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General introduction

General introduction 14 Wine is one of the most complex beverages existing in the world. Each grower aims to harvest healthy and ripe grapes for the vinification process. It is believed that the cultivation of grapes has begun around 8000 years ago in the near east. Cultivated grape pips have been discovered in the Republic of Georgia; analyses have shown that they were planted between 6000 and 7000 B.C. Wine presses dating 2000 -3000 B.C were found in Turkey as well. Wine making is considered as one of the oldest technologies for mankind. Industrial waste has several environmental impacts such as water and noise pollution, soil degradation, damage to vegetation and emissions of gases and odors. In France, the ministry of agriculture is implementing a system of certification that forces environmentally friendly practices among farms and vineyards. HVE (Haute Valeur Environnementale) certification focuses on four steps: increasing biodiversity, decreasing the negative environmental impact of the phytosanitary strategy, managing fertilizer inputs, and improving water management. Some factories are shifting to ISO 14000 -14001 standard which helps in conserving the environment and in preventing pollution.

Others are focusing on the valorization of by-products to reduce the economical loses due to waste. The concept of valorization of agro-industrial waste has been gaining popularity in the past years. In terms of by-products, wine processing generates mainly pomace, lees, stems, stalks, and wastewater. The estimated amount of by-products is near 20 million tons per year, which is equivalent to 30% of the total quantity of the vinified grapes [START_REF] Melo | Winery by-products: Extraction optimization, phenolic composition and cytotoxic evaluation to act as a new source of scavenging of reactive oxygen species[END_REF]. The industrial residues of grape are mostly composed of water, proteins, lipids, carbohydrates, vitamins, minerals, fiber, and phenolic compounds. Based on its physico-chemical characteristics, winery waste is treated and valorized into a variety of products such as compost, additives, supplements fertilizers, and animal feed.

Kombucha is a traditional beverage usually prepared by the fermentation of sweetened tea leaves by what is known as "tea fungus". It is thought that the drink originated in Manchuria around 220 B.C. Having healing effects, Kombucha was called "immortality tea", "long life elixir" and "wonder tea". The microbiological spectrum of Kombucha (also known as SCOBY for Symbiotic Consortium of Bacteria and Yeasts) is obtained from a symbiotic culture of acetic acid bacteria, lactic acid bacteria and yeasts. The drink consists of two phases: a floating biofilm and a sour liquid phase. The beverage is generally characterized by a lightly carbonated texture, a slightly sweet and sour taste, and a refreshing feeling. Tea fungus is known to use sugar as its main carbon source to form a new jelly membrane during fermentation. Processing conditions including substrate type and concentration, carbon source, fermentation duration and temperature, and the source of inoculum, have been proven to impact the composition and quality of the beverage. The consumption of Kombucha has been linked to health promoting benefits due to the presence of phenolic compounds and organic acids in the drink. A notable growth in the Kombucha industry has been detected nowadays. The Kombucha market is predicted to reach USD 3.5 to 5 billion by 2025 (Kim & Adhikari, 2020) . Based on the literature, Kombucha exhibits antioxidant, anti-inflammatory, anti-diabetic, anti-cancer, and antimicrobial activities (Mousavi et al., 2020). The prophylactic effects and therapeutic characteristics of Kombucha beverages motivated researchers to further investigate the suitability of other material for Kombucha fermentation. The substrates considered are fruits, vegetables, plants, herbs, milk, and industry by-products.

Designing a novel functional beverage can be a promising area of research. To our best knowledge, no prior studies have examined the fermentation of grape pomace with the Kombucha consortium. This thesis was completed under the direction of the Chemical Engineering laboratory (LGC) at Institut National Polytechnique de Toulouse (INPT) and Paul Sabatier University in France, the Lebanese Agricultural Research Institute (LARI), and the Holy Spirit University of Kaslik (USEK) in Lebanon. The main purpose of this work was to develop a grape pomace Kombucha beverage in an attempt to valorize one of the by-products of the wine industry. The research was organized around 4 main objectives:

-Studying the effect of fermentation parameters on the physico-chemical characteristics and biological activities of the beverage -Assessing the organoleptic properties of the beverage, in addition to the consumer's acceptability -Assessing the market's response with regards to trying the newly developed beverage -Determining the shelf-life of the beverage and the food safety practices needed during production.

The manuscript is organized into 6 chapters.

The first chapter includes a literature review covering fermentation, grapes and winemaking, winery by-products and their valorization, Kombucha fermentation and health benefits, and a review paper on Kombucha analogues in the world.

In the second chapter, the materials and methods adapted throughout the research will be evoked.

The third chapter includes the preliminary trials conducted on grape pomace Kombucha, and the assessment of the effect of sucrose concentration, fermentation duration and temperature on the physicochemical characteristics and biological activities of grape pomace Kombucha.

In the fourth chapter, the effect of grape variety, short fermentation duration and scaling up on the physicochemical characteristics and biological activities of grape pomace Kombucha was investigated.

The fifth chapter covers the consumer aspect of the project. The results covered during this section are product development questionnaire, sensory evaluation, shelf-life estimation, and food safety plan.

Chapter six, the last chapter of the manuscript, includes the general conclusions and perspectives of the project in addition to some suggestions for future work.

Preface

This chapter includes the literature review conducted on the major axis that are needed in the production of grape pomace Kombucha. It begins by a brief presentation on fermentation, and fermented beverages, moves to grapes and winemaking, in addition to the characteristics of the by-products generated by the wine industry. In the last section, the different aspects of Kombucha fermentation are evoked. They include but are not limited to the production of Kombucha, the microbial composition, the chemical dynamics, the sensory characteristics of the beverages and the health benefits associated with its consumption, and the processing of non-tea Kombucha. It would be important to mention that due to the large number of scientific work published on Kombucha during the past years, divergent findings were reported by various authors. Therefore, obtaining comprehensive conclusions on this topic was complicated.
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I.1 Fermentation

I.1.1 A preview on the history and types of fermentation

A large array of food products and ingredients is the results of microbial fermentation. Fermentation is the process through which substrates are converted to products due to the growth and activities of microorganisms. Fermented foods date back many centuries and go back to the origins of microorganisms. Fermentations involving the production of ethanol are among the most ancient fermentations known. Mead was made long before humans had arrived. Honey was diluted naturally with rainwater and was fermented by the yeasts that lived in the surrounding environment. The art of Kefir beer production goes back to pre-historical times. The earliest evidence on wine production was found in Georgia and dates to 6,000-5,800 BC. Acetic acid and lactic acid fermentations are also among the oldest and most important types of fermentation. Traditionally, food fermentation was used to preserve food products and prevent their spoilage. The raw material targeted were diverse and included fruits, cereals, honey, vegetables, milk, meat, and fish. This technique was invented long time ago before the discovery of microorganisms. However, it was common knowledge that certain products needed an inoculum and therefore a sample from the previous batch done was kept and used [START_REF] Hui | Effect of fermentation on the antioxidant activity in plant-based foods[END_REF][START_REF] Mcgovern | Early Neolithic wine of Georgia in the South Caucasus[END_REF].

Fermentation plays major roles in food processing. It preserves food products, improves food safety through the inhibition of pathogens, improves the nutritional value of food items and enhances the organoleptic properties of food [START_REF] Bourdichon | Food fermentations: Microorganisms with technological beneficial use[END_REF]. According to scientific knowledge food fermentations are classified into different categories; according to the type of reaction that takes place. In general, alcoholic fermentation involves the conversion of sugars to ethanol and carbon dioxide. It can be performed by yeasts (such as Saccharomyces cerevisiae) or bacteria (such as Zymomonas mobilis). The common applications of alcoholic fermentation include and are not limited to, wine, beer, bread, and mead production. Lactic acid fermentation is assured through the production of lactic acid in anaerobic conditions, by lactic acid bacteria (such as Lactobacillus and Pediococcus sp.). Yogurt and Sauerkraut are examples of foods made in those conditions. Finally, acetic acid fermentation, which is ensured through the conversion of ethanol to acetic acid in the presence of oxygen, is typically achieved by acetic acid bacteria such Chapter I 20 (such as Acetobacter sp.) Vinegar, soy sauce and Kombucha are typical applications of acetic acid fermentation.

I.1.2 Fermented beverages: trends and health benefits

The number of new products with functional claims has been increasing for the last decades.

Consumers are becoming more health conscious and are willing to pay extra for healthy foods.

Functional foods can be considered to be the top trend in the food industry. As a matter of fact, the functional beverage market is one of the most growing sectors of the global food trade , and is estimated to account for around 40% of the overall beverage consumer demand by 2025 [START_REF] Nazir | Opportunities and challenges for functional and medicinal beverages: Current and future trends[END_REF].

The fermentation process improves the antioxidant activity of food products by increasing the release of flavanoids in plant-based foods and the supply of natural antioxidants and polyphenols. The synthesis of various bioactive compounds is enhanced or facilitated by the structural breakdown of vegetal cell walls by fermentation. Lactic acid bacteria are widely used because they cause the liberation of phenolic compounds after hydrolyzing the polymerized phenolic compounds. They reduce the generation of reactive oxygen species to levels that are not harmful to cells [START_REF] Hur | Effect of fermentation on the antioxidant activity in plant-based foods[END_REF].

Beverages are the most effective category among functional foods. They are convenient, can be distributed easily and they can be incorporated with the desirable nutrients and bioactive compounds. They can be classified into three types: dairy based beverages, fruits and vegetables beverages and sports and energy drinks. Dairy based beverages are considered excellent sources of probiotics. They can also be enriched with bioactive compounds (such as fatty acids, αlinoleic acid, eicosapentaenoic acid and docosahexanoic acid). Fruit juices can be supplemented with probiotics, vitamins, and minerals. Sports and energy drinks are fortified with nutrients, electrolytes, and vitamins [START_REF] Corbo | Functional Beverages: The Emerging Side of Functional Foods Commercial Trends, Research, and Health Implications[END_REF]. Fermented dairy products (such as yogurts and milk from many sources) have been produced in many cultures in the world. They are linked with several health benefits such as lowering hypertension, increasing systemic immunity, decreasing cholesterol levels and blood pressure, and treating IBS and constipation. Fermented cereals, grains and rice are also very popular in Africa. They are associated with the improvement of gastrointestinal health (Marsh et al., 2014). Another example of non-alcoholic Chapter I 21 fermented beverages is Hardaliye. Originating from Turkey, this fruit-based drink is obtained from a mixture of red grape juice, mustard seeds and some other ingredients such as pomace and sour cherry leaves. The microbial population of Hardaliye is composed of Lactobacilli and some unknown fungal species. Having an acidic taste, the beverage is characterized by its content of probiotics and antioxidants [START_REF] Baschali | Traditional low-alcoholic and non-alcoholic fermented beverages consumed in European countries: A neglected food group[END_REF].

I.2 Grapes and the winemaking process I.2.1 The origins and history of viti-viniculture

Vine cultivation and the spread of viticulture have emerged around 8000 years ago in the near east. Cultivated grape pips have been discovered in the Republic of Georgia; analyses have shown that they were planted between 6000 and 7000 B.C. Some evidence was found in prehistoric Neolithic sites in Europe and the Near East. The earliest grape horticulture practices have been attributed by some authors to the Chalcolithic period and to the Bronze Age in the Levant area. Additional findings from the Bronze Age were located in the Near East: presses, vessels and artistic depiction of grapes. For example, wine presses dating 2000 -3000 B.C were found in Turkey. The exact origin of wine might have been due to an accidental transformation of fruit juice into a beverage with interesting properties. The existence of wine in ancient history can be proven by paintings and old historic scripts. The Greek started making major contributions to viti-viniculture in 1000 B.C. by classifying grape varieties, studying its color, ripening characteristics, diseases, and soil preferences. Grapes belong to a family of climbing trees known as Vitaceae (also named Ampelidacae). Having 15 genera, Vitis is the grape bearing genus. There are more than 65 species of Vitis, but most of the world's wine is produced using Vitis Vinifera (Abrol et al., n.d.;[START_REF] Grainger | Wine Production and Quality[END_REF][START_REF] Mcgovern | The Origins and Ancient History of Wine[END_REF].

I.2.2 Grape composition I.2.2.1 General composition of grapes

Understanding when and how different compounds develop in the berry is crucial to apprehend the constitution of grapes, wines and their manipulation to obtain the desired quality. The development of Vitis vinifera berries consists of two sigmoidal growth periods separated by a lag phase. The first period starts with the bloom and lasts approximately 60 days afterwards. During that phase, the volume of the berry increases because of the accumulation of solutes (especially tartaric and malic acids). Other compounds such as hydroxycinnamic acids, tannins, minerals, amino acids, micronutrients, and aromas begin to pile up as well. The second phase (or veraison) is characterized by a softening and coloring of the berry. The size of the fruit doubles which causes a decrease in the concentration of certain solutes (such as malic acid, tannins, and certain aroma compounds). The amount of sucrose and fructose rises (due to the hydrolysis of sucrose); in addition to the quantity of some secondary metabolites that can impact wine quality (such as anthocyanins and terpenoids). The development stages of the berry are shown in figure I.1 [START_REF] Kennedy | Understanding grape berry development[END_REF]. 
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The proportion of elements is directly linked to several factors (grape variety, grape-growing practices, harvest date, geographical location, environmental factors, and grape shriveling).

Grapes contain amino acids which provide the yeast with a supply of nitrogen for fermentation and influence the production of aromatic compounds. They can be divided into three groups: yeast preferred amino acids, depending on the type and strain of the microorganism, (such as aspartic acid, glutamic acid, asparagine, serine, arginine, alanine, glutamine), branched amino acids (such as valine, leucine, isoleucine, phenylalanine) and other amino acids (such as histidine, glycine, threonine, γ-amino butyric acid, tyrosine and proline). Their concentration is known to increase during maturation but it can reach a certain plateau (or even decrease) during late ripening (Šuklje et al., 2016). Lipids are vital for the metabolism and structure of yeast cells.

They are essential and play a significant role in grape berries. Their composition depends on the location of berry tissues and on the type of cultivar. Skins contain high levels of saturated fatty acids (such as stearic acid, palmitic acid, lignoceric acid and triterpenoids); whereas the proportion of unsaturated fatty acids in seeds predominates the amount of free fatty acids (with linoleic and linolenic acids being the most abundant). Airén and Tempranillo cultivars showed different lipid composition, free fatty acid profiles and content of glycerophospholipids [START_REF] Pérez-Navarro | LC-MS/MS analysis of free fatty acid composition and other lipids in skins and seeds of Vitis vinifera grape cultivars[END_REF]. The elemental composition of Cabernet Sauvignon in different types of soil was examined by [START_REF] Acuña-Avila | Relationship between the elemental composition of grapeyards and bioactive compounds in the Cabernet Sauvignon grapes Vitis vinífera harvested in Mexico[END_REF]. Potassium (K), calcium (Ca), magnesium (Mg) and sodium (Na) were the most abundant minerals found and they were not influence by the type of soil. On the other hand, some elements such as copper (Cu), iron (Fe), Manganese (Mn), strontium (Sr), titanium (Ti) and lead (Pb) were dependent on the grape yard.

I.2.2.2 Bioactive compounds and health benefits

Grapes are a good source of health promoting compounds. They are rich in vitamins and polyphenols. Vitamins C and E, which are considered to be important antioxidants, have been widely analyzed in grapes. For example, [START_REF] Aubert | Chemical composition, bioactive compounds, and volatiles of six table grape varieties (Vitis vinifera L.)[END_REF] investigated the bioactive molecules in 6 different varieties of grape. The content of ascorbic acid ranged between 2.1 and 4.4 mg/100 g, whereas the concentration of vitamin E determined was between 5.0 and 8.1 mg/kg. Grape phenolics have attracted intense interest from researchers and public due to their properties. They are the third most abundant constituent in grapes and wines after carbohydrates

Chapter I 25 and organic acids [START_REF] Rousserie | From Flavanols Biosynthesis to Wine Tannins: What Place for Grape Seeds[END_REF]. Typically, they are defined as a group of chemicals containing a hydroxyl functional group (-OH) attached to an aromatic hydrocarbon. They can be distinguished into two categories depending on their structure: non-flavanoids and flavonoids (figure I.2 adopted from Rasines-Perea & Teissedre (2017)). Non-flavanoids:

The differences between compounds from both groups are the number and orientation of phenolic sub-units within the molecules. As shown in figure I.3, non-flavanoids are usually present in all parts of the berry (skin, flesh and seeds). They include hydroxycinnamic acids (characterized by C6-C3 skeleton), hydroxybenzoic acids (characterized by a C6-C1 skeleton), and some derivatives (such as stilbenes). A particular stilbene, resveratrol, has attracted general attention due to its beneficial properties.

Flavanoids:

Flavonoids are responsible for a significant portion of the phenolic material in grapes. They are characterized by a basic structure of 15 carbon atoms including 2 aromatic rings bound through a 3-carbon chain. They include distinct subclasses because of some differences in the oxidation state and substitution on ring C. The major classes of grape flavonoids are the anthocyanins, flavanols, flavanones, and monomeric and oligomeric compounds (flavan-3-ols). The oligomeric compounds are known as proanthocyanidins or tannins. Anthocyanins are responsible for the red color in wine. They are produced during ripening and their concentration depends on the grape variety and overall growing conditions. Cyanidin, delphinidin, peonidin, pelargonidin, petunidin,
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and malvidin are major monomers of anthocyanins [START_REF] Cosme | Phenolic Compounds and Antioxidant Activity in Grape Juices: A Chemical and Sensory View[END_REF]. Flavanols (flavan-3ols) are more abundant in red grapes. They are produced before veraison and their amount changes during ripening. The most famous flavanols in grapes are catechin, epicatechin, epicatechin-3-o-gallate [START_REF] Kennedy | Grape and Wine Phenolics: History and Perspective[END_REF]. Flavonols are present in grape skins. They vary in color ranging between white and yellow and are represented mainly by quercetin, kaempferol, isorhammetin and myricetin in addition to some glucoside derivatives [START_REF] Makris | Flavonols in grapes, grape products and wines: Burden, profile and influential parameters[END_REF].

The polyphenolic constitution of grapes has been intensively studied and was attributed to different factors such as grape variety, climate conditions (temperature, sunlight, and soil characteristics…). The effects of sunlight exposure and temperature on the skins of Merlot grapes were investigated by [START_REF] Spayd | Separation of Sunlight and Temperature Effects on the Composition of Vitis vinifera cv. Merlot Berries[END_REF]. The authors reported that elevated temperatures decreased anthocyanin concentration, while light increased total concentration of monomeric anthocyanins. The biosynthesis of flavonols was stimulated by UV-light. Elemental analysis of soil composition showed a direct relationship between the minerals present in the vineyard and the phenolic content of grapes. Soils having a water deficit, a high electric conductivity and a high content of metals (such as iron and magnesium) were attributed to grapes having a higher total content of phenols [START_REF] Acuña-Avila | Relationship between the elemental composition of grapeyards and bioactive compounds in the Cabernet Sauvignon grapes Vitis vinífera harvested in Mexico[END_REF]. Illumination was positively associated with an increase in the concentration of phenolics in Riesling grapes. Removing leaves from the berries (higher light interception), results in an augmentation of skin content of quercetin glycosides and some hydroxycinnamic acids [START_REF] Friedel | Impact of light exposure on fruit composition of white "Riesling" grape berries (Vitis vinifera L.)[END_REF].

The consumption of grapes (and grape-products) is not only due to the appreciation of its sensory characteristics but also because of the beneficial effects claimed. The richness of grapes in phenolic compounds was associated with a variety of health advantages. Several clinical studies have demonstrated that grapes carry out a number of biological activities such as: antioxidant anti-inflammation, anti-aging and anti-microbial activities; protection against cardiovascular diseases and against cancer; in addition to other roles. The mechanism of action was mainly attributed to the chemical structure of polyphenols: the number and position of the hydroxyl group, as well as the nature of substitution on the aromatic rings. They have the ability to sequester reactive oxygen species (ROS), such as hydroxyl radical and oxygen singlet [START_REF] Cosme | Phenolic Compounds and Antioxidant Activity in Grape Juices: A Chemical and Sensory View[END_REF]. Additional positive effects associated with grape polyphenols are mentioned in the [START_REF] Vaquero | Influence of phenolic compounds from wines on the growth of Listeria monocytogenes[END_REF] Chapter I
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II.2.3 Vinification

Wine making is considered as one of the oldest technologies for mankind. It started accidently as a way to store perishables and developed to become a method of preservation and preparation of high-quality products. Wine was mentioned in several ancient manuscripts such as the Riveda and the New Testament. The spontaneous fermentation of grape juice by natural micro flora caught the attention of many scientists. In the 19 th century, Pasteur revolutionized the industry of wine by studying the role of yeast and bacteria (Abrol et al., 2017) After harvesting the grapes, the winemaking process begins. Various approaches can be taken in the production of wine.

They vary according to the style, quality and quantity of wine being made. In general, winemaking starts by crushing / de-stemming: the grape stalks are usually removed to prevent bitterness tainting the juice. Following this, the grapes can be lightly crushed, depending on the technique followed. The juice and skins (must) are then transferred into fermentation vats.

