -  10 U 

24 H 2 -  1% (12 U) 10 U 

3 
Blank  

4 
 

Table 9. Enzymatic extractions performed in order to establish the most suitable enzymatic blend 

 

Once FAEZCT has been selected as the most performing enzyme and the best enzyme 

combination has been chosen (1% FAEZCT and 10 U Xylanase), four more extraction 

times were tested in such a way as to verify if 24 hours were adequate time to extract the 

molecules and also to verify the possibility of speeding up the process without losing in 

extractive quality. Thus, 20 min, 60 min, 180 min and 48 hours have been tested as shown 

in table 10 and against a blank. 

 

n° Sample FAEZCT Xilanase Time 

1 

Wheat bran 
aleurone 

1% (0.49 U) 10 U 

20 min 

2 60 min 

3 180 min 

4 48 h 

5 

Blank 

20 min 

6 60 min 

7 180 min 
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8 48 h 

 

Table 10. Enzymatic extractions performed with 20 min, 60 min, 180 min and 48h  

 

As shown in Results and Discussion chapter, we verified through HPTLC that reducing the 

extraction time up to 180 min allows us to obtain a comparable result to that obtained with 

24 h, and this allowed us to proceed by making a more specific comparison between the 

extracts obtained after 180 min and 24 h. 

Furthermore, for the same purposes, the possibility of performing enzymatic extractions 

starting from the UAE extraction residues (UAE-R) was evaluated to verify the 

contribution of the ultrasounds on the extractive effectiveness of the enzymatic mixture. 

Finally, once the parameters of the extractions were decided, we also carried out the various 

extractions with the optimized parameters (24h, 180 min and 180 on UAE-R) starting from 

the remaining CBM (rice and maize matrices). 

 

n° Sample FAEZCT Xilanase Extraction time 

1 
CBM 

1% (0.49 U) 10 U 
180 min 24 h 

2 Blank 

3 
UAE-R 

1% (0.49 U) 10 U 
180 min - 

4 Blank 

 

Table 11. Enzymatic extractions performed for analyses 

 

All hydrolyses have been performed with phosphate buffer, at pH 4.5 and temperature of 

50°C and against a blank. To stop the reaction 100 µL of acetic acid were added to the 

solution. Phenolics were then extracted three times with ethyl acetate and separated through 

a separating funnel. The ethyl acetate extracts were evaporated to dryness with a rotary 

evaporator (IcaÒ RV10 digital) at room temperature and the residue was dissolved again in 

ethyl acetate, centrifuged 10 minutes at 4000 rpm to remove possible extraction residues. 

Samples were evaporated to dryness under a stream of nitrogen at room temperature and 

finally weighed to calculate the extraction yields. 
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Free phenolics extracts have been concentrated at 20 mg/mL in a 60% ethanolic solution 

and 8 μL of each extract have been put on the chromatographic plate using the automatic 

sampler. For the chromatographic separation of free phenolic acids, the following 

parameters have been chosen, following the guidelines of Wagner and Bladt (2009). A two 

steps elution has been performed: the first mobile phase was: ethyl acetate/formic 

acid/acetic acid/water (100:11:11:20); the second mobile phase was: toluene/ethyl 

acetate/acetic acid (100:90:10). After the elution, plates have been derivatized with 

NP/PEG solution and then photographed with TLC Visualizer (CAMAG) at 254 nm, 366 

nm.  

For the chromatographic separation of bound phenolic acids, the method described by 

Barberousse et al. (2008) has been chosen with some modifications to better separate the 

phenolic molecules. Bound phenolics have been concentrated at 7 mg/mL with ethyl 

acetate and 8 μL of each extract have been automatically put on the plate using the 

automatic sampler; the mobile phase used was: chloroform/ ethyl acetate/methanol 

(7:2.5:0.5) + 1% acetic acid. Plates have been captured at 254 nm and 366 nm before and 

after derivatization with NP/PEG in order to highlight the presence of phenolic compounds. 

 

7.5.4  RP-HPLC-DAD analysis and quantification of phenolic acids 

The analyses of the phenolic acid extracts and the quantification of phenolic acids were 

performed using a Waters modular HPLC system (MA, model 1525) coupled to a diode 

array detector (model 2998) linked to a 20-μL sampler loop, following the method 

described by Robbins & Bean (2004). 

The separation of phenolic acids was achieved on a reversed phase C18Luna column 

(Phenomenex, 1504.6 mm; particle size 5mm). The mobile phase consisted of methanol 

(B) and 0.1% aqueous formic acid (A) as the binary solvent system. The solvent gradient 

in volumetric ratios was as follows: 5–30% B over 50 min, held at 30% B for an additional 

15 min; at 65 min the gradient was increased to 100% B and held at 100% B for an 

additional 10 min to clean up the column. The column was thermostatically controlled at 

30◦C. Injection volume was set to 20 µl. Dedicated JASCO software (ChromNAV ver 

2.02.01) was used to calculate peak area by integration.  

For the quantification of phenolic acids, four different concentration of ferulic acid and p-

coumaric standards were prepared in methanol within the range: 5÷500 µg/mL and each 
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solution were injected in triplicate. Following chromatogram recording, sample peaks 

identification was carried out by comparison of UV spectra and retention time with those 

of the pure standards. Each tested extract has been prepared in a methanolic solution 

(methanol/water, 80:20), filtered through a UNIFLO 25/0.2 PTFE pre-filter (Scheicher & 

Schuell) and a disposable syringe (Chemil s.r.l.) at the concentration of 0.5 mg/mL and 

analyzed under the same experimental conditions described for phenolic acids standards. 

The obtained calibration graphs allowed the determination of the ferulic acid and of p-

coumaric acid concentrations, the most abundant phenolics characterizing cereal by-

products. 

Limit Of Detection (LOD) and Limit Of Quantitation (LOQ) were calculated following the 

approach based on the standard deviation of the response and the slope as presented in the 

“Note for guidance on validation of analytical procedures: text and methodology”, 

European Medicine Agency ICH Topic Q2 (R1). 

 

  FA p-CA 

r2 0.9991 0.9993 

LOD 0.342 µg/mL 0.221 µg/mL 

LOQ 1.14 µg/mL 0.74 µg/mL 

 

Table 12. RP-HPLC-DAD statistical parameters of phenolic acids quantification 

 

7.5.5 Determination of total phenolic content (TPC) 

The Folin-Ciocalteu spectrophotometric assay (Singleton, Orthofer, & Lamuela-Raventos, 

1999) was used to determine the total phenolic content of all phenolic extracts with a 

ThermoSpectronic Helios-γ spectrophotometer and performed according to previously 

described methods (Vermerris and Nicholson, 2007; Tacchini et al., 2015). Samples were 

concentrated to 2 mg/mL and 0.1 mL of each solution was mixed 7.9 mL of distilled water 

and 0.5 ml of 0.2 N Folin–Ciocalteu reagent; after 2 min, 1.5 ml of a 20% Na2CO3 solution 

was added. After incubation at room temperature for 2 h, the absorbance of the reaction 

mixture was measured at 765 nm against a water blank. Gallic acid was used as standard 

to produce the calibration curve. The mean of three readings was used and the total phenolic 

content was expressed as mg of gallic acid equivalents (GAE)/ g of dried extract. 
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7.5.6 HPTLC DPPH bioautographic assay  

HPTLC bioautographic assay has been employed to screen the radical scavenging activity 

of the extracts and to determine compounds responsible for this activity using the DPPH 

radical and following the method described by Rossi et al. (2011). Briefly, 8 µl of each 

extract were concentrated and eluted as described in the previous HPTLC sections were 

applied to a HPTLC plate as 7 mm wide bands with Linomat IV (Camag). After 

development, plates have been sprayed with a methanolic solution of 2,2-diphenyl-1-

picryl-hydrazyl radical (DPPH, 2 mg/mL) to detect the antioxidant fractions and then 

photographed at visible light after 30 min. 

 

7.5.7  DPPH assay: evaluation of the antioxidant activity  

The DPPH assay has been developed by Blois (1958) and subsequently improved using a 

microplate reader (Cheng, Moore & Yu, 2006; Kedare & Singh, 2011). For the 

experiments, seven different concentrations of extracts have been tested with the 

microdilution method within ranges reported in table 13. 

 

Extracts  By-products Tested concentration 

ranges (μg/mL)    

FP extracts All CBM 48.88 - 3000 

BP extracts  
Wheat & rice brans 1.95 - 125 

Corn germs  7.81 - 500 

BP+ extracts  
Wheat & rice brans 0.49 - 31.25 

Corn germs  3.91 - 250 

Enzymatic extracts All CBM 7.81 - 500 
 

Table 13. Concentration ranges used for the determination of the radical scavenging activity 

 

After 40 minutes of incubation in the dark at room temperature and stirring, microplates 

were analyzed with a microplate reader (Biorad, 680 XL) and the absorbance was read in 

triplicate against a blank at 515 nm. The DPPH inhibition in percent was determined by the 

following formula: IDPPH% = [1-(A1/A2)] x 100. Where A1 was the DPPH absorbance 

with the extracts and A2 without extracts. 

Eight different concentrations (0.16-20 μg/mL) of Trolox were prepared and used as 

positive control for FP, BP and BP+ extracts. Antioxidant activity of the extract was 
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expressed as IC50, concentration providing 50% inhibition of the radical. All experiments 

were assessed in triplicate and values were reported as mean ±SD (Standard Deviation). 

 

7.5.8 Antimicrobial activity of phenolic extracts 

The antimicrobial susceptibility test and the antimicrobial microdilution assay for MIC 

calculation were performed in order to verify the possibility to reinsert some of the most 

performing cereal extracts in the dermo-functional and cosmetic market thanks to their high 

content of phenolic acids. Plants, in fact, have developed strategies to protect themselves 

from microbial attacks, including the production of antimicrobial agents. Ferulic acid, 

predominantly located in the outer layer of kernels, enhance the rigidity and strength of cell 

wall and could have a role also in the protection against microbial attacks. The 

antimicrobial properties of FA have been, in fact, recognized for twenty years (Lo and 

Chung, 1999). A recent study demonstrated that FA exhibits a potent antibacterial effect 

against Gram-positive bacteria but has no effect against Gram-negative bacteria (Takahashi 

et al., 2013), however Borges et al. (2013) reported that the Gram-positive bacteria were 

less susceptible to FA than Gram-negative. Several studies have also contributed to 

demonstrate the FA mechanism of action as an antimicrobial agent (Campos et al., 2009; 

Borges et al., 2013): it causes irreversible changes in membrane properties through 

hydrophobicity changes, decrease of negative surface charge, and occurrence of local 

rupture causing changes in charge, intra and extracellular permeability, and 

physicochemical properties and consequent leakage of intracellular constituents. 

Staphilococcus aureus represent a large bacteria group with the shape of coccidia. 

Staphylococcus genus is divided into two groups:  coagulase-positive (pathogenic) and 

coagulase-negative for the ability to produce coagulase enzyme. S. aureus and S. 

intermedius are coagulase-positive genres. All other staphylococci are coagulase-negative 

– CNS (Mierzejewski and Woźniak-Kosek, 2012).  

S. aureus is the main member of the skin microbiota and in certain conditions can cause 

various skin disorders and infections by producing several extracellular enzymes which 

cause tissue damage and thus helping itself to spread into the deeper tissues. Moreover, it 

produces a series of exfoliative toxins such as enterotoxins A-E. Various disorders are 

associated with S. aureus virulence: impetigo, bacteremia, endocarditis, soft tissue 

infections, septicemia and food poisoning (Kumar et al., 2016). Moreover S. aureus is used 
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as an index of official evaluation concerning the efficiency of cosmetics preservation 

(Mierzejewski and Woźniak-Kosek, 2012). 

 

S. epidermidis is a facultative anaerobe of skin microbiota which, even if is normally 

nonpathogenic, can turn into infectious with a role in acne lesions. S. epidermidis has 

several adhesion factors and has the ability to form a biofilm which favors the growth in 

anaerobic conditions of Propionibacterium acne. During the acne inflammation, lipases 

and delta-haemolysin are two virulence factors of S. epidermidis (Kumar et al., 2016).  

These bacteria were chosen as targets of antimicrobial activity in this project due to the 

potential applications that a possible antimicrobial activity could have in the cosmetic field 

and more generally in the health industry.  

 

Antimicrobial susceptibility test 

The antimicrobial susceptibility of the bacteria was determined on Mueller–Hinton agar 

(Oxoid, Spain) using the disk diffusion method. Six different antimicrobial agents, widely 

used in human clinical, were studied: ampicillin (10 mg/disk), penicillin (10 mg/disk), 

chloramphenicol (30 mg/disk), kanamycin (30 mg/disk), ciprofloxacin (5 mg/disk) and 

doxycycline (30 mg/disk). Staphylococcus aureus reference strain ATCC 25923 was used 

as a quality control. Each antimicrobial agent has been tested against all bacteria strains 

and incubated overnight at 37°C. The measurement and interpretation of growth inhibition 

diameters was performed following the CLSI guidelines for human antimicrobial 

susceptibility tests for human pathogens (CLSI, 2015). 

 

Antimicrobial microdilution assay  

The Minimum Inhibitory Concentration (MIC) of alkaline hydrolyzed extracts have been 

determined using the microbroth dilution method. One reference strain (ATCC 29213), two 

clinical isolates strains (Methicillin-Resistant Staphylococcus aureus, MRSA 185087 and 

Methicillin-Sensitive Staphylococcus aureus MSSA 185960) of Staphylococcus aureus 

and one clinical isolate of Staphylococcus epidermidis (185240) have been used for the 

antimicrobial activity assay. The MICs were determined through microdilution method in 

accordance with the Clinical and Laboratory Standards Institute (CLSI, 2015). 
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All strains have been sub-cultured overnight in Muller-Hinton Agar (MHA) before testing. 

An inoculum has been prepared for each bacterium using a 0.85% saline solution and 

adjusting its OD595nm to 0.08 ± 0.1 (1 x 108 CFU/mL). 100 μL of each extract has been put 

in a sterile u-shaped 96-well PS-microplate (Greiner bio-one, USA) and twelve different 

concentrations have been tested (2048-1 μg/mL); penicillin was used as positive control 

and eight different concentrations of it (4-0.06 μg/mL) were tested.  

Bacteria suspensions without extracts and Muller-Hinton Broth (MHB) were used as 

controls. The microplates have been then incubated overnight at 37°C. MIC results have 

been determined as the lowest concentrations of extracts at which no bacteria growth has 

been detected. A re-count of bacteria concentration has been performed after each test by 

diluting 10 μL of each bacteria suspension (negative control) in 10 mL of sterile water: 100 

μL of this final suspension have been put on MHA plate at 37°C for 24 hours in order to 

count the CFU. All tests have been performed in triplicate and compared with controls. 

 

 
Figure 40. Microplate with antimicrobial activity assay 

 

 

7.6  Target 2: Lipophilic compounds and USP fraction 

7.6.1 Supercritical fluids extraction (SC-CO2)  

All samples were subjected to supercritical fluid extraction (SFE) using an Applied 

Separations (Allentown, PA, USA) model Speed SFE extractor. Extractions were 

performed on each type of CBM in order to extract the cereal fixed oils and the 

unsaponifiable fraction, in particular. For the extraction, 2g of each CBM have been 

extracted under the following operating conditions: carbon dioxide flow-rate of 2.5 

mL/min, oven temperature was set at 40°C, restrictor temperature at 80°C, and pressure at 

300 atm. Extraction parameters have been chosen from various literature reports as the 
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most suitable ones for the extraction of cereal by-products: from all literature reports, two 

of them have been chosen to be applied to CBM and compared as they differed only for the 

extraction times: Gelmez et al. (2009) propose 10 min of extraction and Kwon et al. (2010) 

proposed 120 min for the extraction of cereal fixed oils with SC-CO2. 

 

 
Figure 41. SFE apparatus Spe-edTM -Applied Separations  

(Photo credit: Ilaria Burlini) 

 

7.6.2 HPTLC of fixed oils 

For the HPTLC identification of fixed oils of SFE extracts, the method “HPTLC  

Identification of Fatty Oils (Fixed Oils)” from Camag laboratory was followed (Camag, 

2014). HPTLC plates 10x10 cm RP-18 F254s, (Merck) have been used for the analysis of 

SFE extracts with the Linomat V automatic sampler (CAMAG). WinCATS Planar 

Chromatography Manager software (CAMAG) and Twin Trough Chambers (10x10 cm) 

have been used. RP-18 F254s plates have been pre-washed with dichloromethane and then 

oven dried at 120 °C for 10 min. The HPTLC pre-develop plate has been eluted with the 

following eluent mixture: dichloromethane/glacial acetic acid/acetone (20:40:50). 25 μl of 

all extracts were dissolved in 3 mL of dichloromethane, 2 μl of the diluted extracts have 

been automatically put on the plate and then eluted. For the fingerprint visualization of the 

SFE fixed oils the plate was dipped into phosphomolybdic acid reagent (derivatization 

reagent: 25 mg/mL of phosphomolybdic acid in 96% ethanol) for one second and oven 

heated for 3 minutes at 120°C, finally examined at visible light. 
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7.6.3 Determination of unsaponifiable (USP) composition with GC-MS 

To determine the unsaponifiable composition and percentage of all 10 min SFE extracts, 

gas chromatography-mass spectrometry (GC-MS) was used. 10 mg of each extract have 

been cold saponified with 20 mL of 1 M methanolic KOH, the flask has been placed under 

constant agitation for 24 h at a temperature of 28°C. The solution has been then extracted 

twice with 2 mL of n-hexane and 0.2 mL of ethanol using a separator funnel. The n-hexane 

fractions have been then dried using a rotary evaporator after adding anhydrous sodium 

sulfate: the unsaponifiable fractions have been silanized at 80°C with 200 μL of N,O-

Bis(trimethylsilyl)-trifluoroacetamide and trimethylchlorosilane (BSTFA /TMCS) and 200 

μL of pyridine. After 1 h, the liquid has been evaporated under a nitrogen flow and then 

extracted with 0.3 mL of hexane. The products have been placed in ultrasounds for 2 min 

and centrifuged, the supernatant has been injected into the GC. Compounds have been 

identified by comparing their GC retention times and the MS fragmentation pattern with 

those of literature, with pure compounds (Sigma-Aldrich)	 and by matching the MS 

fragmentation patterns and retention indices with the mass spectra libraries NIST	 and 

literature.  

The GC-analysis of the extracts have been performed using a Varian 3800 chromatograph 

interfaced with a Varian SATURN MS-4000 mass spectrometer, with electronic ionization 

in progress, provided with integrated control software with NIST library. For the GC 

analyses the following operating conditions have been used: column Varian VF-5 5% poly-

and 95% phenyl-dimethyl-siloxane (0.25 mm; length, 30 m; film thickness, 0.25 μ m 

Agilent Technologies Inc., Santa Clara, California, USA). Injector temperature, 300°C; 

carrier helium, flow rate, 1.2 mL/min; and split ratio, 1:20. Oven temperature was increased 

from 230°C	to 320°C	at a rate of 5°C/min, followed by 7 min at 320°C. The MS conditions 

were: ionization voltage, 70 eV; emission current, 20 mAmp; scan rate, 1 scan/s; mass 

range, 40-650 Da; trap temperature, 150°C, transfer line temperature, 300°C.  

 

7.6.4 HPTLC DPPH bioautographic assay  

HPTLC bioautographic assay has been employed to determine antioxidant compounds on 

SFE extracts using the same method described for phenolic compounds. The SFE extracts 

have been prepared and eluted as described by the USP for the HPTLC analyses for fixed 

oils (Camag, 2014). After development, plates have been sprayed with a methanolic 
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solution of 2,2-diphenyl-1-picryl-hydrazyl radical (DPPH, 2 mg/mL) to detect the 

antioxidant fractions and then photographed at visible light after 30 min. 

 

7.6.5 Radical scavenging activity of lipophilic extracts  

The radical scavenging activity of vegetable oils was performed following the method 

described for phenolic extracts with some modifications for the application to lipophilic 

compounds as described by Radice et al. (2014). 

SFE extracts have been diluted in n-hexane with the following concentration range: 0.08÷5 

mg/mL and extra virgin olive oil (EVOO COOP) has been used as positive control for its 

well-known antioxidant activity. After 60 minutes of incubation in the dark at room 

temperature the microplates were analyzed with a microplate reader (Biorad, 680 XL) and 

the absorbance was read in triplicate against a blank at 515 nm. The DPPH inhibition in 

percent was determined by the following formula: IDPPH% = [1-(A1/A2)] x 100. Where 

A1 was the DPPH absorbance with the extracts and A2 without extracts.  

Eight different concentrations (0.16÷20 mg/mL) of EVOO were prepared and used as 

positive control for SFE extracts. The antioxidant activity of the extract was expressed as 

IC50, concentration providing 50% inhibition of the radical. All experiments were assessed 

in triplicate and values were reported as mean ±SD (Standard Deviation). A second EVOO 

control was used from literature reports for the high.  

Since the quality of EVO oil depends on many variables including geographical origin and 

production, a second reference was taken from literature (Valavanidis et al., 2004) to 

compare the IC50 of our positive control EVOO and our results.  

 

7.7 Cosmetic application  

7.7.1 Products formulations 

Starting from the interesting results we obtained with both phenolic and SFE extracts, we 

decided to select one extract from both targets to insert in finished dermo-cosmetic 

formulations in order to propose practical applications of the extracts obtained from cereal 

by-products in the health cosmetic market. 

Based on the results obtained we decided to formulate the finished products using the 

following extracts: 

 



 

 

 

90 

1. Wheat bran aleurone BP+ extract (Formulation 1 – F1) 

2. Yellow maize germ SFE extract (Formulation 2 – F2) 

 

To continue the study, the investigation of the antioxidant activity of both finished products 

and extracts through PCL analyses, and the stability at ambient temperature and at 40°C 

(accelerate stability) of the finished dermo-cosmetic formulations were also evaluated. 

The phenolic and SFE extracts were included in cosmetic formulations (O/W emulsion) 

with the INCI reported below. Two different percentages for each extract were tested to 

verify the best amount of active ingredients. 

A common oil-in-water (O/W) base protocol was used for all formulations. Phase 1 

(hydrophilic) was prepared by weighting each raw material and heating the phase up to 

70°C. Phase 2 (lipophilic) was prepared and heated up to 40°C and subsequentily added to 

phase 1 by pouring the lipophilic phase into the hydrophilic one with the use of a 

turboemulsifier mixer (SilversonÒ). Finally, the emulsion obtained was divided into 

aliquots to add phase 3 (extracts). The final pH was adjusted with NaOH 10% within the 

range 5-5.5 to which all preservative systems work best and to make the preparations 

suitable for facial application. 

. 

Formulation 1 (F1): O/W with durum wheat aleurone phenolic extract 

Final pH: from 3.91 to 5.04  

 

  INCI Formulation 1 % 

A.  PHASE 1   

1 Aqua q.b. to 100 

2 Glycerin 3 

3 Benzyl alcohol, Ethylhexylglycerin 1 

4 Xantham gum 0.2 

B.  PHASE 2   

5 Glycerin stearate citrate 3.5 

6 Cetearyl alcohol 2 

7 Glyceryl stearate 2 

8 Cocoglycerides 7 

9 Coco-caprylate 7 

C.  PHASE 3   
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10 Aqua 3 

11 Wheat bran phenolic extract  0.3-0.5 

Total (all phases)  100 

 

 

Formulation 2 (F2): O/W with yellow maize germ SFE extract 

Final pH: from 3.85 to 5.4  

 

  INCI Formulation 2 % 

A.  PHASE 1   

1 Aqua q.b. to 100 

2 Glycerin 3 

3 Benzyl alcohol, Ethylhexylglycerin 1 

4 Xantham gum 0.2 

B. PHASE 2   

5 Glycerin stearate citrate 3.5 

6 Cetearyl alcohol 2 

7 Glyceryl stearate 2 

8 Cocoglycerides 7 

9 Coco-caprylate 7 

C. PHASE 3   

10 Yellow corn germ SFE extract 2.5-5 

Total (all phases)  100 
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working solutions were added to the assay medium, a marked reduction in the magnitude 

of the PCL signal and hence the area calculated from the integral was observed. This 

inhibition was used as a parameter for quantification and related to the decrease in the 

integral of PCL intensities caused by varying concentrations of Trolox. The observed 

inhibition of the signal was plotted against the concentration of Trolox added to the assay 

medium. The concentration of the added extract solution was such that the generated 

luminescence during the 180 s sampling interval fell within the limits of the standard curve. 

The extracts for ACL measurements were centrifuged (5 min at 16,000 g) prior to analysis. 

The antioxidant assay was carried out in triplicate for each sample, and 20 μL of the diluted 

extract (1:40, v/v) HPLC-grade methanol (ACL) was sufficient to correspond to the 

standard curve. 

 

For the analyses the following samples were tested:  

1. Wheat bran BP+ extract  

2. O/W F1 (0.3%) 

3. O/W F1 (0.5%) 

4. Yellow maize germ SFE extract  

5. O/W F2 (2.5%) 

6. O/W F2 (5%) 

 

7.7.3 Stability 

The stability of the cosmetic products was evaluated at both ambient temperature (22-23°C) 

and at 40°C in oven for 1 month.  

This is the first step of stability control that is normally done for cosmetic products which 

are usually also checked for 3 and 6 months but for reasons of time it has not been possible 

to continue. 
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Results and Discussion 

 

7.8  Target 1: Phenolic acids 

7.8.1 Yields and qualitative results  

The extraction of phenolic molecules from cereal by-products has been one of our main 

targets because they are, with the unsaponifiable fraction, the main representative 

molecules of cereal by-products. The importance of extraction yields concerns the 

possibility of valorizing these by-products and of actually being able to reintroduce them 

to the market in an advantageous way. Yields of phenolic extracts (UAE, alkaline 

hydrolyzed and enzymatic hydrolyzed) are reported in the tables below. 

 

7.8.1.1 Free phenolics  

The highest yields were obtained with ultrasound-assisted extraction (UAE) for the 

extraction of free phenolics. These high percentages could be explained with the choice to 

use hydroalcoholic solutions as extracting solvent and with the sonication effects. 

Biomasses treated with sonication are, in fact, subjected to various forces, as previously 

described: the cavitation, fragmentation, erosion, sonocapillarity, sonoporation, local shear 

stress and destruction effects, which contribute to the extraction of various compounds 

without much specificity. 

 

CBM FP % yield  

Wheat bran aleurone  17.29 ± 1.40 

Rice bran  19.73 ± 1.45 

Yellow corn germ 12.60 ± 0.80 

White corn germ 12.40 ± 0.89 
 

Table 14. Free phenolics extraction yields expressed in percentages on the dry weight of CMB 

 

In table 14, free phenolics yields are reported for all CBM: as shown rice bran gave the 

highest result with a yield of 19.97 ± 1.45%, which is comparable and slightly greater than 

that obtained with the extractive optimization method in the literature of 18.2% (Tabaraki 

et al., 2011). The extraction of FP from both corn germs gave the lowest yield percentages: 

12.6 ± 0.8% and 12.4 ± 0.89 % respectively. Yields obtained for maize germ can be 
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HPTLC plate (figure 44) shows FP extracts that have been eluted in order to detect the 

presence of phenols inside the extracts. Firstly, the plate was photographed at 256 nm and 

secondly at 366 nm after being derivatized with NP/PEG solutions. Extracts exhibited a 

phenolic profile characterized by some flavonoids (highlighted by the presence of yellow 

and yellow-green spots) and phenolic acids or coumarins (highlighted by the presence of 

blue spots). The presence of saponarin (track 4), a flavone glucoside, has been 

hypothesized, both in wheat aleurone (W) and rice bran (R), by the evidence of a yellow-

green spot in correspondence with Rf 0.16 which corresponds to the same color and Rf of 

the eluted reference standard. The presence of coumarins, such as esculin (track 13), has 

been hypothesized, in all extracts, by the evidence of a blue spot in correspondence with Rf 

0.31 which corresponds to the same color and Rf of the eluted reference standard, present 

in wheat bran aleurone (W) track particularly. In the same way two flavonoids are likely 

present, rutin (track 5) and isoquercitrin (track 10) in white corn germ at Rf 0.25 and Rf 

0.38 respectively. However, the presence of these molecules cannot be verified through this 

method and therefore needs further detailed analysis. 

Finally, from the HPTLC plate it can be said that through UAE extraction it was not 

possible to extract ferulic acid (track 14) since in correspondence with the commercial 

standard eluted, at Rf 0.75, there is no presence of the molecule in the extracts. 
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alkaline hydrolysis coupled with sonication. HPTLC plate (C): Chromatograms of phenolic acids 

standards: track 1: t-ferulic acid: track 2: p-coumaric acid 

 

Table 16 contains percentage yields obtained with the most performing extraction 

parameters used for the enzymatic treatment (24 h, 180 min, 180 min UAE-R).  In the text, 

in order to facilitate the results reading, the three chosen enzymatic extraction will be 

named Enz 1 (180 min), Enz 2 (180 min on UAE-R) and Enz 3 (24 h). 

The highest enzymatic yields were obtained for every matrix after 24 h of extraction (Enz 

3), with yields of almost 2% in the case of yellow corn (1.92±0.08%) and durum wheat 

(1.83±0.15%). Comparing the two 180 min methods (Enz 1 and 2) the extractive yields, 

with the exception of durum wheat aleurone, saw an increase in percentage with the pre-

sonicated material but still yields are much lower than that obtained at 24 h. 

 

CBM Enzymatic extraction (Enz)  BP % yields 

Wheat bran aleurone  

Enz 1 0.85 ± 0.05 

Enz 2 0.79 ± 0.11 

Enz 3 1.83 ± 0.15 

Rice bran  

Enz 1 0.95 ± 0.09 

Enz 2 1.09 ± 0.15 

Enz 3 1.49 ± 0.12 

Yellow corn germ 

Enz 1 0.98 ± 0.07 

Enz 2 1.41 ± 0.15 

Enz 3 1.92 ± 0.08 

White corn germ 

Enz 1 0.99 ± 0.09 

Enz 2 1.11 ± 0.16 

Enz 3 1.58 ± 0.13 

 

Table 16. Enzymatic extraction yields expressed in percentages on the dry weight of cereal by-product 

 

Among all the enzymatic-assisted extractions described in the Materials and Methods, the 

most interesting extracts were chosen on the basis of the preliminary HPTLC analyses. 

The choice of the most appropriate extractive parameters has been made, in the case of 

enzymatic extractions, starting from wheat bran aleurone on which several tests have been 

made and described below. Once the best extraction parameters have been decided, these 

have subsequently been applied also to other cereal matrices. 
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The following HPTLC plate (A) reports the enzymatic extracts of wheat bran aleurone 

obtained with the two enzymatic blends: blend 1, FAEZCT+Xylanase (track 2) and blend 

2, FAERU+Xylanase (track 3) tested against a blank (track 1) for 24 h of extraction. As it 

can be seen from the HPTLC plate, track 2 demonstrated a richer phytocomplex compared 

to that of the blank and of the FAERU enzymatic blend, suggesting the best extractive 

efficacy of FAEZCT for our purpose. Furthermore, the extractive efficacy is also 

demonstrated by the presence of FA (Rf 0.55, track 4), extracted exclusively with feruloyl 

esterase from Clostridium thermocellum (FAEZCT). For these reasons the enzymatic blend 

1 has been used for all the following enzymatic extractions.  

