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Interest has grown regarding natural plant extracts in food and beverage applications, their vital role in food quality and technology, and their therapeutic use in inhibiting several diseases. The protective properties of healthy diets rich in fruits, vegetables, and whole grains are due not only to fiber, vitamins, and minerals, but also to a variety of plant secondary metabolites, particularly phenolic compounds, which are considered among the most important classes originating in plant-derived secondary metabolites. Phenolic compounds or phenolics are well-renowned for their possession of a wide array of remarkable biochemical and pharmacological properties, namely, antioxidant, antiviral, anticancer, and anti-inflammatory activities, etc. Therefore, these compounds can be functional in the prevention of many diseases and in health maintenance, in addition to phenolic-varied applications in the food, nutraceutical, and pharmaceutical industries, and due to their importance in the pharma- and nutraceutical arenas. This Special Issue (SI) aims to gather the most recent contributions concerning their chemistry, extraction methods, and analytical techniques, along with their biological activities. The interpretation of phenolic bioactivities on a molecular basis by means of both well-established and advanced bio-analytical techniques is also covered in this SI.



This Special Issue of Processes, entitled “Phenolic Compounds: Extraction, Optimization, Identification and Applications in Food Industry” (https://www.mdpi.com/journal/processes/special_issues/Phenolic_Compounds_Industry), gathers the recent work of leading researchers in a single collection, and the content covers a variety of theoretical studies and experimental applications, focusing on the phenolic compounds extraction, identification, and applications in industry. We think that the advances described by the contributors in this SI have significantly helped accomplish this target. Aside from the research articles, the Special Issue features two reviews, covering a range of topics, which highlight the versatility of the area.



The topics covered in this SI include: advanced analytical methodologies for the isolation, purification, and analysis of phenolics from food, food wastes, and medicinal plants; phenolic compounds and metabolites in plants, food, and biological samples; biological activities and mechanisms of action; health benefits, in vivo evaluation; development of novel antioxidants and phenolics-based nutraceuticals and functional ingredients.



For instance, Campos et al., [1] discuss the drying impact on the phenolic composition of pollens of Eucalyptus globulus and Salix atrocinerea plant models by using infrared irradiation technology. This technique is used to determine the moisture content in pollens. Moreover, the influence of the IR radiation over the phenolic and flavonoid profiles has also been examined by HPLC/DAD profiling and radical scavenging ability by the DPPH assay. The IR-based method shows good reproducibility and, furthermore, it reduces drying time and energy consumption, thus having a low environmental impact, and it is suitable for industrial scaling-up once no more degradation is found to occur during the radiation process.



Potter and Jones [2] studied the (poly)phenolic profiles of green waste determined by UPLC-HDMSE separation and detection techniques to identify the main phenolics present in four contrasting green waste feedstocks, viz. Smyrnium olusatrum, Ulex europaeus, Allium ursinum, and Urtica dioica. In this work, over 70 phenolic compounds with reported benefits to human health were identified, where U. europaeus was the most abundant in these compounds. Important components identified include among others procyanidins, naringenin, (−)-epigallocatechin, eriodictyol, naringenin, eriodictyol, iso-liquiritigenin and eriodictyol, plus several phytoestrogens, which highlights the importance of food waste through the formation of nutritional supplements.



Vukojaet al. [3] formulated raspberry juice phenolics and freeze-dried cellulose/raspberry encapsulates by using cellulose as carrier and studied the influence of cellulose amount and time on the complexation of cellulose and raspberry juice. An increase in the amount of cellulose during formulation resulted in the decrease in the content of total phenolics and anthocyanins. Encapsulates with 2.5% of cellulose had the highest and those with 10% of cellulose the lowest capability for inhibition of α-amylase. They concluded that cellulose in low proportions could be used as a good encapsulation material for delivering bioactives as well as for the formulation of encapsulates.