During fermentation, grape sugars are transformed into ethyl alcohol and carbon dioxide as shown in the equation C6HI206 → 2 C2H50H + 2 C02. Fermentations are initiated by native yeasts, and they are characterized by a changing progression of species. Each one becomes dominant and then diminishes as the medium changes (mainly the concentration of ethanol). If the alcohol-tolerant species Saccharomyces cerevisiae does not develop, fermentation may stop, leaving the resulting wine residually sweet and unbalanced [START_REF] Grainger | Wine Production and Quality[END_REF]. A secondary fermentation also known as malolactic fermentation takes place. During this stage lactic acid bacteria convert malic acid to lactic acid, which contributes to the complexity and microbiological stability of the wine [START_REF] Baiano | Wine Processing: A Critical Review of Physical, Chemical, and Sensory Implications of Innovative Vinification Procedures[END_REF]. Subsequently, the wine undergoes aging (or maturation). This step is required to soften the tannins and drop acidity levels. The choice type of vessel and the period of time depend upon the style of wine to be produced and quality and cost factors. During this time, wine will undergo a controlled oxygenation and will absorb some oak products such as wood tannins and vanillin. Before bottling, some treatments might be done to ensure the clarity and stability of wine (such as fining, filtration and pasteurization). The shape of the bottle used depends on the wine style and grape variety [START_REF] Grainger | Wine Production and Quality[END_REF] Chapter I

I.2.4 Wine composition and health benefits

Generally, the chemical compositions of wines and grapes are quite similar in terms of chemical families. Wine composition is affected by numerous factors such as grape variety and ripeness, wine making practices, yeast strains and wine types. Water, sugars (glucose, fructose and minor levels of sucrose), alcohols (ethanol with trace levels of terpenes, glycerol, and higher alcohols), organic acids (tartaric, malic, levels of lactic, succinic, oxalic…), minerals (potassium, calcium, sodium, magnesium, iron…), nitrogenous compounds (such as proteins and amino acids), phenolic compounds (flavanoids and non flavanoids) and flavor compounds (such as esters) are usually detected in wines [START_REF] El Rayes | Cross-flow microfiltration applied to oenology: A review[END_REF][START_REF] Vilanova | Influence of Saccharomyces cerevisiae Strains on General Composition and Sensorial Properties of White Wines Made from Vitis vinifera cv. Albariño[END_REF][START_REF] Vine | Winemaking From Grape Growing to Marketplace[END_REF].

During fermentation and aging, components found in the grape undergo various chemical and enzymatic reactions and therefore affect the quality of the beverage. Phenolic compounds, being highly unstable, experience structural modifications that impact the sensorial characteristics of wine due to the production of polymeric pigments [START_REF] Cheynier | Structure and Properties of Wine Pigments and Tannins[END_REF]. The quality of wine, as most of plant derived products, is dependent on the metabolites present [START_REF] Ali | Metabolic constituents of grapevine and grape-derived products[END_REF].The phenolic composition of wine undergoes some changes due to biotransformation that takes place during fermentation. The evolution of polyphenols from grapes to wine depends on variety of factors such as physico-chemical characteristics of the medium, microbial community, and fermentation parameters. In general, during winemaking, polyphenols can undergo many reactions including but not limited to oxidation, condensation, glycosylation, hydroxylation, polymerization, and cycloaddition (Moreno-Arribas & Polo, 2009).

Long term, moderate consumption of wine has been linked to health benefits for thousands of years. Greek philosophers praised the healing power of grapes usually in the form of wine. It has been estimated that the medicinal use of wine dates back to 2200 BCE. In the early 1990s, media coverage of the "French paradox" popularized the health benefits of red wine. Twenty years after the formulation of this concept, there have been a substantial number of studies covering the possible health benefits that reasonable wine consumption has on human health [START_REF] Aleixandre | Mapping the Scientific Research on Wine and Health (2001-2011)[END_REF]. Naturally occurring substances such resveratrol, quercetin, and catechin have been widely investigated for their pharmacological roles as antioxidants, anti-inflammatory and anticlotting agents [START_REF] Tomera | Current knowledge of the health benefits and disadvantages of wine consumption[END_REF].
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Due to the rich phenolic constitution of wine, several reports have exploited the antioxidant activities of the beverage. Wine polyphenols were shown to be 20 and 50 times more potent antioxidants than vitamins C and E, respectively; and twice more potent antioxidants than αtocopherol [START_REF] Ali | Metabolic constituents of grapevine and grape-derived products[END_REF]. According to [START_REF] Xiang | Health benefits of wine: Don't expect resveratrol too much[END_REF], DPPH free radical-scavenging activity and superoxide anion radical-scavenging activity of red wine were correlated with the concentration of phenolic compounds. Polyphenols also inhibit the oxidation of LDL and the aggregation of platelets; therefore, they can prevent coronary heart disease. A moderate consumption of wine offers a good protection against low-density lipoprotein cholesterol (LDL-C) and is associated with desirable changes in high density lipoprotein-cholesterol (HDL-C) and fibrinogen. Procyanidin is capable of inhibiting some enzymes which catalyze the release of many substances promoting inflammation, such as, histamine, serine protease, prostaglandin, and leukotrienes. They can also prevent the activation of hyaluronidase, a proteoglycan splitting enzyme that attacks various tissues during inflammation [START_REF] Ali | Metabolic constituents of grapevine and grape-derived products[END_REF][START_REF] Liu | Grape seed procyanidin suppresses inflammation in cigarette smoke-exposed pulmonary arterial hypertension rats by the PPARγ/COX-2 pathway[END_REF]. Table I.3 lists various biological activities of wine in the literature.

Table I.3: Reported biological activities of wine

Biological activity and clinical effect Reference

Neuroprotective effect and protection against Alzheimer's disease [START_REF] Jang | Protective Effects of Red Wine Flavonols on 4-Hydroxynonenal-Induced Apoptosis in PC12 Cells[END_REF] Protection against hypertension, diarrhea, cancer, and asthma [START_REF] Namkung | Inhibition of Ca2+ activated Cl-channels by gallotannins as a possible molecular basis for health benefits of red wine and green tea[END_REF] 

I.2.5 Winery waste

Industry waste has several environmental impacts such as water and noise pollution, soil degradation, damage to vegetation and emissions of gases and odors. In France, the ministry of agriculture is implementing a system of certification that forces environmentally friendly practices among farms and vineyards. HVE (Haute Valeur Environementale) certification focuses on four steps: increasing biodiversity, decreasing the negative environmental impact of the phytosanitary strategy, managing fertilizer inputs, and improving water management. Some factories are shifting to ISO 14000 -14001 standard which helps in managing the environment and preventing pollution. Others are focusing on the production of by products to reduce the economical loses due to waste.

I.2.5.1 Winery by-products

The wine industry generates a huge amount, of residues: grape pomace, vine shoots, stalks, wine lees and filtration cakes. It is estimated in fact that for each liter of wine produced, 0.3-0.5 kg of by-products is generated, excluding the waste during pruning season [START_REF] Nanni | Wine By-Products as Raw Materials for the Production of Biopolymers and of Natural Reinforcing Fillers: A Critical Review[END_REF].

Vine shoots consist of stems, leaves, tendrils, and fruits. Grape pomace is made of skin, pulp, seeds, and stems. The lees are the yeast deposits. The grape stalk is composed mainly of stems.

Each by-product has certain chemical characteristics which affect its' constitution and therefore has specific potential uses and applications. For example, pomace and lees contain tartaric acid and can be used as food preservatives. Stalks are usually processed into animal feed and compost. Oil can be extracted from the seeds. Antioxidants can be obtained from the pomace, skins and lees. Several research projects have been funded in order to exploit the grape processing residues (Galanakis et al., 2017). One of the main problems associated with winery residues, is the generation of large amounts of waste during a short period of time, due to the seasonality of the industry (August until October). For instance, 5.06-6.33 x 10 6 tons of grape pomace were obtained in Europe in 2019 [START_REF] Nanni | Wine By-Products as Raw Materials for the Production of Biopolymers and of Natural Reinforcing Fillers: A Critical Review[END_REF]. [START_REF] Bustamante | Agrochemical characterisation of the solid by-products and residues from the winery and distillery industry[END_REF], reported that in 2005, the quantity of winery waste in Spain was estimated to be 281 x 10 3 ton of grape stalks; 787 x 10 3 ton of pomace; 337 x 10 3 ton of wine lees and 24 x 10 6 m 3 of wastewater.

In fact , disposal fees and fines reaching 30,000-40,000 Euros (and a prison sentence sometimes) are imposed on Spanish wineries by the government in an attempt to reduce industrial waste and promote recycling, treatment and valorization [START_REF] Devesa-Rey | Valorization of winery waste vs. The costs of not recycling[END_REF].
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In general, wine waste is characterized by an acidic pH, a notable content of polyphenols, phosphorus, potassium and organic matter, and a low amount of micronutrients and heavy metals. The chemical composition of vine shoots includes cellulose (34%), hemicellulose (20-30%), lignin (20-27%), ashes (3-4%) proteins (5%), and tannins (1.25%). Grape stalk is made of cellulose (20-30%), hemicellulose (15-20%), lignin (17-26%), condensed tannins (6-16%), proteins (6%), ashes (6-9%), and soluble polyphenols (1-3%). Grape pomace contains lignin (34-41%), neutral polysaccharides (30%), pectin substances (20%), condensed tannins (15%), cellulose (10.5%), proteins (10%), ashes (8-9%), hemicellulose (6.1%), and soluble polyphenols

(1-2%) [START_REF] Nanni | Wine By-Products as Raw Materials for the Production of Biopolymers and of Natural Reinforcing Fillers: A Critical Review[END_REF]. Wine lees are made of a solid phase (yeast and bacteria, cellulose, hemi-cellulose and lignin, proteins, organic salts, pectin substances pigments) and a liquid phase (organic acids and ethanol). Separating the different components of grape marc can be beneficial to valorize each element according to its physico-chemical characteristics [START_REF] Toscano | Analysis of the characteristics of the residues of the wine production chain finalized to their industrial and energy recovery[END_REF].

A group of scientists in Brazil worked on characterizing grape pomace (Benitaka) in order to assess the chemical composition, mineral content, functional properties, microbiological quality and toxicity of that grape variety. Fresh grape marc was transformed into flour, with a yield close to 32%. The results of physico-chemical analyses came as follows: grape pomace a low pH (3.82), and a high content of dietary fiber (46.17g/100g). Carbohydrates accounted for 29.20 g/100g of sample where fructose was found to be the most abundant sugar present (8.91 g/100 g) followed by glucose (7.95 g/100 g). No significant amounts of sucrose were traced in the samples. The bioactive compounds present were Vitamin C (26.25 mg ascorbic acid/100g), anthocyanins (131 mg /100 g) and total dietary fiber (insoluble dietary fiber (36.4 g/100g) was higher than the soluble dietary fiber, 21% (9.76 g/100g). Microbiological analyses demonstrated that the samples showed no contamination and toxicity [START_REF] Sousa | Chemical composition and bioactive compounds of grape pomace (Vitis vinifera L.), Benitaka variety, grown in the semiarid region of Northeast Brazil[END_REF]. Another study investigated the agrochemical attributes of 87 samples of residues from Spanish wineries. The results came as follows: low pH (mean values ranged from 3.8 to 6.8) and electrical conductivity values (1.62-6.15 dS .m -1 ) ; high organic matter (669-920 g. kg -1 ) and macronutrient contents, especially in Potassium (11.9-72.8 g.kg -1 ); rich polyphenol concentration (1.2-19.0 g .kg -1 ) and low amount of micronutrients and heavy metals [START_REF] Bustamante | Agrochemical characterisation of the solid by-products and residues from the winery and distillery industry[END_REF]. Grape seeds and pomace oil extracts were analyzed by [START_REF] Baydar | Characterization of grape seed and pomace oil extracts[END_REF]. Samples were rich in in oleic and

Chapter I 34 linoleic acids (oil concentration ranged between 12.35 to 16.00% in seeds and 5.47 to 8.66% in pomace) and in polyphenols with α-tocopherol being the most abundant.

I.2.5.3 Treatment options and valorization

Residues produced by all industries present an environmental and economical concern and thus several treatment methods are followed. to have a suppressive effect on different plant pathogens (Bustamante et al., 2011). Wine byproducts are exploited for their polyphenolic content and their physi-chemical characteristics.

For example, compost processed from pomace is characterized by its good quality and good physicochemical properties. On the other hand, grape skin is a good source for the production of pullulan; a polysaccharide used in low calorie ingredients and food, who can also function as a viscosity imparter, a binder and a packaging agent. Wine wastewater is a cheap source of sorbents. It removes heavy metals from effluent caused by industries [START_REF] Arvanitoyannis | Potential uses and applications of treated wine waste: A review[END_REF]. Winery waste has many potential uses and can be employed in a number of industries. A summary of the innovative applications of wine by-products is listed in table I.4. during the Tsin dynasty. The birth of Kombucha teas is often described as mysterious; most historians attribute its roots to certain areas in the far east such as China, Japan, Korea, and India.
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Japan was considered among the first areas outside China to brew Kombucha teas. It was brought there by Dr. Kombu, a Korean physician, as a curative for the emperor Inkyo who suffered from digestive disorders. Kombucha was used by Dr. Kombu as part of the therapy and was shown to be an effective treatment. Some historians attribute the name of the beverage to a combination of the Korean physian ("Kombu") and the Japanese word for tea ("Cha").

Kombucha found its way into Russia through traders from the south. It became a part of life in the small mountain communities. "Tea Kvass" (the Russian common term for the beverage), gained its popularity after Joseph Stalin sent a team of researchers to conduct epidemiological studies to investigate cancer rates. The scientists found out that the two small areas where Kombucha was consumed by the population had the lowest cancer rates in spite of the heavy pollution and the high consumption of alcohol. As a result of the trade route expansions in the 20 th century, Kombucha reached Europe. However, due to the shortage of tea and sugar in World War II, it was hard to produce then. It gained popularity in the 1960s, following a study conducted in Switzerland that compared its health benefits to those of yogurt. In the 1990s, the "wonder tea" flourished in the domestic markets. Kombucha was called "immortality tea", "long life elixir" and "wonder tea" for the health benefits it presented (Petro, 1996).The fermented tea has many common names other than Kombucha, such as "Tea Fungus", "Kargasok Tea", "Manchurian Mushroom" and " Haipao" (Greenwalt et al., 2000).
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I.3.2 Production and ingredients

Kombucha is a non-alcoholic beverage made by fermenting tea and sugar with a symbiotic consortium of bacteria and yeast (SCOBY). The process is similar to the production of vinegar: yeast fermentation of sugar to ethanol, followed by the bacterial fermentation of alcohol to acetic acid. The yeast found in SCOBY starts by converting sucrose into fructose and glucose while producing alcohol. On the other hand, acetic acid bacteria transform glucose into gluconic acid and fructose into acetic acid. Lactic acid bacteria, when they are present generate lactic acid (Dufresne & Farnworth, 2000).

Generally, tea leaves are added to boiling water where they are left to infuse for some time.

Afterwards, they are removed, and the mixture is sweetened and allowed to cool. Vinegar, Kombucha solution and a small part of Kombucha solid phase (SCOBY) are added to the surface of the tea. The preparation is left to incubate for a certain time before obtaining the final product.

Each ingredient plays a specific role in order to produce the desired beverage. According to [START_REF] Loncˇar | Biosynthesis of glucuronic acid by means of tea fungus[END_REF], cultivating the culture while using the standard recipe (black tea and sucrose) will yield a refreshing beverage having a high nutritive value and healing properties.

Sucrose is the source of carbon for Kombucha fermentation. The substitution of sucrose with any other sugar has an impact on the metabolites formed in the beverage but has an insignificant effect on the taste of the product. The influence of different types of sugar (sucrose, lactose, glucose and fructose) on the production of ethanol and acetic acid in fermented teas was studied.

Sucrose and fructose gave the highest yields of ethanol [START_REF] Reiss | Influence of different sugars on the metabolism of the tea fungus[END_REF]. The concentration of sucrose also affects the synthesis of bacterial cellulose since the starter culture cannot produce an adequate amount of cellulose without a source of carbon. The highest yield of cellulose (66.7%) was produced at a sucrose concentration of 90 g/L [START_REF] Goh | Fermentation of black tea broth (Kombucha): I. Effects of sucrose concentration and fermentation time on the yield of microbial cellulose[END_REF]. A study conducted in Serbia compared the characteristics of Kombucha fermentation on sucrose and on three different types of molasses. Products with molasses had a higher total acidity, a lower content of acetic acid, a lower content of remaining sucrose and a higher yield of biomasses. The beverage prepared with molasses had a darker color, a slightly carbonated sweet taste, and a typical smell of molasses (Malbasˇa, Loncˇar, & Djuric´, 2008) .
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I.3.3 Microbial composition

The microbial diversity of Kombucha has been exploited by many researchers. Tea fungus is the common name given to the symbiotic culture of bacteria and yeast (SCOBY); however, tea fungus is not a mushroom. The name is due to the synthesis of cellulose on the surface of the drink which looks like mold (Hesseltine, 1965). The microbiological spectrum of SCOBY varies between fermentations; therefore, the exact composition cannot be determined. Microbial composition of the starter culture depends on the source of inocula used, production parameters and recipe. The fermentation process and product properties of the tea are linked to the type of microorganisms employed. Biochemical analysis validated the presence of Acetobacter organisms. Komagataeibacter saccharivorans and Zygosaccharomysis bailli were identified by isolates molecular characterization [START_REF] Mukadam | Isolation and Characterization of Bacteria and Yeast from Kombucha Tea[END_REF] . Metagenomic sequencing confirmed the dominance of Komagataeibacter, Gluconacetobacter, Gluconobacter. Brettanomyces, Schizosaccharomyces species , Hanseniaspora valbyensis , and Liquorilactobacillus, [START_REF] Mas | Evolution in Composition of Kombucha Consortia over Three Consecutive Years in Production Context[END_REF]Villarreal-Soto et al., 2020) 

I.3.3.1 Yeast

A wide range and extensive variation of Kombucha yeast species have been reported in the literature. In general, they are characterized by their osmo-tolerance, their production of alcohol and other flavor compounds, and by their acid tolerance. [START_REF] Teoh | Yeast ecology of Kombucha fermentation[END_REF] investigated the yeast ecology of Kombucha and reported the dynamics present: osmotolerant yeasts launch the fermentation and acid tolerant species carry on and dominate the medium. Analysis of the fermented tea has revealed the presence of a broad spectrum of yeasts. Table I.5 provides a list of some of the identified yeast strains in Kombucha literature.

Chapter I 39 [START_REF] Mukadam | Isolation and Characterization of Bacteria and Yeast from Kombucha Tea[END_REF] Zygosaccharomyces bailii [START_REF] Nguyen | Evaluation of the Glucuronic Acid Production and Other Biological Activities of Fermented Sweeten-Black Tea by Kombucha Layer and the Co-Culture with Different Lactobacillus Sp. Strains[END_REF] Brettanomyces (Dekkera) bruxellensis [START_REF] Reva | Metabarcoding of the Kombucha microbial community grown in different microenvironments[END_REF] Zygosaccharomyces bailii, Dekkera anomala, Pichia kudriavzevii, P. occidentalis [START_REF] Teoh | Yeast ecology of Kombucha fermentation[END_REF] Schizosaccharomyces pombe, Zygosaccharomyces bailii, Brettanomyces (Dekkera) bruxellensis, Candida stellata, Torulaspora delbrueckii, Rhodotorula mucilaginosa Gluconobacter are the most abundant genera (Jayabalan et al., 2014;Villarreal-Soto et al., 2018). Sequence based analyses of multiple samples revealed the presence of five bacterial phyla: Actinobacteria, Bacteroidetes, Deinococcus-Thermus, Firmicutes and Proteobacteria (which was the most abundant). The most dominant species of Proteiobacteria were Gluconoacetobacter and Acetobacter. Considerable proportions of lactic acid bacteria were detected as well, such as Lactobacillus and Lactococcus (Marsh et al., 2014). However lactic acid bacteria are not always found in Kombucha's samples. Another study conducted by Tran, et al., (2020) reported the presence of Acetobacter indonesiensis, Acetobacter papayae, and

Komagataeibacter saccharivoran in Kombucha liquid, as well as in the biofilm. Table I.6

presents some of the bacterial strains identified in Kombucha. Acetobacter pasteurianus, A. aceti [START_REF] Coton | Unraveling microbial ecology of industrial-scale Kombucha fermentations by metabarcoding and culture-based methods[END_REF] Acetobacter peroxydans, Gluconobacter oxydans, G. europaeus, G. saccharivorans, Oenococcus oeni, Lactobacillus nagelii, L. satsumensis [START_REF] Gaggìa | Kombucha Beverage from Green, Black and Rooibos Teas: A Comparative Study Looking at Microbiology, Chemistry and Antioxidant Activity[END_REF] Gluconobacter entanii, Komagataeibacter intermedies, K. rhaetius Jayabalan et al., (2014) Acetobacter xyliunum (xylonoids), A. pasteurianus, A. aceti, A.r intermedius sp. nov., A. nitrogenifigens sp.nov, Gluconobacter oxydans, G. sp A4, G. Kombuchae, Lactobacillus Marsh et al., (2014) Lactococcus, Lactobacillus [START_REF] Reva | Metabarcoding of the Kombucha microbial community grown in different microenvironments[END_REF] Gluconobacter saccharivorans, Komagataeibacter xylinus 

Cellulose production:

Cellulose (C6H10O5)n is among the most common biopolymers in the world, with an approximate production of 10 11 ton/year. It can be synthesized by plant cell walls or by microorganisms. Both types have similar molecular structures; however, cellulose of bacterial origins is free of lignin, pectin, and hemicellulose. The promising biomaterial has a unique structure, a high crystallinity, a high water absorption capacity and a good mechanical strength [START_REF] Rezaee | Adsorption of Mercury from synthetic solutions by an Acetobacter xylinum biofilm[END_REF][START_REF] Yoshinaga | Research progress in the production of bacterial cellulose by aeration & agitation culture & its applications as a new industrial material[END_REF] et al., 2013;[START_REF] Mohite | A novel biomaterial: Bacterial cellulose and its new era applications[END_REF]. Other attributed the production of cellulose to

Komagataeibacter [START_REF] La | Kombucha Tea as a Reservoir of Cellulose Producing Bacteria: Assessing Diversity among Komagataeibacter Isolates[END_REF]Leonarski et al., 2021;[START_REF] Subbiahdoss | Cellulosic biofilm formation of Komagataeibacter in Kombucha at oil-water interfaces[END_REF] In Kombucha, the production of microbial cellulose starts with the synthesis of the cellulose precursor uridine diphospho-glucose (UDPGlc). Cellulose producing bacteria in the SCOBY can make cellulose from a variety of carbon sources found in Kombucha; they may utilize glucose, ethanol, sucrose, and glycerol. The microorganisms can polymerize up to 200,000 glucose residues per second and transform them into β-1,4-glucan chains. Microbial cellulose is generated outside the cells in the form of fibrils attached to the bacterial cell. It is extruded out of the membrane. Microfibrils are obtained by the assembly of chains to form thicker fibrils. The membrane produced will thicken with fermentation time (Villarreal-Soto et al., 2018). Synthesis of microbial cellulose will reach its end when it grows downward and entangles all bacteria.