 

A    

The HPTLC plate (B) reports the chromatographic plates of the enzymatic extracts obtained 

with enzymatic blend 1 after 20 min (track 1), 60 min (track 3), 180 min (track 5) and 48 h 

(track 7) and the respectively blanks (tracks 2,4,6,8). As can be seen, the tracks relative to 

the extracts obtained at 180 min (track 5) and at 48 h (track 7) showed the best phenolic 

profile in qualitative terms. In particular they are both characterized by the evident FA spot 

(track 9) at Rf 0.55, the main target of our phenolic extractions. Moreover, since the extract 

obtained after 48 h of extraction did not show a sufficient difference from that at 24 h or 

180 min, it did not seem useful to continue the analyses on this extract also for the reasons 

of extractive optimization aimed at reducing the timing and consequently the impact of the 

proposed extractions. 
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7.8.2 Quantification of phenolic acids  

The quantification of the phenolic acids in hydrolyzed extracts (both chemical and 

enzymatic) with RP-HPLC-DAD is reported in table 17. 

From the results it is clear how the results change drastically depending on the extractive 

technique used and, for this reason, it cannot be defined whether more FA is contained in 

durum wheat, rice or maize by-products. In general, it seems that more ferulic acid is 

contained in maize, but it is difficult to say with certainty whether more ferulic acid is 

contained in yellow or white maize germ. However, from white maize germ more FA was 

extracted with three methods out of four, particularly with BP+ (569.2 ± 1.7 mg FA/g dried 

extract). Yet the highest content of FA was obtained with BP+ extraction from yellow 

maize germ (636.5 ± 3.7 mg FA/g dried extract). 

Moreover, the chemical hydrolysis was more effective in the extraction of FA compared to 

the enzymatic one for each extraction method. In particular, in the case of yellow and white 

maize germ, the BP extract has 461.89 ± 8.70 mg FA/g extract which increases to 636.53 

± 3.71 mg FA/g extract when associating ultrasounds to the chemical hydrolysis (BP+); in 

the case of white maize germ, the quantity of FA of BP extract, 522.99 ± 8.38 mg FA/g 

dried extract, increases to 569.23 ± 1.69 mg FA/g dried extract with the BP+ extraction. It 

can be noted that in all cases the plant material’ sonication had a positive effect on the 

release of FA. This difference was detected mainly in the extracts obtained with chemical 

hydrolysis, while a minimal difference was encountered in the enzymatic extracts where 

the FA content, considerably lower than the BP and BP + extracts, has undergone a slight 

increase if extracted from pre-sonicated material. A higher content of FA was obtained with 

24 h of enzymatic hydrolysis that, although it is more effective than the two other enzymatic 

treatment, still has a lower FA content than chemical hydrolysis. Even among the 

enzymatic extracts, both yellow and white maize germs had a larger quantity of FA 

compared to the other matrices.  

A general trend in the extraction efficacy of the techniques used with respect to the ferulic 

acid content is shown in the graph 5 where it is easy to see how the alkaline hydrolysis 

associated with ultrasound is, for all the matrices, the most valid technique for obtaining a 

higher yield of the molecule. The trend of quantification reports also higher quantities of 

FA in the maize germs compared to wheat aleurone and rice bran. 
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Graph 5. Ferulic acid extraction efficacy with chemical and enzymatic hydrolysis 

 

The quantification of p-coumaric acid is reported in the same table (17). A significant 

content of the molecule has been quantified only in the alkaline hydrolyzed extracts and in 

rice and maize germs 24h enzymatic extraction. Among all CBM, rice bran exhibited the 

highest content of p-CA (92.2 ± 0.1 mg p-CA /g BP+ extract), followed by yellow (81.9 ± 

0.7 mg p-CA /g BP+ extract) and white (47.6 ± 0.9 mg p-CA /g BP+ extract) maize germs. 

In general, 180 min of enzymatic extraction, Enz-1 and Enz-2, were not enough to extract 

p-CA, whose quantity was often below the limit of quantification (LOQ).  

Moreover, the sonication seemed to effectively contribute to the extraction of a greater 

quantity of the molecule also in the case of p-CA: all CBM, in fact, showed the highest 

content with the BP + extraction. 

 

CBM Extracts mg FA/g extract mg p-CA/ g extract 

Wheat bran 
aleurone 

Chemical hydrolysis 
BP 386.2 ± 10.4 1.5 ± 0.1 

BP+ 406.1 ± 0.7 1.1 ± 0,0 

Enzymatic hydrolysis 

Enz 1 2.6 ± 0.2  *   

Enz 2 1.2 ± 0.1 2.3 ± 0.1 

Enz 3 3.5 ± 0.2   *   

Rice bran 

Chemical hydrolysis 
BP 369.1 ± 4.9 82.9 ± 1.0 

BP+ 387.4 ± 1.4 92.2 ± 0.1 

Enzymatic hydrolysis 

Enz 1 8.2 ± 0.1   *  
Enz 2 10.6 ± 0.1  *  
Enz 3 140.0 ± 0.6 22.1 ± 0.0 

Yellow corn 
germ 

Chemical hydrolysis 
BP 461.9 ± 8.7 48.5 ± 1.2 

BP+ 636.5 ± 3,7 81.9 ± 0.7 
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Enzymatic hydrolysis 

Enz 1 9.9 ± 0.2 1.6 ± 0.0 

Enz 2 15.9 ± 0.0  *  
Enz 3 39.2 ± 0.3 20.0 ± 0.3 

White corn 
germ 

Chemical hydrolysis 
BP 523.0 ± 8.4 47.6 ± 0.9 

BP+ 569.2 ± 1.7 47.2 ± 0.1 

Enzymatic hydrolysis 

Enz 1 10.3 ± 0.1 0.7 ± 0.0 

Enz 2 21.9 ± 0.1  *  
Enz 3 129.6 ± 1.7 27.6 ± 0.3 

*Value < of Limit of Quantification 
(LOQ)        

 

Table 17. RP-HPLC-DAD quantification of ferulic and p-coumaric acids in chemical and enzymatic 

hydrolyzed extracts 

 

7.8.3 Determination of total phenolic content (TPC) 

The total phenolic contents of the phenolic extracts, quantified with the Folin Ciocalteu’ s 

spectrophotometric method, are reported in table 18.  As expected, free phenolic extracts 

contained the lowest concentration of phenolic molecules; among them, wheat aleurone 

and rice brans exhibited the highest free TPC (80.90 ± 8.60 mg GAE/g dried extract and 

79.02 ± 2.20 mg GAE/g dried extract respectively) since their extraction procedure 

followed optimized literature methods.  

Each plant matrix extracted with alkaline hydrolysis exhibited a higher TPC compared with 

the other techniques. Corn germs, in particular the yellow variety, obtained the highest 

phenolic concentration in the extracts, followed by white corn germ, wheat aleurone and 

rice bran. Comparing the results of the two types of alkaline hydrolysis (BP and BP +), an 

increase in the phenolic quantity in the extracts occurred by associating the ultrasounds 

with the chemical reaction. The influence of mechanical sound waves, thus, affects the 

release of biomolecules despite the reduction in extraction time (30 min instead of 60 min). 

Yellow corn germ extracted with this method showed the best result with a TPC of 844.46 

± 64.60 mg GAE/g dried extract, which is a much greater quantity compared to the result 

obtained with the common alkaline hydrolysis technique 528.62 ± 18.40 mg GAE/g dried 

extract. Even white corn germ exhibited a high phenolic content which was 569.23 ± 1.69 

mg GAE/g dried extract for BP+ and 522.99 ± 8.38 mg GAE/g dried extract. The TPC 

results of the enzymatic hydrolysis are decidedly lower than the chemical hydrolysis but 

among the three selected techniques, the 24h enzymatic treatment (Enz-3) exhibited the 

highest results, confirming to be the most effective of the three enzymatic times. The 
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highest Enz-3 TPC results is that of rice bran with a TPC of 349.9 ± 6.89 mg GAE/g dried 

extract. 

 

CBM Extraction technique Extracts 
TPC (mg GAE/g dried 

extract) 

Wheat bran 
aleurone 

UAE FP 80.9 ± 8.6 

Chemical hydrolysis 
BP 437.58 ± 9.9 

BP+ 610.49 ± 57.6 

Enzymatic hydrolysis 

Enz 1 149.31 ± 0.31 

Enz 2 158.79 ± 0.76 

Enz 3 167.92 ± 8.81 

Rice bran 

UAE FP 79.02 ± 2.2 

Chemical hydrolysis 
BP 506.8 ± 2.6 

BP+ 552.8 ± 5.5 

Enzymatic hydrolysis 

Enz 1 177.13 ± 2.29 

Enz 2 164.91 ± 3.81 

Enz 3 349.90 ± 6.89 

Yellow corn germ 

UAE FP 49.54 ± 0.38 

Chemical hydrolysis 
BP 528.62 ± 18.4 

BP+ 844.46 ± 64.6 

Enzymatic hydrolysis 

Enz 1 188.9 ± 0.76 

Enz 2 183.1 ± 4.5 

Enz 3 213.45 ± 6.98 

White corn germ 

UAE FP 42.84 ± 2.23 

Chemical hydrolysis 
BP 708.41 ± 41.7 

BP+ 742.8 ± 15.44 

Enzymatic hydrolysis 

Enz 1 172.3 ± 1.53 

Enz 2 187.92 ± 0.76 

Enz 3 332.84 ± 3.44 
 

Table 18. TPC quantification of all phenolic extracts 

 

7.8.4 Determination of radical scavenging activity 

The antiradical scavenging activity of the extracts was tested both bioautographically and 

spectrophotometrically with DPPH radical: these methods allowed us to identity the main 

molecules responsible for the antioxidant activity and obtain the IC50 values of the extracts. 

The HPTLC plates below (figure 51) are related to the bioautographic screening test for the 

evaluation of antiradical activity.  
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The results of FP extracts are shown in plate A: as reported, there are no visible molecules 

with a particularly strong antioxidant activity. Some spots of discoloration in 

correspondence of Rf 0.85 (wheat), Rf 0.9 (rice), Rf 0.45 (corn) can be noted, probably 

corresponding to phenolic molecules as reported in the HPTLC results. 

On the other hand, plates B and C reports results of hydrolyzed extracts: they both show 

some spots with apparently high antiradical activity. In particular, alkaline hydrolyzed 

extracts of wheat bran shows the highest difference in activity between the BP and BP+ 

with a high spot of discoloration at Rf 0.5-0.55, corresponding to those of FA and p-CA. 

Other phenolics with lower Rf (between the range of 0-0.3) have shown a certain degree of 

discoloration. 

In plate C the enzymatic extracts did not show a great difference in activity between each 

other: all extracts are characterized by an active molecule (FA) at Rf 0.55 and only maize 

germs showed another spot of discoloration around Rf 0.9 corresponding to a molecule not 

yet identified. FA and p-CA exhibited the highest radical scavenging activity and thus they 

can be identified as the most active molecules in each hydrolyzed extract. 
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Figure 51. HPTLC bioautograms of FP extracts (A); alkaline hydrolyzed (B) and enzymatic (C). Detection 

at visible light after derivatization with DPPH. W- Wheat aleurone; R- Rice bran; YC- Yellow corn germ; 

WC- White corn germ; BP- alkaline hydrolysis; BP+ alkaline hydrolysis coupled with sonication; Enz – 

enzymatic hydrolysis. 

 

 

The IC50 values of the radical scavenging activity of the extracts are reported in table 19, 

the FP extracts obtained the highest IC50 values, corresponding to a low antioxidant activity 

as initially predicted with the HPTLC bioautographic assay for their poor phenolic 

composition. Among FP extracts, rice bran gave the best results with an IC50 of 275.1 ± 

13.79 µg/mL. In fact, rice bran FP extract has, with wheat aleurone, the richest free phenolic 

fraction (TPC of 79.02 ± 2.20 mg GAE/g dried extract) but this matrix is characterized by 

a greater lipophilic fraction compared to wheat bran (Jiang and Wang, 2005) which, during 

the UAE, is partially extracted with the hydroalcoholic solvent. Moreover, it is the food 

source with the highest phytosterol content, class of molecules that have demonstrated 

antiradical activity (Lerma-Garcia, 2009; Wang et al., 2002), and that could be partially 

responsible for the antioxidant activity of rice bran FP extract. 



 

 

 

112 

Among the hydrolyzed extracts, BP+ extracts gave the best antioxidant activity results 

confirming the effective contribution of ultrasound in the extraction process; the extracts 

obtained with enzymatic hydrolysis gave rather low activity values and this can be 

explained by the reduced amount of extracted ferulic acid. In fact, a higher concentration 

of FA, corresponds to a better antioxidant activity. The presence of CH=CH-COOH group 

in the hydroxycinnamic acids, such as FA, is considered as the main responsible for the 

higher antioxidant activity of this class of compounds compared to hydroxybenzoic acids 

which are characterized by the COOH (White & Xing, 1997). 

Focusing the attention on the results obtained with the two methods of alkaline hydrolysis 

(BP and BP+), it can be noticed that the second type of extraction is more effective in 

extracting antioxidant molecules: in all cases, in fact, alkaline hydrolysis coupled with 

sonication, gave results up to ten times better than the common hydrolysis. In line with the 

results of HPTLC bioautographic assay, wheat bran aleurone showed the greatest 

difference between the two alkaline hydrolysis method: BP+ IC50 (3.61 ± 0.09 µg/mL) is 

ten times lower compared to the BP one (36.61 ± 0.65 µg/mL) and resulted the most active 

extract among all the cereal matrices. This result is comparable to that obtained with Trolox 

(3.45 ± 0.32 µg/mL) and is about twice the most active compared to the single ferulic acid 

standard (7.83 ± 0.26 µg/mL). The potential application of cereal antioxidant extracts is 

directly related to the content of ferulic acid. As previously described, FA has demonstrated 

various biological activities in correlation with its being radical scavenger: the antioxidant 

extracts can therefore be used as a source of FA with the potential to protect against UV A 

and B in formulations for topical use or as preservatives and stabilizers of natural origin. 

 

CBM 
Extraction 

technique 
Extracts Antioxidant activity (IC50 µg/mL) 

Wheat bran 
aleurone 

UAE FP 1194.8 ± 44.93 

Chemical 
hydrolysis 

BP 36.61 ± 0.65 

BP+ 3.61 ± 0.09 

Enzymatic 
hydrolysis 

Enz 1 363.2 ± 24.46 

Enz 2 373.1 ± 6.98 

Enz 3 388.8 ± 7.67 

Rice bran 

UAE FP 275.1 ± 13.79 

Chemical 
hydrolysis 

BP 55 ± 5.37 

BP+ 38.01 ± 0.52 
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Enzymatic 
hydrolysis 

Enz 1 200.7 ± 18.07 

Enz 2 332.6 ± 8.78 

Enz 3 109.21 ± 4.27 

Yellow corn 
germ 

UAE FP 497.6 ± 10.23 

Chemical 
hydrolysis 

BP 29.19 ± 2.85 

BP+ 11.41 ± 1.1 

Enzymatic 
hydrolysis 

Enz 1 298.36 ± 3.43 

Enz 2 199.9 ± 17.27 

Enz 3 180.1 ± 11.66 

White corn 
germ 

UAE FP 680.2 ± 25.52 

Chemical 
hydrolysis 

BP 36.74 ± 3.66 

BP+ 14.33 ± 0.48 

Enzymatic 
hydrolysis 

Enz 1 148.4 ± 2.18 

Enz 2 202.8 ± 6.77 

Enz 3 102.74 ± 0.86 

Trolox      3.45 ± 0.32 

Ferulic acid     7.83 ± 0.26 

 
Table 19. Antioxidant activity of the extracts expressed as IC50 values (µg/mL) 

 

7.8.5 Determination of antimicrobial activity 

The antimicrobial activity tests, preceded by antimicrobial susceptibility tests, were used 

to hypothesize a further possible application of extracts, especially the most interesting 

ones, in the health sectors (e.g. phytocosmetic and phytotherapic). 

 

The antimicrobial susceptibility test has been used to evaluate the susceptibility of the 

strains used against six antimicrobial agents commonly used to treat human infections with 

S. aureus and S. epidermidis. Figure 52 shows bacteria growth diameters for each 

bacterium, used to decide whether the bacterium was susceptible (S), intermediate (I) or 

resistant (R) to each antimicrobial agent.  
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Table 21 shows results regarding the antimicrobial activity of the extracts tested on the 

three S. aureus strains and the S. epidermidis clinical isolated. The most interesting results 

were obtained with wheat bran aleurone and rice bran extracts which exhibited the lowest 

MICs with both BP and BP+: in particular rice and wheat extracts were active against the 

MRSA strain with a MIC of 16 µg/mL and 32 µg/mL respectively. In this case no difference 

was encountered in the use of sonicated extracts. The contribution of ultrasounds was 

instead effective in the case of the ATCC strain: BP+ extracts of wheat bran aleurone (128 

µg/mL) and rice bran (128 µg/mL) showed greater activity than BP extracts (respectively 

521 µg/mL and 256 µg/mL). The same result has been obtained comparing BP (128 µg/mL) 

and BP+ (256 µg/mL) wheat extract on MSSA clinical isolated strain. 

Extracts tested on S. epidermidis showed a mild activity with high MIC values compared 

to the other results obtained (≥ 2048 µg/ml) and therefore not interesting from the 

application point of view. 

Finally, according to CLSI guidelines (CLSI, 2015), all strains showed to be resistant to 

penicillin with MIC values above 0.25 µg/mL, as previously verified by the antimicrobial 

susceptibility test.  

 

CBM Extract 

MIC µg/mL 

S. aureus  
S. epidermidis 

ATCC MRSA MSSA 

Wheat bran 
aleurone  

BP 512 32 256 2048 

BP+ 128 32 128 2048 

Rice bran  BP 256 16 128 2048 

BP+ 128 16 128 2048 

Yellow corn germ BP 128 512 128 ≥ 2048 

BP+ 128 512 128 2048 

White corn germ 
BP 128 512 128 ≥ 2048 

BP+ 128 512 128 ≥ 2048 

Penicillin   0.5 1 ≥ 4 ≥ 4 
 

Table 21. Minimum Inhibitory Concentration (MIC) of alkaline hydrolyzed extracts 

 

Our results on S. aureus, and particularly on the Methicillin-resistant (MRSA) strain, are 

interesting for their potential important role in cosmetic or in dermo-functional applications 

both as active ingredients and as natural preservatives. The interest lies on the resistant 
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nature of the strain to certain antibiotics and also on the growing importance of ingredients 

of natural origin in cosmetic formulations. 

 

7.9 Target 2: lipophilic compounds and USP fraction 

 

7.9.1 Yields and qualitative results 

The same by-products matrices of durum wheat, rice bran and corn germs, have been 

considered for their considerable quantity of lipophilic compounds and in particular for 

their unsaponifiable fraction. The extraction method we have chosen for the extraction of 

these molecules (SC-CO2) has proved to be particularly advantageous both for the 

extractive yields obtained and for the rapidity of its execution. 

 
Figure 53. SFE extracts (a: SFE wheat aleurone; b: SFE rice bran; c: yellow corn SFE; d: white corn SFE)  

(photo credit: Ilaria Burlini)  

 

SFE extracts were obtained after 10 min and 120 min of extraction, following the two 

methods described in literature. In the table 22 the yields results are reported: yellow corn 

germ obtained the highest yields (19.98 ± 1.24 % and 20.10 ± 1.45 % with 10 and 120 min 

respectively). These results are in line with expectations and literature data: in fact, yellow 

corn germ is very rich in fixed oils which are used commercially for the production of 

vegetable oils; white corn white maize is instead used preferably for the production of 

gluten-free flour than for its lipophilic content, even if it has achieved high yield values. 

 

CBM Time (min) SFE % yields 

Wheat bran aleurone  
10 4.55 ± 0.15 

120 5.33 ± 0.49 

Rice bran  10 12.49 ± 0.77 
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Sterols and triterpene 

alcohols 
RT Major ions in mass spectra 

Wheat bran aleurone 

Campesterol  14.126 472 (50), 457 (16), 382 (88), 343 (100), 261 (14), 255 (19), 213 (12), 129 (85) 

Campestanol  14.264 474 (55), 459 (74), 417 (22), 384 (28), 369 (49), 306 (31), 215 (100), 75 (98) 

Stigmasterol  14.390 484 (61), 394 (60), 379 (22), 355 (29), 255 (63), 159 (33), 129 (87), 83 (100) 

Δ7-Campesterol  14.830 472 (100), 457 (25), 386 (15), 367 (15), 255 (75), 229 (18), 213 (28), 75 (39) 

β-Sitosterol  15.094 486 (54), 471 (17), 396 (97), 381 (43), 357 (100), 255 (19), 129 (76) 

Sitostanol 15.232 
488 (60), 473 (69), 431 (21), 398 (28), 383 (50), 357 (27), 305 (30), 257 (12), 215 

(100), 147 (30), 75 (97) 

Cicloartenol  15.884 498 (3), 483 (10), 408 (100), 393 (99), 365 (86), 339 (45), 69 (79) 

24-Methylen-
cycloartanol  

16.500 512 (1), 497 (10), 422 (100), 407 (93), 379 (100), 353 (29), 300 (17) 

Citrostadienol 16.890 498 (5), 483 (8), 400 (58), 393 (6), 357 (100) 

Rice bran 

Squalene 9.117 410, 341, 149, 136, 81, 69, 41 

Campesterol  14.126 472 (50), 457 (16), 382 (88), 343 (100), 261 (14), 255 (19), 213 (12), 129 (85) 

Campestanol  14.264 474 (55), 459 (74), 417 (22), 384 (28), 369 (49), 306 (31), 215 (100), 75 (98) 

Stigmasterol  14.390 484 (61), 394 (60), 379 (22), 355 (29), 255 (63), 159 (33), 129 (87), 83 (100) 

Δ7-Campesterol  14.830 472 (100), 457 (25), 386 (15), 367 (15), 255 (75), 229 (18), 213 (28), 75 (39) 

β-Sitosterol  15.094 486 (54), 471 (17), 396 (97), 381 (43), 357 (100), 255 (19), 129 (76) 

Sitostanol 15.232 
488 (60), 473 (69), 431 (21), 398 (28), 383 (50), 357 (27), 305 (30), 257 (12), 215 

(100), 147 (30), 75 (97) 

Δ7- Avenasterolo  15,347 484 (3), 386 (48), 371 (7), 343 (100), 255 (10), 253 (14), 213 (13), 75 (25) 

Cicloartenol  15.884 498 (3), 483 (10), 408 (100), 393 (99), 365 (86), 339 (45), 69 (79) 

24-Methylen-
cycloartanol  

16.500 512 (1), 497 (10), 422 (100), 407 (93), 379 (100), 353 (29), 300 (17) 

Citrostadienol 16.890 498 (5), 483 (8), 400 (58), 393 (6), 357 (100) 

Yellow and white con germs 

Campesterol  14.126 472 (50), 457 (16), 382 (88), 343 (100), 261 (14), 255 (19), 213 (12), 129 (85) 

Campestanol  14.264 474 (55), 459 (74), 417 (22), 384 (28), 369 (49), 306 (31), 215 (100), 75 (98) 

Stigmasterol  14.390 484 (61), 394 (60), 379 (22), 355 (29), 255 (63), 159 (33), 129 (87), 83 (100) 
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β-Sitosterol  15.094 486 (54), 471 (17), 396 (97), 381 (43), 357 (100), 255 (19), 129 (76) 

Sitostanol 15.232 
488 (60), 473 (69), 431 (21), 398 (28), 383 (50), 357 (27), 305 (30), 257 (12), 215 

(100), 147 (30), 75 (97) 

Cicloartenol  15.884 498 (3), 483 (10), 408 (100), 393 (99), 365 (86), 339 (45), 69 (79) 

24-Methylen-
cycloartanol  

16.500 512 (1), 497 (10), 422 (100), 407 (93), 379 (100), 353 (29), 300 (17) 

 

Table 24. Major ions mass spectra and RT obtained with GC-MS 

 

The following table (25) reports the results of the GC-MS quantification expressed in 

percentage of SFE silanized extracts.  

 

Compound 
 Wheat bran 

aleurone 
Rice bran 

Yellow corn 

germ 

White corn 

germ 

Squalene   nd    11.59 ± 0.33    nd       nd    

Campesterol  13.37 ± 0.36 10.75 ± 0.67 20.98 ± 0.26 19.3 ± 0.13 

Campestanol  13.72 ± 0.37 3.02 ± 0.79 2.04 ± 0.58 2.48 ± 0.25 

Stigmasterol  7.19 ± 0.19 8.36 ± 0.19 6.21 ± 0.06 6.99 ± 0.12 

Δ7-Campesterol  0.51 ± 0.01 0.37 ± 0,04    nd       nd    

β-Sitosterol  35.83 ± 0.96 30.46 ± 0.45 60.72 ± 0.49 59.5 ± 0.38 

Sitostanol 22.28 ± 0.59 5.48 ± 0.54 7.79 ± 0.16 7.87 ± 0.13 

Δ7 Avenasterol   nd   1.06 ± 0.01    nd       nd    

Cicloartenol  1.41 ± 0.04 13.32 ± 0.03 1.19 ± 0.64 1.85 ± 0.12 
24-Methylen-
cycloartanol  3.19 ± 0.09 13.15 ± 0.14 1.08 ± 0.27 2.02 ± 0.12 

Citrostadienol 0.65 ± 0.02 2.41 ± 0.13    nd       nd    
 

Table 25. Major compounds in SFE extracts and their composition %  

 

β-Sitosterol resulted the major compound of the unsaponifiable fraction of all SFE extracts: 

in particular it is between 30.46 ± 0.45 % and 35.86 ± 0.96 % of the total components in 

the wheat bran aleurone and rice bran extracts, while it is around 60% in both extracts of 

corn germs (60.72 ± 0.49% in the yellow variety and 59.5 ± 0.38 % in the white variety).  

This difference in percentage allows us to highlight a greater number of components that 

characterize the lipophilic phytocomplex of the first two extracts (wheat bran aleurone and 

rice bran). The lipophilic maize extracts, on the other hand, are characterized by a limited 
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number of molecules which are then distributed in greater quantities over 100% of the USP 

fraction.  

Wheat bran aleurone is characterize by a high percentage of sitostanol 22.98 ± 0.59 %, 

followed by campestanol (13.72 ± 0.7 %), campesterol (13.37 ± 0.36 %),  and stigmasterol 

(7.19 ± 0.19 %); rice bran is characterized by a number of molecules which are present in 

the extract in a range from 8-14%: cicloartenol (13.32 ± 0.03 %), 24-methylen-cycloartanol 

(13.15 ± 0.14 %), squalene (11.59 ± 0.33%), campesterol (10.75 ± 0.67 %), and 

stigmasterol (13.7 ± 0.37 %). Campesterol is the second most quantitatively present 

component in corn germs extracts 20.98 ± 0.26 % in the yellow variety and 19.3 ± 0.13 % 

in the white variety) followed by sitostanol and stigmasterol present in a range from 6 to 

8%. 

 

7.9.3 Determination of radical scavenging activity 

Finally, even the lipophilic extracts were tested for their antiradical activity both through 

the bioautographic screening test and through the spectrophotometric one, both with the 

DPPH radical. 

The HPTLC bioautogram reported below (figure 56) shows the DPPH bioautographic 

screening test results for the evaluation of antiradical activity of SFE extracts. As it can be 

weakly seen, there are few spots at Rf 0.65-0.66 (wheat and rice extracts) and at Rf 0.3-0.35 

(yellow and white corn extracts) with a discoloration which apparently corresponds to a 

low antioxidant activity if compared to the previously presented HPTLC bioautographic 

results of BP extracts. The reason why there is such a difference in the visible activity lies 

in the range of activity reference that is commonly used to define whether an extract or a 

single compound is more or less active: for lipophilic extracts and compounds the refence 

standard used in literature is EVOO whose IC50 has a unit of measure of the order of mg/mL 

instead of µg/mL used for phenolics. For this reason, the results of this test do not give data 

comparable to the previous ones (phenolic extracts), but rather provide us with useful 

indications to determine the chemical components responsible for the activity subsequently 

quantified spectrophotometrically. 
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Figure 57. Microplate with DPPH radical scavenging activity 

 

 

7.10 Cosmetic application results 

The following results refer to the cosmetic formulations prepared with two selected 

extracts. The wheat extract BP + has revealed a good application potential as an antioxidant, 

while its preparation must be stabilized and improved. The SFE extract has not shown 

antioxidant activity with PCL but could be applied in cosmetic formulations with many 

other uses. INCI maize oil can be found as “Oil: Zea Mays Oil”, “Germs oil: Zea Mays 

Germ Oil” and “Unsaponifiables: Zea Mays Oil Unsaponifiables”, and it is used in 

cosmetic products as emollient since it demonstrated a good skin penetration and as 

emulsifier.  Maize germ oil is, in fact, rich in fatty acids, especially linoleic acid and oleic 

acids, palmitic and stearic acids, which are renowned for their moisturizing qualities.  

7.10.1 Formulations 

In order to propose a practical application of the obtained extracts, in particular of those 

that have shown the most interesting results at qualitative-quantitative and bioactivity 

levels, four cosmetic preparations have been formulated (O/W emulsions);  the antioxidant 

activity of both chosen extracts and final products by PCL and the stability at ambient 

temperature (22-23°C) and at 40°C have been evaluated. 

Starting from a common base cream formulation protocol, in collaboration with 

Ambrosialab Srl (www.ambrosialab.it), two formulations were prepared with different 

percentages of extracts as described before. 

The obtain cosmetic products are shown in figure 55. The inclusion of the lipophilic SFE 

extract with a straw yellow color, both 2.5% and 5%, did not alter the color of the O/W 

preparation. Instead the high quantity of ferulic acid contained in the phenolic extract BP 
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Trolox/g) compared to other vegetable extracts (Vertuani et al. 2002) but inside the final 

product, it performs in proportion to the concentration. Having tested for reasons of extract 

availability and timings low extracts percentages, the formulation activity is therefore not 

very high. In order to obtain a very active product even compared to many cosmetic 

products on the market, it would be enough to increase the concentration of the extract to 

1.5% thus obtaining a proportional activity around 20 µmol TE/ gram which is generally 

considered high. 

Since yellow maize germ did not exhibit any antioxidant activity even at high 

concentrations, it was considered unnecessary to continue with the PCL analysis of 

lipophilic finished products that would have proved to be also inactive. 

 

7.10.3 Stability results  

 

The stability of the cosmetic formulations was tested at one month both at room 

temperature and at 40 ° C (accelerated stability).  

 

Formulation 1 (0.3%) ambient temperature: 

Color: slightly lightened 

Parfum: pleasant and unchanged 

Phase modification or separation: not occured 

pH: 4.4 

 

Formulation 1 (0.5%) ambient temperature: 

Color: slightly lightened 

Parfum: Parfum: pleasant and unchanged 

Phase modification or separation: not occured 

pH: 3.84 

 

Formulation 2 (2.5%) ambient temperature: 

Color: white 

Parfum: unchanged 

Phase modification or separation: not occured 
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pH: 5.0 

 

Formulation 2 (5%) ambient temperature: 

Color: white ivory 

Parfum: unchanged 

Phase modification or separation: not occured 

pH: 5.14 

 

Formulation 1 (0.3%) 40°C: 

Color: pale straw yellow 

Parfum: unchanged 

Phase modification or separation: slight surfacing of the oily phase 

pH: 5.5 

 

Formulation 1 (0.5%) 40°C: 

Color: slightly darkened, honey-colored 

Parfum: unchanged 

Phase modification or separation: slight surfacing of the oily phase 

pH: 5.5 

 

Formulation 2 (2.5%) 40°C: 

Color: white ivory 

Parfum: unchanged 

Phase modification or separation: not occured 

pH: 4.51 

 

Formulation 2 (5%) 40°C: 

Color: white ivory 

Parfum: unchanged 

Phase modification or separation: not occured 

pH: 4.46 
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8 Conclusions 

The present PhD project, financed by Emilia Romagna region (D.R. 996/2016 Prot. 57324 

of 24-6-16), was aimed to valorize cereal by-products studying the most effective 

extraction processes and finding possible applications in the health and cosmetic industries. 