Ivić et al. [4] studied the influence of processing parameters on phenolics and color of red wine concentrates attained by reverse osmosis and nanofiltration under different pressures and membrane conditions, in order to obtain highly enriched concentrates of phenolics. It was shown that the higher the pressure applied, the greater was the drop in retentates’ temperature, as a favorable technique for higher phenolics retention. Several factors can affect the retention of individual compounds such as the operating conditions, membrane properties, chemical structure, and membrane fouling. Out of the two membrane types used, the highest concentrations of phenolics were detected in retentates obtained at around 50 bars, involving a cooling process.



The work of Wang et al. [5] involved the evaluation of phenolic compounds from potato peels and by-products by using direct ultrasound-assisted extraction system. In their study, they estimated the efficiency of various ultrasound-assisted extraction techniques, namely, direct ultrasound-assisted extraction (DUAE), indirect ultrasound-assisted extraction (IUAE), and conventional shaking extraction (CSE) in recovering antioxidants from potato peels. It was found that DUAE was more effective in extracting phenolic compounds than IUAE and CSE. Temperature, time, acoustic power, ratio of solvent to solids, and size of PPs particles were found to affect the yield of total phenolic compounds (TPC) in DUAE. DUAE was found with a higher yield TP comparable to commercial synthetic antioxidants, and the extraction rate was faster than IUAE and CSE. Furthermore, TPC yield was strongly correlated to the temperature of the mixture of the potato peels suspension. The study concluded that DUAE has the potential to transform potato peels from agricultural waste to functional ingredients.



In the work of Pușcaș et al. [6], phenolics dynamics and infrared fingerprints during the storage of pumpkin seed oil, and oleogel thereof, have been established. The work aimed to assess individual phenolics’ dynamics and infrared fingerprints during the ambient storage of pumpkin seed oil, and oleogel thereof. Several phenolics including isolariciresinol, vanillin, caffeic and syringic acids were quantified. The main changes were determined for isolariciresinol, which decreased in liquid pumpkin seed oil samples from 0.77 to 0.13 mg/100 g, whereas for oleogel samples, it decreased from 0.64 to 0.12 mg/100 g. However, during the storage at room temperature, it was concluded that the oleogelation technique might display potential protection of specific phenolic compounds such as syringic acid and vanillin after 8 months of storage. For isolariciresinol, higher amounts are registered in the oleogel than in the oil after 5 months of ambient temperature storage, which may be due oxidation processes occurred after 5 months storage for both oil and oleogel samples.



Profiling of polyphenolics of several agro-forestry by-products by using UPLC-HDMSE was reported by Potter and Jones [7]. They used UPLC-HDMSE tool to profile ethanol extracts of three common tree barks (Pinus contorta, Pinus sylvestris, Quercus robur). About 35 high scoring components with reported significance to health were tentatively characterized across the three bark extracts. Scots Pine showed generally higher compound abundances than the other two extracts. Although Oak bark extract had the lowest abundances, it exhibited higher amounts of naringenin and 3-O-methylrosmarinic acid. The study concluded that forestry bark waste can provide a rich source of extractable polyphenols suitable for use in food supplements.



In their study, Banica et al. [8] used a newly sensitive invented glassy carbon sensitive electrodes with carbon nanotubes to assess the total polyphenols content and antioxidant activity of Echinacea purpurea extracts. In this investigation, three glassy carbon electrodes (GCE) were used; three different pharmaceutical forms (capsules, tablets, and tincture) were assessed, which contain aerial or root parts of E. pururea extracts. The modified [1 mg/mL CNTs/CS 5%/GCE] electrode has superior properties compared with the other two (the unmodified and (20 mg/mL CNTs/CS 0.5%/GCE-modified)) electrodes used in the study. Echinacea tincture had the highest antioxidant capacity and total amount of polyphenols, whereas capsules and tablets had the lowest antioxidant capacity and the lowest total amount of polyphenols. Pulse-differential cyclic voltammetry represents a rapid, simple, and sensitive technique to establish the entire polyphenolic amount and the antioxidant activity of the E. purpurea extracts.