Bacteria will become inactive due to the inadequate supply of oxygen [START_REF] Esa | Overview of Bacterial Cellulose Production and Application[END_REF]. The translucent gel like membrane is soft, spongy and has a certain degree of strength and toughness [START_REF] Zhu | Kombucha-synthesized bacterial cellulose: Preparation, characterization, and biocompatibility evaluation[END_REF]. The microbial biofilm produced by tea fungus consists of a multilayered matrix of entangled bacterial cellulose nano and microfibrils. It constitutes a resistant protective structure for the microbial colony. Physical and chemical properties of bacterial nano and micro cellulose were studied after the purification of membranes. They were considered to be valuable raw material that can be used in other industries (Dima et al., 2017). Cellulose production by an isolated strain of Gluconoacetobacter xylinus from Kombucha was investigated by Nguyen et al. (2008). The findings of the study indicated that the cellulose produced was pure (free of acetan)
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and had a high crystallinity. The yield of bacterial cellulose is influenced by a variety of factors:

the concentration of tea used, the amount of sucrose, the fermentation temperature and the surface area of the container (including the depth of the broth) [START_REF] Al-Kalifawi | Factors Influence on the yield of Bacterial Cellulose of Kombucha (Khubdat Humza)[END_REF][START_REF] El-Salam | Bacterial Cellulose of Kombucha Mushroom Tea[END_REF] .

The properties of bacterial cellulose allow using this biomaterial in numerous fields. In the biomedical domain, it is applied as a wound healer, in the generation of bones, in artificial cartilages, in vascular grafts, in dental implants and in tissue engineering (such as nerve tissues).

Bacterial cellulose is a popular ingredient in the cosmetics industry (for example in face scrubs), the pharmaceutical industry (in drug coatings), the papermaking industry and electronics industry. In the food sector, it acts as a thickener, stabilizer, texturizer, calorie reducer and carrier (for example it immobilizes Saccharomyces cerevisiae in wine production). In agricultural practices, it extracts heavy metals (such as mercury), removes the color of dyes and improves soil quality [START_REF] Esa | Overview of Bacterial Cellulose Production and Application[END_REF][START_REF] Lin | Biosynthesis, production and applications of bacterial cellulose[END_REF][START_REF] Mohite | A novel biomaterial: Bacterial cellulose and its new era applications[END_REF][START_REF] Zhu | Kombucha-synthesized bacterial cellulose: Preparation, characterization, and biocompatibility evaluation[END_REF] .

I.3.3.3 Interactions and dynamics

"Symbiosis" and "symbiotic" are terms frequently encountered in Kombucha description.

Although there is no sufficient evidence that confirms the mutual dependence of microorganisms they grow in close association. Bacteria provide the matrix (biofilm) where yeasts are embedded [START_REF] Jarrell | The Kombucha Consortia of yeasts and bacteria[END_REF]. On another hand, the microorganisms who are unable to hydrolyze sucrose efficiently rely on the yeasts with strong invertase activities to have access to monosaccharides Tran et al., (2020). A complete hydrolysis of cellulose by cellulase revealed the presence of bacteria and yeasts in the tea fungus [START_REF] Sreeramulu | Characterization of Antimicrobial Activity in Kombucha Fermentation[END_REF]. Next generation sequencing tools were used to study the microbial niche of the biofilm and soup in Kombucha. Yeasts (especially Candida sp.) were more abundant in the biofilm and showed no variation with time. On the 7 th day, there was a shift from Candida sp. to Lachancea sp. in the liquid phase. A high bacterial diversity was observed in the soup and peaked at day 7 [START_REF] Chakravorty | Kombucha tea fermentation: Microbial and biochemical dynamics[END_REF] Ethanol production is ensured by the fermentative yeasts through hydrolysis of sucrose to glucose and fructose. The simple sugars, in addition to ethanol, are transformed into acids (acetic acid, gluconic acid and glucuronic acid) by bacteria. Therefore, the enhancement of yeast acid tolerance and fermentative characteristics could be considered vital to maintain equilibrium during fermentation [START_REF] Coton | Unraveling microbial ecology of industrial-scale Kombucha fermentations by metabarcoding and culture-based methods[END_REF][START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF][START_REF] Nguyen | Screening the optimal ratio of symbiosis between isolated yeast and acetic acid bacteria strain from traditional Kombucha for high-level production of glucuronic acid[END_REF].

Yeast cells have a dominating influence on the course of both metabolites since fructose is metabolized prior to glucose [START_REF] Sievers | Microbiology and Fermentation Balance in a Kombucha Beverage Obtained from a Tea Fungus Fermentation[END_REF]. The interactions between different microorganisms have also an inhibitory effect on the synthesis of alcohol. Autolysis and death of yeast cells provides nutriments and vitamins which are helpful for the growth of bacteria (Villarreal-Soto et al., 2018). According to [START_REF] Arıkan | Microbial composition of Kombucha determined using amplicon sequencing and shotgun metagenomics[END_REF], the bacteria / fungi ratio increases with time during fermentation. The ration starts to decrease depending on a variety of factors such as acidity and availability of nutrients in the medium.

The growth patterns of yeasts and acetic acid producing bacteria were studied by [START_REF] Sreeramulu | Characterization of Antimicrobial Activity in Kombucha Fermentation[END_REF]. A development was observed among both microorganisms (until the 4 th day of fermentation) followed by a reduction in the plate count after the 6 th day of fermentation. A modest secondary growth of acid tolerant species was noticed after day 12.

I.3.4 Chemical composition and kinetics

Understanding the kinetics of Kombucha requires a detailed knowledge about the composition of the beverage. The main metabolites found in the fermented tea were explored by several research teams; however, their levels may vary depending on the recipe followed and fermentation conditions. Sucrose, glucose, fructose, gluconic acid, ethanol and acetic acid were typically present in all samples tested (Greenwalt et al., 2000).

I.3.4.1 General composition

The type of metabolites and their concentration eventually depends on the inoculums source, quantity of sugar and fermentation conditions (time and temperature). Additional components such as, elements found originally in tea and others produced by microbial community, can be detected in Kombucha. The table I.7 summarizes the major compounds detected by a number of investigators. 

I.3.4.2 Mineral and vitamin content

Identification and quantification of some minerals and water-soluble vitamins in Kombucha confirmed that the beverage is potentially beneficial. Fungal fermentation seemed to increase the content of water-soluble elements giving the drink health improvement properties. The concentration of water-soluble vitamins was 0.74 mg/mL for vitamin B1, 0.52 mg/mL for vitamin B6, 0.84 mg/mL for vitamin B12 and 1.51 mg/mL for vitamin C. Kombucha can be considered a rich source for essential elements; a daily consumption of 0.3 µL can satisfy the need for most minerals. An analysis for toxic elements was done as well. Lead and chromium were present in small amounts (0.005 µg/mL and 0.001 µg/mL respectively); whereas Cadmium was not detected [START_REF] Bauer-Petrovska | Mineral and water soluble vitamin content in the Kombucha drink[END_REF]. Several minerals were traced in Kombucha by different authors: Zinc, iron, lead, manganese, nickel cobalt, fluoride, chloride (and chlorine), sodium, potassium, phosphorus, calcium, bromide, iodide, nitrate, phosphate, and sulphate. It seems that the concentration of most elements increased due to fermentation. For some such as zinc, the increase is caused by an excretion of yeasts and bacteria to act as an activator of enzymes. For others such as lead, the rate of increase depends on the initial concentration of tea used [START_REF] Bauer-Petrovska | Mineral and water soluble vitamin content in the Kombucha drink[END_REF]Jayabalan et al., 2010;[START_REF] Kumar | Determination of anionic minerals in black and Kombucha tea using ion chromatography[END_REF][START_REF] Petrovic | Potentiometric stripping analysis of certain metal ions in tea fungus beverage[END_REF].

I.3.4.3 Polyphenol content

Kombucha tea has been found to be a rich source of polyphenols. The total content of phenols, usually expressed in terms of Gallic Acid Equivalent (GAE), increases linearly with fermentation time. This change in concentration and also in color during the process might be due to the microbial transformation of polyphenols. The oxidative polymerization of catechin leads to the formation of theasinensin which is considered as a precursor of thearubigins [START_REF] Chu | Effects of origins and fermentation time on the antioxidant activities of Kombucha[END_REF][START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF]. The enzyme degradation of complex polyphenols to small molecules is responsible for rising the amount of total phenolic compounds [START_REF] Jayabalan | Changes in free-radical scavenging ability of Kombucha tea during fermentation[END_REF]. For instance, [START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF] reported a notable increase (more than 50%) in the concentration of polyphenols after 15 days of fermentation with tea fungus. Results obtained by [START_REF] Lobo | Kombucha for healthy living: Evaluation of antioxidant potential and bioactive compounds[END_REF] showed that the fermentation of black tea into Kombucha enhanced the amount of total flavanoids, epicatechin, epigallocatechin gallate and gallocatechin gallate, in addition to the presence of gallocatechin (which was non-existent in tea). 127 phenolic compounds were identified by [START_REF] Cardoso | Kombuchas from green and black teas have different phenolic profile, which impacts their antioxidant capacities, antibacterial and antiproliferative activities[END_REF] in fermented black and green teas with the following proportions : 70.2% flavanoids, 18.3% phenolic acids, 8.3% other polyphenols, 2.3% lignans and 0.8% stillbenes. 103 components were determined for the first time. The highest diversity and concentration were observed in black tea Kombucha. The findings of this study concluded that the profile and concentration of phenolic compounds was dependent on the tea type infused.

Different results were obtained by [START_REF] Gramza-Michałowska | Research On The Effect Of Culture Time On The Kombucha Tea Beverage's Antiradical Capacity And Sensory Value[END_REF] where yellow tea leaves were the richest in the amount of polyphenols they contained, followed by green tea leaves, white and black tea leaves respectively. Tea wine prepared by the fermentation of Dancong tea by Saccharomyces cerevisiae had a lower content of catechins and gallic acid compared to unfermented Dancong tea [START_REF] Li | Measurement of catechin and gallic acid in tea wine with HPLC[END_REF]. This outcome is in agreement with the fact that microbial transformation (by both yeast and bacteria) is what impacts the number of polyphenols present in the drink.

I.3.4.4 Kinetics of sugar consumption

Sucrose is a source of carbon for Kombucha fermentation. The balance of the major substrates was calculated based on carbon mass parameter for a period of 60 days by [START_REF] Sievers | Microbiology and Fermentation Balance in a Kombucha Beverage Obtained from a Tea Fungus Fermentation[END_REF].
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Sucrose was metabolized into glucose and fructose. The simple sugars were utilized by yeast cells to produce ethanol (which was transformed to acetic acid by bacteria) and CO2. The presence of gluconic acid was detected as well. The formation of acids caused a drop in medium pH. The good stoichiometry obtained based on the carbon mass proved that all major products have been taken into account. Similar results were obtained by [START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF] who investigated the changes in components of nine Kombucha samples during a prolonged fermentation of 60 days. The patterns observed in terms of concentrations of sugars, acids and ethanol indicate that they are similar among all samples. However, they differ in terms of values according to the microbial composition of the tea fungus. Tea fungus metabolism was examined on Kombucha prepared from different sources of carbon: sucrose and Jerusalem Artichoke Tubers (which contain polyfructan inulin and its polyfructan fractions). The objective of the study was to determine the conversion percentage of basic carbon sources since a significant amount of sucrose stays intact for a fermentation of 7-10 days. The residual sucrose found was 34.06% (at day 7) and 27.38% (at day 10) [START_REF] Malbasˇa | Sucrose and Inulin Balance During Tea Fungus Fermentation[END_REF]. Similar recipes were followed to compare the amount of L-lactic, L-ascorbic, total and volatile acids. Samples prepared with Jerusalem Artichoke tubers were higher in of L-lactic, L-ascorbic, total and volatile acids [START_REF] Malbasˇa | L-Lactic, L-Ascorbic, Total and Volatile Acids Contents in Dietetic Kombucha Beverage[END_REF]. The substitution of sucrose with any other sugar has an impact on the metabolites formed in the beverage; but has an insignificant effect on the taste of the product.

The influence of different types of sugar (sucrose, lactose, glucose, and fructose) on the production of ethanol and acetic acid in fermented teas was studied. Sucrose and fructose gave the highest yields of ethanol [START_REF] Reiss | Influence of different sugars on the metabolism of the tea fungus[END_REF]. A study conducted in Serbia compared the characteristic of Kombucha fermentation on sucrose and on three different types of molasses.

Products from molasses had a higher total acidity, a lower content of acetic acid, a lower content of remaining sucrose and a higher yield of biomasses. The beverage prepared with molasses had a darker color, a slightly carbonated sweet taste, and a typical smell of molasses (Malbasˇa, Loncˇar, & Djuric´, 2008). The concentration of sucrose also affected the synthesis of bacterial cellulose since the starter culture could not produce an adequate amount of cellulose without a source of carbon. The highest yield of cellulose (66.7%) was produced at a sucrose concentration of 90 g/L [START_REF] Goh | Fermentation of black tea broth (Kombucha): I. Effects of sucrose concentration and fermentation time on the yield of microbial cellulose[END_REF]. The kinetics of saccharose fermentation were examined by [START_REF] Lončar | Kinetics Of Saccharose Fermentation By Kombucha[END_REF]. The accumulation of organic acids caused a decrease in pH with fermentation time.

A high temperature was associated with lower pH values. Glucose was consumed more rapidly Chapter I 48 than fructose. The changes in saccharose concentration can be summarized into three steps: a slight initial decrease at the beginning of fermentation; followed by a very steep decrease and finally a slight decrease at the end of fermentation ( Lončar et al., 2014) .

I.3.4.5 Kinetics of glycerol and organic acids production

High-performance liquid chromatography (HPLC) was one of the many techniques used by research groups to explore the composition of fermented tea. Glycerol, acetic acid, and ethanol rates were analyzed in Kombucha samples from different cities of Taiwan for 6 days. Although glycerol has no significant effect on the taste of the product, it contributes to its viscosity and smoothness. The concentration of all three components increased at non similar rates. HPLC results showed that the slowest increase was for glycerol, followed by acetic acid and ethanol. It was also found that ethanol production was helpful for Acetobacter to grow or produce acetic acid; which could stimulate the yeasts to make more ethanol [START_REF] Liu | The isolation and identification of microbes from a fermented tea beverage, Haipao, and their interactions during Haipao fermentation[END_REF]. An experiment was conducted as part of a chemistry class where students analyzed the acetic acid content of Kombucha for 21 days. Both titrimetric and HPLC analyses results revealed that the acid content of the fermented tea increases with time at a rate of 1.5 mM/day. The fermentation kinetics of Kombucha are in accordance with the results where yeast transforms sugar into alcohol and bacteria convert ethanol into acetic acid [START_REF] Miranda | Titration and HPLC Characterization of Kombucha Fermentation: A Laboratory Experiment in Food Analysi[END_REF].

The oxidation of glucose into glucuronic acid is one of the metabolic activities present in Kombucha. Tea fungus was cultivated for 21 days using different sucrose concentrations (therefore providing different glucose levels). The production of glucuronic acid reached its maximal value on the 7 th day. A drop was observed between days 7 and 10 followed by an increase during the following days. The highest yield was among samples prepared with a concentration of 100 g/L of sucrose although the difference obtained was minor [START_REF] Loncˇar | Biosynthesis of glucuronic acid by means of tea fungus[END_REF]. Having detoxifying properties, glucuronic acid has been a topic of interest. According to [START_REF] Nguyen | Screening the optimal ratio of symbiosis between isolated yeast and acetic acid bacteria strain from traditional Kombucha for high-level production of glucuronic acid[END_REF], a combination of Dekkera bruxellensis and Glucunobacter intermedius in a ratio of 4:6 constitutes an optimal union for the production of glucuronic acid (175.8 mg/L in a fermentation of 7 days). Gluconic acid is one of the major acids usually detected in tea Kombucha. It plays a part in the pleasant sour taste of the beverage as it was shown to be highly correlated with the taste score of Kombucha [START_REF] Li | Enhancing the proportion of gluconic acid with a microbial community reconstruction method to improve the taste quality of Kombucha[END_REF]. pH values are reported by many authors. Although different, they all follow an exponential curve and are related to the activity of Chapter I 49 the starter culture and fermentation conditions. The decrease in pH is due to the accumulation of acids. It can be used as a criterion to end fermentation and is closely associated with the beverage biological activities, microbial dynamics and antioxidant content (Malbasˇa, Loncˇar, & Djuric´, 2008;Villarreal-Soto et al., 2018).

I.3.4.6 Kinetics of ethanol production

During the inoculation with SCOBY, sucrose is converted to glucose and fructose to produce carbon dioxide and ethanol. The patterns of ethanol kinetics are similar among all Kombucha drinks: an increase in levels to reach a peak followed by a decrease. The amount produced was linked to the type of sugar used and to the variety of tea infused. Black tea Kombucha contained more ethanol than green tea Kombucha with formation rates of 0.17 g.d -1 L -1 and 0.15 g.d -1 L -1 respectively [START_REF] Blanc | Characterization of the tea fungus metabolites[END_REF][START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF][START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF][START_REF] Reiss | Influence of different sugars on the metabolism of the tea fungus[END_REF]. Some samples were found to contain more than 0.5% ethanol and therefore were considered alcoholic beverages as stated by the Alcohol and Tobacco Tax and Trade Bureau (TTB) and Food and Drug Administration (FDA). Headspace gas chromatography was employed to determine the ethanol content of commercial Kombucha drinks in addition to homemade samples. The results showed that all sample had more than 0.5 % ABV (commercial: 1.12 %-2.00% and homemade: 0.55 %). Ethanol content was also dependent on the storage condition: the longer the storage time the higher the concentration [START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF][START_REF] Talebi | Examination of the Varied and Changing Ethanol Content of Commercial Kombucha Products[END_REF].

I.3.4.7 Impact of fermentation conditions

Working conditions can play a significant role in the determination of the composition of the beverage. [START_REF] Loncˇar | Influence of working conditions upon Kombucha conducted fermentation of black tea[END_REF] conducted the fermentation with different inoculums concentrations, process durations and fermentation temperatures. The quantity of organic acids produced was proportional to the temperature and concentration of starter culture, whereas the amount of sugars depended on time and temperature. A higher temperature decreases sucrose levels causing an increase in glucose and fructose. The load of metabolites such as ethanol rose at high temperatures and concentration of culture. Vitamin C was observed to be higher in samples prepared at higher temperatures and fermented for a longer period of time. According to the mathematical models followed, it was found that the duration of the process was the most influential factor on the composition. However, extending fermentation time is associated with Chapter I 50 an accumulation of organic acids, lower pH levels, increased sourness and decreased sensory acceptability.

Fermentation temperature plays an important role in determining the microbial community that will be responsible for producing organic acids in the beverage. Acetic acid bacteria were more abundant at 30 o C in comparison with a temperature of 20 o C. A higher fermentation temperature gave a higher microbial diversity at the sub genus level. At the same time, it encouraged the development of lactic acid bacteria (such as Lactobacillus, Streptococcus) and environmental contaminants (such as Acinetobacter, Propionibacterium). Samples fermented at 30 o C were richer in organic acids (gluconic and glucuronic acids) due to the growth of G. saccharivorans at that temperature. Therefore, optimizing the temperature during the production of Kombucha may be used to select acetic acid bacteria sub species that are correlated with a higher yield of organic acids. A higher content of those acids contributes to the health promoting effects of the beverage.

However, content of total polyphenols might decrease with temperature after 15 days [START_REF] De-Filippis | Different temperatures select distinctive acetic acid bacteria species and promotes organic acids production during Kombucha tea fermentation[END_REF].

I.3.5 Organoleptic characteristics

Kombucha is composed of two phases: a floating biofilm and a sour liquid phase. Due to the complex chemical composition of the drink, it would be hard to define its characteristics. It was described as " lightly carbonated, slightly sour and refreshing" and can range between "mildly acidic, pleasantly fruity, sour, sparkling" and "vinegar like" depending on the procedure of the preparation (Villarreal-Soto et al., 2018;Watawana et al., 2015).

Various notable biochemical reactions take place during the aerobic fermentation of tea and impact the quality of the product. Therefore, selecting the optimal working parameters leads to the most favorable beverage. Kombucha was processed at three different temperatures (20, 25 and 30 o C) for a period of 10 days. Quantitative descriptive analysis was performed in addition to assessing the general quality of the product. All samples examined had "tea, lemon and sour" in their smell attributes, in addition to "high clarity and similar color tone" in their appearance.

However, the terms mentioned with regards to aroma were barely detectible in the taste profile.

Although all Kombuchas had a good overall quality, the one fermented at 25 o C was evaluated as

Chapter I 51 the highest. Sensory evaluation was done on Kombucha produced from four different types of tea: white, yellow, green, and black tea. All samples had moderate acceptability among panelists and were assessed as having "sweet, sour, citrus, tea, beer and unfamiliar" taste attributes. The product appearance was impacted by the variety of tea: white and green tea Kombuchas had a yellow color with a hint of amber and green; yellow tea Kombucha had an amber and yellow color; and finally black tea Kombucha was brown in color with amber and yellow tones. The highest consistency, clarity and smoothness were observed in white and yellow tea brews.

"Citrus and unfamiliar sour" aromas were detected in fermented white tea and were rated as less intense in other samples [START_REF] Gramza-Michałowska | Research On The Effect Of Culture Time On The Kombucha Tea Beverage's Antiradical Capacity And Sensory Value[END_REF]. The sensory attributes of regular black tea Kombucha and Kombucha prepared using sugar beet molasses (a low cost carbon source) were compared by Malbasˇa, Loncˇar, & Djuric´, (2008) and Malbasˇa et al., (2008).

Regular Kombucha was characterized by having a light brown color and a sparkling sour refreshing taste, whereas molasses yielded a beverage dark in color, slightly carbonated, having a sweet, caramelized taste and a smell of molasses.

I.3.6 Biological activities and health benefits

Health promoting effects and benefits of Kombucha have been widely exploited by researchers.