The Circular Economy Action Plan represent one of the possible opportunities of the food 

supply chain to face the issues of food wastes and global demographic growth. The 

recovery of food residues is receiving increased attention because of the growing awareness 

of the benefits deriving from potentially marketable components of food wastes which 

might be recycled and exploit as high added-value products or raw materials for industrial 

applications. Among cereals, durum wheat, rice and maize represent the three main global 

productions. The high numbers of production translate into high numbers of wastes: 

cereals, in fact, are subjected to milling technologies which remove brans and germs from 

the caryopsis. The residual by-products are still rich in biomolecules such as phenolic acids 

and lipophilic compounds.  

Two research targets have been set for the present project, considering the type of extraction 

product (bran and germ) and their main phytochemicals: phenolic acids (trans-ferulic acid 

in particular) and unsaponifiable compounds. 

 

Free and bound phenolics have been extracted with ultrasound-assisted extraction (UAE), 

alkaline hydrolysis (BP), alkaline hydrolysis coupled with sonication (BP+) and enzymatic 

hydrolysis (Enz-1, Enz-2 Enz-3) testing the contribution of ultrasounds on the extraction 

processes. All extraction performed have been chosen in order to maximize the extraction 

yields and with the aim of minimizing the environmental impact compared to other 

conventional methodologies. Phenolic extracts have been analyzed for their qualitative 

composition with HPTLC and RP-HPLC-DAD and subsequently they have been 

quantitative analyzed in terms of total phenolic and phenolic acids contents. The radical 

scavenging activity of the extracts have been investigated both with HPTLC bioautographic 

assay and spectrophotometrically with DPPH radical. Finally, the antimicrobial activity of 

the most performing extracts was evaluated at the Department of Animal Health of the 

University of Cordoba (UCO) in Spain. The antimicrobial susceptibility test was performed 

on various antimicrobial agents, including Penicillin, and extracts have been tested against 
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three strains of Staphylococcus aureus and one clinical isolated of Staphylococcus 

epidermidis to calculate their minimum inhibitory concentration (MIC).  

 

Unsaponifiable compounds, the second extraction target, were extracted using supercritical 

carbon dioxide (SFE), following and comparing two literature methods. Extracts have been 

analysed prior with HPTLC as screening for the extraction efficacy and afterwards with 

GC-MS to investigate the unsaponifiable content and percentage composition of the 

silanized extracts. The radical scavenging activity has been also assessed for the lipophilic 

extracts both bioautographically and spectrophotometrically with DPPH. 

  

Target I 

Among the various techniques used for the phenolic extraction, the chemical hydrolyses 

resulted more effective than the enzymatic one. Particularly, the most promising extracts 

were obtained by associating sonication with chemical hydrolysis. Despite the reduction of 

extraction time from 60 to 30 min, this technique allowed to obtain phenolic enriched 

extracts with enhanced quality compared to the conventionally used methods. The 

influence of mechanical sound waves, thus, affected the release of biomolecules, causing 

the acoustic cavitation effect on the plant matrix and permitting a greater penetration of the 

solvents into the sample. 

Comparing the yields obtained, the highest results were those of free phenolic extracts 

thanks to the use an hydroalcoholic solvent together and to the sonication effects. Among 

them, rice bran showed the highest result (19.97 ± 1.45%) and both corn germs the lowest 

ones (12.6 ± 0.8% and 12.4 ± 0.89 % respectively). However high yields did not correspond 

to a rich phytocomplex as demonstrated by HPTLC analyses. In fact, through ultrasound-

assisted extraction (UAE) it was not possible to extract ferulic acid (FA), the main phenolic 

molecule characterizing cereal matrices. 

For what concern bound phenolic extracts, corn germ obtained the highest extraction yields, 

probably because of the high amounts of lipophilic compounds extracted during the 

hydrolysis. A phenolic separation step was required to remove the lipophilic fraction from 

maize bound phenolics extracts. Because of the high selectivity of bound phenolics 

extractions the yield results were lower than UAE: these yields are valued for the high 

concentration of biomolecules that characterize the extracts. By comparing the chemical 
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hydrolysis used we found an increase in percentage yield by coupling sonication to alkaline 

hydrolysis. The highest enzymatic yields were obtained after 24 h of extraction (Enz 3), 

with yields of almost 2% in the case of yellow corn (1.92 ± 0.08%) and durum wheat (1.83 

± 0.15%).  

From the HPTLC analysis of bound phenolics FA was detected in all extracts and appeared 

to be the most concentrated phenolic molecule. The presence of p-coumaric acid was more 

visible at 254 nm than at 356 nm due to its dark blue color, but its identification has been 

subsequently confirmed with HPLC. HPTLC was also useful for the choice of enzymatic 

extraction parameters: a 1% Feruloyl esterase (FAZCT) and 10 U of Xylanase enzymes 

demonstrated to be the best enzymatic blend for the release of FA from cereal matrices 

obtained after 180 min and 24 h of extraction and from previously sonicated materials: 

extractive efficacy was demonstrated by the presence of FA. 

The presence of FA was confirmed with RP-HPLC-DAD in all hydrolyzed extracts, but 

quantitative results changed drastically depending on the extractive technique. For this 

reason, it was not possible to defined whether more molecule was contained in durum 

wheat, rice or maize by-products but it appeared to characterize particularly maize by-

products. In fact, three out of four extraction methods reported white maize germ as richest 

in FA, mainly with BP+ (569.2 ± 1.7 mg FA/g dried extract), but the highest content was 

obtained with BP+ extraction from yellow maize germ (636.5 ± 3.7 mg FA/g dried extract). 

In all cases the plant material’ sonication had a positive effect on the release of the 

molecule. This difference was detected mainly in the extracts obtained with chemical 

hydrolysis, while a minimal difference encountered in the enzymatic extracts where the FA 

content, considerably lower than the BP and BP + extracts, has undergone a slight increase 

if extracted from pre-sonicated material. The association of ultrasounds to alkaline 

hydrolysis from yellow maize germ showed the highest FA content which was of 461.89 ± 

8.70 mg FA/g extract BP extract and increased to 636.53 ± 3.71 mg FA/g with the BP+. 

Among enzymatic extracts, the highest content of FA was obtained with 24 h of enzymatic 

hydrolysis that, although it was more effective than the two other enzymatic treatment, still 

had a lower FA content than chemical hydrolysis.  

A significant content of p-coumaric acid (p-Ca) was quantified only in the alkaline 

hydrolyzed extracts and in rice and maize germs 24h enzymatic extraction. The sonication 

seemed to effectively contribute to the extraction of a greater quantity of the molecule also 
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in this case. Among all matrices, rice bran exhibited the highest content of p-CA (92.2 ± 

0.1 mg p-Ca/g BP+ extract), followed by yellow (81.9 ± 0.7 mg p-Ca /g BP+ extract) and 

white (47.6 ± 0.9 mg p-Ca /g BP+ extract) maize germs. In general, 180 min of enzymatic 

treatment (Enz-1 and Enz-2) were not enough to extract p-CA, whose quantity was often 

below the limit of quantification (LOQ).  

In addition, the total phenolic content (TPC) of the extracts was quantified with the 

spectrophotometric assay Folin-Ciocalteu. As expected from the previous results, free 

phenolic extracts contained the lowest TPC; among them, wheat aleurone (80.90 ± 8.60 mg 

GAE/g dried extract) and rice brans (79.02 ± 2.20 mg GAE/g dried extract) exhibited the 

highest free TPC. Each plant matrix extracted with chemical hydrolysis exhibited a higher 

TPC compared with the other techniques. Comparing the two alkaline hydrolysis methods, 

an increase in the TPC was obtained by associating sonication. Yellow corn BP+ extract 

showed the highest result with a TPC of 844.46 ± 64.60 mg GAE/g dried extract, compared 

to 528.62 ± 18.40 mg GAE/g dried extract of BP one. Also white corn BP+ extract exhibited 

a higher phenolic content (569.23 ± 1.69 mg GAE/g dried extract) compared to the BP 

extract (522.99 ± 8.38 mg GAE/g dried extract). The TPC results of the enzymatic 

hydrolysis were decidedly lower than the chemical hydrolysis but among the three selected 

techniques, the 24h enzymatic treatment (Enz-3) exhibited the highest results, confirming 

to be the best of the three enzymatic times.  

The radical scavenging activity of the extracts was tested both bioautographically and 

spectrophotometrically with DPPH radical. From the HPTLC bioautographic assay free 

phenolic extracts did not show molecules with a particularly strong antioxidant activity, 

this was later established with the spectrophotometric assay which showed a poor 

antioxidant activity of the extracts. Among FP extracts, rice bran gave the best results with 

an IC50 of 275.1 ± 13.79 µg/mL. 

HPTLC bioautograms of hydrolyzed extracts showed some spots with apparently high 

antiradical activity. The IC50 of BP+ extracts gave the best antioxidant activity results 

confirming the effective contribution of ultrasounds in the extraction process; the extracts 

obtained with enzymatic hydrolysis gave rather low activity values and this can be 

explained by the reduced amount of extracted ferulic acid. Alkaline hydrolysis coupled 

with sonication showed resulted up to ten times higher than the common hydrolysis. In line 

with the results of HPTLC bioautographic assay, wheat bran aleurone showed the greatest 
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difference between the two alkaline hydrolysis method: BP+ IC50 (3.61 ± 0.09 µg/mL) is 

ten times lower compared to the BP one (36.61 ± 0.65 µg/mL) and resulted the most active 

extract among all the cereal matrices. This result was comparable to that obtained with 

Trolox (3.45 ± 0.32 µg/mL) and was about twice the most active compared to the single 

ferulic acid standard (7.83 ± 0.26 µg/mL).  

From the antimicrobial susceptibility tests, S. aureus MRSA and S. epidermidis 

demonstrated to be resistant to two or more antimicrobial agents. Every strain resulted 

resistant to Penicillin, the positive control. The most interesting results obtained with the 

Minimum Inhibitory Concentration (MIC) calculation have been those of wheat bran and 

rice bran extracts which exhibited the lowest MICs with both BP and BP+. In particular, 

rice and wheat extracts were active against the MRSA strain with a MIC of 16 µg/mL and 

32 µg/mL respectively. In this case no difference was encountered in the use of sonicated 

extracts. The contribution of ultrasounds has been instead effective in the case of the ATCC 

strain: BP+ extracts of wheat bran aleurone (128 µg/mL) and rice bran (128 µg/mL) showed 

greater activity than BP extracts (respectively 521 µg/mL and 256 µg/mL). The same result 

was obtained comparing BP (128 µg/mL) and BP+ (256 µg/mL) wheat extract on MSSA 

clinical isolated strain. 

Extracts tested on S. epidermidis showed a mild activity with high MIC values compared 

to the other results obtained (≥ 2048 µg/ml) and therefore not interesting from the 

application point of view.  

 

Target II 

The second extraction target was the lipophilic fraction of cereal by-product matrices. 

Yellow maize germ obtained the highest yields in percentage (19.98 ± 1.24 % and 20.10 ± 

1.45 % with 10 and 120 min respectively). Comparing the two method of extractions no 

significant yield increase was found which could justify such different extraction times: in 

fact, between the 85% and the 95% of the total oil was extracted within the first 10 min in 

all plant matrices. HPTLC was used to screen the obtained extracts from a qualitative point 

of view and to compare the extracts: the HPTLC chromatogram did not show a significant 

difference in the qualitative profile of SFE extracts fixed oils comparing the two extraction 

times. For this reason and for the yields obtained we selected the extracts obtained in 10 

min for the following analyses; the choice was made also with the aim of enhancing the 
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potential for energy and time savings which could have sustainable repercussions in the 

scale-up process. 

The highest unsaponifiable fraction was obtained in rice bran extract (6.08 ± 0.04 %), 

followed by wheat aleurone (4.29 ± 0.42 %), yellow corn (2.41 ± 0.24 %) and white corn 

germs (1.85 ± 0.08 %). Corn unsaponifiable matter values are in line with those of literature 

which are around 2% while rice bran oil and wheat bran’s ones are higher than that 

reported in literature. 

From the GC-MS qualitative determination, β-Sitosterol resulted the major compound of 

the unsaponifiable fraction of all extracts: its presence was between the 30 and 36 % of the 

total components in the wheat and rice bran extracts and around 60% in both corn extracts. 

Wheat bran was also characterized by a high percentage of sitostanol, followed by 

campestanol, campesterol and stigmasterol; rice bran was characterized by a number of 

molecules which are present in the extract in a range from 8-14%: cycloartenol, 24-

methylen-cycloartanol, squalene, campesterol and stigmasterol. Campesterol was the 

second most quantitatively present component in corn germs extracts followed by 

sitostanol and stigmasterol present in a range from 6 to 8%. 

The antioxidant activity was also evaluated for lipophilic extracts both with the 

bioautographic screening and with the spectrophotometric tests with DPPH radical. 

The HPTLC bioautograms showed few spots of discoloration which apparently 

corresponds to a low antioxidant activity if compared to the HPTLC bioautographic results 

of BP extracts. All the extracts showed a good antioxidant activity if compared with extra 

virgin olive oils (EVOO) used as controls: particularly yellow and white corn germ extracts 

obtained the lowest IC50 (1.29 ± 0.26 mg/mL and 1.33 ± 0.21 mg/mL) which were even 

better results compared to those of EVOO controls (5.89 ± 0.04 and 11.00 ± 0.06 mg/mL); 

wheat bran extract obtained a IC50 of 7.25 ± 0.66 mg/mL which is slightly higher to the 

tested control, while the rice bran extract showed the highest IC50, which corresponded to 

the lowest radical scavenging activity, but still comparable with the one of the literature 

control (11.00 ± 0.06 mg/mL). 

Finally, a cosmetic application has been hypothesized thanks to the work of collaboration 

of Ambrosialab Srl, where an extract for each target has been formulated in a cosmetic 

product to propose a concrete application of the obtained extracts. The choice of the extracts 

to be included in the cosmetic formulations was guided by the previous results, taking into 
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account yields, biomolecules content, antimicrobial activity and, above all, antioxidant 

activity results. Thus, wheat bran BP+ extract and yellow maize germ SFE extracts were 

selected for several reasons. The former demonstrated a low oil content (no separation step 

required), high content of TPC (610.49 ± 57.6 mg GAE/g dried extract), high FA content 

(406.1 ± 0.7 mg FA/g dried extract) an interesting antimicrobial activity against S. aureus 

ATCC and MSSA (128 µg/mL) and MRSA (32 µg/mL) and finally the highest antioxidant 

activity (3.61 ± 0.09 µg/mL). The latter demonstrated the highest yield obtained in only 10 

min of extraction (19.98 ± 1.24 %) and the highest antioxidant activity (1.29 ± 0.26 µg/mL). 

 

All the cosmetic preparations obtained have shown good organoleptic characteristics. From 

the results of the PCL analysis a high value of antioxidant activity of the durum wheat BP+ 

extract was found (1728.2 ± 21.76 µmol Trolox/g), which is therefore confirmed to be an 

excellent active potential to be included in formulations with antioxidant purposes. 

However, to obtain a truly powerful product with an excellent market perspective, the 

concentration of the extract should be increased from 0.5% to 1.5%. Given the high amount 

of ferulic acid, the BP + extract could also be used in dermal-functional products as an 

alternative to pure ferulic acid generally obtained from synthesis or with common mining 

techniques less advantageous than that presented with the project.  

The wheat extract BP + has revealed a good application potential as an antioxidant, while 

its preparation must be stabilized and improved. The SFE extract has not shown antioxidant 

activity with PCL but could be applied in cosmetic formulations as emollient or as 

emulsifier thanks to its high content of fatty acids, linoleic acid in particular. 

 

In this project we applied a more effective, faster and consequently sustainable extraction 

method than those conventionally used in the literature for the extraction of cereals 

biomolecules. We have hypothesized a cosmetic application with extracts used as active 

ingredients, however another interesting possibility of use could be to insert them as 

excipients (stabilizers, emulsifiers or preservatives of natural derivation) given the 

demonstrated properties both in literature and in the project. Another interesting possibility 

of future application could be to insert cereal by-products extracts in food preparations 

(pasta, bread, etc.) with enhanced characteristics (functional foods). 
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6  0  n a t u r al 1    gi u g n o 2 0 1 8

o r g a ni ci, p e r l o r o n at u r a f e r m e n-
t a bili  e  p ut r e s ci bili,  d et e r mi n a n o  
i n e vit a bil m e nt e u n p r o bl e m a n o r-
m ati v o, di s m alti m e nt o, di l o gi sti-
c a e i n ulti m a a n ali si di c o sti p e r 
l’i n d u st ri a st e s s a. 
L a  v al o ri z z a zi o n e  d ell e  m at e ri e  
p ri m e s e c o n d a ri e – n o n più  s c a r-
ti  –  è  i n v e c e  o g gi  p e r  l’i n d u st ri a  
u n’ o c c a si o n e p e r i n c r e m e nt a r e l a 
p r o p ri a  c o m p etiti vit à  c o n v e rt e n-
d o i p r o p ri c o sti di s m alti m e nt o i n 
n u o v e st r at e gi e di p r o fitt o ( n u o vi 
p r o d otti ),  p e r  f a v o ri r e  l’ o c c u p a-
zi o n e  a s s u m e n d o  p e r s o n al e  s p e-
ci ali z z at o all a g e sti o n e p r o fitt e v o-
l e  d ei  n u o vi  p r o c e s si  p r o d utti vi,  
p e r a d e g u a r si all e n u o v e p oliti c h e 
e u r o p e e  di  g o v e r n o  s o st e ni bil e  
d ell e p r o d u zi o ni di v e nt a n d o st r u-
m e nt o p r o p ul si v o di b e n e s s e r e s o-
ci al e  e  c o nt ri b u e n d o  al  mi gli o r a-
m e nt o  d ell a  s al u b rit à  a m bi e nt al e  
e all a c o n s e r v a zi o n e e dif e s a d ell a 
bi o di v e r sit à.

L e  s t r a te gie  d i v al o riz z a-
z i o ne  e  il p r o ge t t o 
V A L S O V I T  ( P O R - F E S R  
E m ili a R om a g n a )
I n g e n e r al e, l o st at o d ell’ a rt e d ell a 
v al o ri z z a zi o n e  d e gli  s c a rti  a g r o a-
li m e nt a ri c o n si st e s o st a n zi al m e n-
t e i n d u e ti pi di a p p r o c ci o ( Li n et 
al. , 2 0 1 3 ):
- A p p r o c ci o di p ri m a g e n e r az i o-
n e.  Gli s c a rti v e n g o n o i n di ri z z ati 
al  c o m p o st a g gi o,  all a  p r o d u zi o n e  
di  e n e r gi a  ( di g e sti o n e  a n a e r o bi a )  
o t r a sf e riti i n di s c a ri c a;
- A p p r o c ci o  di  s e c o n d a  g e n e r a-
z i o n e.  Gli s c a rti v e n g o n o i n di ri z-
z ati v e r s o p r o c e s si c o n u n più  alt o 
li v ell o  t e c n ol o gi c o  e  c o n  el e v at a  
s o st e ni bilit à  e  u n  ri d ott o  i m p at-
t o a m bi e nt al e ( p e r e s. t e c n ol o gi e 
e st r atti v e  c o n  b a s s o  o  n ull o  i m-
pi e g o di s ol v e nti o r g a ni ci; st r at e-
gi e  bi ot e c n ol o gi c h e  e  t r a sf o r m a-
ti v e  i nt e g r at e;  utili z z o  di  si st e mi  
c at aliti ci a d alt a ef fi ci e n z a i n p r o-
c e s si a c a s c at a ) p e r ott e n e r e ( bi o )
s o st a n z e a d alt o v al o r e a g gi u nt o e 
c o n  ri c a d ut e  di v e r si fi c at e  i n  più  
s ett o ri di m e r c at o.
S ull a  b a s e  di  q u e sti  p a r a di g mi,  il  
l a b o r at o ri o  i n  r et e  T e r r a & A c q u a  

T e c h  d el  T e c n o p ol o  d ell’ U ni v e r-
sit à di F e r r a r a, il C e nt r o I nt e r di-
p a rti m e nt al e di Ri c e r c a I n d u st ri a-
l e E n e r gi a e A m bi e nt e ( CI RI- E A ) 
d ell’ U ni v e r sit à di B ol o g n a, il C e n-
t r o  Ri c e r c h e  P r o d u zi o ni  A ni m ali  
( C. R. P. A.  L a b. )  di  R e g gi o  E mili a,  
il C o n s o r zi o L a b o r at o ri o E n e r gi a 
A m bi e nt e  ( L. E. A. P. )  di  Pi a c e n z a,  
C a vi r o  Di still e ri e  ( F a e n z a,  R A;  
htt p:// w w w. c a vi r o. c o m/it/ ),  E ri-
d a ni a S a d a m S p A ( P a r m a; htt p s://
w w w. s a d a m.it ), C B C ( E u r o p e ) S rl 
( Bi o g a r d Di vi si o n; C e s e n a; htt p://
w w w. bi o g a r d.i t/i n d e x. p h p/i t/ ), 
A m b r o si a L a b S rl ( F e r r a r a, htt p://
w w w. a m b r o si al a b.it/it/ )  h a n n o  
i n si e m e  c o stit uit o  u n a  p a rt n e r-
s hi p  c h e  si  è  c o a g ul at a  att o r n o  a  
u n p r o g ett o di ri c e r c a i n d u st ri al e 
st r at e gi c a, ri v olt o a gli a m biti p ri-
o rit a ri d ell a St r at e gi a di S p e ci ali z-
z a zi o n e  I nt elli g e nt e  ( PO  R- F E S R  
2 0 1 4- 2 0 2 0 )  d ell a  R e gi o n e  E mili a  
R o m a g n a, d al tit ol o V al o riz z  az i o-
n e s o st e ni bil e d e gli s c a rti d ell a fi -
li e r a  viti vi ni c ol a  p e r  l’i n d u st ri a  
c hi mi c a e s al uti sti c a  ( a c r o ni m o: 
V A L SO  VI T ).
L a n at u r a d el p a rt e n a ri at o, c a r at-
t e ri z z at a d a s o g g etti i n d u st ri ali di 
ril e v a nt e  i m p o rt a n z a  n el  p a n o r a-
m a p r o d utti v o d ell a r e gi o n e E mi-
li a R o m a g n a e d a i stit uti di ri c e r-
c a s p e ci ali z z ati n el t r a sf e ri m e nt o 
t e c n ol o gi c o, si i n s e ri s c e i n u n c o n-
t e st o r e gi o n al e di fili e r a viti vi ni c o-
l a c h e all o st at o att u al e c o n si d e r a 
p ri n ci p al m e nt e  p r o c e s si  di  v al o-
ri z z a zi o n e  di  p ri m a  g e n e r a zi o n e  
d e gli  s c a rti  ( r a s pi  f r e s c hi,  b u c c e,  
vi n a c ci a  bi a n c a,  f e c ci a,  t e st e  e  
c o d e di di still a zi o n e d ell’ et a n ol o ). 
L e  fi n alit à  p r o g ett u ali  di  V al s o vit  
i n v e c e si ri v ol g o n o i n p a rti c ol a r e 
a  u n a  v al o ri z z a zi o n e  di  s e c o n d a  
g e n e r a zi o n e  p e r  ri c e r c a r e  i m p o r-
t a nti  ri c a d ut e  p e r  l’i n d u st ri a  c hi-
mi c a  e  s al uti sti c a,  n o n c hé  d ell a  
dif e s a  d ell e  pi a nt e  i n  a g ri c olt u r a  
p r o m u o v e n d o,  c o n  u n  a p p r o c ci o  
o p e r ati v o i s pi r at o a u n m o d ell o di 
si m bi o si i n d u st ri al e, u n o s vil u p p o 
t e c n ol o gi c o s o st e ni bil e d ell a fili e-
r a.  P e r  gli  a s p etti  di  p r o g ett o  r e-
l ati vi  all a  v al o ri z z a zi o n e  ri s p ett o  
a  ri c a d ut e  n el  c o m p a rt o  c hi mi c o  

( p r o d u zi o n e  di  p olii d r o s si al c a n o-
ati,  bi o- a ni d ri d e  m al ei c a,  et c. )  si  
v e d a M a s si et al.  ( 2 0 1 8 ). I n q u e-
st o  c o nt e st o,  i n v e c e,  v e r r a n n o  
d e s c ritt e l e st r at e gi e di a p p r o c ci o, 
l e atti vit à e i ri s ult ati ott e n uti r e-
l ati v a m e nt e all’ otti mi z z a zi o n e d ei 
p r o c e s si e st r atti vi a p pli c ati ai s ot-
t o p r o d otti d ell a l a v o r a zi o n e d ell e 
u v e p e r ott e n e r e e st r atti, f r a zi o ni 
e bi o m ol e c ol e bi ol o gi c a m e nt e at-
ti v e p e r u n a v al o ri z z a zi o n e i n d u-
st ri al e  n ut r a c e uti c a,  c o s m eti c a  e  
p e r l a dif e s a d ell e pi a nt e c olti v at e 
v ei c ol at a a p a rt e d el p a rt e n a ri at o 
a zi e n d al e s p e ci fi c at a m e nt e l e g at o 
a  q u e sti  s ett o ri  di  m e r c at o.  P e r  
q u a nt o atti e n e n ell o s p e ci fi c o all e 
v al ut a zi o ni di atti vit à bi ol o gi c a, i n 
q u e st o a rti c ol o s a r a n n o ri p o rt ati i 
d ati p r eli mi n a ri c h e s o n o st ati di 
i n di ri z z o  p e r  i  ri s c o nt ri  ott e n uti  
d a  alt ri  p a rt n e r  di  p r o g ett o  e  ri-
p o rt ati i n C ali c eti et  al.  ( 2 0 1 8, i n 
st a m p a ).

M A T E R I A L I  E  M E T O D I

I l m a te ri ale  v e ge t ale :  le  
m a te rie  p rim e  s e c o nd a rie  
Gli  s c a rti  d ell a  l a v o r a zi o n e  d ell e  
u v e  e r a n o  c o stit uiti  d a  vi n a c c e  
( d a  u v e  bi a n c h e,  V C B;  e  r o s s e,  
V C R )  e  d a  vi n a c ci oli  i s ol ati,  f o r-
niti d al p a rt n e r di p r o g ett o C a vi r o 
Di still e ri e ( F a e n z a, R a v e n n a ) c h e 
p r o v e ni v a n o d all a v e n d e m mi a d el 
2 0 1 6 e 2 0 1 7. 
L e  vi n a c c e  d a  u v e  r o s s e  e  bi a n-
c h e  d e al c ol at e  c o nt e n e v a n o  ri-
s p etti v a m e nt e  il  5 1%  e  il  3 6%  di  
u mi dit à. All’ u s cit a d ei p r o c e s si di 
l a v o r a zi o n e a zi e n d al e, i c a m pi o ni 
di vi n a c c e s o n o st ati p o sti i n st u-
f a a 7 0 °  C p e r 2 4 o r e e d e s si c c a-
ti fi n o a p e s o c o st a nt e. U n a v olt a 
e s si c c ati,  i  c a m pi o ni  di  vi n a c c e  
s o n o st ati m a ci n ati i n m uli n o c o n 
r ot o r e a v el o cit à v a ri a bil e e g ri gli a 
di m a ci n a zi o n e c o n p o ri d a 2 m m 
( F rit s c h, G e r m a ni a ). 
I  c a m pi o ni  c o sì   p ol v e r ati  s o n o  
st ati  c o n s e r v ati  a  - 2 0  °  C  fi n o  al  
m o m e nt o  d ell e  a n ali si.  I  c a m-
pi o ni  di  vi n a c ci oli  i n v e c e  ( V L B,  
vi n a c ci oli  d a  u v e  bi a n c h e;  V L R,  
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vi n a c ci oli  d a  u v e  r o s s e ),  c a r att e-
ri z z a n d o si  p e r  u n  c o nt e n ut o  d’ u-
mi dit à i nf e ri o r e al 5% , s o n o st ati 
p o sti  i m m e di at a m e nt e  a  - 2 0  °  C  
si n  d al  m o m e nt o  d ell a  c o n s e g n a  
e m a nt e n uti i n q u ell a c o n di zi o n e 
fi n o al m o m e nt o d ell e e st r a zi o ni e 
a n ali si.  P a rt e  d ei  c a m pi o ni  di  vi-
n a c c e, si a bi a n c h e ( V C B ) si a r o s s e 
( V C R ), n o n s o n o st at e i n v e c e s ot-
t o p o st e a e s si c c a m e nt o m a i n v e c e 
i m m e di at a m e nt e  s ott o p o st e  a  di-
still a zi o n e  i n  c o r r e nt e  di  v a p o r e  
p e r v al ut a r e l a q u alit à e l a q u a nti-
t à d ell a c o m p o n e nt e v ol atil e.

I r e a g e nti c hi mi ci 
i m pi e g ati
T utti i s ol v e nti e i r e a g e nti i m pi e-
g ati p e r l e a n ali si c hi mi c h e e r a n o 
di q u alit à c r o m at o g r a fi c a, m e nt r e 
t utti  i  r e a g e nti  i m pi e g ati  p e r  l e  
v al ut a zi o ni  bi ol o gi c h e  e r a n o  c o-
e r e nti  p e r  q u alit à  e  p u r e z z a  c o n  
q u a nt o  ri p o rt at o  i n  l ett e r at u r a.  
L o  st a n d a r d  m al vi di n a- 3-O - gl u-
c o si d e  è  st at o  a c q ui st at o  d a  E x-
t r a s y nt h e s e  ( G e n a y,  F r a n ci a ).  
Tr ol o x,  D P P H  ( 1, 1- dif e nil- 2- pi-
c r yl h y d r a zil ), m et a n ol o d e ut e r at o 
( C D

3
O  D ),  cl o r of o r mi o  d e ut e r at o  

( C D Cl
3
),  m et a n ol o,  etil a c et at o,  

et a n ol o, a ci d o f o r mi c o, a ci d o a c e-
ti c o, N P / P E G e a ci d o g alli c o s o n o 
st ati  a c q ui st ati  d a  Si g m a- Al d ri c h  
It ali a  ( Mil a n o,  It ali a ).  T ol u e n e  
è  st at o  a c q ui st at o  d a  C a rl o  E r b a  
R e a g e nt s ( Mil a n o, It ali a ).