The storage stability of microencapsulated extract of Moringa oleifera was studied by Castro-López et al. [9], by assessing its in vitro-simulated digestion and cytotoxicity assessment. The extract was processed by spray-drying technique using tragacanth gum (MorTG) to improve its stability. The results of the study showed that TPC was as follows—oral (9.7%), gastric (35.2%), and intestinal (57.6%). The in vitro antioxidant activity in digestion was 300% higher than the initial value. Moreover, microencapsulated moringa extract presented a half-life up to 45 days of storage, where the noticeable change was observed at 35 °C and 52.9% relative humidity. Caco-2 cells’ viability demonstrated non-cytotoxicity, which supports the safety of the proposed formulation and potential use within the food field.



A preliminary testing of ultrasound/microwave-assisted extraction (u/m-ae) for the isolation of geraniin from Nephelium lappaceum l. peel was reported by Hernández-Hernández et al. [10]. Five extractions were performed using different (mass/volume) and ethanol/water ratios. Condition 1:16-0 was defined as the best extraction condition (only water). The major compound isolated in the two separations was geraniin, according to HPLC/ESI/MS analysis.



Jebabli et al. [11] designed an industrial-scale study of the chemical composition of olive oil process-derived matrices to investigate the effect of the industrial process and collecting period on produced olive oil and by-products was evaluated. The obtained results showed significant variations for most quality indices before and after vertical centrifugation between all samples from the three collecting periods. All the tested samples were enriched in monounsaturated fatty acid: Oleic acid (C18:1) with a maximum of 69.95%. The total polyphenols and individual phenolic compounds varied significantly through the extraction process, with a significant variation between olive oil and by-products. Remarkably, the percentage of secoiridoids and their derivatives was significant in paste and olive oil, emphasizing the activity of many enzymes released during the different extraction steps. Regarding antioxidant capacity, the most remarkable result was detected in olive oil and olive mill wastewater samples.



Nguyen et al. [12] investigated Vietnamese Dalbergia species for their fresh seeds and oil composition of fatty acids, tocopherols, and phytosterol, phenolic compounds and antioxidant activity. Among the examined samples, D. tonkinensis seed oils showed high contents of linoleic acid, whereas in D. mammosa, oleic acid was predominant. Moreover, α- and γ-tocopherol and β-sitosterol were major ingredients in the seed oils, whereas ferulic acid and rosmarinic acid are usually predominant in the seeds of these species. Concerning sterol composition, the D. entadoides seed oil figured for remarkably high content of Δ7-stigmastenol and Δ5,23-stigmastadienol. Moreover, extracts with methanol/water of seeds displayed significant in vitro antioxidant activity which was determined by DPPH free radical scavenging assay.



In his study, Nasser et al. [13] explored the phytochemical profile, biological properties of green grape verjuice. Antioxidant and antitumor activities have been assessed and various conventional methods were used to quantify the alkaloids and tannins. Results show that the verjuice extract contains alkaloids, tannins, and a high quantity of total flavonoids and total phenols. Aside from its antioxidant activity, verjuice significantly repressed human pulmonary adenocarcinoma (A549) cells’ viability in both time- and dose-dependent manners. Furthermore, verjuice extract significantly enhanced the anticancer potential of cisplatin. This study suggests a potential use of verjuice as a natural antitumor therapy.



The review of Wang et al. [14] reported an overview of natural products and their derivatives, the traditional medicine products, already described in the literature with potential to inhibit and manage SARS-CoV-2 in vitro, in vivo, or in clinical reports or trials. The study proposed that randomized, double-blind, and placebo-controlled large clinical trials are necessary to deliver solid evidence for the potential effective treatment. In addition, they suggested that carefully combined cocktails need to be assessed for preventing the COVID-19 pandemic and the resulting global health concerns thereof.



The review of Chávez-González et al. [15] entailed a comparison between the conventional and emerging extraction processes of flavonoids, which are found in plant-based foods and beverages as anon-energetic components. In this study, they examine, analyze, and discuss recent methodologies for biotechnological recovery/extraction of flavonoids from agro-industrial residues, describing the challenges and advances in the topic.
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