The medical claims associated with the consumption of the beverage are probably due to the rich constitution of the drink in addition to the synergy of bioactive compounds present. Results of in vitro and in vivo studies revealed that fermented tea has antimicrobial and antioxidant activities, probiotic and hepatoprotective effects, detoxifying and anti-carcinogenic properties, in addition to other therapeutic advantages ( Jayabalan et al., 2014;Leal et al., 2018;Villarreal-Soto et al., 2018;Watawana et al., 2015) I.3.6.1 Antimicrobial Kombucha displays an antimicrobial activity which increases with fermentation time; meaning that the metabolites produced exert an inhibition effect against a number of microorganisms. Helicobacter pylori, Agrobacterium tumefaciens and Listeria monocytogenes were found to be sensitive to fermented tea [START_REF] Ansari | Study on Citric Acid Production and Antibacterial Activity of Kombucha Green Tea Beverage during Production and Storage[END_REF][START_REF] Greenwalt | Determination and Characterization of the Antimicrobial Activity of the Fermented Tea Kombuch[END_REF]Greenwalt et al., , 2000;;[START_REF] Sreeramulu | Kombucha Fermentation and Its Antimicrobial Activity[END_REF][START_REF] Sreeramulu | Characterization of Antimicrobial Activity in Kombucha Fermentation[END_REF]. The antimicrobial properties of Kombucha were attributed to its acetic acid content by [START_REF] Greenwalt | Determination and Characterization of the Antimicrobial Activity of the Fermented Tea Kombuch[END_REF]. Unfermented tea showed no significant contribution to the inhibition of some gram-positive and gram-negative bacteria. In a study conducted by [START_REF] Sreeramulu | Kombucha Fermentation and Its Antimicrobial Activity[END_REF], tea fungus inhibited Shigella sonnei, Escherichia coli, Salmonella benteritidis and Salmonella typhimurium under neutral pH and after thermal denaturation. Therefore, some compounds other than acetic acid and large proteins were responsible for the antimicrobial activity. The same research team investigated the metabolites behind those findings. Results revealed that proteins, tannins, and organic acids are not responsible for the antimicrobial activity of the fermented tea. It is very likely that water soluble microbial metabolites have an antimicrobial effect on certain bacteria [START_REF] Sreeramulu | Characterization of Antimicrobial Activity in Kombucha Fermentation[END_REF].

The type of tea used might influence the spectrum of microorganisms affected. According to [START_REF] Battikh | Antibacterial And Antifungal Activities Of Black And Green Kombucha Teas[END_REF], fermented green tea had a slightly higher inhibitory potential against some tested pathogenic bacteria than fermented black tea. Antifungal activities against some pathogenic Candida species seemed to be different according to the tea used. Green tea Kombucha was active against C. glabrata, C. parapsilosis, C. sake, C. dubliniensis and C.

albicans; whereas, black tea Kombucha was able to inhibit C. tropicalis, as well as these yeasts, without having any effect on C. parapsilosis and C. sake. Moreover, it was observed that the antibacterial activity was not exclusive to acids, which is in agreement with the findings of [START_REF] Sreeramulu | Kombucha Fermentation and Its Antimicrobial Activity[END_REF]. Biologically active compounds such as bacteriocins, tea derived phenolic compounds, proteins and enzymes may be involved in the process. Contrarily, Kombucha made from black tea showed higher antibacterial properties than brews made of Japanese green tea, Jasmine tea, Mulberry tea and Ulong tea [START_REF] Talawat | Efficacy of Fermented Teas in Antibacterial Activity[END_REF]. The authors tested the inhibition of human and shrimp bacterial strains and suggested producing shrimp meals while using Kombucha as an additive due to the effective antimicrobial properties observed. They also supposed that those properties are mainly attributed to the presence of organic acids, ethanol, and polyphenolic compounds.

It is believed that Kombucha demonstrates potent bactericidal activities against a range of enteropathogenic bacteria due to the interaction of polyphenol content. The microbial population

Chapter I 53 produces enzymes that degrade complex polyphenolic compounds and therefore result in an increase of the total amount of phenolics and flavanoids. The antibacterial activity of Kombucha was tested against E. coli O157:H7, Vibrio cholerae N16961, Shigella flexneri 2a 2457T, Salmonella Typhimurium NCT 572 and Staphylococcus aureus ATCC. It was found that catechin and isorhamnetin were the major compounds present that were responsible for the highest activity against the bacterial strains [START_REF] Bhattacharya | Antibacterial Activity of Polyphenolic Fraction of Kombucha Against Enteric Bacterial Pathogens[END_REF].

I.3.6.2 Antioxidant

Antioxidants are known by their capacity of preventing the oxidation of other molecules and by eliminating free radicals. Fermentation enhances the antioxidant properties of plant-based foods through numerous mechanisms. It increases the release of flavanoids and total phenolic compounds, and causes a structural breakdown of cell walls which liberates and induces the synthesis of various bioactive components [START_REF] Hur | Effect of fermentation on the antioxidant activity in plant-based foods[END_REF].

Fermentation of black tea causes modifications in the composition and concentration of its beneficial components. Tea fights free radicals by its hydrogen donation capabilities. On the other hand, Kombucha neutralizes free radicals by donating electrons. Fermented tea acts also by metal chelation and Nitric Oxide (NO) radical scavenging properties. The concentration of flavanoids increases with fermentation as well, which supports that Kombucha has a greater therapeutic effect than tea [START_REF] Lobo | Kombucha for healthy living: Evaluation of antioxidant potential and bioactive compounds[END_REF].

Antioxidant activities of Kombucha and changes in microbial components have been the interest of several research teams. Phenolic compounds, scavenging assays against 2,2-diphenyl-1picrylhydrazyl (DPPH), superoxide radical (xanthine-xanthine oxidase system) and inhibitory activity against hydroxyl radical mediated linoleic acid oxidation (ammonium thiocyanate assay)

were increased during fermentation period. Kombucha prepared from low cost green tea had the highest scavenging activity whereas the samples prepared from black tea had the highest reducing power [START_REF] Fu | Antioxidant Activities Of Kombucha Prepared From Three Different Substrates And Changes In Content Of Probiotics During Storage[END_REF][START_REF] Jayabalan | Changes in free-radical scavenging ability of Kombucha tea during fermentation[END_REF]. The influence of the type of tea used on the antioxidant potential of the beverage was demonstrated by Gramza-Michałowska et al.

(2016). The total phenolic content and antiradical activity were ranked from the highest to lowest: yellow tea > green tea > white tea > black tea. The impact of starter culture on the Chapter I 54 antioxidant activity of Kombucha was examined by [START_REF] Malbaša | Influence of starter cultures on the antioxidant activity of Kombucha beverage[END_REF]. Three different inoculums were tried: a mixture of acetic bacteria and Zygosaccharomyces, a mixture of acetic bacteria and Saccharomyces cerevisiae; and native local Kombucha. Black tea Kombucha displayed the strongest activity with the first culture, whereas green tea Kombucha had the highest potential with the native local culture. The difference in results observed was attributed to the composition of tea, production of vitamin C and the yield of total organic acids. In order to enhance the biological properties of Kombucha, interactions between acetic acid bacteria and lactic acid bacteria were evaluated. Three strains of the lactobacillus species (Lactobacillus acidophilus, Lactobacillus casei, and Lactobacillus plantarum) were isolated from Kefir and used in fermented tea. There was no significant difference in antioxidant activities between the samples. The antioxidant properties of Kombucha were linked to the presence of Vitamin C, Vitamins B and D-saccharic acid 1,4 lactone(DSL) [START_REF] Nguyen | Evaluation of the Glucuronic Acid Production and Other Biological Activities of Fermented Sweeten-Black Tea by Kombucha Layer and the Co-Culture with Different Lactobacillus Sp. Strains[END_REF] and polyphenols [START_REF] Bhattacharya | Hepatoprotective properties of Kombucha tea against TBHP-induced oxidative stress via suppression of mitochondria dependent apoptosis[END_REF]Dufresne & Farnworth, 2000) I.

Hepatoprotective

The hepatoprotective properties of Kombucha tea against various contaminants have been widely

studied. It was revealed that fermented tea can attenuate the physiological modifications caused by liver toxicants. It can detoxify the liver through its antioxidant activity and composition (Jayabalan et al., 2014).

Kombucha has been tested against induced liver toxicity by : carbon tetrachloride [START_REF] Murugesan | Hepatoprotective and Curative Properties of Kombucha Tea Against Carbon Tetrachloride-Induced Toxicity[END_REF], Aflatoxin B1 (Jayabalan et al., 2010), cadmium chloride, γ-irradiation [START_REF] Ibrahim | Possible Protective Effect of Kombucha Tea Ferment on Cadmium Chloride Induced Liver and Kidney Damage in Irradiated Rats[END_REF], tertiary butyl hydroperoxide TBHP [START_REF] Bhattacharya | Hepatoprotective properties of Kombucha tea against TBHP-induced oxidative stress via suppression of mitochondria dependent apoptosis[END_REF]acetaminophen (Abshenas et al., 2012). The studies demonstrated that fermented tea had prophylactic and curative effects on liver toxicity. Some authors stated that the mechanisms behind those findings were due to the presence of antioxidants which participate in the detoxification process (Jayabalan et al., 2010). Others attributed those effects to glucuronic acid which was considered as a potent detoxifying agent [START_REF] Murugesan | Hepatoprotective and Curative Properties of Kombucha Tea Against Carbon Tetrachloride-Induced Toxicity[END_REF], and to the production of D-saccharic acid 1,4-lactone (DSL) by Gluconobacter [START_REF] Wang | Hepatoprotective effects of Kombucha tea: Identification of functional strains and quantification of functional components[END_REF].
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I.3.6.4 Probiotic

Probiotics have been defined by the World Health Organization (WHO) and the Food and Agriculture Organization of the United Nations (FAO) as "living microorganisms which when administered in adequate amounts confer a health benefit on the host". They are known to improve nutrition, intestinal health, immune system and optimize gut ecology. Kombucha has been used by humans and living organisms as a probiotic drink.

In some veterinary trials, dried Kombucha mat was used in animal and poultry feed. It had a positive influence on the treatment of intestinal infections, dysbacteriosis and contaminated wounds. Tea fungus was considered a promising formulation of probiotics for a variety of reasons. It provided a source of probiotics/prebiotics and a source of short chain fatty acids as well as other metabolites which act as immunity boosters. Furthermore, the diversity of symbiotic microorganisms is advantageous single strain probiotics [START_REF] Kozyrovska | Kombucha microbiome as a probiotic: A view from the perspective of post-genomics and synthetic ecolog[END_REF].

Five colonies that belong to lactobacilli group were isolated. Three out of five of those isolates produced bacteriocins, which are toxins that inhibited the growth of certain bacterial strains.

Additionally, those isolates were tested for they bile salt tolerance. Results showed that one of the isolated strains in Kombucha had a probiotic potential due the high bile salt tolerance and to the production of bacteriocins [START_REF] Bogdan | Lactic acid bacteria strains isolated from Kombucha with potential probiotic effect[END_REF].

I.3.6.5 Other health benefits

Various health claims related to drinking Kombucha have been reported in the literature. Some of the investigated effects of fermented tea are summarized in table I 

I.3.7 Reported toxicity, safety issues and potential hazards

Even though Kombucha tea is characterized by its healthy properties, some harmful effects have been observed among a number of individuals. The beverage is often homemade, and due to the complex microbial nature present, discussing its safety is quite essential. Some pathogenic microorganisms can contaminate the product if hygienic practices are not followed when preparing it. According to the Food and Drug Administration (FDA), using clean sanitized utensils, pH monitoring, proper storage and adequate consumption are crucial steps when making the brew [START_REF] Nummer | Kombucha Brewing Under the Food and Drug Administration Model Food Code: Risk Analysis and Processing Guidance[END_REF].
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Fermented tea is considered as a low-risk product because of its acidic composition. However a surplus of alcohol and acid might be damaging to certain population groups (BC Center for Disease Control, 2020). On another note, pots made of proper material should be used to avoid any heavy metal intoxication [START_REF] Bolle | Tea brewed in traditional metallic teapots as a significant source of lead, nickel and other chemical elements[END_REF].

A number of consumers felt dizzy and nauseated after drinking certain Kombucha products.

Cases of acute sickness occurred in two women who have been consuming tea brew regularly (Center for Disease Control and Protection, 1995). Another female was admitted to the hospital with nausea, fatigue, yellow discoloration of the skin and visible mucous membranes, dark discoloration of urine and discrete neurological problems (anxiety, agitation). She was diagnosed with toxic hepatitis caused by an overdose of Kombucha [START_REF] Kovacevic | A Toxic Hepatitis Caused the Kombucha Tea -Case Report[END_REF]. Some HIV (human immunodeficiency virus) positive patients reacted negatively after the consumption of the drink. A 22 years old HIV positive male displayed symptoms of hyperthermia, lactic acidosis, and acute renal failure within 15 hours of Kombucha tea ingestion [START_REF] Kole | A Case of Kombucha Tea Toxicity[END_REF].

Other side effects such as nausea, jaundice, vomiting, allergic reactions and head and neck pain were detected in four patients [START_REF] Sfinivasan | Probable Gastrointestinal Toxicity of Kombucha Tea[END_REF].

In spite of the scattered and rare safety issues associated with Kombucha tea, the safe production and consumption of the beverage should not pose any health problems. More scientific research should be carried to identify whether the drink has a significant negative effect on the body.

I.3.8 Kombucha fermented products

Kombucha fermentation has caught the attention of numerous research groups due to the complex and rich nature of the beverage. Trials on substrates other than tea leaves were exploited by many scientists and interesting results were obtained. This section of the literature review will be presented as the below published review paper: 

Introduction

Kombucha is a traditional nonalcoholic beverage prepared by the fermentation of sweetened tea by a symbiotic consortium of bacteria and yeast (SCOBY). This beverage has many common names other than kombucha, such as "Tea Fungus," "Kargasok Tea," "Manchurian Mushroom" and "Haipao" (Greenwalt, Steinkraus, and Ledford 2000).

Numerous stories are associated with the origins of kombucha; however, it is thought to have appeared somewhere in Manchuria, a far northeastern region of China during the Tsin dynasty around 220 B.C. Kombucha roots are associated with areas in the far east such as China, Japan, Korea, and India. According to some historians, the name is attributed to a combination of the Korean physician ("Kombu") and the Japanese word for tea ("Cha"). In fact, Dr. Kombu used the beverage as a cure for the emperor Inkyo who suffered from digestive disorders (Beth 1996).

The production of kombucha is the result of several microbial actions and can be compared to the making of vinegar since two steps are necessary: yeast fermentation of sugars (fructose and glucose) into ethanol and conversion of alcohol into acetic acid by acetic acid bacteria mainly Acetobacter aceti. Moreover, acetic acid bacteria transform glucose into gluconic acid and nanocellulose and fructose into acetic acid. Lactic acid bacteria, when present, generate lactic acid (Dufresne and Farnworth 2000). The microbial diversity of kombucha has been investigated by many researchers. Tea fungus is the common name given to the SCOBY; however, tea fungus is not a mushroom. The name is due to the synthesis of cellulose on the surface of the drink. It is basically the membrane or biofilm that contains microorganisms and floats on the tea broth surface (Hesseltine 1965). Determining the exact microbiological composition of the culture is complex since it depends on the type and source of inoculum used. Some of the most common bacterial genera found include Gluconacetobacter, Acetobacter, Komagataeibacter; whereas the most recurrent yeast families are Saccharomyces, Zygosaccharomyces, Brettanomyces, Schizosaccharomyces, Candida and Dekkera (Jayabalan et al. 2014;[START_REF] Laavanya | Current challenges, applications and future perspectives of SCOBY cellulose of Kombucha fermentation[END_REF]Marsh et al. 2014;Villarreal-Soto et al. 2018). When lactic acid bacteria are present, most often the genus Lactobacillus and Lactococcus are found. In some cases, the consortium can be customized to obtain specific physico-chemical characteristics and biofilm yield [START_REF] Savary | Tailor-made microbial consortium for Kombucha fermentation: Microbiota-induced biochemical changes and biofilm formation[END_REF].

Normally, only the fermented beverage is consumed, and a part of the SCOBY is used to start another batch of fermentation. However, it was offered as an edible element by [START_REF] Torán-Pereg | Microbiological and sensory characterization of kombucha SCOBY for culinary applications[END_REF]) in an attempt to acquire novel culinary and gastronomical ingredients. Kombucha has several applications besides the food and beverage sector. Bacterial cellulose and metabolites generated after fermentation have been used in various industries (cosmetics, textile, biomedical, animal feed…) because of their broad array of functions [START_REF] Soares | Technological aspects of kombucha, its applications and the symbiotic culture (SCOBY), and extraction of compounds of interest: A literature review[END_REF].

The consumption of tea kombucha has been linked to health promoting effects and is probably due to the rich composition of the beverage (Antolak, Piechota, and Kucharska 2021). Fermented tea has been shown to have antimicrobial and antioxidant activities, probiotic and hepatoprotective effects, detoxifying and anti-carcinogenic properties, hypocholesterolemic and antihypertensive potentials, in addition to other therapeutic advantages [START_REF] Hou | Antimicrobial potential of kombucha against foodborne pathogens: A review[END_REF]Jayabalan et al. 2014;Leal et al. 2018;[START_REF] Morales | Biological activities of kombucha beverages: The need of clinical evidence[END_REF]Mousavi et al. 2020;Villarreal-Soto et al. 2018;Watawana, Jayawardena, Gunawardhana, et al. 2015). Kombucha exhibited gastric ulcer healing properties (Banerjee et al. 2010), a neuro-protective role as part of a treatment against induced cerebral damage in mice [START_REF] Kabiri | Protective effect of kombucha tea on brain damage induced by transient cerebral ischemia and reperfusion in rat[END_REF], a hypoglycemic activity when administered in diabetic mice (Shenoy 2000), and even prevented weight loss in diabetic mice (Morshedi et al. 2006).

Nowadays, the interest in the kombucha industry is actively growing. In fact, the number of health-conscious consumers is increasing. The need to replace soft drinks and to encourage the consumption of functional foods (and beverages) lead to a notable flourishing of the global kombucha market, which is estimated to reach USD 3.5 to 5 billion by 2025 (Kim and Adhikari 2020). Regulating bodies, authorities and trade associations are publishing standards, guidelines, codes of practice, requirements for production, composition and labeling to regulate and ensure proper processing of kombucha beverages (Miranda et al. 2022). Accompanying the attraction of the general population to kombucha, an expansion of the scientific work related to the topic is observed. The interpretation of the bibliometric data from Web of Science, PubMed, and Scopus indicated an increase in the number of publications over the years. Figure 1 represents the patterns of published work on "kombucha" over the years.

The identified research areas on kombucha consisted mostly of an evaluation of the fermentation process, microbiological and physico-chemical analyses, health benefits and biological activities, bacterial cellulose, in addition to trials in making different types of kombucha. Figure 2 offers a representation of keywords obtained when typing the word "kombucha" into Web of Science search engine. The world cloud was generated using https://wordart.com/; which is an online tool that portrays words according to their frequency or importance.

Even though the literature contains various review papers on kombucha, little attention has been given to the fermentation of non-tea substrates and agro-industrial by-products with SCOBY. The objective of this paper is to provide a review of the possibilities of valorization of food and beverage, in addition to agro-industrial by-products by kombucha fermentation. Moreover, it presents a notable examination of raw material used, fermentation conditions (operating variables and methodology), results and biological activities observed in international literature. Additionally, based on the bibliometric analysis results, a geographical pattern was detected when examining the studies conducted on non-conventional types of kombucha.

Kombucha production from unconventional substrates

The prophylactic effects and therapeutic characteristics of kombucha beverages, along with the need to valorize industry by-products motivate researchers to further investigate the possibility of other material for fermentation with tea kombucha SCOBY [START_REF] Emiljanowicz | Kombucha from alternative raw materials-The review[END_REF]. The substances used can be categorized into different groups: fruits & vegetables, plants & herbs, by-products, dairy, and bakery. Figure 3 provides an infographic on kombucha analogues in the world while Figures 4 and5 provides an overview about the distribution of publications per continent and per type of substrates. 

Asia the most expanded source of kombucha substitutes

The most abundant and diversified work on kombucha using non-tea as a substrate was found in Asia. The world's largest continent, who is also thought to be the origin of kombucha, was the source of the highest number of publications done on kombucha analogues in general, and more precisely on fruits & vegetables, by-products, and plants & herbs as raw material used. Table 1 recapitulates the different substrates fermented by SCOBY in Asia, the fermentation parameters, physico-chemical characteristics, biological activities, and in-vivo studies.