L e st r at e gi e e st r atti v e 
S o n o st at e eff ett u at e e st r a zi o ni s u 
c a m pi o ni  e s si c c ati  e  p ol v e ri z z ati  
di  vi n a c c e  bi a n c h e  ( V C B )  e  r o s-
s e ( V C R ), utili z z a n d o l e s e g u e nti 
t e c ni c h e  di  e st r a zi o n e:  e st r a zi o-
n e  di  fl ui di  s u p e r c riti ci  ( S F E ),  
e st r a zi o n e  a s si stit a  d a  ult r a s u o ni  
( U A E ) e e st r a zi o n e di fl ui d o p r e s-
s u ri z z at o t r a mit e e st r att o r e N a vi-
gli o ®  ( P F E- N A V ). 
C a m pi o ni n o n e s si c c ati di vi n a c c e 
bi a n c h e ( V C B ) e r o s s e ( V C R ) s o n o 
st ati  s ott o p o sti  a  di still a zi o n e  i n  
c o r r e nt e di v a p o r e d’ a c q u a ( DI S ). 
O g ni e st r a zi o n e è  st at a eff ett u at a 
i n  t ri pli c at o.  Gli  e st r atti  ott e n uti  
c o n  U A E  e  P F E- N A V  s o n o  st ati  

li o fili z z ati  e  c o n s e r v ati  a  - 2 0  °  C  
fi n o al m o m e nt o d ell e a n ali si. Gli 
e st r atti S F E s o n o st ati c o n s e r v ati 
a - 2 0 °  C t al q u ali i n q u a nt o p ri vi 
d ell a f r a zi o n e s ol v e nt e, m e nt r e gli 
e st r atti  ott e n uti  p e r  di still a zi o-
n e  i n  c o r r e nt e  di  v a p o r e  d’ a c q u a  
s o n o  st ati  i m m e di at a m e nt e  a n a-
li z z ati p e r g a s c r o m at o g r a fi a. 
E st r a zi o n e a s si stit a d a ult r a s u o-
ni ( U  AE )
L’ e st r a zi o n e a s si stit a d a ult r a s u o-
ni è  st at a e s e g uit a utili z z a n d o u n 
b a g n o  a  ult r a s u o ni  ( Ult r a s o ni k  
1 0 4X ,  N e y  D e nt al  I nt e r n ati o n al,  
M E D WO  W,  Ci p r o )  i m p o st at o  a  
u n a  f r e q u e n z a  o p e r ati v a  di  4 8  
k H z. L e c o n di zi o ni e st r atti v e n o n 
s o n o ri p o rt at e p e r r a gi o ni di ri s e r-
v at e z z a  vi n c ol at e  d a  u n  a c c o r d o  
di p a rt e n a ri at o. 
E st r a zi o n e  c o n  fl  ui di  p r e s s u ri z-
z ati (  PF E ;  N  a vi gli o ® )
L’ e st r att o r e  N a vi gli o ®  ( m o d.  5 0 0  
c c; Atl a s Filt ri, It ali a ) è  st at o uti-
li z z at o p e r e st r a r r e m at e ri al e s o-
li d o c o n u n m et o d o di e st r a zi o n e 
c o n s ol v e nt e p r e s s u ri z z at o ( N a vi-
gli o, 2 0 0 3 ). 
L e c o n di zi o ni e st r atti v e n o n s o n o 
ri p o rt at e  p e r  r a gi o ni  di  ri s e r v a-
t e z z a  vi n c ol at e  d a  u n  a c c o r d o  di  
p a rt e n a ri at o. 
E st r a zi o n e  di  fl  ui di  s u p e r c riti ci  
(  SF E )
I  c a m pi o ni  s o n o  st ati  s ott o p o sti  
a  e st r a zi o n e  c o n  fl ui di  s u p e r c ri-
ti ci  ( CO

2
;  S F E )  utili z z a n d o  u n  

e st r att o r e S p e e d S F E m o d ell o A p-
pli e d S e p a r ati o n s ( All e nt o w n, P A, 
U S A ). 
L e c o n di zi o ni e st r atti v e n o n s o n o 
ri p o rt at e  p e r  r a gi o ni  di  ri s e r v a-
t e z z a  vi n c ol at e  d a  u n  a c c o r d o  di  
p a rt e n a ri at o. 
E st r a zi o n e  p e r  di still a zi o n e  i n  
c o r r e nt e di v a p o r e d’ a c q u a
C a m pi o ni n o n e s si c c ati di vi n a c c e 
bi a n c h e ( V C B ) e r o s s e ( V C R ), e di 
vi n a c ci oli d a u v e bi a n c h e ( V L B ) e 
r o s s e ( V L R ) s o n o st ati s ott o p o sti 
a  di still a zi o n e  i n  c o r r e nt e  di  v a-
p o r e. 
L e  di still a zi o ni  s o n o  st at e  eff et-
t u at e  s e g u e n d o  l e  m et o di c h e  ri-
p o rt at e i n S c al v e n zi et al.  ( 2 0 1 7 ) 
o p p o rt u n a m e nt e m o di fi c at e.

L a c a r a t te riz z az i o ne  
ch im i c a
L a  c a r att e ri z z a zi o n e  c hi mi c a  d e-
gli e st r atti è  st at a f o c ali z z at a s ull a 
ril e v a zi o n e  di  cl a s si  di  c o m p o sti  
g e n e r al m e nt e  n oti  p e r  p r o p ri et à  
f u n zi o n al m e nt e  utili  n ei  c o nt e sti  
di ri c a d ut a d ell a ri c e r c a, i n p a rti-
c ol a r e: p olif e n oli, f e n oli s e m pli ci, 
fl a v o n oi di e d e ri v ati, a ci di o r g a ni-
ci, e v e nt u al m e nt e att e si c o n ril e-
v a nt e  a b b o n d a n z a  n e gli  e st r atti  
i d r o al c oli ci ( U A E,  P F E- N A V ); a ci-
di g r a s si, st e r oli e s o st a n z e li p o fil e 
c o m e  st e r e oi s o m e ri  d ell a  vit a mi-
n a E, e v e nt u al m e nt e att e si c o n ri-
l e v a nt e a b b o n d a n z a n e gli e st r atti 
c o n CO

2
 s u p e r c riti c a ( S F E ); c o m-

p o sti t e r p e ni ci e d e ri v ati ( m o n o-, 
s e s q ui-,  di-t e r p e ni )  e v e nt u al m e n-
t e att e si c o n ril e v a nt e a b b o n d a n-
z a  n e gli  e st r atti  ott e n uti  c o n  l a  
di still a zi o n e i n c o r r e nt e di v a p o r e 
d’ a c q u a ( DI S ).
A n ali si  (  H P) T  L C:  c r o m at o g r a fi a  
s u  st r at o  s ottil e  a d  alt a  ri s ol u-
zi o n e
L e  a n ali si  s o n o  st at e  e s e g uit e  s u  
u n a l a st r a di g el di sili c e H P T L C 
6 0 F 2 5 4  ( 1 0  c m  2 0  c m;  C a m a g,  
S wi z e rl a n d ).  8  µ l  di  u n a  s ol u zi o-
n e et a n oli c a al 5 0%  d e gli e st r atti 
( 2 0  m g/ m L )  s o n o  st ati  d e p o sit ati  
s ull a  l a st r a  i n  b a n d e  di  6  m m  di  
a m pi e z z a  utili z z a n d o  u n  mi c r o-
d e p o sit o r e  Li n o m at  V  ( C a m a g,  
S wi z e rl a n d ) i n fl u s s o di a z ot o. L e 
b a n d e d e p o sit at e s o n o st at e el uit e 
i n d u e st e p e s u c c e s si v a m e nt e d e-
ri v ati z z at e c o n s ol u zi o n e N P- P E G 
( W a g n e r e Bl a dt, 2 0 0 9 ).
C o nt e n ut o i n p olif e n oli e p r o a n-
t o ci a ni di n e t ot ali
L a d et e r mi n a zi o n e d el c o nt e n ut o 
p olif e n oli c o  t ot al e  n e gli  e st r atti  
è  st at a  e s e g uit a  utili z z a n d o  u n o  
s p ett r of ot o m et r o  H eli o s- G a m m a,  
T h e r m o S p e ct r o ni c  s e g u e n d o  l e  
m et o di c h e  p r e c e d e nt e m e nt e  d e-
s c ritt e i n T a c c hi ni et al.  ( 2 0 1 5 ). I 
ri s ult ati  s o n o  st ati  e s p r e s si  c o m e  
m g  di  a ci d o  g alli c o/ g  di  e st r att o  
s e c c o  p e r  l a  q u a nti fi c a zi o n e  d ei  
p olif e n oli  t ot ali  e  m g  di  ci a ni di n  
cl o r u r o/ g  di  e st r att o  s e c c o  p e r  l a  
q u a nti fi c a zi o n e  d ell e  p r o a nt o ci a-
ni di n e t ot ali.
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A n ali si H P L C: C r o m at o g r a fi a li-
q ui d a a d alt a p r e st a zi o n e
L a  c a r att e ri z z a zi o n e  d ei  c a m-
pi o ni  fi n ali z z at a  all a  ril e v a zi o n e  
d ei  p ri n ci p ali  fl a v o n oi di  è   st at a  
e s e g uit a  s ui  c a m pi o ni  di  e st r a-
zi o n e  i d r o al c oli c a  utili z z a n d o  u n  
si st e m a  H P L C  m o d ul a r e  J A S CO  
( T o k y o,  Gi a p p o n e,  m o d ell o  P U  
2 0 8 9 )  a c c o p pi at o  a  u n  d et e ct o r  
a  f ot o di o di  ( M D  2 0 1 0  Pl u s ).  P e r  
l’ a n ali si  si  è  f att o  rif e ri m e nt o  a  
q u a nt o ri p o rt at o i n K a m m e r e r et 
al.  ( 2 0 0 4 ).
A n ali si G C- M S: g a s c r o m at o g r a-
fi a  a c c o p pi at a  a  s p ett r o m et ri a  
di m a s s a
L e  a n ali si  g a s  c r o m at o g r a fi c h e  
s o n o st at e s vil u p p at e s ui c a m pi o-
ni  ott e n uti  d all a  di still a zi o n e  di  
m at ri ci  ( V C A,  V C B,  V L B,  V L R )  
f r e s c h e e n o n e s si c c at e. L e a n ali si 
s o n o st at e s vil u p p at e s e g u e n d o l e 
i n di c a zi o ni ri p o rt at e i n T a r d u g n o 
et al.  ( 2 0 1 8 ). 

L ’ a t ti vi t à bi ol o gi c a
P r o p ri et à a nti o s si d a nti
L e  p r o p ri et à  a nti o s si d a nti  s o n o  
st at e  v al ut at e  p e r  p ot e r  v e ri fi c a-
r e  i n  vi a  p r eli mi n a r e  gli  e st r atti  
p ot e n zi al m e nt e utili a u n a p r oi e-
zi o n e  s al uti sti c a  n ut r a c e uti c a  e/ o  
c o s m eti c a.
L’ atti vit à  a nti o s si d a nt e  d e gli  
e st r atti  è  st at a  v al ut at a  si a  m e-
di a nt e  a n ali si  bi o a ut o g r a fi c a  
( D P P H- ( H P ) T L C- bi o a ut o g r a p hi c 
a s s a y )  si a  m e di a nt e  s a g gi o  s p et-
t r of ot o m et ri c o ( S p ett r of ot o m et r o 
U V- Vi s  H eli o s )  i m pi e g a n d o  p e r  
e nt r a m bi  i  t e st  il  r a di c al e  D P P H  
( 1, 1- di p h e n yl- 2- pi c r yl h y d r a zil ).  I  
s a g gi  s o n o  st ati  s vil u p p ati  c o m e  
ri p o rt at o i n N o st r o et al.  ( 2 0 1 6 ). 
T utti  gli  e s p e ri m e nti  s o n o  st ati  
eff ett u ati i n t ri pli c at o e i ri s ult ati 
ott e n uti s o n o st ati ri p o rt ati c o m e 
m e di a ±  d e vi a zi o n e st a n d a r d.
L’ atti vit à a nti mi c r o bi c a 
L’ atti vit à a nti mi c r o bi c a è  st at a v a-
l ut at a  si a  v e r s o  b att e ri  si a  v e r s o  
f u n g hi  fit o p at o g e ni  p e r  v e ri fi c a r e  
i n  vi a  p r eli mi n a r e  q u e gli  e st r atti  
p ot e n zi al m e nt e  utili z z a bili  p e r  
p r o p ri et à fit oi at ri c h e. 
P e r  v al ut a r e  l’ atti vit à  a nti b att e-
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P ulit ur a d ell o stri z z o i dr a uli c o

L e vi n a c c e d o p o l a stri z z at ur a
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ri c a d e gli e st r atti v e g et ali è  st at o 
utili z z at o  u n  b att e ri o,  P s e u d o-
m o n a s s y ri n g a e  p v. s y ri n g a e  v a n 
H all A T C C 1 9 3 1 0. Gli e s p e ri m e n-
ti  di  atti vit à  a nti b att e ri c a  ( MI C,  
Mi ni m a  C o n c e nt r a zi o n e  I ni b e n-
t e;  M C B,  Mi ni m a  C o n c e nt r a zi o-
n e B att e ri ci d a ) s o n o st ati all e stiti 
s e g u e n d o  l e  i n di c a zi o ni  ri p o rt at e  
d al  N ati o n al  C o m mitt e e  f o r  Cli-
ni c al  L a b o r at o r y  St a n d a r d s  ( N C-
C L S, st a n d a r d M 7- A 6 ).
P e r  l a  v al ut a zi o n e  d ell’ atti vit à  
a ntif u n gi n a s o n o st ati i n v e c e uti-
li z z ati  d u e  f u n g hi  fit o p at o g e ni,  
S cl e r oti ni a  mi n o r  e  S cl e r oti ni a 
s cl e r oti o r u m ; l’ all e sti m e nt o d ell e 
c olt u r e d ei f u n g hi fil a m e nt o si e gli 
e s p e ri m e nti  di  atti vit à  a ntif u n gi-
n a s o n o st ati c o n d otti s e g u e n d o l e 
i n di c a zi o ni  ri p o rt at e  i n  G u e r ri ni  
et al. ( 2 0 0 9 ). L a Mi ni m a C o n c e n-
t r a zi o n e  I ni b e nt e  l a  c r e s cit a  f u n-
gi n a  ( MI C )  e  l a  Mi ni m a  C o n c e n-
t r a zi o n e  F u n gi ci d a  ( M C F )  s o n o  
st at e  d et e r mi n at e  s e g u e n d ol e  i n-
di c a zi o ni  ri p o rt at e  i n  C a v al e ri o  
et  al.  ( 2 0 0 5 ).  I n fi n e,  è  st at a  c al-
c ol at a  l a  c o n c e nt r a zi o n e  ef fi c a c e  
i n g r a d o di d a r e il 5 0%  di eff ett o 
m a s si m al e ( E C

5 0
).

R I S U L T A T I
E  D I S C U S S I O N E

L e  s t r a te gie  e s t r a t tiv e  
bi o g uid a te  d a fi n ge rp ri n -
ti n g H P - T L C
L e  m at ri ci  di  s c a rt o  d ell a  l a v o r a -
zi o n e  d ell e  u v e  s o n o  st at e  f o r nit e  
d all’ a zi e n d a C a vi r o Di still e ri e ( F a -
e n z a,  R A;  htt p:// w w w. c a vi r o. c o m/
it/ ), p a rt n e r a zi e n d al e di p r o g ett o, 
e d  e r a n o  c a r att e ri z z at e  d a  vi n a c -
c e  r o s s e  ( V C R ),  vi n a c c e  bi a n c h e  
( V C B ),  vi n a c ci oli  d a  u v e  r o s s e  
( V L R ) e bi a n c h e ( V L B ) ( Fi g u r a 1 ). 

P e r l e e st r a zi o ni, si è  s c elt o di s e-
l e zi o n a r e  q u ell e  m et o di c h e  c h e  
m e gli o p ot e s s e r o c o a g ul a r e, c o m e 
fi n alit à  di  p ri n ci pi o,  c rit e ri  di  ef-
fi ci e n z a  ( alt a  r e s a  q u ali- q u a ntit a-
ti v a di bi o m ol e c ol e atti v e ), s o st e-
ni bilit à ( b a s s o o n ull o i m pi e g o di 
s ol v e nti  o r g a ni ci )  e  o p p o rt u nit à  
di t r a sf e ri m e nt o t e c n ol o gi c o ( s c a-
l e  u p l a b o r at o ri o  v s.  i n d u st ri a ).  
I n  r el a zi o n e  a  q u e sti  a s p etti,  p e-
r alt r o  c a r att e ri z z a nti  l a  fi n alit à  
di  v al o ri z z a zi o n e  s o st e ni bil e  d el  
p r o g ett o  V al s o vit,  si  è  q ui n di  o p-
t at o  p e r  i n di vi d u a r e  n ell’ a m pi o  
e  m o d e r n o  c o nt e st o  d ell a  g r e e n 
c h e mi st r y  l’ e st r a zi o n e  c o n  ult r a-
s u o ni ( U A E ), l’ e st r a zi o n e c o n fl u-
i di  s ott o  p r e s si o n e  c o n  st r u m e n-
t a zi o n e  N a vi gli o ® ,  l’ e st r a zi o n e  
c o n  CO

2
 s u p e r c riti c a  ( S F E )  e  l a  

di still a zi o n e  i n  c o r r e nt e  di  v a p o-
r e  d’ a c q u a  ( DI S )  ( B ai a n o,  2 0 1 4 ).  
Ci a s c u n a m at ri c e di s c a rt o è  st at a 
d u n q u e  s ott o p o st a  a d  o g ni  m e-
t o di c a  e st r atti v a  i n di vi d u at a  p e r  
v e ri fi c a r e  q u al e  ri s ult a s s e  l a  più  
p e rf o r m a nt e  ri s p ett o  all e  fi n alit à  
di  p ri n ci pi o  s o p r a  d e s c ritt e  ( T a-
b ell a 1 ).
P ri m a di p r o c e d e r e all e e st r a zi o ni 
U A E, P F E- N A V, S F E, l e m at ri ci d a 
vi n a c c e r o s s e ( V C R ) e d a vi n a c c e 
bi a n c h e  ( V C B )  s o n o  st at e  s ott o-
p o st e a e s si c c a zi o n e i n st uf a a 7 0 
°  C p e r 2 4 o r e fi n o a ri d u r r e il c o n-
t e n ut o  di  a c q u a  a  v al o ri  i nf e ri o ri  
al 5% , s e g u e n d o u n p r ot o c oll o di 
t r att a m e nt o  d e gli  s c a rti  n o r m al-
m e nt e  a d ott at o  i n  a zi e n d a.  I  vi-
n a c ci oli  d a  u v e  r o s s e  ( V L R )  e  d a  
u v e  bi a n c h e  ( V L B )  p r e s e nt a v a n o  
gi à u n t e n o r e di u mi dit à c o e r e nt e 
c o n  l e  e si g e n z e  di  c o n s e r v a zi o n e  
e d e st r a zi o n e (< 5% ). T utti i c a m-
pi o ni  s o n o  st ati  s u c c e s si v a m e nt e  
p ol v e ri z z ati i n m uli n o r ef ri g e r at o 
p e r  otti mi z z a r e  e  u nif o r m a r e  l e  

i nt e r a zi o ni  m at ri c e- s ol v e nt e  i n  
ci a s c u n a d ell e m et o di c h e e st r atti-
v e a d ott at e. P e r l e di still a zi o ni i n 
c o r r e nt e di v a p o r e d’ a c q u a, i n v e-
c e, t utti i c a m pi o ni s o n o st ati uti-
li z z ati  all o  st at o  f r e s c o  mi ni mi z-
z a n d o  i n  q u e st o  m o d o  l a  p e r dit a  
d ei  c o m p o sti  più  v ol atili.  L e  m o-
l e c ol e  t a r g et  p e r  l’ otti mi z z a zi o n e  
d ell e  e st r a zi o ni  e r a n o  r a p p r e s e n-
t at e d a p olif e n oli, f e n oli s e m pli ci, 
fl a v o n oi di e d e ri v ati, a ci di o r g a ni-
ci, e v e nt u al m e nt e att e si c o n ril e-
v a nt e  a b b o n d a n z a  n e gli  e st r atti  
i d r o al c oli ci ( U A E,  P F E- N A V ); a ci-
di g r a s si, st e r oli e s o st a n z e li p o fil e 
c o m e  st e r e oi s o m e ri  d ell a  vit a mi-
n a E, e v e nt u al m e nt e att e si c o n ri-
l e v a nt e a b b o n d a n z a n e gli e st r atti 
c o n CO

2
 s u p e r c riti c a ( S F E ); c o m-

p o sti t e r p e ni ci e d e ri v ati ( m o n o-, 
s e s q ui-,  di-t e r p e ni )  e v e nt u al m e n-
t e att e si c o n ril e v a nt e a b b o n d a n-
z a  n e gli  e st r atti  ott e n uti  c o n  l a  
di still a zi o n e  i n  c o r r e nt e  di  v a p o-
r e  d’ a c q u a  ( DI S ).  P e r  l e  m et o di-
c h e U A E e P F E- N A V si è  s c elt o di 
o p e r a r e  c o n  s ol v e nt e  i d r o al c oli-
c o  ( et a n ol o- a c q u a )  i n di vi d u a n d o  
s p e ri m e nt al m e nt e  n el  r a p p o rt o  
5 0: 5 0 l a c o m bi n a zi o n e più  ef fi c a-
c e  ri s p ett o  all e  c at e g o ri e  c hi mi-
c h e e st r att e, v al ut at e p e r n u m e r o 
e  a m pi e z z a  d ell e  b a n d e  s u  l a st r e  
p e r c r o m at o g r a fi a s u st r at o s otti-
l e  a d  alt e  p r e st a zi o ni  ( H P- T L C ),  
c o nf e r m a n d o  c o sì  a n c h e  l e  i n di-
c a zi o ni  di  l ett e r at u r a  ( D a  P o rt o  
et  al. ,  2 0 1 3 ).  A n al o g a m e nt e,  si  è  
o p e r at o  c o n  S F E  i n di vi d u a n d o  l e  
c o n di zi o ni  di  s et  u p  st r u m e nt al e  
e  t e m pi sti c h e  di  e st r a zi o n e  st ati-
c a  e  di n a mi c a  più  a d e g u at e.  P e r  
DI S, si è  f att o i n v e c e rif e ri m e nt o 
a q u a nt o ri p o rt at o i n S c al v e n zi et 
al.  ( 2 0 1 7 ) o p p o rt u n a m e nt e m o di-
fi c at o ( Fi g u r a 2 ).
P e r  ci a s c u n a  c at e g o ri a  di  c a m-
pi o ni,  l’ ef fi ci e n z a  e st r atti v a  i n  
t e r mi ni  di  r e s a  q u a ntit ati v a  di  
e st r att o t ot al e è  ri s ult at a otti m al e 
c o n U A E, più  ri d ott a ( fi n o a n c h e 
al 6 0% ) c o n P F E- N A V, e ult e ri o r-
m e nt e  più  b a s s a  c o n  S F E.  E st r e-
m a m e nt e b a s s a è  ri s ult at a l a r e s a 
i n  oli o  e s s e n zi al e  ( 0. 0 2- 0, 0 0 8% )  
ott e n ut o  c o n  l a  di still a zi o n e  i n  

Fi g ur a 1 . G li s c arti d ell a l a v or a zi o n e d ell e u v e s ott o p o sti a d e str a zi o n e. A, vi n a c c e bi a n c h e e s si c c at e 
( VC R );  B, vi n a c c e r o s s e e s si c c at e ( VC R );  C , vi n a c ci oli d a u v e bi a n c h e e r o s s e ( V L B, V LR ).
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c o r r e nt e  di  v a p o r e  d’ a c q u a  ( DI S,  
T a b ell a  1 ),  r e n d e n d o  s o st a n zi al-
m e nt e  i m p r ati c a bil e  l’i p ot e si  di  
s c al e- u p  i n d u st ri al e  di  p r o c e s s o  
p e r  u n o  sf r utt a m e nt o  r a zi o n al e  
d ei  di still ati.  Il  d at o  q u a ntit ati v o  
ri fl ett e  q u a nt o  ri p o rt at o  i n  l ett e-
r at u r a p e r q u a nt o atti e n e all e r e s e 
t ot ali di e st r a zi o ni i d r o al c oli c h e e 
S F E, m e nt r e s o st a n zi al m e nt e i n e-
dit o è  il d at o r el ati v o a gli e st r atti 
DI S. 

L a c a r a t te riz z az i o ne   
ch im i c a
I c a m pi o ni di vi n a c c e di u v e r o s s e 
( V C R )  e  bi a n c h e  ( V C B )  e  di  vi-
n a c ci oli  d a  u v e  r o s s e  ( V L R )  e  d a  
u v e bi a n c h e ( V L B ) ott e n uti c o n l e 
e st r a zi o ni  c o n  s ol v e nt e  i d r o al c o-
li c o m e di a nt e ult r a s u o ni ( U A E ) e 
c o n  fl ui di  p r e s s u ri z z ati  c o n  st r u-
m e nt a zi o n e  N a vi gli o ®  otti mi z z a-
t e p e r l a mi gli o r e r e s a q u a ntit ati-
v a i n p olif e n oli, s o n o st ati v al ut ati 
c o n  m et o d o  s p ett r of ot o m et ri c o  
p e r  l a  q u a nti fi c a zi o n e  d ei  p olif e-
n oli t ot ali ( Fi g u r a 3 ).

B e n c hé   l’ e st r a zi o n e  U A E  si a  ri-
s ult at a  più  p e rf o r m a nt e  ri s p ett o  
all a  v a ri a bil e  d ell a  r e s a  t ot al e  di  
e st r att o ( T a b ell a 1 ), r el ati v a m e n-

t e al c o nt e n ut o t ot al e i n p olif e n oli 
n o n si è  di m o st r at a alt r ett a nt o ef-
fi c a c e. I nf atti, p e r t utt e l e m at ri ci, 
t r a n n e  c h e  p e r  i  c a m pi o ni  V C R  
d o v e p e r alt r o l o s c a rt o è  ri s ult at o 
ri d ott o al 1 5% , l a m et o di c a P F E-
N A V  è  ri s ult at a  più  p e rf o r m a nt e  
n ell’ e st r a zi o n e d ei p olif e n oli t ot a-
li.  I n  p a rti c ol a r e,  i  c a m pi o ni  c h e  
si s o n o ril e v ati più  ri c c hi i n p oli-
f e n oli t ot ali s o n o ri s ult ati s e m p r e 
gli e st r atti d a vi n a c ci oli. I n p a rti-
c ol a r e, i vi n a c ci oli d a u v e bi a n c h e 
( V L B )  h a n n o  d at o  i n  a s s ol ut o  i  
ri s ult ati  mi gli o ri  c o n  e nt r a m bi  i  
m et o di e st r atti vi e d e vi d e n zi a n d o 
u n o s c a rt o di ci r c a il 4 8%  ri s p ett o 
ai  c a m pi o ni  V L R  a  p a rit à  di  m e-
t o d o  e st r atti v o  più   p e rf o r m a nt e  
( P F E- N A V ).  Il  c o nt e n ut o  n e gli  
e st r atti  V L B  c o n  P F E- N A V  è  ri-
s ult at o s e n si bil m e nt e s u p e ri o r e a 
q u ell o c o n U A E ( 1 2%  ci r c a ). M a g-
gi o r e l o s c a rt o q u a ntit ati v o ( 2 5%  
ci r c a )  t r a  gli  e st r atti  P F E- N A V  e  
U A E p e r i c a m pi o ni V L R. D e ci s a-
m e nt e più  ri d otti i ri s ult ati r el ati-
vi all e vi n a c c e, b e n c hé  gli e st r atti 
d a  vi n a c c e  r o s s e  ( V C R )  si a n o  ri-
s ult ati  c o n  il  m a g gi o r  c o nt e n ut o  

i n p olif e n oli t ot ali ri s p ett o ai c a m-
pi o ni V C B, c o n u n o s c a rt o m e di o 
d el 3 9%  ri s p ett o al d at o rif e rit o al 
m et o d o e st r atti v o più  p e rf o r m a n-

Fi g ur a 2 .  Cr o m at o gr afi a s u s tr at o s ottil e a d alt a ris ol u zi o n e ( H P - T L C)  d e gli es tr atti i dr o al c oli ci ( a tit ol o 
d’ es e m pi o)  p er l’i n div i d u a zi o n e d ell e c o n di zi o ni otti m ali p er ott e n er e u n pr ofi l o fi t o c hi mi c o di c o m-
pr o m es s o q u alit ativ a m e nt e e q u a ntit ativ a m e nt e otti m al e ris p ett o all e c at e g ori e c hi mi c h e di i nt er es s e.  
B a n d e b u- a z z urr e:  p olif e n oli;  b a n d e gi all o- v er di:  fl av o n oi di;  b a n d e r os s e:  cl or ofi ll e.  A,  c a m pi o ni V C R;  
B,  c a m pi o ni V C B;  C,  c a m pi o ni V L B.  L a r e gi o n e cir c os critt a i n ci as c u n a l as tr a c orris p o n d e all’ el ui zi o n e 
di u n es tr att o i dr o al c oli c o al 5 0 % .

	 ¡ % %  % %

T ab ell a 1 .  R es e di es tr a zi o n e ( ri p ort at e c o m e 
v al ori p er c e nt u ali m e di) ,  r el ativ a m e nt e a d es tr a-
zi o n e as s is tit a c o n ultr as u o ni ( U A E) ,  es tr a zi o n e 
c o n fl ui di s ott o pr es s i o n e c o n m et o d o N av i gli o ®  
( P F E- N A V) ,  es tr a zi o n e c o n fl ui di s u p er criti ci 
( S F E)  e dis till a zi o n e i n c orr e nt e di v a p or e ( DI S;  
s u m atri ci n o n es s i c c at e) .  V C R,  v i n a c c e r os s e 
es s i c c at e;  V C B,  v i n a c c e b i a n c h e es s i c c at e;  V L B,  
v i n a c ci oli d a uv e b i a n c h e;  V L R,  v i n a c ci oli d a uv e 
r os s e.  D ev .  St. ,  d ev i a zi o n e s t a n d ar d.

Fi g ur a 3 .  N el gr afi c o s o n o ri p ort ati i v al ori d ei p olif e n oli t ot ali (  m g a ci d o g alli c o/ g es tr att o s e c c o)  d e gli es tr atti 
( V C R,  v i n a c c e r os s e;  V C B,  v i n a c c e b i a n c h e;  V L R,  v i n a c ci oli d a uv e r os s e;  V L B,  v i n a c ci oli d a uv e b i a n c h e)  ott e n uti 
c o n l e m et o di c h e U A E ( es tr a zi o n e c o n ultr as u o ni)  e P F E- N A V ( es tr a zi o n e c o n fl ui di s ott o pr es s i o n e c o n s tr u m e n-
t a zi o n e N av i gli o ® )  otti mi z z at e p er l a mi gli or e ril ev a zi o n e q u alit ativ a e q u a ntit ativ a.  I d ati s o n o r el ativ i a q u a nt o 
ott e n ut o c o n s olv e nt e i dr o al c oli c o al 5 0 % .
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t e. B e n c hé  i n l ett e r at u r a si a n o n u-
m e r o si gli e s e m pi r el ati vi al c o n-
t e n ut o p olif e n oli c o di s c a rti d ell a 
l a v o r a zi o n e d ell e u v e c o m p ati bili 
c o n q u elli d a n oi u s ati p e r q u a nt o 
atti e n e all a l o r o ti pi z z a zi o n e, n o n 
è   i n v e c e  p o s si bil e  eff ett u a r e  u n  
c o nf r o nt o  c o st r utti v o  i n  q u a nt o  
n o n n e vi e n e m ai i n di c at a l a p r o-
v e ni e n z a ri s p ett o ai di v e r si st e p  di 
l a v o r a zi o n e i n fili e r a. I nf atti, d all a 
n o st r a  e s p e ri e n z a,  c o n di vi s a  c o n  
l a p a rt n e r s hi p di p r o g ett o, il c o n-
t e n ut o  i n  c o m p o sti  p olif e n oli ci  
p u ò  r a gi o n e v ol m e nt e  e  si g ni fi c a-
ti v a m e nt e  c a m bi a r e  i n  r el a zi o n e  
al m o m e nt o di p r o c e s s o i n c ui l e 
m at ri ci v e g et ali v e n g o n o c o n si d e-
r at e  s c a rti  e  q ui n di  i n di ri z z a bili  
a d  alt ri  p r o c e s si  di  l a v o r a zi o n e.  
P e rt a nt o, p e r r a gi o n e v oli m oti v a-
zi o ni di a c c o r d o di p a rt e n a ri at o e 
di p ot e n zi al e ri c a d ut a a p pli c ati v a, 
i  ri s ult ati  p r o d otti  e  q ui  ri p o rt ati  
s o n o d a rit e n e r si p u r a m e nt e i n di-
c ati vi e n o n s o st a n zi ali p e r q u a n-
t o atti e n e al d at o fit o c hi mi c o, m a 
utili s ul pi a n o d el ri s c o nt r o d ell a 
st r at e gi a  o p e r ati v a  e d  e st r atti v a  
più   a d e g u at a  all’i n di vi d u a zi o n e  
d el  m o m e nt o  più  a d att o  al  p r e-
li e v o  d ei  s ott o p r o d otti  i n  fili e r a  
c o m e a d e g u at e f o nti di p olif e n oli.

A n al o g h e  p r e m e s s e  e  c o n si d e r a-
zi o ni  s o n o  all a  b a s e  d ei  ri s ult ati  
s p ett r of ot o m et ri ci  ott e n uti  p e r  
l e p r o a nt o ci a ni di n e t ot ali ( Fi g u r a 
4 ). I n p a rti c ol a r e, v a s ott oli n e at o 
c h e  a  diff e r e n z a  d el  d at o  r el ati-
v o  ai  p olif e n oli  t ot ali,  p e r  t utti  i  
c a m pi o ni  l a  m et o di c a  e st r atti v a  
più  p e rf o r m a nt e  ri s p ett o  al  c o n-
t e n ut o t ot al e di p r o a nt o ci a ni di n e 
è  ri s ult at a  q u ell a  c o n  ult r a s u o ni  
U A E  ( Fi g u r a  4 ).  I n  p a rti c ol a r e,  
l a  diff e r e n z a  a  p a rit à  di  q u alit à  
di  c a m pi o n e  t r a  i  m et o di  e st r at-
ti vi ( P F E- N A V, U A E ) ri s p ett o all a 
q u a ntit à t ot al e di p r o a nt o ci a ni di-
n e e r a e st r e m a m e nt e di v e r si fi c at a 
m a  s e m p r e  pi utt o st o  ril e v a nt e,  
o v v e r o:  d el  4 2%   p e r  V C R,  d el  
6 4%  p e r V C B, d ell’ 8 9%  p e r V L R e 
d el 9 3%  p e r V L B. I c a m pi o ni più  
ri c c hi  i n  a s s ol ut o  di  p r o a nt o ci a-

ni di n e  s o n o  ri s ult ati  c o m u n q u e  i  
vi n a c ci oli, si a d a u v e r o s s e ( V L R ) 
si a  d a  u v e  bi a n c h e  ( V L B ).  C o m e  
p e r i p olif e n oli t ot ali, p e r ò, a n c h e 
p e r  il  c o nt e n ut o  t ot al e  i n  p r o a n-
t o ci a ni di n e  i  c a m pi o ni  V L B  s o n o  
ri s ult ati i più  ri c c hi c o n u n o s c a r-
t o ri s p ett o a gli st e s si c a m pi o ni d a 
u v e r o s s e di ci r c a il 2 9%  a p a rit à 
di  p r o c e s s o  e st r atti v o  più  p e rf o r-
m a nt e ( U A E ).

Gli  e st r atti  i d r o al c oli ci  U A E  e  
P F E- N A V  d ei  c a m pi o ni  V C R,  
V C B,  V L R  e  V L B  s o n o  st ati  a n a-
li z z ati q u alit ati v a m e nt e vi a H P L C 

a n c h e  p e r  il  c o nt e n ut o  di  fl a v o-
n oi di ( Fi g u r a 5 ). 
I n  g e n e r al e,  d e ri v ati  gli c o sil ati  
d ell a  q u e r c eti n a  e  d el  k a e m pf e-
r ol o  c o n  r el ati vi  a gli c o ni,  e  r uti-
n a s o n o ri s ult ati s e m p r e p r e s e nti 
i n  t utti  i  c a m pi o ni,  s e b b e n e  c o n  
s e n si bili v a ri a zi o ni q u a ntit ati v e di 
p r o fil o c r o m at o g r a fi c o. 
I n  fi g u r a  vi e n e  ri p o rt at o,  a  tit ol o  
di e s e m pi o, il p r o fil o c r o m at o g r a-

fi c o r el ati v o ai c a m pi o ni di vi n a c-
c e  bi a n c h e  ( V C B )  ott e n uti  c o n  
m et o d o  e st r atti v o  c o n  ult r a s u o ni  
( U A E ). 

Fi g ur a 4 .  N el gr afi c o s o n o ri p ort ati i v al ori d ell e pr o a nt o ci a ni di n e t ot ali (  m g di ci a ni di n cl or ur o/ g di 
es tr att o s e c c o)  r el ativ i a gli es tr atti ( V C R,  v i n a c c e r os s e;  V C B,  v i n a c c e b i a n c h e;  V L R,  v i n a c ci oli d a 
uv e r os s e;  V L B,  v i n a c ci oli d a uv e b i a n c h e)  ott e n uti c o n l e m et o di c h e U A E ( es tr a zi o n e c o n ultr as u o ni)  
e P F E- N A V ( es tr a zi o n e c o n fl ui di s ott o pr es s i o n e c o n s tr u m e nt a zi o n e N av i gli o ® )  otti mi z z at e p er 
l a mi gli or e ril ev a zi o n e q u alit ativ a e q u a ntit ativ a.  I d ati s o n o r el ativ i a q u a nt o ott e n ut o c o n s olv e nt e 
i dr o al c oli c o al 5 0 % .

Fi g ur a 5 .  P r ofi l o cr o m at o gr afi c o di u n es tr att o d a v i n a c c e b i a n c h e ( a tit ol o di es e m pi o)  ott e n ut o c o n 
a n alis i H P L C i n f as e i nv ers a e c o n d et e ct or a f ot o di o di ( RP - H P L C- D A D)  d a c ui è  p os s ib il e ev i n c er e i 
c o m p os ti fl av o n oi di ci ril ev ati gli c os il ati e n o n gli c os il ati più  ab b o n d a nti.  
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S o n o  st at e  p oi  eff ett u at e  a n ali si  
g a s c r o m at o g r a fi c h e d e gli e st r atti 
c o n  CO

2
 s u p e r c riti c a  p e r  v al ut a -

r e  l a  q u alit à  d e gli  e st r atti  li p o -
fili  c o n  s p e ci fi c o  rif e ri m e nt o  al  
c o nt e n ut o  di  a ci di  g r a s si  e  all a  
c o m p o si zi o n e d ell a f r a zi o n e i n s a -
p o ni fi c a bil e  ( Fi g u r a  6 ).  I n  p a rti -
c ol a r e,  p a rti c ol a r m e nt e  i nt e r e s -
s a nt e  s o n o  ri s ult ati  i  c a m pi o ni  
di  vi n a c ci oli,  gi à  p e r alt r o  n oti  
p e r  e s s e r e  f o nt e  di  u n  oli o  d all e  
p r e gi at e q u alit à n ut ri zi o n ali e p e r 
c ui e m e r g e l a p r e v al e n z a d ell’ a ci -
d o  li n ol ei c o  c o nf e r m a n d o  p e r al -
t r o i d ati di l ett e r at u r a r el ati vi a 
e st r atti ott e n uti c o n l a m e d e si m a 
t e c ni c a ( P a s s o s e t a l ., 2 0 1 0 ). 
P e r  q u a nt o  ri g u a r d a  gli  e st r atti  

ott e n uti  p e r  di still a zi o n e  i n  c o r -
r e nt e  di  v a p o r e  ( DI S ),  l’ a n ali si  
g a s  c r o m at o g r a fi c a  h a  ri v el at o  
u n a c o m p o si zi o n e di t utti i c a m -
pi o ni  p r e v al e nt e m e nt e  c a r att e -
ri z z at a  d a  a ci di  g r a s si  ( T a b ell a  
2 ) c o n t r a c c e di c o m p o sti s e s q ui -
t e r p e ni ci ( d ati n o n p r e s e nt ati ). I 
c a m pi o ni  h a n n o  p r e s e nt at o  t ut -
ti  u n  p r o fil o  q u alit ati v o  s o st a n -
zi al m e nt e  si mil e,  m e nt r e  d a  u n  

p u nt o di vi st a di q u a ntit à r el ati v e 
s o n o  e m e r s e  diff e r e n z e  i nt e r e s-
s a nti. I n p a rti c ol a r e n ei c a m pi o ni 
di vi n a c c e r o s s e ( V C R ) i c o m p o sti 
più  a b b o n d a nti  e s p r e s si  p e r  a r e a  
%  s o n o  ri s ult ati  l’ a ci d o  p al miti c o  
( 5 3, 7% ),  a ci d o  mi ri sti c o  ( 7, 6% ),  
a ci d o  d o d e c a n oi c o  ( 6, 1% ),  a ci d o  
ol ei c o ( 5, 2% ). N ei c a m pi o ni di vi-
n a c c e  bi a n c h e  ( V C B )  e r a n o  p r e-
s e nti  l’ a ci d o  p al miti c o  ( 4 1, 3% ),  
a ci d o  p al mit ol ei c o  ( 6, 7% ),  a ci d o  
ol ei c o  ( 5, 4 9% ),  a ci d o  mi ri sti c o  
( 4, 8% ). I c a m pi o ni di di still at o di 
vi n a c ci oli i n v e c e si a d a u v e bi a n-
c h e e si a d a u v e r o s s e s o n o ri s ul-
t ati  c o n  u n  p r o fil o  q u ali- q u a nti-
t ati v o  s o st a n zi al m e nt e  a n al o g o  
c a r att e ri z z at o  d a  a ci d o  p al miti c o  

( 2 9, 6% ),  a ci d o  li n ol ei c o  ( 1 9, 4% ),  
etil e st e r e  d ell’ a ci d o  p al miti c o  
( 1 1, 1% ),  a ci d o  alf a  li n ol e ni c o  
( 1 0, 5% ), a ci d o ol ei c o ( 6, 9% ). N o n 
ci  s o n o  d ati  di  l ett e r at u r a  c h e  ci  
p e r m ett o n o di c o nf r o nt a r e q u e sti 
ri s ult ati  r el ati v a m e nt e  a  di still ati  
di s c a rti, t utt a vi a è  p o s si bil e f a r e 
al c u n e  c o n si d e r a zi o ni  ri s p ett o  al  
d at o  o g g etti v o.  I n n a n zit utt o,  il  
d at o n o n e r a att e s o né  p e r ti p ol o-

gi a di c o m p o sti né  p e r l a q u a ntit à. 
Il d at o att e s o e r a pi utt o st o q u ell o 
di  u n  fit o c o m pl e s s o  p r e v al e nt e-
m e nt e  t e r p e ni c o,  m e nt r e  i n v e c e  
i c o m p o sti ril e v ati e r a n o p r e s e nti 
s o st a n zi al m e nt e  c o n  u n a  a b b o n-
d a n z a  i nf e ri o r e  all’ 1% .  Q u e st o  
a s p ett o è  p r o b a bil m e nt e s pi e g a bi-
l e c o n il f att o c h e l e vi n a c c e f r e-
s c h e, p ri m a di e s s e r e f o r nit e p e r l e 
a n ali si, a v e v a n o s u bit o c o n di zi o ni 
p e r c ui l a m a g gi o r p a rt e d ei c o m-
p o n e nti  v ol atili  e r a  s c o m p a r s a.  
H a s o r p r e s o i n v e c e l a c o m p o si zi o-
n e i n a ci di g r a s si c h e p e r i n o st ri 
c a m pi o ni  è  ri s ult at a  si a  q u alit a-
ti v a m e nt e  si a  q u a ntit ati v a m e nt e  
più  ri c c a ri s p ett o ai c a m pi o ni ot-
t e n uti c o n S F E. D al m o m e nt o c h e 

i c a m pi o ni e st r atti c o n S F E e r a n o 
st ati  e s si c c ati  m e nt r e  gli  st e s -
si  c a m pi o ni  di still ati  e r a n o  st ati  
e st r atti  f r e s c hi  ( c o n  l a  s p e r a n z a  
f o s s e r o  ri c c hi  n ell a  c o m p o n e n-
t e  v ol atil e  t e r p e ni c a )  è  p o s si bil e  
i p oti z z a r e c h e il p r e-t r att a m e nt o 
i n  st uf a  a  7 0  °  C  a b bi a  d e g r a d at o  
l a g r a n p a rt e d ell a c o m p o n e nt e di 
a ci di  g r a s si,  ri m a st a  i n v e c e  n ell e 
m at ri ci f r e s c h e.

Fi g ur a 6. E str atti S F E. Pr o fili g a s cr o m at o gr a fi ci di u n e str att o S F E di vi n a c ci oli d a u v e bi a n c h e ( V L B). A, pr o fil o g a s cr o m at o gr a fi c o d o v e v e n g o n o e vi d e n-
zi ati i pri n ci p ali a ci di gr a s si. B, pr o fil o g a s cr o m at o gr a fi c o d ell a fr a zi o n e i n s a p o ni fi c a bil e.
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I ri s ul t a ti p r eli mi n a ri 
s ull’ a t ti vi t à bi ol o gi c a  
e l e p o s si bili p r oi e zi o ni 
a p pli c a ti v e
Gli e st r atti di vi n a c c e r o s s e e bi a n-
c h e ( V C R, V C B ) e d a vi n a c ci oli d a 
u v e  r o s s e  e  bi a n c h e  ( V L R,  V L B )  
s o n o  st ati  v al ut ati  p r eli mi n a r-
m e nt e  p e r  l e  p r o p ri et à  a nti o s si-
d a nti c o n m et o d o s p ett r of ot o m e-
t ri c o d el D P P H, e a nti mi c r o bi c h e 
i n vit r o. L a s c elt a ri s p ett o a q u e-
st a  ti p ol o gi a  di  s a g gi  è  st at a  g ui-
d at a d al f att o c h e d a u n p u nt o di 
vi st a p r eli mi n a r e l’ atti vit à a nti o s-
si d a nt e è  s e n z’ alt r o u n a p r o p ri et à 
di si c u r o i nt e r e s s e p e r l e p o s si bili 
p r oi e zi o ni n ut r a c e uti c h e e c o s m e-
ti c h e d el p r o g ett o V al s o vit. P e r l e 
p r o p ri et à  a nti o s si d a nti  c o n  t e st  
D P P H  s o n o  st ati  p r e si  i n  c o n si-

d e r a zi o n e  gli  e st r atti  i d r o al c oli ci  
ott e n uti  c o n  m et o d o  P F E- N A V  e  
U A E i n q u a nt o c a r att e ri z z ati d all a 
c o m p o n e nt e  p olif e n oli c a  più  a b-
b o n d a nt e e n o r m al m e nt e p r e s a a 
rif e ri m e nt o p e r e s p ri m e r e atti vit à 
a nti o s si d a nt e ( Fi g u r a 7 ). N o n si è  
o s s e r v at a  u n a  c o r ri s p o n d e n z a  di -
r ett a t r a il c o nt e n ut o di p olif e n oli, 
p r o a nt o ci a ni di n e  e  fl a v o n oi di  c o n  
l’ atti vit à a nti o s si d a nt e e s p r e s s a n el 
s a g gi o  s p ett r of ot o m et ri c o,  s e  n o n  
c h e  i  c a m pi o ni  vi n a c ci oli  d a  u v e  
bi a n c h e  ( V C B )  h a n n o  e s p r e s s o  i  
ri s ult ati di m a g gi o r rili e v o. I n q u e -
st o  c a s o,  l’ atti vit à  ril e v a nt e  d e gli  
e st r atti  V C B  U A E  e r a  c e rt a m e nt e  
att e s a m a n o n ri s ult a di r ett a m e nt e 
c o r r el a bil e p e r e s e m pi o c o n il d at o 
d ei  p olif e n oli  d ell e  p r o a nt o ci a ni -

di n e  t ot ali  r a p p o rt at o  al  m et o d o  
e st r atti v o,  i n  q u a nt o  i  c a m pi o ni  
m a g gi o r m e nt e  ri c c hi  di  p olif e n oli  
e r a n o q u elli ott e n uti c o n il m et o d o 
P F E- N A V. Q u e st o a s p ett o è  e vi n ci -
bil e a n c h e p e r gli alt ri e st r atti, p e r 
e s e m pi o V C R U A E e V L R U A E. I n 
o g ni c a s o e c o m e p r e m e s s o, il d at o 
è  d el  t utt o  p r eli mi n a r e  e  n e c e s-
sit a  di  ult e ri o ri  a p p r of o n di m e nti  
n o n  s ol o  d al  p u nt o  di  vi st a  d ell a  
bi o atti vit à, m a a n c h e d al p u nt o di 
vi st a fit o c hi mi c o p e r p ot e r m e gli o 
c o r r el a r e  i  d ati  di  c a r att e ri z z a zi o -
n e  c hi mi c a  e  di  atti vit à  bi ol o gi c a,  
p o n e n d o  i n  l u c e  e v e nt u ali  a s p etti  
si n e r gi ci c h e al m o m e nt o s e m b r a -
n o e s s e r e all a b a s e d ell e a p p a r e nti 
di s c r e p a n z e.
P e r q u a nt o ri g u a r d a i n v e c e l’ atti vi -

T ab ell a 3 .  Attiv ità  a nti mi cr ob i c a di es tr atti i dr o al c oli ci di v i n a c c e d a uv e r os s e e b i a n c h e ( V C R,  V C B)  e 
d a v i n a c ci oli d a uv e r os s e e b i a n c h e ( V L R,  V L B) .  I ris ult ati s o n o es pr es s i c o m e M i ni m a c o n c e ntr a zi o n e 
I nib e nt e l a cr es cit a ( M I C µ g/  ml)  p er l’ attiv ità  a ntib att eri c a e c o m e c o n c e ntr a zi o n e ef fi c a c e i n gr a d o di 
d ar e il 5 0 %  di ef f ett o m as s i m al e ( E C5 0 )  p er q u a nt o ri g u ar d a l’ attiv ità  a ntif u n gi n a.
 n. d. :  n o n d efi nit e.  I n q u es ti c as i il c e p p o h a ev i d e n zi at o i nv e c e u n f ort e i n cr e m e nt o di cr es cit a a n zi-
c hé  u n’i nib i zi o n e,  pr ob ab il m e nt e d ov ut a all a c o m p o n e nt e z u c c h eri n a d e gli es tr atti.  C o ntr olli p os itiv i:  
D el a n 7 0  W G,  p er P s e u d o m o n as  s y ri n g a e pv .  s y ri n g a e) ;  H eli o c uiv r e S,  p er S cl er oti ni a s p. )

T ab ell a 2 .  Es tr atti ott e n uti p er dis till a zi o n e 
i n c orr e nt e di v a p or e d’ a cq u a ( DI S) .  A tit ol o 
di es e m pi o v i e n e ri p ort at a l a c o m p os i zi o n e 
d ell’ es tr att o ott e n ut o d all a dis till a zi o n e di v i-
n a c c e b i a n c h e ( V C B)  d al m o m e nt o c h e,  b e n c hé  
es tr e m a m e nt e b as s a,  h a n n o riv el at o u n a r es a 
c o m pl es s iv a m e nt e più  el ev at a ( 0 , 0 5 % ) .

Fi g ur a 7 .  Attiv ità  a nti os s i d a nt e c o n m et o d o s p ettr of ot o m eti c o d el DP P H .  N el gr afi c o s o n o ri p ort ati gli 
es tr atti c h e h a n n o ev i d e n zi at o l e attiv ità  più  ril ev a nti.  I v al ori s o n o ri p ort ati c o m e m m ol eq uiv al e nti di 
Tr ol ox  /  g di es tr att o s e c c o.

µ µ

    

    

    

    

  

	 ¡
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t à a nti mi c r o bi c a, s o n o st ati all e sti-
ti s a g gi p r eli mi n a ri i n vit r o c o n il  
p r e ci s o s c o p o di i n di vi d u a r e e st r at -
ti  e v e nt u al m e nt e  p r o m ett e nti  p e r  
ult e ri o ri  a p p r of o n di m e nti  ri s p ett o  
all’ atti vit à fit oi at ri c a, o v v e r o p e r l a 
dif e s a s o st e ni bil e d ell e c olti v a zi o ni 
c o m e ult e ri o r e ri c a d ut a a p pli c ati v a 
p r e vi st a d al p r o g ett o ( T a b ell a 3 ).
S o n o st ati s a g gi ati, a n c h e i n q u e st o 
c a s o  i n  vi a  d el  t utt o  p r eli mi n a r e,  
gli  e st r atti  i d r o al c oli ci  d a  m at ri ci  
V C R, V C B, V L R, V L B. C o m e e vi n -
ci bil e,  n o n  s o n o  st at e  r e gi st r at e  
atti vit à  d e g n e  di  n ot a.  A n zi,  c o n  
p a rti c ol a r e  rif e ri m e nt o  all’ atti vit à  
a ntif u n gi n a,  si  è  o s s e r v at o  u n  i n -
c r e m e nt o  di  c r e s cit a  d o v ut o  c o n  
o g ni  p r o b a bilit à  all a  c o m p o n e nt e  
z u c c h e ri n a p r e s e nt e n e gli e st r atti. 
I n  r el a zi o n e  a  q u e st e  e vi d e n z e,  l e  
p r o s p etti v e  di  p r o g ett o  ri g u a r d e -
r a n n o  l a  v al ut a zi o n e  d e gli  st e s si  
e st r atti  p ri v ati  d ell a  f r a zi o n e  z u c -
c h e ri n a,  n o n c hé   d ell e  f r a zi o ni  o  
e v e nt u ali m ol e c ol e i s ol at e p ut ati v e 
di u n’ atti vit à d e g n a di u n a p r oi e zi o -
n e a p pli c ati v a s u s c al a i n d u st ri al e. 

C o n cl u si o ni  
L a v al o ri z z a zi o n e d ell e m at e ri e p ri -
m e s e c o n d a ri e d ell e fili e r e a g r o- a -
li m e nt a ri  v e d e  i n n a n zit utt o  n ell a  
s c elt a e otti mi z z a zi o n e d el p r o c e s -

s o  e st r atti v o  u n  f att o r e  c hi a v e  e  
d et e r mi n a nt e  n el  mi gli o r a m e nt o  
s o st e ni bil e d ei p r o c e s si e n ell a l o r o 
c o n v e r si o n e  ri s p ett o  a  u n  p r o fil o  
i n d u st ri al e bi o- b a s e d  e  di  e c o n o -
mi a ci r c ol a r e. L a s c elt a d el m et o d o 
e st r atti v o di p e n d e i n n a n zit utt o d al 
ti p o di m at ri c e v e g et al e ( c o ri a c e a o 
m e n o ), d all a s u a c o n di zi o n e ( u mi -
d a  o  s e c c a ),  d all a  s u a  p e z z at u r a  
(f r a nt u m at a,  t rit u r at a,  p ol v e r at a ),  
e  d al  ti p o  di  bi o m ol e c ol e  t a r g et  
c h e si i nt e n d o n o ott e n e r e p e r n u o -
vi  p r o d otti  fi niti.  N ell’ a m bit o  d el  
p r o g ett o V al s o vit, t r att a n d o si di u n 
c o nt e st o  di  v al o ri z z a zi o n e  l e g at o  
a n c h e  all a  s o st e ni bilit à  a m bi e nt a -
l e,  è  st at o  n e c e s s a ri o  s el e zi o n a r e,  
t r a i p r o c e s si i n di vi d u ati i n r el a zi o-
n e all e gi à el e n c at e v a ri a bili, q u ell e 
st r at e gi e e st r atti v e i s pi r at e all a g r e -
e n c h e mi st r y c h e p e r s e g u o n o l’ ot -
t e ni m e nt o  di  e st r atti  mi ni mi z z a n-
d o l’i m pi e g o di s ol v e nti o r g a ni ci, il 
c ui s m alti m e nt o r a p p r e s e nt e r e b b e 
a  li v ell o  i n d u st ri al e  u n  c o st o  si a  
e c o n o mi c o si a a m bi e nt al e i n g e nt e, 
p e r di più  vi n c ol at o d a st r ett e r e g o -
l a m e nt a zi o ni  n o r m ati v e  ( B ai a n o,  
2 0 1 4 ).
Gli e st r atti ott e n uti, c a r att e ri z z ati 
d a u n p u nt o di vi st a c hi mi c o i n vi a 
p r eli mi n a r e, h a n n o di m o st r at o c h e 
gli  s c a rti  d ell a  fili e r a  viti vi ni c ol a  

p o s s o n o  ri s ult a r e  u n’ otti m a  f o nt e  
di  bi o m ol e c ol e  utili  a  c o nt e sti  a p -
pli c ati vi,  m a  h a n n o  alt r e sì  m e s s o  
i n e vi d e n z a l’i m p o rt a n z a d ell a c o-
n o s c e n z a d el g r a d o di sf r utt a m e n -
t o  d ell e  ri s o r s e  p ri m a ri e,  o v v e r o  
d el  g r a d o  di  l a v o r a zi o n e  c h e  h a n -
n o  s u bit o  l e  u v e  p ri m a  di  e s s e r e  
c o n si d e r at e  c o m e  m at e ri e  p ri m e  
s e c o n d a ri e.  Q u e st o  a s p ett o  è  s ot -
t o v al ut at o d all a l ett e r at u r a s ci e nti-
fi c a s p e ci ali z z at a e ri d u c e l’i m p att o 
a p pli c ati v o  d ell e  e vi d e n z e  ri p o r -
t at e. I n q u e st o c o nt e st o, il m e rit o  
d el p r o g ett o V al s o vit e d ell’ atti vit à 
di ri c e r c a a p pli c at a c h e l o c a r att e -
ri z z a  è  s e n z’ alt r o  q u ell o  di  p o r r e  
i n  e vi d e n z a  q u e st o  p a r a m et r o  p e r  
p ot e r c o n c r eti z z a r e r e ali sti c a m e n -
t e  l o  sf r utt a m e nt o  d ell e  ri s o r s e  i n  
u n’ otti c a di e c o n o mi a ci r c ol a r e.
I n  a g gi u nt a  a  q u e st e  c o n si d e r a-
zi o ni,  l e  v al ut a zi o ni  di  bi o atti vit à  
p r eli mi n a ri c o r r el at e all e e vi d e n z e 
c hi mi c h e,  i m p o n g o n o  l a  n e c e s sit à  
di a p p r of o n di r e l a c a r att e ri z z a zi o -
n e  c hi mi c a  d e gli  e st r atti,  p e r  p o -
t e r  m e gli o  i n di vi d u a r e  e v e nt u ali  
m ol e c ol e o f r a zi o ni c hi mi c h e d e gli 
e st r atti  st e s si  r e s p o n s a bili  d ell e  
bi o atti vit à, b e n c hé  d e b oli, c o n p r o -
i e zi o ni  n ut r a c e uti c h e,  c o s m eti c h e  
e/ o  fit oi at ri c h e.  Q u e st o  p o rt e r e b -
b e,  i n  u n’ otti c a  di  p r o c e s s o  bi o -

L a v al ori z z a-
zi o n e d ell e 
m at eri e pri m e 
s e c o n d ari e –  
n o n più  s c arti 
–  è  i nv e c e o g gi 
p er l’i n d us tri a 
u n’ o c c as i o n e 
p er i n cr e m e n-
t ar e l a pr o pri a 
c o m p etitiv ità

Fo
to

 d
i 

R.  
Lo

ng
o



7 0  n a t u r al 1    gi u g n o 2 0 1 8

g ui d at o, a m o di fi c a r e l e c o n di zi o ni 
e st r atti v e  i n di vi d u a n d o  q u ei  p a r a -
m et ri  c h e  d et e r mi n a n o  l’ ott e ni -
m e nt o di e st r atti a r ri c c hiti i n p ri n -
ci pi atti vi c o n l e atti vit à bi ol o gi c h e 
d e si d e r at e r e n d e n d o il p r o c e s s o di 
sf r utt a m e nt o  d ell e  m at e ri e  p ri m e  
s e c o n d a ri e  r e ali sti c a m e nt e  e  c o n -
c r et a m e nt e  o p e r ati v o  a n c h e  p e r  
u n o s c al e u p  i n d u st ri al e.

U NI V E R SI T À D E G LI S T U DI DI F E R R A R A
*Di p arti m e nt o di S ci e n z e d ell a Vit a e 
Bi ot e c n ol o gi e

**Di p arti m e nt o di S ci e n z e C hi mi c h e e 
F ar m a c e uti c h e

V al o ri z z a zi o n e s o st e ni bil e d e gli s c a rti d ell a 

fili e r a viti vi ni c ol a p e r l’i n d u st ri a c hi mi c a e 

s al uti sti c a ( V A L S O VI T ): il p r o g ett o V al s o vit 

è fi n a n zi at o d all a R e gi o n e E mili a R o m a g n a 

( P O R- F E S R )  e d  h a  c o m e  fi n alit à  l o  sf r ut-

t a m e nt o di s e c o n d a g e n e r a zi o n e d ei s ott o-

p r o d otti d ell a fili e r a viti vi ni c ol a att r a v e r s o 

p r o c e s si s o st e ni bili p e r ott e n e r e bi o m ol e c o-

l e a d alt o v al o r e a g gi u nt o.

Bi bli o g r a fi a
B ai a n o, A. 2 0 1 4. R e c o v e r y of Bi o m ol e c ul e s 

f r o m  F o o d  W a st e s  —  A  R e vi e w.  M ol e-

c ul e s , 1 9, 1 4 8 2 1- 1 4 8 4 2.

C ali c eti, C., C al a b ri a, D., P o r r u, E., F r a n -

c o, P., Fi o ri, J., Z a n g h e ri, M., G u a r di gli, 

M.,  Mi r a s oli,  M.  2 0 1 8.  V al o ri z z a zi o n e  

s o st e ni bil e  d e gli  s c a rti  d ell a  fili e r a  viti -

vi ni c ol a  c o m e  f o nt e  di  n ut r a c e uti ci  p e r  

l’i n d u st ri a  s al uti sti c a  -  f o c u s  s ull a  di s-

f u n zi o n e e n d ot eli al e ( S u st ai n a bl e r e c o v-

e r y  of  wi n e  b y- p r o d u ct s  a s  a  s o u r c e  of  

n ut r a c e uti c al s  f o r  t h e  h e alt h c a r e  i n d u s -

t r y  -  f o c u s  o n  e n d ot h eli al  d y sf u n cti o n ).  

P h a r m a n ut riti o n  &  F u n cti o n al  F o o d s , 

(i n st a m p a ).

C a v al ei r o,  C;  Pi nt o,  E;  G o n c¸ al v e s,  M  J;   

a n d  S al g u ei r o,  L.  A ntif u n g al  a cti vit y  of  

J u ni p e r u s e s s e nti al oil s a g ai n st d e r m at o -

p h yt e,  A s p e r gill u s  a n d  C a n di d a  st r ai n s.  

J o u r n al of A p pli e d Mi c r o bi ol o g y  ( 2 0 0 6 ), 

V ol. 1 0 0 p p 1 3 3 3- 3 8

D a  P o rt o,  C.,  P o r r ett o,  E.,  D e c o rti  D.  

2 0 1 3.  C o m p a ri s o n  of  ult r a s o u n d- a s -

si st e d  e xt r a cti o n  wit h  c o n v e nti o n al  e x -

t r a cti o n m et h o d s of oil a n d p ol y p h e n ol s 

f r o m  g r a p e  (Viti s  vi nif e r a  L. )  s e e d s.  