Fruits, vegetables, and their by-products

Sallacazalacca, commonly known as snake fruit, is one of Indonesia's native commodities. It is popular in Southeast Asia and is distinguished by its nutritious content. Some studies confirmed its suitability for fermentation, examples included the production of wine and vinegar. Different varieties of snake fruit have been the subject of kombucha fermentation. An increase in the quantity of polyphenols and antioxidant activity was reported. Sensory evaluation scores showed that panelists liked the products in general; however they detected difference between the different varieties of fruit [START_REF] Zubaidah | Potential of snake fruit (Salacca zalacca (Gaerth.) Voss) for the development of a beverage through fermentation with the Kombucha consortium[END_REF]Zubaidah, Ifadah, and Afgani 2019). In-vivo analysis on snake fruit kombucha (from salak Suwaru cultivar) was performed by Zubaidah, Afgani, et al. (2019) where rats were orally administered with the drink (5 mL/Kg BW/day). The developed beverage was successful in treating induced diabetes as it caused a drop in fasting plasma glucose level, an improvement of lipid profiles and oxidation stress, and an increase in β-cells numbers. Apple, a highly consumed fruit, is usually processed into many products such as vinegar, cider, chips, and toffee. Apple-based kombucha was investigated by Zubaidah, Yurista, and Rahmadani (2018). The biotransformation of polyphenols during fermentation induced an increase in their content among all samples. Apple kombucha also exhibited antioxidant and antibacterial activities and was rated as acceptable in terms of taste and aroma. Phoenix dactylifera L., or dates, are among the most cultivated crops in Iran. Date sirup is a cheap natural sweetener which is mainly composed of reducing sugars, making it a suitable substrate for fermentation. The production of kombucha from date sirup was explored by Khosravi et al. (2019). Total polyphenol content and antioxidant activity were enhanced by fermentation, and they were influence by brix values. Papaya (Carica papaya Linn.), or betik as called by Malaysians, is a highly nutritious fruit with a big economic value for exportation. It is also used to treat high blood pressure jaundice, diabetes, and dengue fever. Due to the growing attention given to fermented foods, [START_REF] Sharifudin | Fermentation and characterisation of potential kombucha cultures on papaya-based substrates[END_REF] aimed to make Kombucha from papaya leaves and pulp. The study focused mainly on understanding the behavior of microorganisms in the new medium; results revealed a potential probiotic attribute because of the low pH and acidic bile tolerance. Broccoli (Brassica oleracea L.) and spinach (Amaranthus spp.) were fermented with kombucha culture. An increase in the antioxidant activity was detected in fermented samples; however, the values were significantly lower in spinach kombucha [START_REF] Artanti | Antioxidant activity of fermented broccoli and spinach by kombucha culture[END_REF]. Aspiyanto et al. (2016) explored the effect of fermentation parameters on bioactive compounds in spinach kombucha. The best polyphenol recovery (92.76%) and the most intense antioxidant activity were obtained after a 2-week fermentation. Black carrots are widely cultivated in Turkey, mostly in Konya and Hatay regions. They are a good source of vitamins, minerals, fibers, and polyphenols. Black carrots can be used as natural colorants in the food industry, or as a substrate to produce Shalgam, a traditional lactic acid fermented beverage popular in Southern Turkey. Black carrot kombucha was richer in polyphenols and displayed a stronger antioxidant capacity than its unfermented version. According to sensory evaluation results, Hatay kombucha was judged to be more agreeable than Konya kombucha as it scored higher ratings on all attributes examined (Color, clarity, odor, flavor-taste, sourness and overall acceptability), and was described as having a fresh and pleasant taste [START_REF] Yildiz | Determination of in-vitro phenolics, antioxidant capacity and bioaccessibility of Kombucha tea produced from black carrot varieties grown in Turkey[END_REF]. The consumption of red goji berry (Lycium barbarum L.) and black goji berry (Lycium ruthenicum Murr) has become more popular nowadays due to the health benefits associated to it. Attempts are made to widen the products made from those fruits. Abuduaibifu and Tamer (2019) evaluated the properties of kombucha made from red and black goji berries in an effort to produce a desirable functional beverage. Fermentation enlarged the and kombucha consortium (24 g) 14 days at 25 °C pH =2.98 (K-ie) and 3.13 (K-uae) ta =1.85% for K-ie and 2.85%

for K-uae reducing sugars = 0.36% and 0.513 tss= 5.23% and 3.83 o Citric acid = 1.4-2.4 mg/100 ml succinic acid = ie14

(2.9 mg/100 ml) and K-uae14 (2.86 mg/100 ml). tartaric acid = 1.44-2.45 mg/100 ml sucrose ≤12 g/100 ml# and ≤6 g/100 ml# Glucose ≤ 3 g/100 ml #and ≤ 6 g/100 ml# Fructose ≤ 1 g/100 ml# and ≤ 3 g/100 ml# tPC ≥ 0. post-digestion and pre-digestion however they were higher among samples made of black goji berry. Sensory evaluation was conducted during the storage period. A change in odor from fruity to acetic acid was noted by the panelists. Moreover, the "pleasantly fruity, sour, and sparkling" flavor was replaced with a vinegar-like taste. Kombucha analogues were prepared using banana peels (Musa sapientum) and nettle leaves (Urtica dioica) as substrates. Both plants have been reported to have antioxidant and antibacterial activities. As a result of fermentation, total phenolic content increased, and DPPH inhibition improved as well: the half-maximal inhibitory concentration (IC 50 ) dropped significantly. The samples did not exhibit any antibacterial activity against the tested microorganisms (E. coli, S. typhimurium, S. aureus, S. saprophyticus, B. stearothermophilus and P. aeruginosa) (Pure and Pure 2016a). Watawana, Jayawardena, and Waisundara (2015) evaluated the properties of a kombucha beverage using three kinds of coffee: roasted coffee in fine-ground, coarse-ground and instant coffee. The amount of total polyphenols increased in fine ground coffee kombucha (who recorded the highest value, total phenolic content of the beverages, and there was no notable change in their concentration after days of cold storage. The beverages retained their antioxidant potential as well after storage. The bio-accessibility of total phenolics and antioxidant potential was assessed in-vitro under simulated digestion system conditions. Values increased in 26.4 mg GAE/g) followed by coarse ground instant coffee.

A statistically significant increase in the concentration of chlorogenic acid was observed from the third day of fermentation for coarse ground coffee kombucha and from the 4 th day in fine ground coffee Kombucha. On the other hand, caffeic acid was significantly higher in fine ground coffee kombucha from day 6. Antioxidant activities were the strongest in kombucha prepared by fine ground coffee.

The statistical correlation between total phenolic content and antioxidant activity was the highest with ORAC assay r 2 = 0.986 versus r 2 = 0.753 for DPPH and r 2 = 0.657 for superoxide-scavenging activity. The antidiabetic potential was examined in-vitro by studying the inhibitory activity of α-amylase and α-glucosidase. A noteworthy elevation in the inhibition of the activity of both enzymes was detected for the 3 types of kombucha: with a higher inhibitory potential for α-amylase. Consequently, coffee kombucha could be regarded as being a valuable healthy beverage. Indonesia is rated among the top producers of coffee in the world; coffee being one of the most consumed beverages. Since the most common use of coffee plants is directed toward the brewing of beans, the leaves have not been extensively utilized. The majority of research in this area was centered around making infusions and teas from the leaves. Robusta coffee leaves were fermented by a kombucha consortium (SCOBY) by [START_REF] Fibrianto | Antioxidant activity optimisation of young Robusta coffee leaf kombucha by modifying fermentation time and withering pre-treatment[END_REF] who investigated the effect of withering (partial desiccation) on the properties of the developed drink. Results showed a significant increase in the quantity of polyphenols after 3 days of fermentation for both withered and non-withered samples. On the other hand, the antioxidant activity was not correlated with the findings on polyphenols. The IC 50 values studied using the DPPH scavenging assay augmented after fermentation, which might suggest that other molecules might be involved. Coffee leaf kombucha was distinguished by a brown color, an alcoholic and acidic aroma, and a sour and bitter flavor. Additional work on coffee leaves (arabica coffee) was done by Zubaidah et al. (2021).

Fermentation played a positive role in changing the composition of the beverage; as it resulted in an increase in the content of total polyphenols, flavonoids, and tannins. This switch in the number of biological compounds improved the antioxidant capacity of the beverage and reduced the IC 50 value. The immunomodulatory activity on Salmonella typhi infected mice was evaluated in-vivo. The arabica coffee kombucha increased the adaptive immune response as shown by an improvement of the levels of immune system key cells (CD4+, CD8+, CD4 + IFƔ, CD4 + TNFα, CD8 + IFƔ, and CD8 + CDN+). In an attempt to find a solution to one of the environmental challenges due to the absence of utilization of the by-products of coffee processing, Muzaifa et al. (2021) fermented exfoliated cherry-pulp of Coffee arabica cascara to create a novel beverage. Overall, the shortest fermentation period yielded the richest samples in polyphenols. The antioxidant activity measured by the DPPH scavenging assay method ranged between 25.78% and 51.69%. The strongest inhibition was also observed among the batches which were fermented for 8 days. In general, the quality of the beverage depended on both factors: fermentation duration and inoculum concentration. In terms of sensory analysis, the highest score was given to the beverage fermented for 12 days with a 5% inoculum (v/v). Although a longer fermentation caused a drop in pH and a rise in the concentration of organic acids, panelists seemed to have enjoyed better the resulted taste.

Soybeans are processed into a variety of products such as soymilk, tofu, soy flour, or fermented products (Lactic acid bacteria and kefir culture). The production of soymilk kombucha was investigated by Xia et al. (2019). Total phenolic content ferulic acid, chlorogenic acid and vitamin C significantly increased. Phenolic content was well correlated with antioxidant power (determined using three methods) and with anti-diabetic activity (in-vitro). Radicals (DPPH, ABTS and FRAP) and enzymes (α-glucosidase and α-amylase) inhibition were enhanced by kombucha fermentation and were reported to be higher for samples incubated at 37 °C. Moreover, the higher temperature produced a health promoting beverage with better quality and that was more preferred by panelists. The coagulation of soymilk by calcium or magnesium salt results in the production of tofu, a product consumed in Asian countries for a long time. Huge amounts of soy-whey are generated by the processing of tofu or soy proteins leading to economic and environmental concerns. Kombucha starter culture was employed by [START_REF] Tu | Use of kombucha consortium to transform soy whey into a novel functional beverage[END_REF] to ferment soy-whey in an attempt to make a novel beverage. A 6-day fermentation (which was judged with highest acceptability among sensory participants) lead to an increase in the total flavonoids, total isoflavones, total aglycones. More precisely, an enhancement of glycitein and genistein was reported. In parallel, the antioxidant activity determined by three methods was enhanced because of fermentation causing a strong reduction in EC 50 values which were estimated to be 1.66 mg extract/mL (DPPH scavenging assay), 1.31 mg extract/mL (ABTS scavenging assay) and 11.34 mg extract/mL (FRAP assay) on the 6 th day. A longer fermentation duration (8 days) generated a very acidic products with a strong pungent sour smell. An antimicrobial activity against Staphylococcus aureus, Escherichia coli. and Bacillus subtilis was observed among fermented samples as well. Cocos nucifera var. aurantiaca, also known as king coconut, is usually cultivated near the beaches of tropical countries. The juice inside the fruit is consumed as a beverage or as an ingredient in culinary application. It is nutritious and has a cooling effect in warm weathers. The use of Kombucha consortium in king coconut water improved the antioxidant and starch hydrolase potential of the juice, and increased the concentration of polyphenols, and p-coumaric acid [START_REF] Watawana | Enhancement of the antioxidant and starch hydrolase inhibitory activities of king coconut water (Cocos nucifera var. Aurantiaca) by fermentation with kombucha 'tea fungus[END_REF]. [START_REF] Zhiwen | Production and characterization of a novel beverage from maize silk through fermentation with Kombucha consortium[END_REF] aimed to develop a functional kombucha beverage made of maize silk. The study followed the single factor test and Box-Benhnken response surface methodology to pick the best operating conditions with the most acceptable sensory evaluation scores. Further research is needed though to examine the biological activities associated with the developed beverage, in addition to the variation of the concentration of proteins and vitamins originally found in corn silk. An innovative application of kombucha was its use as a preservative for fruits and vegetables. [START_REF] Tan | Biocontrol of pear postharvest decay by kombucha[END_REF] attempted to solve the post-harvest decay of pears (Pyrus pyrifolia Nakai cv. "Hosui") by soaking it in fermented tea. Due to its antibacterial activity and acid richness, kombucha was used as a preservative to minimize the decomposition of pears during storage. Results showed that fruits soaked in fermented tea had a higher fruit quality, a longer storage time and a slower degradation of nutrients. Garlic (Allium sativum), can be consumed as raw or can be processed into a variety of products (dried, boiled, steamed, black, powder, tablets, or capsules, fermented.). Kombucha broth was used as a fermenting liquid by Pure and Pure (2016b) (2020). Antioxidant capacity improved after fermentation and aging; and was affected by those two parameters. The amount of flavonoids and polyphenols was enhanced in all samples; for instance, total polyphenols concentration was estimated to have risen by 4 to 10 times.

Plants and herbs

Purple basil (Ocimum basilicum L.), which is normally utilized in culinary and medical applications, was fermented using tea fungus by Yıkmış and Tuğgüm (2019). Different proportions of basil infusions were prepared.

After fermentation, the samples were placed in the refrigerator (4 °C) for a period of 30 days to evaluate the effect of storage on their properties. The concentration of biomolecules, the antioxidant potential, and the organoleptic properties (smell, taste, and general acceptance) were maintained after storage. Purple basil kombucha was described as a sour refreshing beverage with a light pink color. The biological activities of kombucha prepared from sea grapes (Caulerpa racemosa) were investigated by [START_REF] Permatasari | Kombucha tea from seagrapes (Caulerpa racemosa) potential as a functional anti-ageing food: In vitro and in vivo study[END_REF]. Results of in-vitro analyses revealed that sea grape kombucha has some anti-aging potential as it manifested a good anti-glycation activity (62.79%), strong α-glucosidase and α-amylase inhibition, (90.42% and 80.44% respectively) and was able to restrict the activity of tyrosinase using both L-Tyrosine and L-Dopa substratess. The in-vivo aspect of the study was performed on male Swiss webster albino mice and consisted of analyzing their blood after being subjected to different treatments. Oral administration of sea grapes kombucha (150 and 300 mg/kg BW) showed a decrease of blood glucose and total cholesterol levels, and an improvement of PGC-1α value which is known to regulate the metabolism of sugars and lipids. Porphyra dentata (laver) is a red seaweed and an ingredient in ethnic Asian cuisine. It is also used in traditional medicine. The characteristics of laver kombucha were explored by Aung and Eun (2021) who tested two different extraction techniques (infusion extraction and ultrasound-assisted extraction) to prepare the substrates. An increase in bioactive compounds and antioxidant activity was detected in all samples at the end of fermentation. However, beverages made with ultrasound assisted extracts were richer in polyphenols and flavonoids; and exhibited a stronger scavenging activity against DPPH and FRAP radicals than those made of infused extracts. Aung and Eun (2022) examined the influence of fermentation parameters (time and temperature) on the properties of laver kombucha. A fermentation temperature of 25 °C was more efficient in terms of total flavonoids and α-amylase inhibitory activity (92% vs. 83% at 30 °C); whereas polyphenols were more abundant in samples fermented at 30 °C. On the other hand, a longer duration was found to reduce the concentration of bioactive compounds. Acacia arabica, Aegle marmelos root bark, Aerva lanata, Asteracantha longifolia, Cassia auriculata, Hemidesmus indicus, Hordeum vulgare, Phyllanthus emblica, and Tinospora cordifolia are popular plants in Sri Lanka who share similar taste to black tea. [START_REF] Waisundara | Usage of kombucha 'tea fungus' for enhancement of functional properties of herbal beverages[END_REF] explored the potential input of those herbs' fermentation with tea fungus. Kombucha fermentation seemed to enhance the concentration of total polyphenols in addition to the biological activities of the studied plants. All samples showed an increase in the polyphenol content after 7 days of fermentation. Moreover, a notable inhibition in all of DPPH, ORAC assays (showing an antioxidant potential), and α-amylase and α-glucosidase (antidiabetic activity) was observed. The butterfly pea and royal lotus are among the plants that are used in traditional medicine in Asia (neuroprotective, anti-inflammatory, and antioxidant potential). Wongthai et al. ( 2021) investigated the characteristics of kombucha made from those herbal plants. The functional properties of the herbs were enhanced by kombucha fermentation. After 20 days, an increase in the concentration of polyphenols, flavonoids and antioxidant activity was recorded in both samples. The authors conducted further tests on samples made from butterfly pea flowers because they showed more promising results. A significant increase of antioxidant enzymes (catalase, manganese superoxide dismutase, glutathione reductase, glutathione peroxidase, and heme oxygenase) in human kidney cells was found after being subjected to fermented butterfly pea flowers. Pueraria lobata is another known traditional plant in China, usually consumed as food of medicine. Starch processing from the plant generates large amounts of wastewater that leads to environmental pollution. In an effort to benefit from the rich composition of Pueraria lobata starch waste water, Zhixin et al. (2021) fermented the mentioned material using kombucha culture. A significant increase after fermentation was observed in the concentrations of total phenols (256.22 mg GAE/L to 653.15 mg GAE/L) and flavonoids (from 152.38 mg RE/L to 359.65 mg RE/L). The antioxidant power of the product developed was evaluated in-vitro using three methods and was found to be enhanced as a notable improvement in the inhibition of DPPH radicals (95.45%), ABTS radicals (90%) and ferric reducing power (500.03 μmol/L) was obtained after fermentation. Miang is a traditional Thai fermented tea usually consumed as a snack served during occasions (weddings, funerals…). The production of Miang generates a consistent amount of by-products, approximately 2500 mL of broth per 1 kg of end product. [START_REF] Wispen | Characteristics and antioxidant activity of royal lotus pollen, butterfly pea flower, and oolong tea kombucha beverages[END_REF] examined the properties of kombucha made from Miang broth. A fluctuation in the amount of polyphenols was observed during fermentation; the highest concentration was on the 5 th day. In terms of flavonoids, a reduction was detected. A slight increase in the antioxidant activity was spotted after day 5; the strongest potential was on the 7 th day when using the ORAC assay (620,442.09 µmol TE/100 mL) and on the 9 th day when following the FRAP method (314,305.56 µmol TE/100 mL). Rose (the dry bud of Rosa rugosa Thunb) and jujube dry ripe seeds of Ziziphus jujuba (Jujube kernels) are traditional Chinese herbs consumed mainly to treat insomnia. A sample containing both herbs in equal portions was prepared as well.

Fermentation caused an increase in the content of phenols (48.64% for jujube kernel Kombucha and 74.85% for mixed kombucha) and flavonoids (52.2% for jujube kernel Kombucha and 43.3% for mixed kombucha). Spinosin and 6-feruloylspinosin, the functional substances in jujube kernel, and quercetin and gallic acid, the functional substances in rose, increased as well after fermentation. The DPPH scavenging rate the reducing power and superoxide dismutase activity (SOD) of the developed beverages were in accordance with the previous results and were enhanced by fermentation. Cellulase activity, a measurement index of the yield of functional molecules, increased after fermentation as well, which indicates that more enzymes and compounds are released into the beverages. An increase in the total saponin content and in jujube B was detected in the fermented broth. Those molecules are known for their anti-tumor properties and were probably boosted due to the bioconversion effect of the microorganisms present in the kombucha starter culture. Electric tongue analysis was performed, and the response was scanned for six sensors: sour, composite, salty, savory, sweet, and bitter. Jujube kernel kombucha had a bitter taste, whereas rose kombucha was the sourest and the mix had the most suitable bitterness and sourness [START_REF] Zhang | Composition and biological activity of rose and jujube kernel after fermentation with kombucha SCOBY[END_REF].

Dairy

In the traditional sweetened tea kombucha fermentation, glucose is metabolized for the synthesis of cellulose and gluconic acid by Acetobacter strains and into ethanol and carbon dioxide by yeasts. Moreover, Acetobacter strains oxidized ethanol into acetic acid. For the dairy products, the metabolic pathway of the main carbohydrate (lactose) seems to differ from the saccharose. Lactose, a disaccharide composed of glucose and galactose is the main carbon source present in milk. During the processing of fermented dairy products, lactose is the main source of energy for the bacteria and is usually metabolized into lactic acid. Iličić et al. (2011) showed that lactose fermentation by kombucha resulted into a decrease of pH and an increase of total acids content expressed as a quantity of lactic acid. The amount of lactic acid at the end of fermentation was 7 times higher than acetic acid quantity. Also, minimal quantities of ethanol were found in the samples ranging from 0.08 g/L to 0.3 g/L. The kinetics of lactose fermentation by tea fungus were explored by [START_REF] Kanurić | Kinetics of lactose fermentation in milk with kombucha starter[END_REF].

Lactose undergoes a series of consecutive and parallel reactions where it is first transformed into monosaccharides (glucose and galactose). Those compounds are then converted into other products such as pyruvic acid, lactic acid, carbon dioxide, water, ethanol and others. They also found that the sigmoidal Boltzmann's function was the best model to present the curve of fermentation change of lactose. However, according to [START_REF] Markov | The availability of a lactose medium for tea fungus culture and Kombucha fermentation[END_REF], it was not possible to obtain an end product with the desired acidity if the inoculum didn't contain any lactose-fermenting yeast strains. Therefore, making dairy kombucha depends mainly on the microbial composition of the starter culture. The presence of microorganisms who are able to utilize lactose is crucial. Otherwise, the kombucha fermentation resulted into an end product without ethanol and with a lower lactic acid content.

A new application in dairy technology is the fermentation of milk with a Kombucha starter culture combined with probiotic L. casei. Pasteurized goat milk was inoculated with different concentrations of L. casei, and SCOBY. Microbiologically, the obtained beverage was rich in probiotics (with values ranging between 7.60 and 8.22 log CFU. mL -1 ); however, those levels were not affected by the choice of inoculum (which only impacted the total yeast and total acetic acid bacteria counts). Increasing the concentration of Kombucha starter culture added at the beginning seemed to have affected some of the physico-chemical quality attributes of the drink, in addition to the antioxidant activity. A significant difference was observed among samples fermented with 10% kombucha with regards to moisture content and inhibition of DPPH radicals (higher values). Organoleptic analysis results revealed that panelists preferred the samples fermented with lower concentrations of kombucha inoculum which might be due to the watery appearance of the samples having the highest moisture percentage [START_REF] Nurliyani | Characteristics of fermented goat milk using combination of kombucha and Lactobacillus casei starters[END_REF]. [START_REF] Sarkaya | Use of kombucha culture in the production of fermented dairy beverages[END_REF] investigated the characteristics of milk kombucha prepared by mixing milk with three different types of herbs: green tea, blackberry, or sage. The beverage was produced by mixing pasteurized cow's milk with one of the herbs (60:40 ratio) The products were stored in the refrigerator (4 °C) for 30 days to evaluate the effect of storage time on their functionality. Total polyphenol concentration increased with storage time and was the highest for green tea milk kombucha (81.51 mg/mL); who also had the highest antioxidant activity (97.07% on day 30 for 100 µL of sample). The highest number of lactobacillus spp. was detected on the 30 th day among all samples whereas the highest lactococcus spp. count was on the 1 st day (which was not very different from the amount observed on the last storage day). Those findings suggest a potential probiotic effect of the developed beverages.