Ult r a s o ni c s  S o n o c h e mi st r y ,  2 0  ( 2 0 1 3 )  

1 0 7 6 – 1 0 8 0.

F a v r ett o, D., Fl a mi ni, R. 2 0 0 0. A p pli c ati o n 

of  El e ct r o s p r a y  I o ni z ati o n  M a s s  S p e c -

t r o m et r y t o t h e St u d y of G r a p e A nt h o c y -

a ni n s. A m e ri c a n J o u r n al of E n ol o g y a n d 

Viti c ult u r e , 5 1, 5 5- 6 4.

G u e r ri ni,  A.,  S a c c h etti,  G.,  R o s si,  D.,  P a -

g a n ett o,  G.,  M u z z oli,  M.,  A n d r e otti,  E.,  

T o g n oli ni,  M.,  M al d o n a d o,  M. E.,  B r u ni,  

R. 2 0 0 9. Bi o a cti viti e s of Pi p e r a d u n c u m  

L.  a n d  Pi p e r  o bli q u u m  R ui z  &  P a v o n  

( Pi p e r a c e a e )  e s s e nti al  oil s  f r o m  E a st e r n  

E c u a d o r. E n vi r o n m e nt al  T o xi c ol o g y  

a n d P h a r m a c ol o g y , 2 7, 3 9 – 4 8.

K a m m e r e r, D., Cl a u s, A., C a rl e, R., S c hi e -

b e r,  A.  2 0 0 4.  P ol y p h e n ol  S c r e e ni n g  of  

P o m a c e  f r o m  R e d  a n d  W hit e  G r a p e  V a -

ri eti e s ( Viti s vi nif e r a L. ) b y H P L C- D A D-

M S/ M S. J o u r n al  of  A g ri c ult u r al  a n d  

F o o d C h e mi st r y , 5 2, 4 3 6 0− 4 3 6 7.

Li n,  C. S. K.,  Pf alt z g r aff,  L. A.,  H e r r e r o- D a -

vil a,  L.,  M u b of u,  E. B.,  A b d e r r a hi m,  

S.,  Cl a r k,  J. H.,  K o uti n a s,  A. A.,  K o p s a -

h eli s,  N.,  St a m at el at o u,  K.,  Di c k s o n,  F.,  

T h a n k a p p a n, S., M o h a m e d, Z., B r o c kl e s -

b y c, R., L u q u e, R. 2 0 1 3. F o o d w a st e a s a 

v al u a bl e  r e s o u r c e  f o r  t h e  p r o d u cti o n  of  

c h e mi c al s,  m at e ri al s  a n d  f u el s.  C u r r e nt  

sit u ati o n a n d gl o b al p e r s p e cti v e. E n e r g y 

& E n vi r o n m e nt al S ci e n c e , 6, 4 2 6– 4 6 4.

M ai etti,  S.,  R o s si,  D.,  G u e r ri ni,  A.,  U s eli,  

C., R o m a g n oli, C., P oli, F., B r u ni R., S a c -

c h etti,  G.  2 0 1 3.  A  m ulti v a ri at e  a n al y si s  

a p p r o a c h  t o  t h e  st u d y  of  c h e mi c al  a n d  

f u n cti o n al  p r o p e rti e s  of  c h e m o di v e r s e  

pl a nt d e ri v ati v e s: l a v e n d e r e s s e nti al oil s. 

Fl a v o u r a n d F r a g r a n c e J o u r n al , 2 8 ( 3 ), 

1 4 4- 1 5 4

M a s si,  A.,  S a c c h etti,  G.,  G all etti,  P.,  B e r -

ti n, L., M a z z o ni, R., Vi g a n ò, F., Ri g hi, S., 

P a s s a ri ni, F., S ol d a n o, M., L a b a rti n o, N. 

2 0 1 8.  D a gli  s c a rti  d ell e  u v e  u n a  ri s o r -

s a  p e r  l’i n d u st ri a  c hi mi c a:  il  p r o g ett o  

V al s o vit. L a C hi mi c a e l’I n d u st ri a - N e w s -

l ett e r, 5 ( 4 ), 1 6- 2 4. 

N a vi gli o, D. 2 0 0 3. N a vi gli o’s P ri n ci pl e a n d 

P r e s e nt ati o n of a n I n n o v ati v e S oli d – Li q -

ui d  E xt r a cti o n  T e c h n ol o g y:  E xt r a ct o r  

N a vi gli o ®. A n al yti c al  L ett e r s ,  3 6 ( 8 ),  

1 6 4 7 – 1 6 5 9.

N o st r o,  A.,  G u e r ri ni,  A.,  M a ri n o,  A.,  T a c -

c hi ni, M., Di Gi uli o, M., G r a n di ni, A., … 

S a r a ç o ğ l u,  H.  T.  2 0 1 6.  I n  vit r o  a cti vit y  

of pl a nt e xt r a ct s a g ai n st bi o fil m- p r o d u c -

i n g  f o o d- r el at e d  b a ct e ri a.  I nt e r n ati o n-

al  J o u r n al  of  F o o d  Mi c r o bi ol o g y ,  2 3 8,  

3 3 – 3 9.

P a s s o s, C. P., Sil v a, R. M., D a Sil v a, F. A., C o -

i m b r a, M. A., Sil v a, C. M. 2 0 1 0. S u p e r c rit-

i c al fl ui d e xt r a cti o n of g r a p e s e e d (Viti s 

vi nif e r a  L. )  oil.  Eff e ct  of  t h e  o p e r ati n g  

c o n diti o n s u p o n oil c o m p o siti o n a n d a n -

ti o xi d a nt  c a p a cit y.  C h e mi c al  E n gi n e e r -

i n g J o u r n al, 1 6 0, 6 3 4 – 6 4 0.

R o s si, D., G u e r ri ni, A., B r u ni, R., B r o g n a r a, 

E., B o r g atti, M., G a m b a ri, R., S a c c h etti, 

G. 2 0 1 2. Tr a n s- r e s v e r at r ol i n n ut r a c e uti -

c al s: I s s u e s i n r et ail q u alit y a n d eff e cti v e -

n e s s. M ol e c ul e s , 1 7 ( 1 0 ), 1 2 3 9 3 – 1 2 4 0 5. 

S c al v e n zi, L., G r a n di ni, A., S p a g n ol etti, A., 

T a c c hi ni, M.,  N eill,  D.,  B all e st e r o s  L a r a,  

J. L.,  S a c c h etti,  G.,  G u e r ri ni,  A.  2 0 1 7.  

M y r ci a  f all a x  ( Ri c h. )  D C.  ( M y rt a c e a e )  

e s s e nti al  oil  f r o m  A m a z o ni a n  E c u a d o r:  

a  c h e mi c al  c h a r a ct e ri z ati o n  a n d  bi o a c -

ti vit y  p r o fil e.  M ol e c ul e s ,  2 2 ( 7 ),  a rt.  n o.  

1 1 6 3.

T a c c hi ni,  M.,  S p a g n ol etti,  A.,  M a ri e s c hi,  

M., C ali gi a ni, A., B r u ni, R., Eff e rt h, T., … 

G u e r ri ni, A. 2 0 1 5. P h yt o c h e mi c al p r o fil e 

a n d  bi o a cti vit y  of  t r a diti o n al  a y u r v e di c  

d e c o cti o n s  a n d  h y d r o- al c o h oli c  m a c -

e r ati o n s  of  B o e r h a a vi a  diff u s a  L.  a n d  

C u r c uli g o  o r c hi oi d e s  G a e rt n.  N at u r al 

P r o d u ct R e s e a r c h , 2 9 ( 2 2 ), 2 0 7 1 – 2 0 7 9. 

T a r d u g n o,  R.,  S p a g n ol etti,  A.,  G r a n di ni,  

A., M a r e s c a, I., S a c c h etti, G., P ell ati, F., 

B e n v e n uti, S. 2 0 1 8. C h e mi c al p r o fil e a n d 

bi ol o gi c al a cti viti e s of C e d r el o p si s g r e v ei  

H.  B aill o n  b a r k  e s s e nti al  oil.  Pl a nt  Bi o -

s y st e m s , 1 5 2 ( 1, 2 ), 1 2 0- 1 2 9.

W a g n e r,  H.,  Bl a dt  S.,  2 0 0 9.  Pl a nt  d r u g  

a n al y si s. A T hi n L a y e r C h r o m at o g r a p h y 

Atl a s,  s e c o n d  E diti o n,  S p ri n g e r  V e rl a g,  

B e rli n.



C h e mi c al c h ar a ct eri s ati o n, a nti o xi d a nt a n d a nti mi cr o bi al s cr e e ni n g f or t h e
r e v al u ati o n of  wi n e s u p pl y c h ai n  b y- pr o d u ct s ori e nt e d t o cir c ul ar e c o n o m y

M a s si m o T a c c hi ni a , Il ari a B urli nia , T ati a n a B er n ar dib ,  C ar m el a  D e Ri sib ,  Al e s s a n dr o  M a s sib ,  Al e s s a n dr a  G u erri nia

a n d  Gi a n ni S a c c h etti b

a D e p art m e nt of Lif e S ci e n c e a n d Bi ot e c h n ol o g y ( S V e B),  U ni v ersit y of F err ar a, F err ar a, It al y; b D e p art m e nt of C h e mi c al a n d P h ar m a c e uti c al
S ci e n c e,  U ni v ersit y of F err ar a, F err ar a, It al y

A B S T R A C T

Ai m of t h e pr oj e ct  w a s t h e bi o a s s a y g ui d e d o pti mis ati o n of e xtr a cti o n  m et h o d s a p pli e d t o  wi n e c h ai n
b y- pr o d u ct t o o bt ai n e xtr a ct s, fr a cti o n s a n d bi ol o gi c all y a cti v e bi o m ol e c ul e s  wit h a p o ssi bl e u s e i n t h e
n utr a c e uti c al a n d c os m e c e uti c al i n d ustr y. E x h a u st e d r e d a n d  w hit e gr a p e  m ar c  w er e e xtr a ct e d u si n g
w at er: et h a n ol 5 0: 5 0  wit h ultr a s o u n d a s si st e d e xtr a cti o n a n d  N a vi gli o VR t e c h n ol o g y; a n d al s o  wit h s u p er-
criti c al fl ui d e xtr a cti o n ( S F E) a n d st e a m- distill ati o n o bt ai ni n g diff er e nt p h yt o c o m pl e x e s. E a c h e xtr a ct
w a s c h ar a ct eris e d b y diff er e nt  m ol e c ul ar c at e g or y: e x h a ust e d r e d gr a p e  m ar c ( V C R) b y a nt h o c y a ni ns,
e x h a ust e d  w hit e gr a p e  m ar c ( V C B) b y fl a v o n oi d s, a n d gr a p es e e d ( VI N) b y pr o a nt h o c y a ni n s. S F E a n d
st e a m- di still ati o n, i n st e a d, hi g hli g ht e d t h e pr e s e n c e of f att y a ci d s a n d t h eir e st er i n e v er y  m atri x, b ut
t er p e n oi d s  w er e n ot r e v e al e d at l e v el  m aj or or e q u al t h a n 0. 1 %, e x c e pt f or  m a n o yl o xi d e i n V C R
( 2. 8 9 %). VI N  w a s t h e  m o st a b u n d a nt  m atri x i n p ol y p h e n ol s ( 5 0 6. 2 4 ± 5 5. 9 1  m g g alli c a ci d/ g dri e d
e xtr a ct), a n d it s h o w e d t h e hi g h e st a nti o xi d a nt a cti vit y (I C 5 0 of 4. 3 0 l g/ m L). R e g ar di n g t h e a nti mi cr o-
bi al a cti vit y, t h e h y dr o al c o h oli c e xtr a ct s fr o m V C R, V C B a n d VI N  w er e t e st e d b ut n o n ot e w ort h y a cti v-
iti e s h a v e b e e n r e c or d e d.

A R TI C L E  HI S T O R Y
R e c ei v e d 1 9 J u n e 2 0 1 8
A cc e pt e d 2 9  O ct o b er 2 0 1 8

K E Y W O R D S
W ast e-r e v al u ati o n;
e x h a ust e d gr a p e  m ar c
( E G M); ultr as o u n d;
N a vi gli o VR ; st e a m- distill ati o n;
s u p er criti c al fl ui d e xtr a cti o n
( S F E); a nti o xi d a nt;
a nti mi cr o bi al

I ntr o d u cti o n

T h e c o n st a nt i n cr e a s e i n t h e a nt hr o pi c i m p a ct o n t h e e n vir-

o n m e nt i n t er m s of p oll uti o n a n d e x pl oit ati o n of r e s o ur c e s

h a s sti m ul at e d g o v er n m e nt s a n d r e s e ar c h i n stit uti o n s t o

f o c u s o n n e w pr o d u cti o n a p pr o a c h e s, c o n s oli d ati n g t h e n e w

p ar a di g m of t h e cir c ul ar e c o n o m y, c o n cr eti z e d i n d u stri all y i n

t h e c o n c e pt of bi o-r efi n er y.  W hil e t h e c o n c e pt of cir c ul ar

e c o n o m y c a n b e d efi n e d a s a s elf- s u st ai ni n g s y st e m, t h e

t er m bi o-r efi n er y c o n cr eti z e s t h e s a m e c o n c e pt at t h e l e v el

of i n d u stri al pr o d u cti o n pr o c e s s e s, i n  w hi c h t h e o ut p ut yi el d s

ar e  m a xi mi z e d,  mi ni mi zi n g or eli mi n ati n g t h e pr o d u cti o n of

w a st e. I n t hi s c o nt e xt,  w h at tr a diti o n all y  w a s c o n si d er e d a

pr o d u cti o n  w a st e b e c o m e s a s e c o n d ar y r a w  m at eri al

c o n v ert e d i nt o n e w  m ar k et a bl e pr o d u ct s u si n g a p a n el of

pr o d u cti o n str at e gi e s  wit h l o w e n vir o n m e nt al i m p a ct ( Li n

et al. 2 0 1 3 ). T hi s n e w p ar a di g m of r e s e ar c h a n d pr o d u cti o n

h a s g e n er at e d a n d c o n s oli d at e d t h e i nt er a cti o n of k n o w-

l e d g e a n d s kill s t o  m a k e t h e r e alit y of bi o-r efi n er y  m or e a n d

m or e c o n cr et e. T h e s hift of i n d u str y t o w ar d s gr e at er s u st ai n-

a bilit y, t o i m pr o v e c o st- eff e cti v e n e s s, pr o c e s s effi ci e n c y a n d

e c ol o gi c al cr e d e nti al s,  m a k e s t h e d e v el o p m e nt of s u st ai n a bl e

a n d i n n o v ati v e  w a st e-r e- u s e str at e gi e s e c o n o mi c all y vi a bl e.

W a st e pr o d u c e d b y f o o d pr o c e s si n g c o m p a ni e s i s a n

e x a m pl e of a t y p e of  w a st e g e n er at e d o n a l ar g e s c al e a n d

gl o b all y. T hi s t y p e of  w a st e i s b e c o mi n g i n cr e a si n gl y pr o b-

l e m ati c, i n s o m e c a s e s it c a n r e pr e s e nt  m or e t h a n 5 0 % of

t h e t ot al  w a st e pr o d u c e d i n t h e c o u ntri e s, of  w hi c h at l e a st

6 0 – 7 0 % i s  m a d e u p b y or g a ni c s u b st a n c e s. I n li n e  wit h t hi s

d at a, t h e c a s e of t h e  wi n e i n d u str y i s e x e m plifi c ati v e: i n

2 0 1 6, t h e I nt er n ati o n al  Or g a ni s ati o n of Vi n e a n d  Wi n e ( OI V)

i n di c at e t h at 5 5 % of t h e gl o b al gr a p e pr o d u cti o n ( 7 5. 8  mil-

li o n of t o n s)  w a s  wi n e gr a p e. T h e v ol u m e of t h e  wi n e i n d u s-

tr y  w a st e i s c o m pr e h e n si bl y of t h e s a m e or d er of  m a g nit u d e,

it i s e sti m at e d t h at f or e a c h 6 L of  wi n e, 1 k g of gr a p e p o m-

a c e i s pr o d u c e d ( M e n d e s et al. 2 0 1 3 ). T h e v al ori z ati o n of t hi s

s e c o n d ar y r a w  m at eri al – n o l o n g er  w a st e – c o ul d b e a n

o p p ort u nit y f or t h e i n d u str y t o i n cr e a s e it s c o m p etiti v e n e s s

b y c o n v erti n g it s di s p o s al c o st s i nt o n e w pr ofit str at e gi e s

( n e w pr o d u ct s). I n g e n er al, t h e st at e of t h e art of e x pl oiti n g

a gri-f o o d  w a st e e s s e nti all y c o n si st s of t w o t y p e s of

a p pr o a c h e s ( Li n et al. 2 0 1 3 ): ( a) fir st g e n er ati o n a p pr o a c h:

t h e  w a st e i s s e nt t o c o m p o sti n g, u s e d f or e n er g y pr o d u cti o n

( a n a er o bi c di g e sti o n) or tr a n sf err e d t o l a n dfill; ( b) s e c o n d-

g e n er ati o n a p pr o a c h: t h e  w a st e i s dir e ct e d t o w ar d s pr o c-

e s s e s c h ar a ct eri s e d b y hi g h t e c h n ol o gi c al l e v el, hi g h s u st ai n-

a bilit y a n d r e d u c e d e n vir o n m e nt al i m p a ct t o o bt ai n hi g h

v al u e ( bi o) c h e mi c al s. E m er gi n g e vi d e n c e s i n t h e l a st 2 0 y e ar s

h a v e s u g g e st e d t h at vi nifi c ati o n  w a st e c a n b e a r el e v a nt

s o ur c e of u s ef ul  m ol e c ul e s i n t h e c o nt e st of h u m a n  w ell-

b ei n g. T h er ef or e, a m o n g t h e pl et h or a of r e c y cl e a cti o n

i m pl e m e nt e d b y t h e  wi n e i n d u str y, t h e e xtr a cti o n a n d t h e

r e c o v er y of p h e n oli c c o m p o u n d s al s o t o o k pl a c e ( L o uli et al.

C O N T A C T M assi m o T a c c hi ni m assi m o.t a c c hi ni @ u nif e.it D e p art m e nt of Lif e S ci e n c e a n d Bi ot e c h n ol o g y ( S V e B),  U ni v ersit y of F err ar a, Pi a z z al e C hi a p pi ni 3,
F err ar a 4 4 1 2 3, It al y

2 0 1 8 S o ci et !a B ot a ni c a It ali a n a
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2 0 0 4 , T o ur n o ur et al. 2 0 1 5 ).  A s  m e nti o n e d a b o v e, o n e of t h e

m ai n s oli d b y- pr o d u ct s pr o d u c e d d uri n g t h e  wi n e- m a ki n g

pr o c e s s i s gr a p e p o m a c e, a n d t hi s, i n a c c or d a n c e t o t h e

E ur o p e a n C o u n cil R e g ul ati o n 1 4 9 3/ 1 9 9 9 o n t h e c o m m o n

or g a ni s ati o n of t h e  wi n e  m ar k et,  m u st b e s e nt t o al c o h ol di s-

till eri e s, pr o d u ci n g al c o h ol a n d t artr at e s, o bt ai ni n g a n ot h er

b y- pr o d u ct, n a m e d e x h a u st e d gr a p e  m ar c ( E G M). I n t hi s c o n-

t e st, t h e ai m of t h e r e s e ar c h  w a s t h e o pti mi s ati o n of t h e

e xtr a cti o n  m et h o d s a p pli e d t o t hi s b y- pr o d u ct t o o bt ai n

e xtr a ct s a n d fr a cti o n s, ri c h i n bi ol o gi c all y a cti v e bi o m ol e c ul e s,

wit h a p o s si bl e u s e i n t h e n utr a c e uti c al a n d c o s m e c e ut-

i c al i n d u str y.

M at eri al s a n d  m et h o d s

Pl a nt  m at eri al

E G M fr o m  w hit e ( c ulti v ar Tr e b bi a n o) a n d r e d ( c ulti v ar

L a m br u s c o) Vitis vi nif er a L.  w a s pr o vi d e d fr o m C a vir o

Di still eri e ( F a e n z a, R a v e n n a – It al y) aft er b ei n g h ar v e st e d i n

2 0 1 6.  At t h e ti m e of d eli v er y, d e al c o h oli z e d r e d a n d  w hit e

E G M h a d, r e s p e cti v el y, t h e 5 1 % a n d t h e 3 6 %  m oi st ur e c o n-

t e nt. T h e y  w er e o v e n dri e d at 7 0 C f or 2 4 h u ntil c o n st a nt

w ei g ht  wit h a hi g h- p erf or m a n c e o v e n ( m o d. 2 1 0 0),  mill e d

t hr o u g h a 2- m m si e vi n g ri n g of a V ari a bl e S p e e d R ot or  Mill

( Frit s c h,  G er m a n y) a n d i m m e di at el y st or e d at – 2 0 C u ntil f ur-

t h er u s e. P art of t h e  m ar c s a m pl e s, eit h er  w hit e ( V C B) or r e d

( V C R),  w a s n ot dri e d b ut i m m e di at el y st e a m di still e d t o

e v al u at e t h e q u alit y a n d q u a ntit y of t h e v ol atil e c o m p o n e nt.

C h e mi c al s

All t h e s ol v e nt s a n d r e a g e nt s e m pl o y e d f or a n al y s e s  w er e

c hr o m at o gr a p hi c gr a d e. St a n d ar d  m al vi di n- 3- O- gl u c o si d e

w a s p ur c h a s e d fr o m E xtr a s y nt h e s e ( G e n a y, Fr a n c e). Tr ol o x,

D P P H ( 1, 1- di p h e n yl- 2- pi cr yl h y dr a zil),  m et h a n ol d e ut er at e,

c hl or of or m d e ut er at e,  m et h a n ol, et h yl a c et at e, et h a n ol, f or-

mi c a ci d, a c eti c a ci d, t ol u e n e, n at ur al pr o d u ct s- p ol y et h yl e n e

gl y c ol r e a g e nt s ( N P/ P E G) a n d g alli c a ci d  w er e p ur c h a s e d

fr o m Si g m a- Al dri c h It al y ( Mil a n o, It al y).

Ultr a s o u n d- a s si st e d e xtr a cti o n of E G M a n d gr a p e s e e d

Ultr a s o u n d- a s si st e d e xtr a cti o n  w a s p erf or m e d i n a n ultr a-

s o ni c cl e a ni n g b at h ( Ultr a s o ni k 1 0 4 X,  N e y  D e nt al

I nt er n ati o n al,  M E D W O W, C y pr u s) u n d er a  w or ki n g fr e q u e n c y

of 4 8 k H z. Fift e e n gr a m s of e a c h s a m pl e  w er e pl a c e d i nt o a

v ol u m etri c fl a s k ( 2 0 0  m L), fill e d  wit h 1 9 5  m L of a 5 0 % et h a-

n oli c s ol uti o n a s e xtr a cti o n s ol v e nt a n d s o ni c at e d f or 8 0  mi n

at r o o m t e m p er at ur e ( s ol v e nt/ s oli d r ati o of 1 3  m L/ g of dri e d

p o m a c e). T h e e xtr a ct s  w er e filt er e d a n d l y o p hili z e d.

N a vi gli o VR e xtr a cti o n s of E G M a n d gr a p e s e e d

N a vi gli o VR e xtr a ct or ( Atl a s Filtri, It al y)  w a s u s e d t o e xtr a ct s oli d

m at eri al  wit h a pr e s s uri z e d s ol v e nt e xtr a cti o n  m et h o d

( N a vi gli o 2 0 0 3 ). Bri efl y, 3 0 g of e a c h s a m pl e s  w er e pl a c e d i n

a b a g  m a d e of 6 0 l m filt eri n g  m e m br a n e a n d tr a n sf err e d

i nt o t h e c h a m b er of t h e  N a vi gli o e xtr a ct or, a n d 4 0 0  m L of a

5 0 % et h a n oli c s ol uti o n  w er e a d d e d. St ati c p h a s e  w a s s et f or

5  mi n,  w hil e t h e d y n a mi c p h a s e  w a s s et f or 3  mi n f or a t ot al

e xtr a cti o n ti m e of 8 0  mi n t o c o m pl et e 1 0 c y cl e s. E a c h e xtr a c-

ti o n  w a s  m a d e i n tri pli c at e.

S u p er criti c al fl ui d s e xtr a cti o n of E G M a n d gr a p e s e e d

S a m pl e s  w er e s u bj e ct e d t o s u p er criti c al fl ui d e xtr a cti o n ( S F E)

u si n g a n  A p pli e d S e p ar ati o n s ( All e nt o w n, P A)  m o d el S p e e d

S F E e xtr a ct or. E xtr a cti o n s  w er e p erf or m e d o n e a c h t y p e of

s oli d  m atri x ( 2 g) u n d er t h e f oll o wi n g o p er ati n g c o n diti o n s:

c ar b o n di o xi d e fl o w-r at e of 2. 5 L/ mi n; o v e n t e m p er at ur e  w a s

s et at 4 2 C, r e stri ct or t e m p er at ur e at 6 2 C, a n d pr e s s ur e

at 1 5 0 at m.

St e a m di still ati o n of E G M a n d gr a p e s e e d

Fr e s h E G M ( 1 0 0 g)  w as u s e d t o o bt ai n e ss e nti al oils b y 4 h

st e a m distill ati o n ( DI S)  wit h a Cl e v e n g er a p p ar at u s a c c or di n g

t o E ur o p e a n P h ar m a c o p o ei a  m et h o ds. T h e e xtr a ct yi el d  w a s

d et er mi n e d o n a v ol u m e t o dr y  w ei g ht b a sis, o bt ai ni n g t h e

d at a r e p ort e d i n T a bl e 1 . T h e s a m pl es  w er e dri e d o v er a n h y d-

r o us s o di u m s ul p h at e a n d st or e d i n gl a ss vi als  wit h T efl o n-

s e al e d c a ps at – 1 8  ± 0. 5 C i n t h e a bs e n c e of li g ht u ntil a n al y sis.

H P T L C a n al y si s of t h e e xtr a ct s

A n al y s e s  w er e p erf or m e d o n a hi g h- p erf or m a n c e t hi n l a y er

c hr o m at o gr a p h y ( H P T L C) sili c a g el 6 0 F 2 5 4 ( 1 0 c m 2 0 c m)

gl a s s pl at e ( C a m a g, S wi z erl a n d); 5 0 % et h a n oli c s ol uti o n of t h e

e xtr a ct s ( 2 0  m g/ m L)  w er e a p pli e d u si n g Li n o m at V ( C a m a g,

S wi z erl a n d). S p ot s  w er e el ut e d i n t w o st e p s  wit h diff er e nt el u-

e nt s. Fir st st e p: et h yl a c et at e/f or mi c a ci d/ a c eti c a ci d/ w at er

( 1 0 0/ 1 1/ 1 1/ 2 0), s e c o n d st e p: t ol u e n e/ et h yl a c et at e/ a c eti c a ci d

( 1 0 0/ 9 0/ 1 0), i n t w o c hr o m at o gr a p hi c c h a m b er s ( W a g n er a n d

Bl a dt 2 0 0 9 ).  Aft er d e v el o p m e nt, t h e c hr o m at o gr a m  w a s d eri v-

ati z e d  wit h  N P/ P E G s ol uti o n ( W a g n er a n d Bl a dt 2 0 0 9 ). T h e

d e v el o p e d pl at e  w a s dri e d at r o o m t e m p er at ur e vi s u ali z e d

wit h t h e Vi s u ali z er ( C a m a g, S wi z erl a n d).

H P L C a n al y si s of E G M a n d gr a p e s e e d s e xtr a ct s

T h e a n al y s e s of a nt h o c y a ni n s i n V C R  w er e p erf or m e d u si n g a

W at er s  m o d ul ar  H P L C s y st e m ( M A,  m o d el 1 5 2 5) c o u pl e d t o a

di o d e arr a y d et e ct or ( m o d el 2 9 9 8) li n k e d t o a 2 0- l L s a m pl er

l o o p. T h e c ol u m n u s e d  w a s a L u n a C 1 8 c ol u m n ( 2 6 0  m m

T a bl e 1. Pr o c y a ni di ns c h ar a ct eris e d b y E SI- M S 2 i n VI N e xtr a cts.

C o m p o u n ds [ M- H]– ( m/ z)  M S/ M S ( m/ z)

E pi/ c at e c hi n 2 8 9
Pr o c y a ni di n di m er B 5 7 7 5 3 3, 4 3 9, 4 2 5, 2 6 9
Pr o c y a ni di n di m er g all at e 7 2 9 5 7 7, 4 5 1, 4 2 5, 2 8 9
Pr o c y a ni di n tri m er 8 6 5 7 3 9, 6 9 5, 5 7 7, 4 0 7
Pr o c y a ni di n di m er di g all at e B 8 8 1 7 2 9, 5 7 7, 5 5 9, 4 0 7
Pr o c y a ni di n tri m er g all at e 1 0 1 7 8 6 5, 7 2 9, 6 9 5, 5 7 7
Pr o c y a ni di n t etr a m er 1 1 5 3 8 6 5, 9 8 3, 6 9 5, 5 7 7
Pr o c y a ni di n tri m er di g all at e 1 1 6 9 1 0 1 7, 8 8 1, 7 2 9, 5 7 7
Pr o c y a ni di n t etr a m er di g all at e 1 4 5 7 1 3 0 6, 1 1 5 3, 8 6 5, 7 2 9
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4. 6 m m, 5 m m; P h e n o m e n e x) at a fl o w r at e of 1. 0  m L/ mi n.

T h e  m o bil e p h a s e c o n si st e d of s ol v e nt s ol uti o n B ( m et h a n ol,

w at er a n d f or mi c a ci d, 5 0: 4 0: 1 0 v/ v/ v) a n d  A ( w at er a n d f or-

mi c a ci d 9 0: 1 0). T h e gr a di e nt s y st e m a d o pt e d  w a s a s uit a bl y

m o difi e d v er si o n of t h e o n e d e s cri b e d b y F a vr ett o a n d

Fl a mi ni ( 2 0 0 0 ). Bri efl y ( 1) B r ai s e d pr o gr e s si v el y fr o m 1 5 t o

4 5 % i n 2 5  mi n; ( 2) B t h e n r ai s e d t o 7 0 % at 4 5  mi n; ( 3) B

a c hi e v e d 9 0 % at 5 5  mi n a n d 9 9 % at 6 0  mi n. I n di vi d u al st o c k

s ol uti o n s of st a n d ar d s of a nt h o c y a ni n s  w er e pr e p ar e d i n

m et h a n ol a ci difi e d  wit h 0. 5 %  H Cl. Si x c ali br ati o n s ol uti o n s

w er e pr e p ar e d  wit hi n t h e r a n g e: 1 0 – 1 0 0 l g/ m L. E a c h c ali br a-

ti o n s ol uti o n  w a s i nj e ct e d i nt o  H P L C i n tri pli c at e. T h e c ali br a-

ti o n gr a p h s  w er e pr o vi d e d b y t h e r e gr e s si o n a n al y si s of p e a k

ar e a of t h e a n al yt e s v er s u s t h e r el at e d c o n c e ntr ati o n s

(T a bl e 2 ). T h e c h ar a ct eri s ati o n of fl a v o n oi d s i n V C B  w a s p er-

f or m e d u si n g a n E cli p s e- P L U S- C 1 8 ( 2 5 0  m m 4. 6 m m, 5 m m;

P h e n o m e n e x) c ol u m n, at a fl o w r at e of 1. 0  m L/ mi n.