Bakery

An uncommon use of kombucha consortium was to produce sourdough bread [START_REF] Roby | Physical properties, storage stability, and consumer acceptability for sourdough bread produced using encapsulated kombucha sourdough starter culture[END_REF]. Three different versions of bread (encapsulated SCOBY, baker's yeast and liquid traditional sourdough starter) were made in order to compare the attributes of each one. Bread prepared with kombucha starter had a high loaf volume (976.7 mL), good shelf-life stability (shelf life was extended by 5 to 10 days) and demonstrated significantly better taste and overall acceptability scores compared to the other samples.

Europe: A focus on dairy kombucha

Europe (more precisely Serbia) can be considered so far as the richest source of publications on dairy kombucha. However, different categories of substrates were also fermented by tea fungus as fruits & vegetables, plants & herbs, in addition to by-products. The fermentation conditions, physico-chemical characteristics, biological activities, and in-vivo studies on European kombucha are displayed in Table 2.

Dairy

Fermented milk drinks have been known to be beneficial for human health. The most common fermented dairy products in the market are yoghurts, kefirs, acidophilic milk, buttermilk, and koumiss. The characteristics of milk kombucha was investigated by [START_REF] Vukić | The effect of kombucha starter culture on the gelation process, microstructure and rheological properties during milk fermentation: Effect of kombucha on milk fermentation[END_REF], [START_REF] Malbaša | Milk-based beverages obtained by Kombucha application[END_REF][START_REF] Malbaša | Optimization of the antioxidant activity of kombucha fermented milk products[END_REF], [START_REF] Vitas | The antioxidant activity of kombucha fermented milk products with stinging nettle and winter savory[END_REF] and [START_REF] Vukić | The effect of kombucha starter culture on the gelation process, microstructure and rheological properties during milk fermentation: Effect of kombucha on milk fermentation[END_REF]. As general findings, the developed beverages were more acceptable than yogurt by panelists. They also maintained their acidity, antioxidant potential, vitamin C content and Angiotensin converting enzyme (ACE) inhibitory activity after storage. The obtained products were described as similar to yogurt and kefir with regards to their color and flavor. According to [START_REF] Kruk | Application of the "SCOBY" and kombucha tea for the production of fermented milk drinks[END_REF], milk kombucha had a very good microbial quality and contained a number of microorganisms that exceeds the requirements of WHO and FAO for fermented beverages. According to Codex Alimentarius guidelines, the quantity of microflora should be more than 7 log CFU mL -1 for LAB, 6 log CFU mL -1 for probiotic bacteria, and 4 log CFU mL -1 for yeast. The values of the milk kombuchas created ranged between 8.94 and 10.23 log CFU mL -1 for LAB, 6.71 and 8.22 log CFU mL -1 for probiotic bacteria, and 4.09 and 6.58 log CFU mL -1 for yeasts. Cheese was produced with kombucha inoculum by [START_REF] Vukić | The application of kombucha inoculum as an innovative starter culture in fresh cheese production[END_REF]. The fresh product was stored in the fridge for a period of 30 days. Cheese kombucha required a shorter fermentation time than traditional cheese; and exhibited a strong antimicrobial activity against E. coli and L. monocytogenes (98.35% and 98.98%). After production, the total polyphenol concentration was higher in cheese kombucha (5.81 mg GAE/g) than in regular cheese (0.98 mg GAE/g). The new product was characterized by having a mild sour, refreshing taste and a remarkable aroma; however, it was judged as acceptable during sensory analysis.

Fruits, vegetables, and their by-products

Due to the various reports confirming the valuable properties of kombucha tea and green coffee, Nizioł-Łukaszewska et al. ( 2020) investigated the attributes of Arabica green coffee beans ferments and studied their suitability as ingredients in cosmetic and dermatological products. On the 14 th day of fermentation, total polyphenol and total flavonoid concentrations increased by more than a double. The identification of bioactive compounds was done chromatographically; the same pattern was obtained. Green coffee beans extracts were more abundant in caffeine, trigonelline, phenolic compounds and their derivatives. Moreover, those molecules decreased with fermentation time. This could be explained by the polymerization that occurs at the beginning of the fermentation and by the depolymerization later, that leads to the emergence of compounds with higher solubility. Antioxidant potential depended on the active ingredients (such as polyphenols and flavonoids); extracts with the longest fermentation time scored the highest inhibition of the DPPH radicals. The duration of exposure to the studied extracts influenced the antioxidant activity as well; after a contact time of 30 minutes, green coffee Kombucha fermented for 28 days had a close antioxidant capacity to that of green coffee (only 14% less). The extracts were analyzed for their ability to generate intracellularly reactive oxygen forms on keratinocytes (HaCaT) and fibroblast (BJ) cell lines to judge thoroughly their antioxidant activity. The reduction of oxidative stress was influenced by the concentration of extracts and was negatively correlated with fermentation time. Moreover, the superoxide dismutase (SOD) activity was studied to determine the ability of dry extracts to naturalize harmful free radicals. Green coffee infusion, in addition to green coffee Kombucha fermented for 14 days showed the highest SOD activity (around 150%). Additionally, coffee extracts and ferments obtained after 14 days of fermentation had a high ability to inhibit collagenase and elastase and a positive effect on skin hydration. They were also able to lower trans epidermal water loss and did not show any cytotoxicity to skin cells. A first trial to produce kombucha from raw seeds or grains was conducted by Álvarez Ron, de la Rosa, and Hernandez (2021) who used corn as a substrate for fermentation. None of the studied foodborne pathogens (Salmonella spp, Listeria monocytogenes, Staphylococcus aureus and Enterobacteriaceae spp) was detected in the samples. Furthermore, sensorial analysis was done on the developed beverages who were rated as acceptable by the panelists (scores above midpoint). In terms of descriptors adapted by the panelists, corn kombucha was mostly defined as "sour, sweety and strong, " with "sparkling, tasty and fruity," and relatively "scented, bitter, dry, strange, cloying and unpleasant." Mushrooms are usually used in traditional medicine for thousands of years to prevent and treat diseases and to improve health. Coriolus versicolor (edible) and Lentinus edodes (non-edible) were used as raw material for kombucha fermentation by [START_REF] Sknepnek | Fermentation characteristics of novel Coriolus versicolor and Lentinus edodes kombucha beverages and immunomodulatory potential of their polysaccharide extracts[END_REF]. Polysaccharides detected in the developed products indicate that the consumption of mushroom kombucha could have potential immunomodulatory effects and might help acid g /l oxalic acid =0.14 -3.45 g/l Formic acid= 0.04 2.33 g/l acetic acid = 8.12 -15.10 g/l succinic acid= 0.05 -0.30 g/l Malic acid =0.10-1.59 g/l tPC = 0.14-0.34 g Cae/l tFC= 0.04-0.17 g re/l vitamin C = 0.38-1.14 mg/l antioxidant activity: dPPH iC 50 in the treatment of Th2-mediated sicknesses such as allergic reactions, asthma, or atopic dermatitis. Moreover, it could strengthen the body's defense against pathogens due to the stimulation of cytokines. White wine effluent (produced by must flotation) was fermented using the kombucha consortium to produce a refreshing nonalcoholic beverage. The most suitable fermentation temperature was 25 °C since the ethanol content was found to be within the requirements (<0.5%) [START_REF] Vitas | Influence of process temperature on ethanol content in kombucha products obtained by fermentation of flotated must effluent[END_REF]. Kombucha culture was added by Vukmanović, Vitas, and Malbaša (2020) to wine effluent to produce a healthy beverage that might also reduce some of the wine industry waste. A gradual reduction in the content of ascorbic acid and polyphenols was detected. The antioxidant potential was somehow stable and extremely elevated during fermentation. For example, the DPPH radical scavenging potential values obtained were around 89% (except for day 9 where a slight reduction occurred, 83.77%).

In contrast, unfermented wine effluent had a stronger reducing power than the kombucha versions, regardless of the fermentation day. Sensory evaluation was done every day during the fermentation period. The beverage was rated suitable and acceptable for consumption on the 6 th day of fermentation as it had a pleasant odor and taste.

Plants and herbs

Bee pollen is a superfood due to its rich composition in phytonutrients. Because of its bitter taste, it is usually mixed with other food products such as yogurt and tea. Utoiu et al. ( 2018) desired to obtain a novel complex product with health benefits by fermenting bee pollen with SCOBY. An accelerated increase in total polyphenols, flavonoids, and antioxidant power was observed. The antitumoral activity against laryngeal epidermoid carcinoma cells (Hep-2)

and human colon adenocarcinoma cells (Caco-2) of the developed product was evaluated as well. A moderate antiproliferative effect starting 20 mg/mL for Hep-2 cells and 15 mg/mL for Caco-2 intestinal tumor cells was detected. Kombucha fermentation seemed to have enhanced the health benefits of bee pollen and amplified to bioavailability of pollen phytonutrients. Yarrow (Achillea millefolium L.) is a native plant in the regions of the Northern Hemisphere in Asia, Europe and North America. The plant is considered rich in bioactive compounds and is used in a variety of fields such food (infusions and spices), medical applications and livestock feed. Yarrow kombucha displayed good biological activities; it exhibited an antioxidant potential, an antimicrobial action against a variety of microorganisms, and an antiproliferative activity against cell lines derived from human rhabdomyosarcoma, human cervix carcinoma and murine fibroblast whereas. The beverages developed also contained abundant quantities of total polyphenols, total flavonoids, and vitamin C. In terms of sensory evaluation, panelists found the samples to be unpleasant and acidic. However, the products' appearance was rated highly as it seems that the participants enjoyed the color and the aspect of the beverages [START_REF] Vitas | Chemical composition and biological activity of novel types of kombucha beverages with yarrow[END_REF]. Medicinal herbs from the Lamiaceae family were used as a possible alternative medium for kombucha fermentation. Lemon balm, thyme, peppermint, and sage are typically employed to improve the taste and flavor of food products. The chemical changes reported due to SCOBY fermentation were a decrease in pH accompanied by an increase in titratable acidity, acetic acid and ethanol concentrations, which suggested that the tested herbs can be used in the future to produce kombucha [START_REF] Velićanski | Characteristics of Kombucha fermentation on medicinal herbs from Lamiaceae family[END_REF]. Četojević-Simin et al. ( 2012) studied the biological activities of Lemon balm tea and its kombucha. They found that Lemon balm kombucha exhibited antimicrobial activity against Gram-negative bacteria (Salmonella Enteritidis, Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis and Erwinia carotovora) and Gram-positive bacteria (Staphylococcus aureus and Bacillus cereus). However, no inhibitory activity was recorded against yeasts and molds. The antiproliferative activity was assessed using the human tumor cell lines HeLa, MCF7 and HT-29. The antiproliferative activity was lower compared to traditional kombucha and it was not concentration dependent.

America: A valorization of local products by kombucha

Brazil and Mexico, the two countries with emerging economies, centered and prioritized their kombucha analogue research on native products. Plants & herbs were the most explored, followed by some fruits and industry by-products.

Table 3 provides a detailed explanation on the different substrates fermented with kombucha, the operating conditions, physico-chemical characteristics, biological activities and in-vivo studies. The ACE inhibitory potential was not enhanced by fermentation; however, the recorded IC 50 results were lower than the values obtained for Captopril (the positive control). Ilex paraguariensis also known as Yerba-maté is a popular plant in regions of south America. It is consumed as a beverage prepared by an infusion of its leaves. A study conducted by [START_REF] Lopes | Antioxidant and antibacterial activity of a beverage obtained by fermentation of yerba-maté (Ilex paraguariensis) with symbiotic kombucha culture[END_REF], aimed to characterize the properties of Yerba-maté kombucha. The total phenolic content displayed variations between the samples as it depended solely on the concentration of the infusion. The increase in total polyphenols was between 7.2% and 9.6%. In vitro antioxidant activity was measured using both DPPH and ABTS scavenging methods and was found to be higher in the fermented extracts. Moreover, the beverage inhibited the growth of S. aureus and E. coli, lowered to produce new types of herbal kombucha that might act as a healthy replacement for soft drinks. Volatile compounds were determined in the samples, and they were substrate specific. However, they were associated with minty, cooling, and refreshing aromas. Sensory evaluation was performed on the new beverages in addition to three types of traditional tea kombucha. Panelists preferred herb-based kombuchas as they rated fermented teas to be less appealing. This might be due to the presence of isovaleric acid that might results in an off flavor. The samples that were the most approved among participants had a "pleasant" acidity, and a refreshing sweet taste. Wax mallow (Malvaviscus arboreus Cav, or Hibiscus-hummingbird malvavisco, amapola or quesillo) are flowers that are widely cultivated in Brazil. An enhancement in the antioxidant activity (from 18.1% to 22.5%) and in the concentration of phenolic compounds (from 50.9 μg GAE/mL to 124. 6 μg GAE/mL) was noted after fermentation with SCOBY. Wax mallow kombucha did not exhibit any antimicrobial potential. In vivo toxicity results on Larvae of Galleria mellonella revealed that the samples were not dangerous nor harmful as all larvae subjected to the product survived [START_REF] Silva | Kombucha beverage from non-conventional edible plant infusion and green tea: Characterization, toxicity, antioxidant activities and antimicrobial properties[END_REF].

Plants and herbs

Fruits, vegetables, and their by-products

Pitanga (Eugenia uniflora L.) and umbu-caja (Spondia tuberosa) are exotic fruits known for their richness in bioactive compounds. 2018). The concentration of some studied flavonoids rose with fermentation time. For instance, rutin (3-fold increase approximately), catechin, gallocatechin and epicatechin were more abundant in fermented leaves however they were the highest on the 2 nd day. A slight increase in the level of hydroxycinnamic acids was detected, mainly for dicaffeoyl quinic acid and gallic acid (from 2 µg/ mL to 6 µg/mL). Acerola, a superfruit, is considered rich in polyphenols and vitamin C. Like all industries, the processing of acerola juice generates by-products, mostly after the filtration step. However, acerola by-products are a good source of polyphenols and may be used to boost the immunity. Leonarski et al. (2021) inoculated acerola by-products extracts with the kombucha consortium. A significant increase in total polyphenols and antioxidant activity was detected the samples. Vitamin C content was affected negatively by fermentation as it decreased in all samples.

North Africa: A contributor in non-conventional kombucha literature

According to bibliometric analysis, Tunisia is the unique originator of research on kombucha analogues in Africa.

Fruits & vegetables, plants & herbs, and by-products were utilized as alternative substrates for fermentation. The fermentation parameters, physico-chemical characteristics and biological activities of non-tea kombucha produced in Africa are represented in Table 4. [START_REF] Battikh | Antimicrobial effect of Kombucha analogues[END_REF] 2019) fermented the plant using tea fungus to evaluate the production of new metabolites and to assess the evolvement of biological activities. A significant increase in total polyphenols was detected in all extracts. There was a rise in the antioxidant potential (measured according the DDPH inhibition by 0.5 mg/mL ethyl acetate extract; however, a decline was observed in the aqueous residual fraction. On the other hand, an important enhancement in the anti-acetylcholinesterase activity was noticed; mostly for the ethyl acetate extract where the value was eight times higher. Fermentation appeared to reduce the anti-xanthine oxidase activity and cytotoxic action (against MCF-7 cell line) of B. tournefortii leaves.

Plants and herbs

Fruits, vegetables and their by-products

Cactus pear, originally cultivated in Mexico, grows well in middle eastern region. The fruit is characterized by a high pH, which causes spoilage during storage and distribution. Different processing technologies increase the shelf life of the product and improve its quality. Ayed and Hamdi (2015) produced cactus pear kombucha. The amount of polyphenols, betacyanin and betaxanthin (phytonutrients known for their health benefits in addition to their role in the color of the product) increased. The antioxidant activity was improved throughout the fermentation (from 45.19% to 67.51%).

Cactus pear kombucha exhibited an antimicrobial activity against both tested gram-positive (Staphylococcus aureus, Bacillus cereus, Staphylococcus epidermidis and Enterococcus faecalis) and gram-negative pathogens (Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa). The beverage had a vibrant bright color but was described as having a sour smell and a vinegary taste during sensory evaluation. The suitability of red grape juice as a raw material for kombucha fermentation was investigated by Ayed, Ben-Abid, and Hamdi (2017). The evolution of bioactive compounds was characterized by a significant increase in total polyphenolic content (40% by day 6) and by a rise in the amount of anthocyanins (reaching a maximum on the 6 th day) followed by a decline. Those findings were correlated with the antioxidant activity which was enhanced by fermentation. The DPPH (with samples diluted 1:50) and ABTS (with samples diluted 1:10) radical scavenging potentials rose by 55.7% and 38.1% respectively after 6 days and then they stabilized. Fermented juice exhibited anti-microbial capacity against Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus and Staphylococcus epidermidis. During sensory evaluation, panelists were asked to rate the samples on the 9-point hedonic scale. The developed beverage had a sharp odor, which also depended on the fermentation duration. The best sensory scores were given to the sample fermented for 6 days. In fact, extending the fermentation time to more than 6 days transformed the "pleasant and mild" drink into a vinegar with a strong sour taste.

Australia: A debut in the production of kombucha from alternative material

A single recent publication on kombucha made from traditional herbs in New Zealand was found in the literature and was focused mainly on examining the sensory characteristics of the beverage. Kawakawa (Piper excelsum), black pepper (Piper nigrum L.) and hops of Humulus lupulus L.

were brewed using the kombucha consortium. The drink was prepared by infusing 5 g/L of plant with 70 g/L of sucrose and inoculating the mixture with 75 g of mother liquid and 3 g of SCOBY. Fermentation was carried 22 °C for 7 days. Each type of kombucha had its distinctive sensory evaluation description. The most liked sample was hops kombucha (which had the highest pH and lowest acidity).

Fermented Kawakawa was the sourest and had a bitter aftertaste; it also had the highest acidity and ethanol content.

Pepper kombucha was described as sweet by the panelists.

In terms of physico-chemical characteristics, the content of total soluble solids was around 6%, the pH value was about 3.5, titratable acidity was around 1.55 mL and ethanol concentration was 0.4% (Alderson et al. 2021).

Discussion

Based on the literature findings, the suitability of various substrates for kombucha fermentation is being investigated. It seems that each region is trying to valorize its native products and find a solution for different by-products generated by the local industries by tea fungus inoculation.

Traditional kombucha, usually prepared with sweetened black or green tea, has been extensively investigated in the literature nowadays. A large proportion of the studies covered the prophylactic effects of tea kombucha. An enhancement of the antioxidant, anti-inflammatory, antidiabetic, anticancer, antimicrobial, neuroprotective, and ulcer healing properties was reported (Banerjee et al. 2010;Leal et al. 2018;[START_REF] Morales | Biological activities of kombucha beverages: The need of clinical evidence[END_REF]. However, due to the large discrepancy in the preparation procedure (substrate concentration, fermentation parameters, and microbial composition of the inoculum), and the differences in the testing protocols followed, comparing the characteristics of kombucha analogues with those of traditional kombucha can be quite complicated. Nonetheless, certain broad similarities in terms of characteristics and health promoting benefits can be determined. In general, the majority of kombucha products, regardless of the type of substrate and fermentation conditions, exhibit close patterns in terms of chemical kinetics (consumption of sugars and production of organic acids and ethanol), similar organoleptic features (sour taste), and an improvement in most of the biological activities. Furthermore, the same logic applies to comparing the different results presented previously. Establishing a precise and accurate analogy between kombucha analogues is a quite complex task. Infinite variables might account for the outcomes obtained. Substrates used differ in terms of their type and concentration for instance. In many cases, the form of the substrate is not even specified; while in other cases the author define whether the substrate was infused as a powder, as leaves, or as fermented or unfermented juice. Moreover, the fermentation parameters varied widely between the work explored. Although most of the times sucrose was employed as a sweetener, it was not always the case. The amount added fluctuated as well between the studies which can influence the acetic acid concentrations in the end product and most probably the results of biological activities. In parallel, the composition of SCOBY (and the quantity) was not similar since it depends on a variety of parameters such as source and medium used. The inoculum was sometimes added in liquid form, sometimes in the form of fungus and other times in both forms. In fact, what was also noticed in many studies was that the mother kombucha was not aways prepared with tea; other herbs have been utilized as well and that the exact microbial diversity of each inoculum was rarely identified. The physico-chemical characteristics of kombucha and the production of bioactive compounds were shown to be dependent on the interaction between microorganisms found in the SCOBY, and on the changes in the microbial composition of the medium (Villarreal-Soto et al. 2020). Overall, fermentation parameters in terms of substrate concentration, duration, temperature, nitrogen supply and carbon source still lack unification and therefore complicate finding the resemblances and dissimilarities between kombucha analogues. The most optimal approach would be to juxtapose the unfermented version with the fermented version of the product instead. This perspective was covered by the majority of the authors to evaluate whether inoculating with SCOBY was beneficial or not. In kombucha prepared with fruit, vegetables, plants, herbs, and their by-products, most of the published work in the literature declared an improvement of the properties of the drink until a certain day in fermentation. As a matter of fact, prolonged fermentation did not seem to be beneficial; and the duration varied depending on the type of substrate. Furthermore, a decrease in the concentration of polyphenols after some time has been reported by several authors. This finding might be explained by the polymerization if polyphenols into larger molecules and by their adsorption by the tea fungus. Additional investigation is needed to confirm this theory. Moreover, a huge discrepancy in the fermentation time was noted; the duration ranged between 2 and 28 days. On another hand, dairy kombucha was noted to have a relatively shorter fermentation duration (hours instead of days or weeks) and was mostly stopped when reaching a defined pH. This practice is common in the production of cheese and is usually implemented as a quality control indicator. Interestingly, the dairy industry is a promising application of kombucha as results showed that utilizing SCOBY was advantageous over other starter cultures in terms of fermentation time, quality, and stability. On top of that, analyzing the effect of storage on the quality of the drink in some studies can be considered as a debut in determining the actual shelf-life (which was not evoked in the literature) and the optimal storage conditions.