C o n diti o n s ar e r e p ort e d i n T a c c hi ni et al. ( 2 0 1 5 ). F oll o wi n g

c hr o m at o gr a m r e c or di n g, s a m pl e p e a k s i d e ntifi c ati o n  w a s

c arri e d o ut b y c o m p ari s o n of  U V s p e ctr a a n d r et e nti o n ti m e

wit h t h o s e of p ur e st a n d ar d s. T h e a n al y s e s of t h e p h yt o c o m-

pl e x e s ( 1 0  m g/ m L)  w er e p erf or m e d u n d er t h e s a m e e x p eri-

m e nt al c o n diti o n s. T h e o bt ai n e d c ali br ati o n gr a p h s all o w e d

t h e d et er mi n ati o n of t h e c o n c e ntr ati o n of t h e t hr e e c o m p o-

n e nt s. T hr e e b at c h e s of e xtr a cti o n s  w er e t e st e d.

G C- M S a n al y si s

T h e s a m pl e s o bt ai n e d fr o m st e a m- di still ati o n  w er e c h e c k e d

wit h  N M R ( d at a n ot s h o w n) t h at e vi d e n c e d a r el e v a nt a m o u nt

of fr e e f att y a ci d s. F or t hi s r e a s o n, a n ali q u ot of f e w  milli-

gr a m s of t h e e xtr a ct s h a v e b e e n  mi x e d  wit h 2 0 0 l L of B S T F A

( 1 % T M C S) ( bi s(tri m et h yl sil yl)trifl u or o a c et a mi d e þ tri m et h yl-

c hl or o sil a n e) ( Si g m a- Al dri c h) f or 4 5  mi n at 8 0 C  wit h t h e p ur-

p o s e of o bt ai ni n g t h e tri m et h yl sil yl et h er s ( T M S) of fr e e f att y

a ci d s. T h e n 1 l L of s ol uti o n  w a s dir e ctl y i nj e ct e d i n g a s c hr o-

m at o gr a p h y ( G C).  G C a n al y si s  w a s p erf or m e d b y a V ari a n  G C-

3 8 0 0 g a s c hr o m at o gr a p h e q ui p p e d  wit h a V ari a n F a ct or F o ur

V F- 5 m s p ol y- 5 % p h e n yl- 9 5 %- di m et h yl sil o x a n e b o n d e d p h a s e

c ol u m n (i. d., 0. 2 5  m m; l e n gt h, 3 0  m; fil m t hi c k n e s s, 0. 2 5 m m), a

V ari a n  M S- 4 0 0 0  m a s s s p e ctr o m et er u si n g el e ctr o n i m p a ct ( EI)

a n d h o o k e d t o  NI S T li br ar y. T M S  w er e i d e ntifi e d b y c o m p ar-

i n g t h eir  G C r et e nti o n ti m e a n d t h e  M S fr a g m e nt ati o n p att er n

wit h t h o s e of p ur e c o m p o n e nt s ( Si g m a- Al dri c h), t h e  m et h yl-

e st er s of f att y a ci d s  wit h 3 7 p ur e c o m p o n e nt F A M E  mi x

( S u p el c o, Si g m a- Al dri c h), a n d ot h er s  m ol e c ul e s  m at c hi n g t h e

r et e nti o n i n di c e s ( AI)  wit h t h o s e i n t h e lit er at ur e ( A d a m s

2 0 0 7 ).  O p er ati n g c o n diti o n s ar e r e p ort e d i n R a di c e et al.

2 0 1 4 . Bri efl y: i nj e ct or t e m p er at ur e, 3 0 0 C; c arri er ( h eli u m)

fl o w r at e, 1, 2  m L/ mi n a n d s plit r ati o, 1: 5 0.  O v e n t e m p er at ur e

w a s i niti all y i n cr e a s e d fr o m 1 3 0 C t o 2 0 0 C at a r at e of 1 C/

mi n, t h e n fr o m 2 0 0 C t o 2 5 0 C at a r at e of 5 C/ mi n a n d

fr o m 2 5 0 C t o 3 2 0 C at a r at e of 1 0 C/ mi n, fi n all y f or 3  mi n

t h e t e m p er at ur e  w a s  m ai nt ai n e d at 3 2 0 C. T h e  M S c o n diti o n s

w er e: i o ni z ati o n v olt a g e, 7 0 e V; e mi s si o n c urr e nt, 1 0  m A m p;

s c a n r at e, 1 s c a n/ s;  m a s s r a n g e, 2 9 – 6 0 0  D a; tr a p t e m p er at ur e,

1 5 0 C, tr a n sf er li n e t e m p er at ur e, 3 0 0 C.  O n e  mi cr olit er of

e a c h s a m pl e  w a s i nj e ct e d. S a m pl e s  w er e a n al y s e d i n  G C- FI D

( G C-fl a m e i o ni z ati o n d et e ct or) f or q u a ntit ati v e d et er mi n ati o n

t hr o u g h t h e n or m ali z ati o n  m et h o d,  wit h o ut u si n g c orr e cti o n

f a ct or s: t h e r el ati v e p e a k ar e a s f or i n di vi d u al c o n stit u e nt s

w er e a v er a g e d o n t hr e e diff er e nt c hr o m at o gr a m s of t hr e e

i n d e p e n d e nt r e a cti o n s. T h e r el ati v e p er c e nt a g e s  w er e d et er-

mi n e d u si n g a T h er m o Q u e st  G C- Tr a c e g a s- c hr o m at o gr a p h

e q ui p p e d  wit h a FI D d et e ct or  m ai nt ai n e d at 3 0 0 C; all t h e

ot h er s  G C c o n diti o n s  w er e t h e s a m e of  G C- M S  m et h o d.

M a s s s p e ctr o s c o p y

L y o p hili z e d e xtr a ct s  w er e di s s ol v e d i n a 5 0 % et h a n ol – w at er

s ol uti o n a n d dir e ctl y i nf u s e d i n a  M a s s S p e ctr o m et er T h er m o

Fi n ni n g a n ( Ri n g o e s) E SI  Q- D u o li n e ar tr a p s et a s f oll o w: s pr a y

v olt a g e 4, 5 K V, s h e at h g a s fl o w r at e 2 0, c a pill ar y v olt a g e 1 0 V,

c a pill ar y t e m p er at ur e 1 6 0 C a n d i o n n e g ati v e a n d p o siti v e

m o d e s. T h e s a m pl e s  w er e o p p ort u n el y dil ut e d a n d filt er e d

b ef or e i nf u si o n.  O p p ort u n e c olli si o n e n er gi e s  w er e u s e d f or

t h e fr a g m e nt ati o n a n d t h e si m ult a n e o u s  m o nit ori n g of t h e

p ar e nt i o n s. T h e s a m e c o n diti o n s  w er e a p pli e d f or t h e  m a s s

a n al y si s aft er c hr o m at o gr a p hi c s e p ar ati o n. T hr e e b at c h e s of

e xtr a cti o n s  w er e t e st e d.

T ot al p ol y p h e n ol s q u a ntifi c ati o n

T h e d et er mi n ati o n of t h e t ot al p ol y p h e n oli c c o nt e nt s i n a cti v e

e xtr a ct s  w er e p erf or m e d u si n g a T h er m o S p e ctr o ni c  H eli o s- c

s p e ctr o p h ot o m et er a n d p erf or m e d a c c or di n g t o pr e vi o u sl y

d e s cri b e d  m et h o d s ( R o s si et al. 2 0 1 2 ; T a c c hi ni et al. 2 0 1 5 ).

T h e f or m er ’s r e s ult s ar e e x pr e s s e d a s  milli gr a m of g alli c a ci d

p er gr a m of cr u d e. E a c h e x p eri m e nt  w a s  m a d e i n tri pli c at e.

D P P H a s s a y, e v al u ati o n of t h e a nti o xi d a nt pr o p erti e s of
et h a n oli c e xtr a ct s

T h e  D P P H a s s a y  w a s p erf or m e d f oll o wi n g t h e  m et h o d b y

C h e n g et al. ( 2 0 0 6 ).  Aft er 3 0  mi n of i n c u b ati o n i n t h e d ar k at

r o o m t e m p er at ur e, t h e  mi cr o pl at e s  w er e a n al y s e d  wit h a

mi cr o pl at e r e a d er ( Bi or a d, 6 8 0 X L) a n d t h e a b s or b a n c e  w a s

r e a d i n tri pli c at e a g ai n st a bl a n k at 5 1 5 n m. T h e  D P P H i n hi b-

iti o n i n p er c e nt a g e  w a s d et er mi n e d b y t h e f oll o wi n g f or-

m ul a: I D P P H % ¼ [ 1 – ( A 1/ A 2)] 1 0 0;  w h er e  A 1  w a s t h e  D P P H

a b s or b a n c e  wit h t h e e xtr a ct s a n d  A 2  wit h o ut e xtr a ct s. Ei g ht

diff er e nt c o n c e ntr ati o n s (r a n g e 2 0 – 0. 1 6 l g/ m L) of Tr ol o x

w er e pr e p ar e d a n d u s e d a s p o siti v e c o ntr ol.  A nti o xi d a nt

a cti vit y of t h e e xtr a ct  w a s e x pr e s s e d a s I C 5 0 , c o n c e ntr ati o n

pr o vi di n g 5 0 % i n hi biti o n of t h e r a di c al, a n d c al c ul at e d a s

d e s cri b e d i n  N o str o et al. ( 2 0 1 6 ).  All e x p eri m e nt s  w er e

a s s e s s e d i n tri pli c at e a n d v al u e s  w er e r e p ort e d a s  m e a n-

± st a n d ar d d e vi ati o n.

T a bl e 2. St atisti c al d at a of t h e e v al u ati o n of li n e arit y r e gr essi o n, L O D a n d
L O Q i n t h e a nt h o c y a ni ns q u a ntifi c ati o n b y R P- H P L C- D A D.

C o m p o u n d R 2

R e gr essi o n e q u ati o n L O D L O Q
Li n e arit y r a n g e
1 0- 1 0 0 l g/ m L l g/ m L l g/ m L

C y a ni di n- 3- O- gl u c osi d e 0. 9 9 8 1 y ¼ 6 3 6 3 2 x þ 1 8 5 4 7 4 0. 2 8 9 4 9 0. 8 7 7 2 6
D el p hi ni di n- 3- O- gl u c osi d e 0. 9 9 9 0 y ¼ 2 9 6 7 3 x- 1 6 8 1 6 0. 5 3 9 3 3 1. 6 3 4 3 4
M al vi di n- 3- O- gl u c osi d e 0. 9 9 2 8 y ¼ 6 5 7 8 9 x- 1 2 6 5 2 5 0. 4 0 9 7 6 1. 2 4 1 7 1
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A nti mi cr o bi al a cti vit y

T h e a nti mi cr o bi al a cti vit y h a s b e e n e v al u at e d a g ai n st p h yt o-

p at h o g e ni c f u n gi a n d b a ct eri a t o pr eli mi n aril y v erif y p h yt oi at-

ri c pr o p erti e s. Ps e u d o m o n as s yri n g a e p v. s yri n g a e v a n  H all

A T C C 1 9 3 1 0  w a s u s e d t o e v al u at e t h e a nti b a ct eri al a cti vit y.

T h e e x p eri m e nt s ( mi ni m u m i n hi bit or y c o n c e ntr ati o n [ MI C]

a n d  mi ni m al b a ct eri ci d al c o n c e ntr ati o n [ M C B])  w er e s et u p

f oll o wi n g t h e i n di c ati o n s gi v e n b y t h e  N ati o n al C o m mitt e e

f or Cli ni c al L a b or at or y St a n d ar d s ( N C C L S, st a n d ar d  M 7- A 6).

F or t h e e v al u ati o n of t h e a ntif u n g al a cti vit y, S cl er oti ni a  mi n or

a n d S cl er oti ni a s cl er oti or u m w er e u s e d. T h e pr e p ar ati o n of t h e

fil a m e nt o u s f u n gi c ult ur e s a n d t h e e x p eri m e nt s of a ntif u n g al

a cti vit y  w er e c arri e d o ut f oll o wi n g t h e i n di c ati o n s r e p ort e d i n

G u erri ni et al. ( 2 0 0 9 ). T h e  MI C of f u n g al gr o wt h a n d  mi ni m u m

f u n gi ci d e c o n c e ntr ati o n  w er e d et er mi n e d f oll o wi n g t h e i n di-

c ati o n s r e p ort e d i n C a v al eir o et al. ( 2 0 0 6 ). Fi n all y, t h e eff e cti v e

c o n c e ntr ati o n a bl e t o gi v e a 5 0 %  m a xi m al eff e ct ( E C 5 0 )  w a s

c al c ul at e d. E a c h e x p eri m e nt  w a s  m a d e i n tri pli c at e.

R e s ult s

E xtr a cti o n yi el d a n d t ot al p ol y p h e n ol s

T h e fir st t ar g et of t h e st u d y  w a s t h e i s ol ati o n a n d q u a ntit a-

ti o n of p ol y p h e n ol s, a n d t h e s ol v e nt s y st e m t h at s h o w e d t h e

b e st c o m pr o mi s e b et w e e n  w at er- s ol u bl e a n d al c o h ol- s ol u bl e

m ol e c ul e s, o bt ai ni n g t h e ri c h e st fi n g er pri nti n g, r e s ult e d t o

b e  w at er: et h a n ol 5 0: 5 0 ( Fi g ur e 1 ).  A s r e p ort e d i n T a bl e 3 ,

ultr a s o u n d a s si st e d e xtr a cti o n ( U A E) s h o w e d t h e hi g h e st

yi el d s a m o n g t h e e xtr a cti o n pr o c e s s e s: 2 5. 1 3  ± 3. 7 1 % a g ai n st

1 0. 4 2  ± 2. 3 8 % of  N A V f or V C R a n d 2 7. 5 9  ± 1. 6 8 % a g ai n st

1 3. 4 2  ± 6. 2 5 % f or V C B.

O n t h e ot h er si d e, t h e e xtr a cti o n yi el d s a c hi e v e d b y S F E

a n d  DI S  w er e  m u c h l o w er t h a n t h e pr e vi o u s,  wit h t h e hi g h-

e st v al u e o bt ai n e d b y VI N f or S F E ( 8. 3 6 %) a n d V C R f or  DI S

( 0. 0 5 %). T h e  U A E e xtr a cti o n  w a s  m or e p erf or mi n g t h a n  N A V

r e g ar di n g t h e t ot al e xtr a cti o n yi el d a n d t h e t ot al p ol y p h e n ol

c o nt e nt ( T a bl e 3 ), e x c e pt f or VI N, i n  w hi c h  N A V  m et h o d

s h o w e d t h e s a m e effi ci e n c y. T h e p ol y p h e n ol s ri c h e st s a m pl e s

w er e t h e e xtr a ct s of gr a p e s e e d p erf or m e d  wit h b ot h  m et h-

o d s.  M or e o v er, St u d e nt t t e st i n di c at e d si g nifi c a nt diff er e n c e s

i n p ol y p h e n ol s c o nt e nt b et w e e n t h e gr a p e p o m a c e e xtr a ct s

a n d gr a p e s e e d s e xtr a ct ( p ¼ . 0 0 0 6), a n d t hi s  w a s al s o v ali d

f or t h e a nti o xi d a nt a cti vit y e v al u ati o n (p ¼ . 0 3 3 9).

H P L C/ M S a n al y si s of  U A E a n d  N A V e xtr a ct s

T h e  m a s s s p e ctr o m etr y ( M S) a n al y si s, i n p o siti v e-i o n  m o d e,

a n d t h e r e v er s e d p h a s e li q ui d c hr o m at o gr a p h y ( R P- H P L C-

D A D) p erf or m e d o n V C R e xtr a cti o n s hi g hli g ht e d t h e pr e s-

e n c e of a nt h o c y a ni n s, i n p arti c ul ar:  m al vi di n- 3- O- gl u c o si d e

(m/ z 4 9 3), t h e  m o st a b u n d a nt; p e o ni di n ( m/ z 3 0 1),  m al vi di n

(m/ z 3 3 1), c y a ni di n- 3- O- gl u c o si d e ( m/ z 4 4 9), p e o ni di n- 3- O-

gl u c o si d e ( m/ z 4 6 3), d el p hi ni di n- 3- O- gl u c o si d e ( m/ z 4 6 5),

m al vi di n- 3- O-( 6- O- a c et yl) gl u c o si d e ( m/ z 5 3 5) a n d  m al vi di n- 3-

O-( 6- O- p- c o u m ar o yl) gl u c o si d e ( m/ z 6 3 9). B ei n g t h e  m al vi di n-

3- O- gl u c o si d e t h e  m o st a b u n d a nt  m ol e c ul e (it h a d a r el ati v e

a b u n d a n c e of 1 2, 6 8 % a n d 1 2, 0 5 % r e s p e cti v el y i n  U A E a n d

N A V),  w e e x pr e s s e d t h e q u a ntifi c ati o n of t h e  w h ol e u n k n o w n

a nt h o c y a ni n s fr a cti o n i n gr a m s of  m al vi di n- 3- O- gl u c o si d e/

1 0 0 g of cr u d e e xtr a ct ( T a bl e 4 ).

A s r e g ar d s V C B e xtr a ct s ( b ot h  U A E a n d  N A V), t h e  m o st

a b u n d a nt  m ol e c ul ar c at e g ori e s  w er e r e pr e s e nt e d b y fl a v o-

n ol s. T h e R P- H P L C- D A D a n al y si s, c o nfir m e d b y  M S, hi g h-

li g ht e d t h e pr e s e n c e of s e v e n  m ai n fl a v o n oi d s: t hr e e

gl y c o s yl at e d eri v ati v e s of q u er c eti n ( q u er c eti n- 3- O-r uti n o si d e,

q u er c eti n- 3- O- gl u c ur o ni d e a n d q u er c eti n- 3- O- g al a ct o si d e),

t w o gl y c o s yl at e d eri v ati v e s of k a e m pf er ol ( k a e m pf er ol- 3- O-

r uti n o si d e, k a e m pf er ol- 3- O- gl u c o si d e) a n d t h e t w o fr e e a gl y-

c o n s ( Fi g ur e 2 ). T h e  M S a n d t h e  H P T L C a n al y s e s p er mitt e d t o

di s cri mi n at e t h e c o- el uti o n of q u er c eti n- 3- O- gl u c ur o ni d e a n d

q u er c eti n- 3- O- g al a ct o si d e ( d at a n ot s h o w n).

T h e VI N e xtr a ct s  w er e  m ai nl y c h ar a ct eri s e d b y pr o c y a ni-

di n s ( P A s). T h e P A s  w er e i d e ntifi e d b y dir e ct i nf u si o n of t h e

e xtr a ct s i n el e ctr o s pr a y i o ni z ati o n- M S, n e g ati v e-i o n  m o d e

wit h o ut p erf or mi n g c hr o m at o gr a p hi c s e p ar ati o n. T h e a n al y si s

hi g hli g ht e d t h e pr e s e n c e of e pi/ c at e c hi n  m o n o m er a n d

oli g o m er s ( T a bl e 1 ). E a c h  m ol e c ul e  w a s c o nfir m e d b y  M S/

M S a n al y s e s.

G C- M S a n al y si s of S F E a n d  DI S e xtr a ct s

T o c o m pl et e t h e o v er vi e w of t h e s e e x h a u st e d  m atri x c o nt e nt,

t h e li p o p hili c p art of t h e bi o m a s s  w a s i n v e sti g at e d b y S F E

a n d  DI S f oll o w e d b y  G C- M S a n al y s e s. R e s ult s of t h e c hr o m a-

t o gr a p hi c a n al y si s p erf or m e d o n S F E s e xtr a ct s ( d at a n ot

s h o w n) hi g hli g ht e d t h e pr e s e n c e of t h e c h ar a ct eri sti c s f att y

a ci d s of gr a p e s e e d s: li n ol ei c, el ai di c, ol ei c a n d st e ari c a ci d

w er e t h e  m o st a b u n d a nt; a n d  m yri sti c, p al mit ol ei c, 1 1-

Fi g ur e 1. H P T L C a n al ys es of t h e e xtr a cti o ns of r e d gr a p e ( A),  w hit e gr a p e ( B) a n d gr a p es e e d ( C) p erf or m e d  wit h diff er e nt p er c e nt a g es of et h a n ol – w at er (fr o m l eft
t o ri g ht, f or m 1 0 0 % et h a n ol t o 1 0 0 %  w at er i n st e p of 1 0 %, f or e a c h  m atri x).
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ei c o s a n oi c a n d ar a c hi d o ni c a ci d s  w er e d et e ct e d i n

s m all er q u a ntiti e s.

G C- M S a n al y si s p erf or m e d o n t h e  DI S e xtr a ct s c o nfir m e d

t h e d at a o bt ai n e d b y S F E, hi g hli g hti n g s a m pl e s pr e d o mi n-

a ntl y c h ar a ct eri z e d b y f att y a ci d s ( T a bl e 5 ).  All pr e s e nt e d

s a m pl e s s h o w e d a s u b st a nti all y si mil ar q u alit ati v e pr ofil e,

w hil e fr o m a r el ati v e q u a ntifi c ati o n p oi nt of vi e w s o m e dif-

f er e n c e s e m er g e d: i n V C R, t h e  m o st a b u n d a nt c o m p o u n d s

( e x pr e s s e d p er ar e a %)  w er e p al miti c a ci d ( 5 3. 6 9 %),  m yri sti c

a ci d ( 7. 6 0 %), l a uri c a ci d ( 6. 1 3 %) a n d ol ei c a ci d ( 5. 2 1 %);  w hil e

V C B e x hi bit e d t h e hi g h e st q u a ntit y of p al miti c a ci d ( 4 3. 0 4 %),

p al mit ol ei c a ci d ( 7. 0 1 %), ol ei c a ci d ( 5. 7 2 %) a n d  m yri sti c a ci d

( 5. 0 3 %). T h e di still at e of VI N e x hi bit e d a c h e mi c al pr ofil e

m ai nl y c h ar a ct eri z e d b y p al miti c a ci d ( 2 9. 6 0 %), li n ol ei c a ci d

et h yl e st er ( 1 9. 4 %), p al miti c a ci d et h yl e st er ( 1 1. 1 %), li n ol ei c

a ci d ( 1 0. 4 8 %) a n d ol ei c a ci d ( 6. 8 6 %).

A nti o xi d a nt a n d a nti mi cr o bi al e v al u ati o n

E xtr a ct s of E G M ( V C R, V C B) a n d gr a p e s e e d s ( VI N) h a v e b e e n

pr eli mi n aril y e v al u at e d f or t h e i n vitr o a nti o xi d a nt ( D P P H

a s s a y), a n d a nti mi cr o bi al pr o p erti e s. R e g ar di n g t h e a nti o xi-

d a nt pr o p erti e s ( pr o p ert y of s ur e i nt er e st f or f ut ur e p o s si bl e

T a bl e 3. Yi el ds  % of t h e e xtr a cti o n pr o c ess es, s p e ctr o p h ot o m etri c q u a ntit a-
ti o n of t h e t ot al p h e n oli c c o nt e nt a n d e v al u ati o n of a nti o xi d a nt a cti vit y
t hr o u g h  D P P H t est ( e x pr ess e d as h alf  m a xi m al i n hi biti o n c o n c e ntr ati o n, I C5 0 ).

S a m pl e
E xtr a cti o n
m et h o ds

E xtr a cti o n
yi el d ( %)

T ot al p h e n oli c
c o nt e nt ( milli gr a m

g alli c a ci d p er gr a m
of dri e d e xtr a ct)

A nti o xi d a nt
a cti vit y – D P P H
– I C 5 0 (l g/ m L)

V C R  U A E 2 5. 1 3  ± 3. 7 1 1 8 9. 1 1  ± 5. 9 5 1 0. 9 9  ± 1. 7 4
N A V 1 0. 4 2  ± 2. 3 8 1 5 9. 5 8  ± 1. 5 7 1 5. 3 1  ± 4. 9 5

V C B  U A E 2 7. 5 9  ± 1. 6 8 1 1 6. 4 4  ± 3. 4 9 2 2. 4 4  ± 2. 3 0
N A V 1 3. 4 1  ± 6. 2 5 1 0 6. 1 1  ± 5. 4 6 2 0. 8 2  ± 3. 7 2

VI N  U A E 1 1. 6 1  ± 4. 3 9 4 4 6. 7 2  ± 2 2. 1 6 5. 4 4  ± 0. 4 0
N A V 9. 5 2  ± 0. 7 6 5 0 6. 2 4  ± 5 5. 9 1 4. 3 0  ± 0. 3 1

T a bl e 4. A nt h o c y a ni ns q u a ntifi c ati o n b y R P- H P L C- D A D, e x pr ess e d as  milli gr a m
of st a n d ar ds p er gr a m of dri e d e xtr a ct.

R e d gr a p e ( m g/ 1 0 0 g dri e d e xtr a ct)

V C R  N A V V C R  U A E

C y a ni di n- 3- O- gl u c osi d e 1 4. 5 0  ± 0. 6 4 1 5. 8 8  ± 1. 0 3
D el p hi ni di n- 3- O- gl u c osi d e 1 0 8. 6 0  ± 4. 8 0 1 0 2. 1 0  ± 9. 5 0
M al vi di n- 3- O- gl u c osi d e 2 5 9. 4 0  ± 1 4. 6 2 2 7 6. 8 0  ± 1 2. 1 0
U n k n o w n a nt h o c y a ni ns 1 7 7 0. 0 7  ± 1 1 5. 0 3 1 7 8 8. 0 8  ± 1 0 9. 1 1
T ot al 2 1 5 2. 6 7 2 1 8 2. 8 6

T h e u n k n o w n a nt h oc y a ni ns ar e q u a ntifi e d as  m al vi di n- 3- O- gl u c osi d e.

Fi g ur e 2. R P- H P L C- D A D c hr o m at o gr a m of t h e  w hit e gr a p e e xtr a ct, i n di c ati n g t h e pr es e n c e of q u er c eti n- 3- O-r uti n osi d e ( a), q u er c eti n- 3- O- g u c or o ni d e ( b),
q u er c eti n- 3- O- g al a ct osi d e ( c), k a e m pf er ol- 3- O-r uti n osi d e ( d), k a e m pf er ol- 3- O- gl c osi d e ( e), q u er c eti n (f) a n d k a e m pf er ol ( g).

T a bl e 5. C h e mi c al a n al ys es of V C B, V C R a n d VI N st e a m distill ati o n b y G C- M S
a n d G C- FI D, e x pr ess e d i n ar e a  % of t h e t ot al.

C o m p o u n d a V C R  % V C B  % VI N  % I D  m et h o d b

C a pr yli c a ci d et h yl est er – 0. 1 5 – G C- M S, AI
3- O ct e n oi c a ci d – 0. 1 1 – G C- M S
C a pr yli c a ci d 0. 2 8 0. 9 3 – G C- M S, C o- G C
N o n a n oi c a ci d – 0. 1 6 – G C- M S, C o- G C
C a pri c a ci d 0. 2 1 1. 2 9 0. 1 4 G C- M S, C o- G C
9- O x o- n o n a n oi c a ci d et h yl est er 0. 4 1 1. 5 4 – G C- M S
L a uri c a ci d, et h yl est er 0. 4 7 0. 2 9 – G C- M S
L a uri c a ci d 6. 1 3 2. 1 2 2. 2 3 G C- M S, C o- G C
O ct a n e di oi c a ci d – 0. 2 2 – G C- M S
M yristi c a ci d et h yl est er 0. 7 4 0. 4 3 0. 3 0 G C- M S, AI
A z el ai c a ci d 0. 6 6 2. 7 8 – G C- M S
6, 1 0, 1 4-tri m et h yl- 2-

p e nt a d e c a n o n e
0. 1 8 0. 3 0 0. 1 3 G C- M S, AI

M yristi c a ci d  m et h yl est er – – 3. 9 3 G C- M S, C o- G C
M yristi c a ci d 7. 6 0 5. 0 3 – G C- M S, C o- G C
Cis- 1 0- p e nt a d e c e n oi c a ci d 0. 1 3 0. 7 6 0. 1 4 G C- M S, C o- G C
n- P e nt a d e c a n oi c a ci d 0. 8 6 1. 2 3 0. 3 3 G C- M S, C o- G C
P al mit ol ei c a ci d et h yl est er 0. 2 8 2. 7 4 0. 6 7 G C- M S
M a n o yl o xi d e 2. 8 9 1. 8 5 – G C- M S, AI
P al miti c a ci d et h yl est er 7. 7 8 5. 4 2 1 1. 1 0 G C- M S, AI
P al mit ol ei c a ci d 0. 5 8 7. 0 1 1. 4 4 G C- M S, C o- G C
P al miti c a ci d 5 3. 6 9 4 3. 0 4 2 9. 6 0 G C- M S, C o- G C
Li n ol ei c a ci d  m et h yl est er 1. 2 5 0. 3 8 0. 2 7 G C- M S, C o- G C
Ol ei c a ci d  m et h yl est er 1. 9 4 1. 8 8 0. 2 1 G C- M S, C o- G C
Li n ol ei c a ci d et h yl est er – – 1 9. 4 0 G C- M S
Li n ol e ni c a ci d et h yl est er – – 2. 6 0 G C- M S
Ol ei c a ci d et h yl est er – – 7. 2 4 G C- M S
El ai di c a ci d et h yl est er – 0. 4 2 0. 3 5 G C- M S
St e ari c a ci d et h yl est er 0. 4 3 0. 8 0 1. 2 5 G C- M S, AI
Li n ol ei c a ci d 2. 4 2 0. 9 9 1 0. 4 8 G C- M S, C o- G C
Ol ei c a ci d 5. 2 1 5. 7 2 6. 8 6 G C- M S, C o- G C
El ai di c a ci d 0. 3 6 0. 9 4 0. 1 9 G C- M S, C o- G C
St e ari c a ci d 0. 9 0 1. 6 4 0. 3 3 G C- M S, C o- G C
a Fr e e f att y a ci ds  w er e d et er mi n e d as tri m et h ylsil yl et h ers.
b G C- M S: g as- c hr o m at o gr a p h y- m ass s p e ctr u m; C o- G C: c o-i nj e cti o n  wit h a ut h e n-
ti c c o m p o u n d; AI: e x p eri m e nt al r et e nti o n i n di c es c o m p ar e d  wit h lit er at ur e.
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n utr a c e uti c al a n d c o s m eti c pr oj e cti o n s), t h e h y dr o al c o h oli c

e xtr a ct s o bt ai n e d  wit h t h e  N A V a n d  U A E  m et h o d  w er e c o n-

si d er e d b e c a u s e t h e y ar e c h ar a ct eri z e d b y t h e  m o st a b u n-

d a nt p ol y p h e n oli c c o m p o n e nt a n d n or m all y t a k e n a s

r ef er e n c e f or e x pr e s si n g a nti o xi d a nt a cti vit y (T a bl e 3 ).

A s f ar a s t h e a nti mi cr o bi al a cti vit y i s c o n c er n e d, t h e

h y dr o al c o h oli c e xtr a ct s fr o m V C R, V C B a n d VI N  m atri c e s  w er e

t e st e d (T a bl e 6 ).  A s a f a ct, n o n ot e w ort h y a cti viti e s h a v e

b e e n r e c or d e d.  O n t h e c o ntr ar y,  wit h r ef er e n c e t o a ntif u n g al

a cti vit y, a n i n cr e a s e i n gr o wt h  w a s o b s er v e d.

Di s c u s si o n

T h e s el e cti o n a n d o pti mi z ati o n of t h e e xtr a cti o n pr o c e s s e s

ar e k e y f a ct or s f or t h e v al ori z ati o n of s e c o n d ar y r a w  m at eri-

al s of t h e a gr o-f o o d s u p pl y c h ai n s  wit h r e s p e ct t o a bi o-

b a s e d i n d u stri al pr ofil e a n d cir c ul ar e c o n o m y. F or t h e s e r e a-

s o n s, t h e c h oi c e of t h e e xtr a cti o n  m et h o d s  w a s dri v e n b y

effi ci e n c y crit eri a ( hi g h yi el d), s u st ai n a bilit y (l o w or n o u s e of

or g a ni c s ol v e nt s) a n d t e c h n ol o gi c al tr a n sf er o p p ort u niti e s

( s c al e u p fr o m l a b or at or y t o w ar d s i n d u str y), b ut t h e y  w er e

al s o s el e ct e d c o n si d eri n g t h e t y p e of v e g et a bl e  m atri x, it s

c o n diti o n a n d si z e ( p o w d er e d or n ot), a n d t h e t y p e of t ar g et

bi o m ol e c ul e s t h at  w o ul d c h ar a ct eri s e t h e n e w fi ni s h e d pr o d-

u ct s. I n r el ati o n t o t h e s e a s p e ct s, it  w a s d e ci d e d t o gl e a n i n

t h e a m pl e a n d  m o d er n c o nt e xt of t h e gr e e n c h e mistr y t h e

U A E, t h e pr e s s uri s e d fl ui d e xtr a cti o n  wit h  N a vi gli o VR t e c h n ol-

o g y ( N A V), t h e s u p er criti c al C O 2 e xtr a cti o n ( S F E) a n d t h e

st e a m di still ati o n ( DI S) ( B ai a n o 2 0 1 4 ).

T h e fir st t w o e xtr a cti o n  m et h o d s ( U A E a n d  N A V)  w er e p er-

f or m e d u si n g  w at er a n d et h a n ol i n diff er e nt pr o p orti o n s, i n

a c c or d a n c e t o t h e pri n ci pl e of t h e gr e e n c h e mi str y. Fi g ur e 1

hi g hli g ht e d h o w a 5 0: 5 0  mi xt ur e h a d t h e hi g h e st affi nit y f or

t h e e xtr a cti o n of p ol y p h e n ol s, o bt ai ni n g e xtr a ct s fi n g er pri nt-

i n g t h at s h o w e d t h e b e st c o m pr o mi s e b et w e e n  w at er- s ol-

u bl e a n d al c o h ol- s ol u bl e  m ol e c ul e s f or all pr o d u cti o n  w a st e

of t h e  wi n e pr o d u cti o n c h ai n. R e g ar di n g t h e e xtr a cti o n yi el d,

t h e  U A E  m et h o d  w a s t h e  m o st p erf or mi n g f or all  m atri x e s,

e x c e pt f or VI N e xtr a ct s,  w er e t h e r e s ult s of  U A E  w a s i n li n e

wit h t h e d at a o bt ai n e d b y t h e  N A V e xtr a cti o n ( 9. 7 4  ± 1. 4 7 %

of  U A E c o m p ar e d  wit h 9. 5 2  ± 0. 7 6 % of  N A V).  G oi n g  m or e i n

d et ail, VI N  N A V e xtr a ct o bt ai n e d t h e l o w e st e xtr a cti o n yi el d,

b ut, i n c o m p ari s o n b et w e e n e xtr a cti o n yi el d a n d q u a ntit y of

t ot al p ol y p h e n ol s  w h er e V C R a n d V C B s h o w e d a dir e ct c or-

r e s p o n d e n c e b et w e e n e xtr a cti o n yi el d a n d p ol y p h e n ol c o n-

t e nt, VI N  N A V e xtr a ct diff er s fr o m t hi s tr e n d, s h o wi n g t h e

hi g h e st p ol y p h e n ol c o nt e nt. T h e hi g h a b u n d a n c e of P A s t h at

c h ar a ct eri s e t h e s e e xtr a ct s ( T a bl e 1 ) c o ul d e x pl ai n t h e s e

r e s ult s. T hi s  m ol e c ul ar c at e g or y i s  w ell k n o w n f or it s u s e i n

n utriti o n al s u p pl e m e nt s, f u n cti o n al f o o d s, i n t h e c o s m eti c

a n d p h ar m a c e uti c al pr o d u ct s ( N a g a s a k o- A k a z o m e 2 0 1 4 ; Xi a

et al. 2 0 1 4 ; P a ni c k ar 2 0 1 5 ;  M arti n e z et al. 2 0 1 7 ) a n d t h e s e

e xtr a cti o n str at e gi e s c o ul d i m pl e m e nt t h e r e v al u ati o n of t hi s

b y- pr o d u ct,  m a ki n g it a n e w pr ofit a bl e r e s o ur c e. V C R

e xtr a ct s, i n t ur n, s h o w e d hi g h er p ol y p h e n oli c c o nt e nt t h a n

V C B s a m pl e s,  wit h a n a v er a g e diff er e n c e of 3 9 %,  m o st pr o b-

a bl y b e c a u s e of t h e pr e s e n c e of a nt h o c y a ni n s. T hi s i s b y f ar

t h e  m o st c h ar a ct eri si n g  m ol e c ul ar c at e g or y of V C R e xtr a c-

ti o n, a n d b ot h e xtr a cti o n str at e gi e s c o n si d er e d ( U A E a n d

N A V) s h o w e d t h e s a m e s p e cifi cit y t o w ar d s t h e s e c o m p o u n d s

(T a bl e 4 ), i n t h e r a n g e of t h e st a n d ar d d e vi ati o n. V C B

e xtr a ct s, i n st e a d, e x hi bit e d t h e pr e s e n c e of fl a v o n ol s,  m o st

pr o b a bl y b e c a u s e  w hit e gr a p e v ari eti e s d o n ot u n d er g o

m a c er ati o n d uri n g  wi n e m a ki n g, l e a vi n g p art of t h e s e  m ol e-

c ul e s i n t h e vi nifi c ati o n  w a st e s.  Alt h o u g h t h e lit er at ur e

r e p ort s n u m er o u s e x a m pl e s of p ol y p h e n oli c q u a ntifi c ati o n of

e xtr a ct s o bt ai n e d b y gr a p e  w a st e s c o m p ati bl e  wit h t h o s e

c o n si d er e d i n t hi s arti cl e ( T o ur n o ur et al. 2 0 1 5 ; F erri et al.

2 0 1 6 ; Tri k a s et al. 2 0 1 6 ), it i s n ot p o s si bl e t o  m a k e a c o n-

str u cti v e c o m p ari s o n b e c a u s e of t h e gr a p e c ulti v ar c h o s e n

f or t h e r e s e ar c h, a n d b e c a u s e it i s diffi c ult t o i d e ntif y t h e

p oi nt of t h e s u p pl y c h ai n  w h er e t h e y c o m e fr o m.

C o n si d eri n g t h e e xtr a cti o n s of t h e li p o p hili c p art of t h e

vi nifi c ati o n b y- pr o d u ct s a c hi e v e d b y S F E a n d  DI S, t h e y

s h o w e d e xtr a cti o n s yi el d s  m u c h l o w er t h a n t h e pr e vi o u s

o bt ai n e d b y  U A E a n d  N A V ( e. g. 0. 0 5 %  w a s t h e hi g h e st yi el d

a m o n g all t h e  w a st e  m atri x e s),  m a ki n g t h e h y p ot h e si s of

i n d u stri al s c al e- u p of t h e s e pr o c e s s e s s u b st a nti all y i m pr a cti-

c al.  Wit h r e g ar d t o t h e st e a m di still ati o n of t h e c o n si d er e d

b y- pr o d u ct s, t h er e ar e n o lit er at ur e d at a t h at all o w e d u s t o

c o m p ar e t h e s e r e s ult s; h o w e v er, it i s p o s si bl e t o  m a k e s o m e

c o n si d er ati o n s  wit h r e s p e ct t o t h e pr e d et er mi n e d t ar g et. T h e

e x p e ct e d p h yt o c o m pl e x  w o ul d b e  m ai nl y c h ar a ct eri s e d b y

t er p e n oi d s,  w h er e a s t h e s e c o m p o u n d s  w er e pr e s e nt i n s m all

q u a ntiti e s j u st i n V C R  wit h a r el ati v e pr e s e n c e of 2. 8 9 %. T hi s

a s p e ct c o ul d pr o b a bl y b e e x pl ai n e d b y t h e f a ct t h at t h e fr e s h

p o m a c e, b ef or e b ei n g s u p pli e d f or t h e a n al y s e s, h a d u n d er-

g o n e c o n diti o n s f or  w hi c h  m o st of t h e v ol atil e c o m p o n e nt s

h a d di s a p p e ar e d. I n st e a d, t h e f att y a ci d c o m p o siti o n  w a s

b ot h q u alit ati v el y a n d q u a ntit ati v el y ri c h er t h a n t h e e xtr a ct s

o bt ai n e d b y S F E. Si n c e t h e s a m pl e s e xtr a ct e d  wit h S F E h a d

b e e n dri e d,  w hil e t h e s a m e di still e d s a m pl e s h a d b e e n

e xtr a ct e d fr e s h ( h o pi n g t o e xtr a ct t h e v ol atil e t er p e n e c o m-

p o n e nt), it i s p o s si bl e t o h y p ot h e si z e t h at t h e pr e-tr e at m e nt

i n st o v e at 7 0 C d e gr a d e d  m o st of t h e f att y a ci d c o m p o n e nt,

w hi c h r e m ai n e d i n t h e fr e s h  m atri c e s i n st e a d.

I n t h e pr eli mi n ar y e v al u ati o n of t h e a nti o xi d a nt a cti vit y

wit h  D P P H a s s a y, VI N  N A V e xtr a ct s h o w e d t h e hi g h e st a nti-

o xi d a nt c a p a cit y a n d it s h o w e d a dir e ctl y c orr el ati o n  wit h

t h e p ol y p h e n ol s c o nt e nt, si n c e t h e ri c h e st s a m pl e s i n

T a bl e 6. A nti mi cr o bi al a cti vit y of h y dr o al c o h oli c e xtr a cts of p o m a c e fr o m r e d
a n d  w hit e gr a p es ( V C R, V C B) a n d gr a p e s e e ds ( VI N).

A nti b a ct eri al ( MI C m g/ m L) A ntif u n g al ( E C 5 0 m g/ m L)

Ps e u d o m o n as
s yri n g a e p v. s yri n g a e

Scl er oti ni a
mi n or

Scl er oti ni a
scl er oti or u m

V C R  U A E > 1 0 0 0 n. d. n. d.
V C R  N A V > 1 0 0 0 n. d. n. d.
V C B  U A E > 1 0 0 0 n. d. n. d.
V C B  N A V > 1 0 0 0 n. d. n. d.
VI N  U A E > 1 0 0 0 > 1 5 > 1 5
VI N  N A V > 1 0 0 0 > 1 5 > 1 5
P ositi v e C o ntr ol 1 2 5 < 0. 5 < 0. 5

T h e r es ults ar e e x pr ess e d as  MI C gr o wt h ( l g/ m L) f or a nti b a ct eri al a cti vit y a n d
as a n eff e cti v e c o n c e ntr ati o n a bl e t o gi v e 5 0 %  m a xi m al eff e ct ( E C 5 0 ) as
r e g ar ds t h e a ntif u n g al a cti vit y. n. d.: n ot d efi n e d; t h e str ai n s h o w e d a str o n g
i n cr e as e i n gr o wt h i nst e a d of a n i n hi biti o n, pr o b a bl y d u e t o t h e s u g ar y
c o m p o n e nt of t h e e xtr a cts. P ositi v e c o ntr ol:  D el a n 7 0  W G, p er Ps e u d o m o n as
s yri n g a e p v. s yri n g a e);  H eli o c ui vr e S, p er Scl er oti ni a s p.

6 M. T A C C HI NI E T  A L.
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11.2 Annex II: Congress Abstracts 

5th International Phytocosmetics and Phytotherapy Congress, Linking Health & Beauty. 

University of Patras, 15-17 May 2017. Patras, Greece 

 

Winner of Cáceres Award 
 

Valorisation of grape pomace and seeds: a comparison between UAE and Naviglio 

extracts 

I. Burlini, M. Tacchini, A. Grandini, I. Maresca, T. Bernardi, A. Massi, A. Guerrini, G. Sacchetti 

 

Background: Food waste accounts for more than 50% of total waste production. Nine 
million tons of winery industrial wastes, known as grape pomace, are produced every year 
in the world, counting about 20% w/w of total grape use for vinification. Recycling biomass 
from agro-food chain waste could be a way of valorisation of internal resources and it 
represents an eco-friendly solution for the grape pomace valorisation. Methods: Hydro-
alcoholic extractions of red and white grape (Vitis vinifera L.) pomace and seeds, were 
performed using ultrasound and Naviglio®. In addition, with the aim of removing sugars, 
a selective extraction was performed (Wagner, 2009). Qualitative analyses were performed 
with 1H-NMR and HP-TLC, including HP-TLC Bioautographic assay, used also to 
investigate the antioxidant activity. In order to evaluate grape pomace phenolic content, 
quantitative analysis on total polyphenol content was performed with Folin-Ciocalteu 
method. Results and Discussion: In a preliminary HP-TLC analysis, both ultrasound-
assisted extractions (UAE) and Naviglio® extracts showed the best fingerprinting using 
50% ethanolic solution as extraction solvent. Assuming that all the extracts did not exhibit 
a rich profile, UAE lyophilized extracts showed the highest yields (29,27%) and Naviglio® 
lyophilized extracts showed the richest phytocomplex in HP-TLC evaluation. HP-TLC 
Bioautographic assay demonstrated radical scavenger activity of the extracts, for both 
ABTS and DPPH assays, between Rf 0 and 0.5. Another active fraction, undetectable with 
the UV visualizer, was found at Rf 0.65. In general UAE showed higher total phenolic 
content (white seeds extracts exhibited the best yield, 446.74 ± 10.74 mg GAE/g of dried 
extract) than Naviglio®. Comparing the red grape pomace with the white one, the former 
showed higher polyphenol content than the latter (189.11 ± 5.95 mg GAE/g of dried extract; 
116.11 ± 5.46 mg GAE/g of dried extract). Finally, extraction with ethyl acetate, aimed to 
obtain a sugar-free fraction. 1H-NMR analyses were performed in order to better describe 
the fingerprinting of our extracts. Conclusions: Even if phenolic composition of grape 
pomace and its radical scavenging activity have been widely studied in literature, we 
performed the first comparison between a conventional extraction method (UAE) and 
Naviglio® on grape pomace and seeds. Further studies will focus on the complete chemical 
characterization and the bioactivities evaluation in terms of antimicrobial and anti-
cholinesterase activities. 
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Plant Extract with anticancer activity: Hemidesmus indicus– a case study 

Massimo Tacchini, Ilaria Burlini, Guglielmo Paganetto, Giulia Greco, Carmela Fimognari, Gianni Sacchetti and 

Alessandra Guerrini 

 

Background: The great interest that natural products draw is often based on their intrinsic 
complexity, that allows them to interact with numerous molecular targets. The decoction 
of the roots of Hemidesmus indicus (L.)R.Br.(Asclepiadaceae) is widely used in the 
Ayurvedic traditional medicine for the treatment of various diseases. The goal of this 
ongoing study is achieving simple fraction(s) or pure compound(s) responsible of the 
anticancer activity. Methods: Starting from the formulation of two traditional preparations 
(decoction and hydro-alcoholic extracts), different polarity extractions were performedwith 
the aim of increasing the bio-efficacy (cytotoxic activity towards cancer cells). The 
obtained extracts were chemically characterised by RP-HPLC-DAD, GC-MS and 1H-
NMR following fully validated methods. In order to follow a bioassay-guided strategy, 
cytotoxicity tests were performed with several cancer cell lines, to evaluate the biological 
potential of H.indicus. Results and Discussion: Since 2013 our results highlighted the great 
multi-target potential of H.indicus decoction in term of cytodifferentiation and apoptosis 
induction. In 2015, we showed the anti-angiogenic activity of this traditional preparation 
and the cytotoxic potential of another traditional preparation (hydro-alcoholic extract, HE) 
against eight cancer cell lines. HE, the most performing extract, was studied in order to 
identify fraction(s) or pure compound(s) responsible of the bioactivity. The resazurin tests 
performed after incubation of HE with CCRF-CEM and CEM-ADR5000, showed IC50 
value dropping down after the elimination of sugars (from IC50=84, 85±3, 34 μg/ml to 
69,70±1, 22 μg/ml against CEM-ADR5000), and even more after soxhlet extraction 
(IC50=5,76±0, 01 μg/ml). The main chemical components of the soxhlet extract are vanillin 
derivatives. During the extraction process their concentration is increased, but they did not 
exhibit cytotoxic activity against leukaemic cells, neither tested alone, nor considered 
together. Conclusions: H. indicus soxhlet extract proved to be an interesting phytocomplex 
showing remarkable antileukaemic activity, which fractionation will be the next step to 
pinpoint the molecule(s) responsible of this biological activity. Moreover, it would be 
interesting to verify if H. indicus extracts could exhibit activity also interacting with non-
canonical cell death pathway, confirming its importance in prevention of cancer relapses 
and pharmacological resistance. 
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Hyssopus officinalis subsp. aristatus (Godr.) Nyman from Abruzzo region: 

morphological features, chemical and biological characterization of essential oil and 

hydroalcoholic extract 

 

Alessandra Guerrini1, Immacolata Maresca1, Massimo Tacchini1, Gianni Sacchetti1, Ilaria Burlini1, Mónica Paulina 

Echeverría Guevara2, Giustino Orlando3, Claudio Ferrante3, Luigi Menghini3 
1Department of Life Sciences and Biotechnology (SVeB), UR7 Terra&Acqua Tech Lab., University of Ferrara, Piazzale Chiappini 3, 

44123 Ferrara (Malborghetto di Boara), Italy; 2Department of Earth Sciences, Amazonian State University, km. 2 ½víaPuyo a Tena (Paso 

Lateral), 160106 Puyo, Ecuador; 3Department of Pharmacy, University “G. D’Annunzio” of Chieti-Pescara, 66100 Chieti, Italy 

 

Aerial parts of hyssop wildly grown in natural habitat of the Abruzzo region (Italy) were 
classified as Hyssopus officinalis subsp. aristatus (Godr.) Nyman (synonym H. officinalis 
subsp. pilifer (Pant.) Murb.) and then characterized on the basis of its essential oil 
composition and hydroalcoholic extract. Hyssopus officinalis L. (Lamiaceae), is a 
polymorphous species, well known for its pleasant aromatic scent, as an ornamental and 
bee-attracting plant, and in food industry as a condiment and spice or as a minty flavor (1). 
In Italy, the subspecies aristatus is found in Lombardia, Trentino-Alto Adige, Veneto, 
Friuli-Venezia Giulia, Umbria, Lazio, Abruzzo, Molise, Campania, Basilicata and 
Calabria. The literature (2,3) reports the peculiar features of the subsp. aristatus as floreal 
leaves ending with an arista of 1-3 mm, a calyx divided into teeth of 2–3 mm with 
lanceolate or ovate-lanceolate shape and a 7-9 mm blue-violet corolla. We confirmed these 
morphological aspects (Fig.1) and observed microscopic features. 
The chemical characterization of essential oil, performed with GC-MS and NMR analyses, 
revealed an uncommon composition, never described in literature: limonen-10-yl acetate 
(67.9%) was the main compound, followed by 1,8-cineole (15.5%) and limonene (5.8%) 
(4,5,6). The fingerprinting (HPLC DAD, HPTLC) of hydroalcoholic extract showed 
chlorogenic and rosmarinic acid among the main secondary metabolites. 
Regarding the antioxidant activity, performed by DPPH test, hydroalcoholic extract 
evidenced interesting IC50 value (38.9±2.12 µg/mL), if compared to Trolox (4,28±0.48 
µg/mL), due to chlorogenic and rosmarinic acid (IC50 of 7.29±0.17 µg/mL, 4.31±0.34 
µg/mL, respectively) as confirmed by DPPH bioautographic assay (Fig.2). The essential 
oil did not show radical scavenging capacity. The antimicrobial bioautographic and 
microdilution tests against Staphylococcus aureus are currently in progress.  
Hydroalcoholic extract was assayed for biological activities employing two cell lines. The 
antiproliferative effects and the modulation of oxidative stress were investigated on C2C12 
and HCT116 cell lines by MTT test and ROS production. In range concentration 50-300 
μg/ml, the extract resulted well borne by both cell lines.  
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On HCT116 cell line, at concentrations higher than 150µg/mL, the extract is able to 
completely revert the induced ROS production. 
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7th International Phytocosmetics & Phytotherapy Congress, 18-20 June 2018. Dublin, Ireland 

New extraction procedure for the release of bound phenolics from cereal by-

products value chain coupling sonication and alkaline hydrolysis 

Burlini I., Tacchini M., Maresca I., Guerrini A., Sacchetti G. 

 

Background: Recovering agro-food by-products as sources of biomolecules for different 
large-scale applications (e.g. cosmetics, functional foods, etc.) is a current industrial trend 
inspired by the so-called bio-based economy. On these premises, by-products derived from 
cereal value chain represent a promising source of health-promoting phytochemicals, 
phenolic acids (ferulic acid in particular), predominantly esterified to cell walls of the 
caryopsis’ bran tissues. Since approximately 60% of phenolics are bound in wheat bran, 
their effective extraction contributes to the cereal co-products valorization for health and 
food industries. Methods: Different extraction strategies were performed using ultrasound-
assisted extraction, alkaline hydrolysis and their combination to find the best set-up 
conditions for improving phenolic compounds final yield through breaking covalent bonds 
of bound phenolics. HP-TLC bioautographic assay has been used as a semi-quantitative 
screening method to identify the most active chemical fractions and to bio-guide the 
extraction to obtain enriched extracts. Folin-Ciocalteu method, followed by HP-TLC and 
HPLC-DAD analyses, was used to determine the phenolic content. Spectrophotometric 
DPPH and ABTS assays were performed to check the antioxidant activity of the extracts. 
Results and discussions: Extracts obtained by associating alkaline hydrolysis with 
sonication evidenced the highest polyphenol content (610.49±57.63 mg GAE/ g dried 
extract) and antioxidant activity both with DPPH (IC50: 3.61±0.09 μg/mL) and ABTS 
(IC50: 3.73±0.14 μg/mL) assays; hydrolysed extract without sonication showed a lower 
polyphenol content (437,58±9.93 mg GAE/ g dried extract) and a moderate antioxidant 
activity (IC50: 36.611±0.65 μg/mL with DPPH method); ultrasound-assisted extract 
exhibited the lowest polyphenol content (84.93±8,59 mg GAE/ g dried extract) and no 
antioxidant activity was detected. HP-TLC and HPLC-DAD analyses as well as HP-TLC 
bioautographic assay supported previous results, highlighting a prevalence of phenolic 
acids in both hydrolysed extracts. Conclusions: Alkaline hydrolysis with sonication 
allowed 50% reduction of extraction time, leading to a benefit in terms of total phenolics 
yield, and processing sustainability of cereal by-products processing through lowering time 
and energy consumption. To improve cosmetic applications of cereal by-products 
derivatives, further studies will be carried on through specific assays. 
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BIODIVERSITY WITHIN WILD HYSSOPUS OFFICINALIS SUBSP. ARISTATUS 

(GODR.) NYMAN FROM ABRUZZO REGION 
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Tacchini Massimo: tccmsm@unife.it 

 
Aerial parts of Hyssopus officinalis subsp. Aristatus (Godr.) Nyman (synonym H. 

officinalis subsp. pilifer (Pant.) Murb.) harvested in different natural habitats (09/2016: 
Civitaretenga, L’Aquila; 09/2018: Navelli, L’Aquila; 10/2018: Majella, Chieti) of the 
Abruzzo region (Italy) were characterized based on essential oils and hydro-alcoholic 
extracts composition. In Italy, this subspecies is found in Lombardia, Trentino-Alto Adige, 
Veneto, Friuli-Venezia Giulia, Umbria, Lazio, Abruzzo, Molise, Campania, Basilicata and 
Calabria1. The chemical characterization of essential oils, performed with GC-MS and 
NMR analyses, revealed an uncommon composition for the specimen collected in 
Civitaretenga in 2016, never described in literature: (l) limonen-10-yl acetate (67.9%) was 
the main compound, followed by 1,8-cineole (15.5%) and (l) limonene (5.8%)2,3,4. On the 
other hand, the essential oil belonging to plants harvested in 2018 in the Navelli area (near 
Civitaretenga) showed a composition comparable to the data published by Hajdari et al. 

(2018) about plants of Western Balkans: cis-pinocamphone (43.2%), methyleugenol 
(15.8%), trans-pinocamphone (11.0%), 1,8-cineole (4.4%). The last specimen, collected in 
Majella, was characterized by essential oil rich in methyleugenol (41.5%), 1,8-cineole 
(39.7%) and (l) limonene (7.6%), as described by Piccaglia et al. (1999)5. The hydro-
alcoholic extracts showed a similar fingerprinting for all specimens, characterized by the 
main presence of chlorogenic, rosmarinic and caftaric acid (RP-HPLC-DAD) and they also 
exhibited an interesting antioxidant capacity (DPPH). The plant collected in Civitaretenga 
in 2016 showed the greatest abundance of every compound. In particular, the quantity of 
chlorogenic acid was about twice as much as in the other specimens. Since a preliminary 
screening showed high cytotoxicity of the latter extract against A549 cell line, migration, 
invasion and wound healing assays were performed but with negative outcomes. 
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 Sustainable strategies for cereal by-products valorization 
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Guerrini1 e Gianni Sacchetti1 
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2Departamento de Sanidad Animal, Facultad de Veterinaria, 14071 Cordoba, Spain 

 

Triticum durum (Desf.), Oryza sativa L. and Zea mais L. are the so-called “big three” cereal 
plants as they represent the largest productions worldwide. Their large amounts of by-
products suggest the possibility of recovering them as they are important source of health-
promoting phytochemicals. According to FAO, one-third of the edible parts of food 
produced for human consumption gets lost or wastes globally; italian food wastes have 
been counted around 5.1 MT per year and, beside the mere economic loss, these numbers 
are closely related to environmental risks (1, 2).  The purpose of the present project is to 
recover wastes from the cereal industry in order to reinsert them within the dermo-
functional cosmetic market as high-added value materials, embracing the concept of 
circular economy. Phenolic acids, mostly bound to cell-walls, are the most representative 
bioactives in cereals brans and germs; ferulic acid, the main phenolic in literature, 
demonstrated several applications in both health and food industries as antioxidant, UV 
absorber, photoprotective and preservative (3, 4). For these reasons, we have developed 
more effective and greener extraction strategies, compared to those commonly used. The 
plant materials used have been selected as the main by-products obtained from the milling 
industry: brans of wheat and rice and germs of yellow and white corn. To develop the 
project, we extracted ferulic acid both through chemical and enzymatic hydrolysis, 
verifying the contribution of ultrasound waves to extractive efficacy (alkaline hydrolysis, 
alkaline hydrolysis coupled with sonication, enzymatic hydrolysis and enzymatic 
hydrolysis on sonicated material). Therefore, we performed an extraction efficacy 
screening with HPTLC to evaluate yields and the phenolic molecules extracted. It has 
followed a RP-HPLC-DAD analysis and quantification of ferulic acid in all obtained 
extracts and a spectrophotometric quantification of total phenolic content which allowed 
us to identify the most performing extractions; analyses have confirmed ferulic acid as the 
main compound in the extracts. In particular, by associating ultrasound waves to yellow 
corn germ alkaline hydrolysis, we have obtained the best results regarding yields (6.22 ± 
0.22%), content of ferulic acid (636.53 ± 3.71 µg FA/mg dried extract), and total 
polyphenols (844.46 ± 64.60 mg GAE/g dried extract). A screening test was then performed 
to evaluate the antioxidant activity and the main molecules involved through the DPPH 
bioautographic assay. The same activity has been investigated through the in vitro DPPH 
spectrophotometric assay evaluating the IC50 of the extracts: results obtained with alkaline 
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hydrolysis coupled with sonication, gave the lowest IC50 values, in particular with wheat 
bran (3.61 ± 0.09 µg/mL). 
Finally the antimicrobial activity was tested on the most performing extracts, calculating 
the MICs on three clinical isolated bacterial strains (S. aureus MRSA 185087 and MSSA 
185960, S. epidermidis 185240) and a reference strain of S. aureus (ATCC 25923): wheat 
and rice bran extracts gave the lowest MIC values against the S. aureus MRSA strain (32 
µg/mL and 16 µg/mL respectively). 
The results of this research project allow us to hypothesize possible cosmetic applications 
of the phenolic extracts obtained: the formulation of one or more dermo-functional products 
with antioxidant, anti-inflammatory and dermo-protective activities is, in fact, our next 
research goal. 
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Ocimum campechianum Mill. leaves: an Amazonian promising drug 
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Leaves of Ocimum campechianum Mill. (syn. Ocimum micranthum Willd.) were collected 
from a wild population in the Ecuadorian Amazonia, authenticated by Dr. David Neill and 
a voucher specimen was deposited at the Herbarium ECUAMZ of the Amazonian State 
University (UEA) in Ecuador. O. campechianum is a plant species of the Lamiaceae family, 
widespread across Central and South America, and it was chosen because of its broad 
spectrum of biological activities. It is traditionally used as ingredient for infusions and 
beverages or as flavouring agent for foods, against cough, bronchitis and general infections 
or as anti-inflammatory, antipyretic, to treat conjunctivitis and even as diuretic and 
emmenagogue (1, 2, 3). Literature reported also a good antioxidant capacity (4) and, 
recently, a larvicidal activity in vitro (5) for its essential oil. The plant crude drug was 
characterized based on essential oil, methanolic and hydro-alcoholic (ethanol 70%) extracts 
composition. The chemical characterization of essential oils, performed with GC-MS 
analyses, revealed a chemical profile characterized mainly by eugenol (44.1%), β-
caryophyllene (10.4 %), β-elemene (6.9%) and 1,8-cineole (7.7%). The methanolic and 
hydro-alcoholic extracts, chemically characterized for the first time in this research, 
showed a similar fingerprinting, with the main presence of rosmarinic acid, followed by 
caftaric, chlorogenic acids as minor components (RP-HPLC-DAD, NMR). The ethanolic 
extract exhibited the greatest abundance of every compound. In particular, the quantities of 
caftaric and chlorogenic acid were about twice as much as in the other extract, while 
rosmarinic acid was nearly four times more abundant. A preliminary screening of the 
extracts against A549 cell line were performed but with negative outcomes. On the other 
hand, extracts did not show any cytotoxicity against HaCat cell line, giving indication of 
safety of use of the extracts. The antibacterial activity against Pseudomonas syringae pv. 
syringae was also tested, and essential oil resulted the most active preparation with MIC of 
2.5mg/mL. All extracts exhibited a noteworthy antioxidant capacity (DPPH). The highest 
activity was showed, once again, by the essential oil with an IC50 of 7.7±0.1 μg/ml, close to 
the value of the positive control (Trolox). The hydroalcoholic extract exhibited a bioactivity 
close to the one of essential oil (11.1±0.01μg/ml), while the methanolic displayed a weaker 
activity when compared to the previous extracts (52.3±2.7 μg/ml). Rosmarinic acid and 
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eugenol, tested as main components of extracts and essential oil, respectively, showed values 
close to Trolox. The results confirmed very promising properties for the formulation of 
cosmetic and food supplements products. 
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