Although extensive research on kombucha is being conducted and is expected to grow in the coming years, additional focus should be made in certain areas of the field. First, in-vivo studies and clinical trials should be carried out more frequently to better understand the effect of consumption on living organisms. When examining the literature, the occurrence of in-vivo studies is remarkably low; and the absence of clinical trials sheds a light on one of the weaknesses in kombucha research. Second, supplementary effort should be made to acknowledge the perception of consumers. This can be achieved by additional market studies and sensory analysis. In fact, sensory evaluation (accompanied with analytical techniques) is crucial in product development to determine the acceptability of the consumers and improve the quality of the product. For instance, the use of the electric tongue in one of the studies is a first in kombucha beverages (tea and non-tea). Third, more work should evaluate the toxicity and food safety aspect of kombucha (in terms of production and consumption). Even though the beverage itself has a low pH and exhibits anti-microbial activities, fermenting kombucha in non-aseptic conditions might make it susceptible to contamination. Rare attention has been given to the good manufacturing practices that should be respected during production. For example, although researchers on dairy kombucha sterilize the milk before inoculation, others don't mention if the water is potable or filtered. Fourth, additional molecules such as glutathione or polymerized phenols (that are not detected by the Folin-Ciocalteu method) should be characterized and quantified. Finally, it would be interesting to examine the most appropriate food processing procedure after fermentation is stopped. So far, the publications on kombucha analogues scale up are very limited. Preservation techniques, shelf-life extension, quality improvement and packaging have not been properly evoked yet.

Conclusion and perspectives

The concept of exploring different substrates to produce kombucha is gaining popularity around the world. The beverages generated were a rich source of bioactive compounds and exhibited prophylactic activities. The antioxidant potential of kombucha was examined and reported in almost all work discussed previously. In addition, other health benefits were demonstrated such as: anti-inflammatory, anti-diabetic, anti-microbial… Moreover, kombucha was successful in non-conventional applications such as being used as a cooking ingredient, as a preservative for fruits and vegetables, and as a source of cellulose for some industries. By-products have been basically studied as substrates for kombucha fermentation; however, research targeting that area remains limited and not properly explored. Based on the literature, kombucha fermentation can be implemented as a valorization technique for a huge spectrum of material. The environmental and economical concern on agro-industrial by-products is rising nowadays. Kombucha fermentation is a promising solution for the exploitation of beneficial molecules and for the development of functional beverages.
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Abbreviations

Pomace was dried using an air dryer at a low temperature (30 o C) to preserve the characteristics of the compounds. After drying, pomace was grinded using Robot Coupe R5 plus. The grinded material was stored in food grade polyethylene bags and stored in the freezer (-18 o C).

II.1.1.2 Négrette

Négrette pomace was collected from Fronton region in France (in 2020) and was stored in the freezer (-18 o C).

II.1.2 Kombucha inoculum

The Kombucha inoculum used throughout this project was obtained from the website "je.mangevivant.com" and has been maintained in the laboratory according to the protocol described below by transplanting every 2 weeks (blackslopping method).

II.1.3 Chemicals and reagents

The chemicals and the reagents used were of analytical grade. They were obtained from Sigma- (also obtained from the previous batch) were added to the mixture. The beakers were covered with a hairnet and incubated at 25 o C (Binder series KT) for a period of 14 days. The preparation of SCOBY was standardized on tea by repeating the protocol before inoculating the grape pomace infusion, to minimize the variability of the microbial composition as much as possible.

II.1.1.2 Preparation of grape pomace Kombucha

Different batches of grape pomace Kombucha were prepared through this project. The processing parameters varied between the different batches; however, the same preparation steps were followed. The concentrations of the products and processing parameters will be presented in the coming chapters. In general, grape pomace Kombucha was prepared by adding sucrose to heated water (40 o C) and infusing the pomace at 80 o C for 15-20 minutes (depending on the batch), with manual stirring using a clean spoon. The infusion was filtered by using a cotton ham bag and cooled to less than 30 o C. Ammonium sulfate, SCOBY, and tea Kombucha were added to the cooled pomace infusion. The mixture was fermented in an incubator (Binder series KT, or

Lovibond model) at a defined temperature and for a defined duration. The different processing parameters are listed in table II.1. Additional explications will be provided throughout the chapters.

II.2.2 Analysis of grape pomace

II.2.2.1 Water content

In order to calculate the amount of dry matter in grape pomace, moisture content was analyzed using Precisa HA 60 moisture balance. Three replicates of 2 g each were placed in the equipment to find the percentage of moisture.

The moisture content was calculated according to the formula below:

% MC = [(w wetw dry) / w wet] x 100

II 2.2.2 Nitrogen content

Ammonia concentration

The concentration of ammonia (NH3) was determined using Megazyme Ammonia Kit by measuring the absorbance of the prepared sample and blank solution at 330 nm.

Sample preparation:

- ΔA ammonia = A1 -A2

All measurements were done in triplicates.

Yeast assimilable Nitrogen:

Yeast Assimilable Nitrogen (YAN) which consists of free amino nitrogen, ammonia and ammonium was determined using formaldehyde reagent. The sample (50 mL) was titrated with NaOH (1N) until reaching a pH of 7.5. BaCl2 (20%) was added. 50 mL of the solution were taken and titrated with NaOH (1N) until reaching a pH of 8. 20 mL of formaldehyde (40%) were added, and the solution was titrated with NaOH (0.1N) until reaching a pH of 8.

The concentration of yeast assimilable nitrogen (YAN) was calculated as follows:

C YAN = V NaOH x 56 C = concentration of YAN (mg/L) V NaOH 0.1 N = Volume of NaOH (0.1N) (mL)
All measurements were done in triplicates.

II.2.3 Analysis of grape pomace Kombucha samples II.2.3.1 pH and titratable acidity

pH was determined using a pH meter (Eutech Instruments -pH 700).

Titratable acidity was determined according to the method stated the OIV (Method OIV-MA-AS313-01), where 5 ml of sample is titrated with 0.1N of NaOH. The volume of NaOH at equivalence (pH=7) is recorded.

Total acidity (TA) was calculated in terms of equivalent sulfuric acid (g/L).

TA = = C NaOH x V NaOH V sample X 2
All measurements were done in triplicate.

II.2.3.2 Degrees Brix

The Brix value for grape pomace was measured using a refractometer (ATAGO pocket refractometer). All measurements were done in triplicates.

II.2.3.3 Measurement of total sugars by DNS

The dinitrosalicylic acid (DNS) method is a colorimetric method used to estimate the concentration of reducing sugars. It is used to control the consumption of sugars during fermentation. It is based on the presence of free carbonyl groups (C=O) and involves mixing the sample with DNS, heating to catalyze the reaction and reading the absorbance of the products.

Preparation of stock solutions

A stock solution of reducing sugars is prepared at a concentration of 2 g/L (50% glucose-50% fructose). Standard solutions of different concentrations (0, 0.5, 1, 1.5 and 2 g/l) are used to create a calibration curve and therefore determine the concentration of reducing sugars in the samples.

Preparation of DNS reagent

-Sodium potassium tartrate (75 g) -NaOH (4 g) -Distilled Water (250 ml)

Once prepared, DNS reagent should be stored in a dark place at 4 o C for a maximum of 2 weeks.

Samples are diluted by a factor of 10 before analysis.

0.5 ml of DNS were added to 0.5 ml of each sample and mixed thoroughly with a vortex. The tubes are transferred to a hot water bath (100 ºC) for 10 minutes at. The tubes were then cooled in an ice bath, and 10 ml of distilled water was added. Next, the samples were mixed and kept in a dark place for 15 min. The optical density was measured using a spectrophotometer at 540 nm and the unknown concentrations of the samples were determined from the calibration curve. All measurements were done in triplicates.

II.2.3.4 Quantification of sugars, organic acids, and ethanol

High performance liquid chromatography (HPLC, ThermoScientific, France) analysis was used to study the kinetics grape pomace Kombucha fermentation. Samples were centrifuged at 10000 rpm for 5 minutes (Fisherbrand Centrifuge, Illinois, USA). The supernatant was then filtered through a 0.45 μm membrane filter (Fisherbrand, PTFE) into vials and diluted with deionized water (1:10).

Quantitative analysis of glucose, fructose, sucrose, malic acid, tartaric acid, acetic acid, lactic acid, gluconic acid and ethanol was performed using Hpx87h aminex biorad column (300 x 7.8 mm) thermostated at 50°C; in addition to a refractive index detector at 210 nm and regulated at 40°C. The elution was done with a constant flow rate of 0.6 mL/min and using a 10 mM sulfuric acid solution as a solvent (pH 2.2). 20 μL of sample were automatically injected into the equipement for analysis. Compounds were quantified through standard curves (expressed in g/L). Standard solutions were prepared with de-ionized water at concentrations ranging between 0 and 15 g/L. All measurements were done in triplicates.

II.2.3.5 Quantification of polyphenols

The concentration of total polyphenols was determined by following the Folin-Ciocalteu colorimetric method [START_REF] Ribéreau-Gayon | Handbook of enology[END_REF]. Phenolic compounds oxidized by the Folin-Ciocalteu reagent composed of phosphotungstic acid (H3PW12O40) and phosphomolybdic acid (H3PW12O40).

Samples were diluted (1:10) with distilled water. Standards solutions of gallic acid were prepared at concentrations of (0, 10, 25, 50 et 80 mg/L). The analysis was carried in a 96-well microplate.

The procedure included the steps below:

- 

II.2.3.6 Quantification of total anthocyanins

The total anthocyanin concentration was estimated by the sulfur dioxide discoloration method as described by [START_REF] Ghanem | Evolution of Polyphenols during Syrah Grapes Maceration: Time versus Temperature Effect[END_REF] with a slight modification. The protocol followed included the below steps:

-Solution 1 was prepared and consisted of 1 mL of sample, 1 mL ethanol (0.1% HCl), and 20 mL HCl (2%)

-Tube A was prepared and consisted of 5 mL of solution 1 and 4 mL of distilled water -Tube B was prepared and consisted of 5 mL of solution 1 and 4 mL of Potassium metabisulfite (15%)

The absorbances of tubes A and B were measured after waiting 20 minutes by a spectrophotometer (Jenway 7315) at 520 nm. The concentration of total anthocyanins was expressed in mg/L and was calculated according to the obtained optical densities:

C total anthocyanin = (OD A -OD B) x 875

All measurements were done in triplicates.

II.2.3.7 Antioxidant activity

The antioxidant potential was evaluated by measuring the scavenging activity against 1, 1diphenyl-2-picrylhydrazyl free radicals (DPPH) as described by (Pure & Pure, 2016) Two types of agar mediums were used: Chapman and Eosin Methylene Blue (EMB). Chapman agar is usually used to differentiate mannitol fermenting (such as Staphylococcus aureus) and mannitol non-fermenting species. EMB agar is selective for gram-negative bacteria.

Preparation of mediums

Chapman agar:

-Suspend 111g of Chapman agar powder (Fisher Scientific, ref 1216-6620) -Heat with frequent agitation and boil for 1 minute to completely dissolve the product.

-Sterilize in the autoclave at 121°C for 15 minutes -Pour into petri dishes under sterile environment

Protocol

Both mediums were tested with pure cultures of the studied pathogens to observe the morphology of the colonies to make sure the investigated pathogens can grow in such environment 0.1 mL of the suspension of pure cultures was introduced to the petri dishes by following the pour and spread technique as described by [START_REF] Silva | Microbiological examination methods of food and water: A laboratory manual[END_REF]. The petri dishes were incubated at 37 o C for 48 hours. The observations are presented in table II.1. All detections were done in duplicates.

Table II.2: Morphology of investigated pathogens

Upon each sampling, 0.1 mL of undiluted grape pomace Kombucha was poured and spread on both mediums. The petri dishes were incubated at 37 o C for 48 hours. The samples were stored in the fridge during the incubation period to perform dilutions and retest if necessary.

Changes in the characteristics

The concentrations of total sugars, organic acids (acetic acid, lactic acid, malic acid, and tartaric acid), ethanol, total polyphenols, and the antioxidant activity were evaluated during storage by following the same protocols described previously. All measurements were done in triplicates.

Estimated shelf-life calculation

The shelf life of grape pomace Kombucha was estimated by following the accelerated shelf-life stimulation protocol as described by [START_REF] Phimolsiripol | Techniques in Shelf-Life Evaluation of Food Products[END_REF]. This procedure is based on reaction kinetics and evaluates the deterioration process as a function of time. The data for the different quality parameters at different storage conditions was collected.

Determination of reaction order:

Food quality can undergo different types of changes during storage. The reaction order provides information about the kinetics of the reactions that take place during storage, and therefore serves as a guide for estimating the shelf-life of products. The zero-reaction order for each parameter was determined by plotting the quality parameter as y-axis and storage time as the x- axis. The first order reaction was assessed by plotting the neperial logarithmic (ln) value of the quality parameters as the y-axis and storage time as the x-axis. The slope (reaction constant), the intercept and the coefficient of determination (R 2 ) were gathered from each reaction equation.

Microorganism

The kinetic order reaction used is the one with highest R 2 value since it will show a better accuracy of data.

Shelf-life calculation:

If the reaction order was determined zero, then the equation to estimate the shelf-life will be:

t = = A0-At kt
If the reaction order was determined one, then the equation to estimate the shelf-life will be: Sensory evaluation was performed as described by [START_REF] Lawless | Sensory Evaluation of Food: Principles and Practices[END_REF] with few adjustments. The panelists were not trained in any of the tests conducted.

Preparation of samples and questionnaires

Grape pomace Kombucha samples were attributed with a three-digit random number. The samples were served cold to panelists. The brand of the sweetener used in some of the samples was "Daddy" (produced in France). The brand of the raspberry aroma used was "La Pateliere"

(produced in France). Both products were purchased from a local supermarket in France.

Panelists were recruited randomly based on their availability and they were provided with the necessary information about the tests.

Discrimination testing: triangle test

This test was conducted to determine whether two samples were perceived differently by the panelists. Three samples were presented simultaneously to the panelists, two samples were from the same recipe, and one was from a different formulation. The panelists had to indicate the odd sample.

Acceptability testing

This test was conducted to measure the acceptability of the samples based on the 9-point hedonic scale. Panelists were presented with different samples and were asked to rate the degree of liking specific attributes of the sample.

Descriptive analysis

Generic descriptive analysis with slight modifications was conducted to determine the sensory attributes of the samples in terms of aromas. Panelists were presented with different samples and were asked to rate the intensity of predefined aromas. A reference table was provided to help the participants in recognizing the aromas.

Preference testing

Preference testing was conducted in parallel with the other tests to determine the preferred sample among panelists. Participants were presented with different samples and were asked to choose their preferred product.

II.2.4 Analysis of grape pomace Kombucha extracts II.2.4.1 Preparation of extracts

Grape pomace Kombucha samples were evaporated through a vacuum rotary evaporator at 35 °C to obtain a dry extract. The dry extract was collected, weighed, and stored at ambient

temperature. An ethanolic extraction by dissolving 1 g of dry extract in 20 mL ethanol and placing the mixture once again in the vacuum rotary evaporator (35°C) until dryness.

II.2.4.2 Concentration of total polyphenols

The total concentration of polyphenols was determined by the Folin-Ciocalteu method [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF].

Preparation of the solutions:

- 

Protocol:

The protocol followed is presented in figure II.2. C extract = concentration of extract in mg/L All measurements were done in triplicates.

II.2.4.3 Identification of phenolic compounds

The phenolic compounds were identified through HPLC analysis in an ultimate 3000 pump-Dionex and a DAD detector (Thermo Fisher Scientific, USA). Separation was achieved on RPC18 reversed-phase column (Phenomenex, Le Pecq, France), 25 cm x 4.6 mm and particle size of 5 μm thermostated at 25°C as described by Villarreal-Soto et al, (2019) with some alterations. The elution was performed at a flow rate of 1.2 mL/min, using a mobile phase consisting of acidified MilliQ water (acetic acid, pH = 2.6) (solvent A), and acidified water/Acetonitrile (20:80 v/v) (solvent B). The gradient followed was from 12% B to 30% B for 35 minutes, from 30% B to 50% for 5 minutes, from 50% B to 88% B for 5 minutes and from 88% B to 12% B for 15 minutes The extracts were prepared at a concentration of 20 mg/L in a mixture of acidified water/Acetonitrile (80:20 v/v) and filtered with a Millex-HA 0.45 µm syringe filter (Sigma Aldrich). The injection volume was 20 μL. The detection was done at 280 nm. The phenolic compounds were identified by contrasting the retention time of the detected peaks to those of the known standards. The list of standards tested, in addition to their respective retention time is presented in Appendix 1. All determinations were done in duplicates.

II.2.4.4 Concentration of vitamin C and resveratrol

The concentration of resveratrol and vitamin C were determined by analyzing different concentrations of those compounds by HPLC (as described in the previous section). The calibration curves were plotted, and the concentration of both compounds was obtained from their respective equations. The measurements were done in triplicates.

II.2.4.5 Antioxidant activity

The antioxidant activity of the extracts was measured by the DPPH radical scavenging ability as described by [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF], with some modifications. The DPPH solution was prepared by dissolving 7 mg of DPPH powder in 15 mL of Methanol. Before usage, the solution was diluted to reach an absorbance of 0.6-0.8 at 524 nm. Different concentrations of extracts were tested, taking into account that the concentration of DMSO doesn't exceed 1% in the wells.

Ascorbic acid was used as a control. The protocol followed is presented in figure II.3. The percentage inhibition of DPPH radicals was calculated as follows:

% inhibition = (A control-A control blank)-(A extract -A extract blank) A control -A control blank
x 100

All measurements were done in triplicates.

II.2.4.6 Anti-inflammatory activity

The anti-inflammatory potential was evaluated by the method described by Villarreal-Soto et al.

( -DNS solution (S DNS): Dissolving 0.109 g of 3,5-Dinitrosalicylic acid and 2.28 g of sodium potassium tartrate (C4H4KNaO6) in 50 mL of NaOH (2M) and completing the total volume with distilled water to 50 mL.

Different concentrations of extracts were tested, considering that the final concentration of DMSO doesn't exceed 1%. Acarbose was used as a standard inhibitor. A blank experiment was performed using the same procedure but by replacing the starch solution with the buffer solution.

The protocol followed is represented in figure II.4. The anti-diabetic activity was expressed as the percentage of inhibition of α-amylase:

A extract = A extract tube x -A extract tube y A control = A control tube x -A control tube y % inhibition = A control-A extract A control
x 100 A = absorbance read at 540 nm All measurements were done in triplicates.

α-glucosidase assay

The α-glucosidase inhibitory assay protocol followed was described by [START_REF] Kim | Potent α-glucosidase inhibitors purified from the red alga Grateloupia elliptica[END_REF]. A 0.1 M potassium phosphate buffer solution (pH 6.9), an enzyme solution (1 U/ml), a 5 mM 4-using RPMI-1640 (Sigma Aldrich, USA) for HCT116 cells and Dulbecco's modified Eagle's medium with Glutamax (DMEM, Sigma Aldrich, USA) for the CaCo-2 cells.

The cells were distributed in 96-well microplates at a concentration of 3x10 4 cells / well in 100 µl of appropriate cell culture medium. 100 µl of extract prepared with the same culture medium were added. A negative control was prepared as well, containing only the cell suspension.

Tamoxifen was used as a positive control. The mixture was incubated at 37°C for 48 hours. The supernatant was then removed, and 50 μL of MTT solution (15 mg of MTT powder dissolved in 15 mL of phosphate buffered saline) were added and the mixture was incubated for 40 minutes.

After removing the MTT solution, 80 μL of DMSO were added to solubilize the formazan crystals. The concentration of DMSO does not exceed 1% in the wells. The absorbance was measured at 605 nm.

The percentage of growth inhibition was calculated according to the following equation

% inhibition = A negative control-A extract A negative control
x 100

All measurements were done in triplicates.

II.2.5 Market study questionnaire

The questionnaire consists of 8 questions on the general characteristics of the participants, and 20 questions focused on assessing their consumption habits for certain products, their awareness on functional beverages in general and on Kombucha particularly, their food shopping habits, and their interest in trying novel beverages. For each question, multiple choices were given. The survey was prepared in two languages (French and English) to target the highest number of participants. The questions were entered on https://www.google.com/forms . Participants were invited to participate remotely via a link sent by email or by phone message.

II.2.6 Statistical analysis

Means, standard deviations, and curves and their equations were obtained through Microsoft Excel.

IBM SPSS Statistics (version 26) was used to perform Analysis of variance (ANOVA), Tukey's honestly significant difference (HSD), chi-square analysis, and to determine the Pearson's correlation coefficient and the Spearman' correlation coefficient.

The principal components analysis (PCA) was conducted with XLSTAT (Free version 2022.2.1)

The confidence limits were set at p ≤ 0.05, unless specified otherwise.

Chapter III: Effect of fermentation temperature, fermentation duration, and sucrose concentration on the characteristics of grape pomace Kombucha

Preface

In this chapter, we begin by studying the characteristics of the grape pomace collected from a

Lebanese winery. After gathering some data on the physico-chemical properties of grape pomace (Lebanese mix) preliminary trials were conducted to assess whether this material is suitable to be fermented with the Kombucha inoculum. It would be important to mention that that the first batch of fermentation was inoculated for a long duration to understand the kinetics that take place during the production of grape pomace Kombucha. The bulk of this chapter consists of evaluating the effects of fermentation parameters (fermentation temperature, duration, and concentration of sucrose) on the chemical composition and biological activities of grape pomace Kombucha. The pH, brix degrees, total acidity, sugar consumption, production of organic acids and ethanol, and the evolution of total polyphenols and anthocyanins were investigated in the different samples. Moreover, grape pomace Kombucha recipes were evaluated for their antioxidant, anti-inflammatory, anti-diabetic, and anti-cancer activities.

III.1 Characterization of grape pomace

III.1.1 Primary chemical analysis

Grape pomace (Lebanese mix) was provided from "Adyar" winery in Lebanon. It was made of a mixture of different grape varieties including Cabernet sauvignon, Cabernet franc, Syrah and Merlot. The exact proportion of each specie was unknown, since the pomace was given in bulk.

The pomace was dehydrated (at 30 o C), grinded, and stored in the freezer (-18 o C). The general physico-chemical characteristics were determined.

III.1.1.1 Water content

The general chemical composition of grape pomace was analyzed to determine the production conditions to make grape pomace Kombucha. The amount of dry matter was found by calculating the moisture content. On average, the percentage of moisture was found to be 53.66 ± 4.29%. This value will be used when calculating the quantity of pomace to infuse when preparing the Kombucha. Moreover, moisture content is associated with the safety of the product since it can support the growth of certain microorganisms. Therefore, grape pomace was stored in the freezer (-18 o C) to extend its shelf life.

III.1.1.2 Nitrogen content

Nitrogen is an important nutrient needed to carry out a successful fermentation. It is essential to yeast growth and metabolism and plays a role in the synthesis of proteins and in the transportation of sugars [START_REF] Ribéreau-Gayon | Handbook of enology[END_REF]. The concentration of Ammonia (NH3) was determined to be 9.5 ± 0.81 mg/L; whereas the quantity of Yeast Assimilable Nitrogen (which consists of Free Amino Nitrogen, Ammonia and Ammonium) was 72.8± 2.29 mg/L in an infusion of grape pomace (100 g/L dry basis).

III.2 Grape pomace Kombuchapreliminary trials

III.2.1 Preparation and fermentation

Grape pomace Kombucha batches 1 and 2 constituted the starting point of our work, in terms of recipes, production parameters and fermentation conditions. The required amount of grape pomace was added to boiling water (80 o C) and was allowed to macerate for a certain period while mixing the solution with a spoon. The infusion was filtered with a cloth ("sac à jambon") and sugar was dissolved in the mixture. After cooling the infusion to 30 o C, the starter culture (tea fungus and Kombucha tea) and Ammonium Sulfate were added. Beakers were covered with a hairnet to prevent any physical contamination and were placed in the incubator.

The product was manually shaken every couple of days to prevent the formation of molds, to homogenize the mixture, and to provide a healthy environment for the culture. Recipes and fermentation conditions are mentioned in the table III.1. 

III.2.2 Chemical analysis

The main objectives of producing batches 1 and 2 was to observe the chemical dynamics that took place as a result of fermentation, and to determine the recipes that will be prepared in later stages. The fermentation conditions varied were the infusion duration, the concentrations of added sucrose and ammonium sulfate, and the fermentation duration.

III.2.2.1 General characteristics of Kombucha: pH, titratable acidity, brix, change in volume and cellulose yield

The 1 st batch of grape pomace Kombucha was fermented for a relatively long period of time ( 21days) to observe the dynamics that take place and to decide on the processing conditions of the coming recipes. After 21 days, the decrease in pH levels was between 15.2 and 21.7 % (figure III.1), depending on the recipe. On the other hand, there was a slight decrease in the effect of fermentation time on the pH values of batch 2. The drop detected was around 7% for samples fermented for 7 and 10 days. The values are considered to be within the safe range for human consumption (2.5-4.2). In fact, a very low pH (below 2.5) might be a risk to human health, while a pH higher than 4.2 might affect the safety of the beverage (Food and Drug Administration (FDA), 2017). Interestingly, a drop in the volume of the produced beverages was detected after fermentation (table III.2). This observation might be explained by the absorption of liquid by the cellulose layer formed. In grape pomace Kombucha batch 1, the volume at the end of fermentation (day 21) was between 433 and 533 mL. In the second batch, the volume reached 900 mL on day 7 and 850 mL on day 10. On the other hand, the mass of cellulose pellicle was recorded after detaching the mother SCOBY from all samples. The production of cellulose is usually dependent on the microbial composition of the starter culture and on supply of carbon (which is assured by sugars). However, an adequate concentration of sugars is necessary to optimize the yield of cellulose; if the amount of sugar used is very high (more than 110 g/L) a decrease in the production of cellulose would be expected [START_REF] Goh | Fermentation of black tea broth (Kombucha): I. Effects of sucrose concentration and fermentation time on the yield of microbial cellulose[END_REF]. A 21-day fermentation generated a stronger cellulose yield than a shorter fermentation. However, according to the obtained results, the highest weight of cellulose was recorded in samples made with 35 g sucrose. Those findings are in accordance with the pattern mentioned by [START_REF] Goh | Fermentation of black tea broth (Kombucha): I. Effects of sucrose concentration and fermentation time on the yield of microbial cellulose[END_REF], even if the values differ. In fact, the discrepancies in the values might be attributed to the type of substrate (grape pomace instead of tea) and the microbial composition of the inoculum. In grape pomace Kombucha batch 2, surprisingly, samples fermented for 7 days generated a bigger quantity of cellulose than those fermented for 10 days. This might be explained by the disproportionate rates of transport of nutrients and their inadequate utilization by microorganisms.

The color of cellulose pellicles collected was noteworthy. In fact, a visual difference can be detected easily between batches 1 and 2. Cellulose obtained from beverages fermented for 21 days had a darker red color than those fermented for a shorter period of time. Moreover, the color intensity was stronger when the samples were made with 100g/L grape pomace. This observation was investigated in later stages of the project and was linked to the content of total polyphenols in the beverage.

A visual representation of the beverages and their respective cellulose layers is exhibited in figure III.2. 

III.2.2.2. Chemical kinetics

To better understand the fermentation kinetics that occurred, samples were subjected to quantitative analysis (HPLC). The results obtained for batches 1 and 2 are represented in figures III.3, III.4, III.5, and III.6. Overall, a decrease in the concentration of sugars (sucrose, glucose, and fructose) and a production of acetic acid, lactic acid and ethanol was observed in all samples. Grape pomace Kombucha prepared with 100g pomace/ 70g sucrose had an initial sugar concentration of 102.76 g/L; the value decreased until reaching 12.60 g/L on day 10 and 12.25 g/L on day 21. GPK made with 100g pomace / 35 g sucrose recorded 66.97 g/L total sugars on day 0, 13.67 g/L on day 10 and 7.81 g/L on day 21. In the second batch, the average initial content of total sugars recorded was 72.05 g/L; it decreased to reach 9.37 g/L on day 7 and 8.26 g/L on day 10.

Sugar consumption was accompanied by a production of organic acids and ethanol. At the beginning of fermentation, all samples contained small amounts of acetic acid and lactic acid. In grape pomace Kombucha batch 1, acetic acid concentrations reached their peak on day 17; with GPK made with 100g pomace/70g sucrose being the richest (15.32 g/L). On day 21, the quantity detected ranged between 7.07 and 11.63 g/L which can be explained by the evaporation of acetic maximal value then decreased. However, the peak levels and beginning of drop took place on different fermentation days. This can be possibly explained by the type of the medium used (which was tea in their case), amount of sugar added and by the microbial composition of the inoculum. In grape pomace Kombucha batch 2, the amount of acetic acid generated was found to be 2.79 g/L and 3.20 g/L. Fermentation was probably stopped before reaching the highest quantity. Lactic acid concentration increased slowly with time and reached maximal values of 0.79-1.27 g/L on day 21 for batch 1. In grape pomace Kombucha batch 2, the quantity of lactic acid was found to be 0.37 g/L on day 7 and 0.42 g/L on day 10. Lactic acid is not a common compound studied in Kombucha tea however it was investigated by some authors. [START_REF] Malbasˇa | L-Lactic, L-Ascorbic, Total and Volatile Acids Contents in Dietetic Kombucha Beverage[END_REF] found that at the end of fermentation, L-lactic acid had a concentration of 0.29g/L. The proportion of lactic acid bacteria in the SCOBY influences the rate of production of lactic acid.

During fermentation, glucose and fructose are converted into ethanol by the yeast inoculated with the SCOBY. Ethanol was originally detected in the grape pomace; values ranged between 1.55 and 1.63 g/L for samples made with 50 g/L grape pomace and between 2.46 and 2.73 g/L for samples made with 100g/L grape pomace. The presence of ethanol grape pomace is probably due to the vinification stage at which the pomace was collected. The concentration of ethanol increased gradually until reaching the highest value on day 13 for grape pomace Kombucha batch 1; where the strongest yield was observed in the sample prepared with 50 g pomace/70 g sucrose (16.56 g/L). The strong increase of ethanol concentration seems to be linked to the rapid drop in sugar levels. In fact, we notice the shy consumption of sugars after 14 days of fermentation. The sharp increase is followed by a decrease which might be attributed to the evaporation of ethanol, the production of acetic acid by Acetobacter aceti, in addition to the conditions of the medium (low sugar concentration and low pH) which might impact its production. In grape pomace Kombucha batch 2, fermentation was stopped on day 10 for some samples, and therefore before the expected decrease of ethanol. Similar patterns were reported in the literature by various investigators such as [START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF] and [START_REF] Reiss | Influence of different sugars on the metabolism of the tea fungus[END_REF]. In Kombucha prepared with grape juice, which is the most similar substrate to grape pomace Kombucha, the concentration of ethanol started decreasing on day 8 (Ayed et al., 2017).

III.2.2.3 Total polyphenol content and antioxidant activity

Grape pomace is a rich source of polyphenols. Different studies in the literature demonstrated that the concentration of total polyphenols is enhanced by fermentation with the Kombucha inoculum. Based on one of the objectives of this project, which is the development of a healthy beverage, the concentration of total polyphenols and the antioxidant potential were evaluated throughout fermentation. The antioxidant activity of grape pomace Kombucha decreased after the 7th day for all samples.

In tea Kombucha, antioxidant activity is known to be augmented with fermentation time because of the release of polyphenols as a result of microbial reactions [START_REF] Hur | Effect of fermentation on the antioxidant activity in plant-based foods[END_REF]. Those findings are in accordance with the measured levels of total polyphenols. Antioxidant activity is mostly attributed to polyphenols; one of the largest groups of phytochemicals. In grape pomace Kombucha, the antioxidant activity decreased with fermentation time, however, the concentration of polyphenols increased during the 1 st week of fermentation. This might be explained by the biotransformation of polyphenols during fermentation indicating that the compounds are not the same. This observation will be investigated in later stages of the project.

Various studies in the literature have investigated the antioxidant activity of Kombucha 

III.2.3 Sensory evaluation

Grape pomace Kombucha is a promising novel beverage and therefore no available data is present in the literature to assess the expectations and reactions of the consumers on its quality.

The first session of sensory evaluation was performed on the 2 nd batch produced which had a shorter fermentation time and therefore a smaller acidity. 11 panelists participated in the session which consisted of both analytical and affective tests. They were given samples fermented for 7 and 10 days and were asked to guess the different sample (triangle test), rate the samples according to the 9-point hedonic scale, and finally choose the sample they liked the most (Appendix 2).

In triangle tests, a certain proportion of correct answers is needed to establish a significant difference between the evaluated products. 5 out of the 11 participants detected a difference between the samples. However, a minimum of 7 correct judgments is required to establish a significant difference for 11 panelists (at p < 0.05) [START_REF] Lawless | Sensory Evaluation of Food: Principles and Practices[END_REF]. Accordingly, grape pomace Kombucha fermented for 7 or 10 days seemed to taste the same for participants.

The mean scores for the acceptability attributes (overall acceptability, appearance, aroma, taste, sweetness, sourness) are represented in table III.3. Mean values after analysis of variance (ANOVA) showed no significant differences (P < 0.05) in the attributes. Participants rated the overall acceptability, aroma, taste, sweetness, and sourness with relatively low scores. The products were disliked probably because of the high acidic taste which might have masked the any potential sweet taste. On the other hand, the appearance of the beverages recorded good scores and was liked by the participants. Panelist were asked to write any comment they had when evaluating the samples. Means in the same column followed by different lowercase letters represent significant differences (P < 0.05). In terms of the most preferred sample, 3 panelists chose grape pomace Kombucha fermented for 7 days, 4 panelists chose grape pomace Kombucha fermented for 10 days, and 4 panelists didn't pick a sample at all. In fact, the relatively high concentration of acetic acid in the beverages might have contributed to the negative feedback gathered. Therefore, according to those findings, it would not be possible to state that any of the products tested was better than the other. Based on the above results, modifications in the recipes and fermentation conditions are needed to improve the quality of grape pomace Kombucha.

III.2.4 Summary

The objective of this section is to primary understand the patterns of Kombucha fermentation in grape pomace. The batches produced will be considered as a foundation for preparing and trying additional recipes, and for testing further operating parameters. Grape pomace Kombucha is a promising product; however due to the obtained results, several factors should be taken into consideration for the coming batches:

-Fermentation time should be carried for a shorter period so that the developed beverage is less acidic, richer in polyphenols and more acceptable to the consumer.

-Maceration time will be increased by 5 minutes to extract more polyphenols and obtained a slightly darker beverage. A trial was conducted where grape pomace was infused for 20 minutes instead of 15 and resulted in a more desirable appearance of the product.

-Less sucrose can be added since the product will be fermented for a shorter period.

Moreover, the pomace contains residual sugars. Using less sugar would also be an economical advantage in terms of production.

-Further investigation is needed to understand the compounds that might be responsible for the antioxidant activity.

-Improvements should be made in the sensory attributes of grape pomace Kombucha. In reference to the feedback obtained from participants, the developed beverage should be more sweet, less acidic, and more appealing in terms of odor.

III.3 Effect of fermentation parameters and sucrose concentration on the characteristics of grape pomace Kombucha

III.3.1 Preparation of grape pomace Kombuchabatches 3 and 4

Based on the preliminary results (discussed in section 2), batches 3 and 4 were prepared with less and 54% depending on the sample. The Pearson's correlation coefficient was calculated and is presented in table III.18, at the end of the chapter. Based on table III.18, brix values were influenced mostly by the quantity of sucrose added in the recipe (r = 0.557), followed by the fermentation duration (r = -0.362). Fermentation temperature had no effect on the end brix levels (r = -0.056). Further tests are needed to accurately quantify the concentration of sugars. As displayed in figure III.14, titratable acidity increased in all samples and was the highest in beverages fermented for 10 days (9.02-12.41 g/L sulfuric acid). The percentage increase was high, reaching more than 200% in some cases; however, it was close to what was found in other studies. For example, Ayed et al., (2017) noted a 240% increase in acidity after 10 days of fermentation in grape juice Kombucha. In terms of correlation (table III.18), titratable acidity was strongly linked to fermentation duration (r = 0.749) and temperature (r = 0.565), followed by sucrose concentration (r = 0.312). This is probably attributed to the activity of the microorganisms who are responsible for the production of organic acids. The accumulation of acids in the beverage during fermentation is directly linked to a reduction in pH levels (Jayabalan et al., 2014). In the case of grape pomace Kombucha, the correlation between pH levels and titratable acidity was found to be equal to -0.683.

III.3.2.2 Chemical kinetics: sugar consumption and evolution of organic acids and ethanol

Kombucha fermentation is traditionally based on a symbiotic association between bacteria and yeasts. Overall, this dynamism is characterized by consumption of sugars and a production of organic acids and ethanol, as observed during the preliminary trials on grape pomace Kombucha.

Sugar consumption is imperative for the production of cellulose and for the metabolism of microorganisms. Sucrose hydrolysis to glucose and fructose is usually ensured by yeasts through the enzyme invertase. However, in the case of grape pomace Kombucha, hydrolysis of sucrose is secured earlier due to the low pH of the substrate (when compared to the pH of tea) and to the high temperature during infusion (80 o C). A competition for sugars (glucose, fructose and sucrose) occurs between microorganisms of the microbial community of SCOBY. In fact, not only yeasts utilize those sources of carbon (to generate ethanol and CO2); some bacteria such as Komagataeibacter or lactic acid bacteria consume sugars as well [START_REF] Barbosa | Microbial-physicochemical integrated analysis of Kombucha fermentation[END_REF]. The production of organic acids is typically guaranteed by acetic acid bacteria and lactic acid bacteria. Figure III.15 portrays the dynamics that take place during grape pomace Kombucha.

Gluconic and glucuronic acid, who are traditionally a part of tea Kombucha, were not included since they were not detected in any of the samples. % on day 7 and 66-67% on day 10. Those findings are somehow not surprising considering the effect of fermentation parameters on the activity of microorganisms and consequently on sugar consumption [START_REF] Loncˇar | Influence of working conditions upon Kombucha conducted fermentation of black tea[END_REF]. The total content of sugars at the end of fermentation was strongly correlated with the concentration of added sucrose (r = 0.698), fermentation duration (r = -0.560), brix values (r = 0.584), and fairly linked to the temperature (r = -0.396).

In parallel with HPLC analysis, the concentration of reducing sugars was evaluated by the 3,5dinitrosalicylic acid (DNS) assay method. The six-carbon sugars, glucose and fructose, are typically utilized by microorganisms during fermentation. Results are presented in table III.6.

Similar consumption trends were detected and validated the findings of HPLC analysis. In terms of statistical correlation, the concentration of reducing sugars was correlated with fermentation duration (r = -0.614), temperature (r = -0.516), and quantity of added sucrose (r = 0.526).

Additionally, a strong link was established between reducing sugars and total sugars (r = 0.946),

and with brix values (r = 0.526).

Table III The production of acetic acid during Kombucha fermentation is usually attributed to the acetic acid bacteria found in the SCOBY. Acetic acid concentration increased in all samples regardless of the fermentation parameters; in fact, the augmentation ranged between 324% and 933%.

Samples fermented for a longer period (10 days) and prepared with the highest concentration of sucrose (35g/L) were the highest in acetic acid. Sample GPK-3-L-100/35-10/25 contained around 13 g/L acetic acid by the end of fermentation.

In order to understand which operating parameter was responsible for the values of acetic acid collected, the Pearson correlation coefficient was calculated. The strongest correlation was found for fermentation temperature (r = 0.692), followed by duration (r = 0.442) and quantity of added sucrose (r =0.431); increasing the fermentation temperature, duration and/or adding more sugar in the recipe would result in a richer concentration of acetic acid in the end product. This finding is also in accordance with what was discussed previously in terms of total acidity and pH.

Similar observations were made by different authors; although there is some disparity in the values of acetic acid, the production pattern is somehow the same [START_REF] Chakravorty | Kombucha tea fermentation: Microbial and biochemical dynamics[END_REF][START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]. Different production rates of acetic acid might be linked to more than one factor such as type of substrate used, production parameters, and microbial diversity of the inoculum. Finally, as expected, a strong link was found between the concentration of acetic acid and titratable acidity (r = 0.849); and with pH (r = -0.822) (table III.18).

The production rate of acetic acid exhibited a similar pattern to sugar consumption. As shown in table III.7, during the first 3 days of fermentation, a very slow generation of acetic acid was observed (0.11-0.9 g. L -1 .day -1 ). Acetic acid output increased between days 3 and 7, reaching values up to 2.42 g. L -1 .day -1 in some samples. According to [START_REF] De-Filippis | Different temperatures select distinctive acetic acid bacteria species and promotes organic acids production during Kombucha tea fermentation[END_REF], this phase also known as the exponential growth period, is characterized by an increase in the number of acetic acid bacteria; resulting in more substrate consumption and, thus, more formation of microbial metabolism compounds. During the last stage of fermentation (days 7-10), the production rate of acetic acids decreased. This observation was in accordance with the drop noted in sugar utilization and is probably due to the disruption in the activity of microorganisms.

On average, acetic acid was generated at a rate of 0.57-1.38 g. L -1 .day -1 throughout Kombucha fermentation.

The patterns of ethanol production are presented in figure III.18 and table III. 8. Ethanol is produced during Kombucha fermentation by the yeasts present in the SCOBY.

Traditionally, the generation of ethanol is characterized by an increase (until reaching a peak) followed by a decrease. As shown in figure III.18, the concentration of ethanol rises gradually until the end of fermentation in all samples apart from sample GPK-3-L-100/35-7/25. In that specimen, ethanol content started dropping after reaching a maximal value of 9.3 g/L approximately on day 7. The absence of the ethanol decline might be attributed to the relatively short fermentation period [START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF][START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF]. Being a highly volatile compound, the interpretation of ethanol production rates throughout fermentation can be a bit complex. However, similarly to sugar consumption and acetic acid generation, a slow momentum was observed in the first 3 days of fermentation (0.36-1.79 g. L -1 .day -1 ). Between days 3 and 7, a more intense production was detected in the majority of the samples reaching sometimes around 6 g.L -1 .day -1 . As portrayed in table III.8, negative values for ethanol production rates were noted for the majority of the sample. This might be explained by the fact that ethanol evaporation and its bioconversion into acetic acid were occurring at a higher rate than its formation.

The production of ethanol was mostly correlated with the concentration of added sucrose (r = 0.456), followed by fermentation time (r = -0.397) and temperature (r = 0.340); as reported by some authors [START_REF] Chakravorty | Kombucha tea fermentation: Microbial and biochemical dynamics[END_REF][START_REF] Talebi | Examination of the Varied and Changing Ethanol Content of Commercial Kombucha Products[END_REF].

Analysis of variance (ANOVA) was performed on the different samples of Kombucha to assess which recipes are significantly different from the others, so that the ingredients and operating parameters of the future batches are decided. Results are displayed in table III.9.

Table III.9: Effect of fermentation temperature, duration, and sucrose concentration on the final composition of GPK batches 3 and 4

Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

At the end of fermentation, the quantity of residual sugars was significantly different in all samples. However, we notice that the beverages are rich in sugars and thus lowering the amount of added sucrose might be beneficial and provide an economical advantage when preparing grape pomace Kombucha from Lebanese pomace. Reducing sugars followed the same pattern, with the exception of samples GPK-3-L-100/35-7/25 and GPK-4-L-100/35-10/20 who were statistically similar. On the other hand, in terms of acetic acid, we perceive that the most acidic samples (13.03 g/L and 11.58g/L of acetic acid) are not significantly different and they were both fermented for 10 days (p<0.05). Moreover, the sample ranking 3 rd (in the amount of acetic acid) is statistically similar the one ranking 2 nd . Therefore, reducing the fermentation time to less than 7 days would probably be advantageous to the taste of the beverages as they would logically taste contain less acetic acid. However, the concentration of ethanol should be closely monitored to make sure it does not reach high values. Additionally, shortening the fermentation duration would be more efficient and profitable in terms of production. Finally, with regards to ethanol, sample GPK-3-L-100/35-7/25 had the highest concentration (9.30 g/L) and was significantly the starter culture and its evolution during fermentation were not explored; and therefore, determining the microorganism responsible for this observation is not possible. Additionally, Potassium bitartrate (a by-product of tartaric acid that is generated because of the accumulation of ethanol during fermentation) was not observed in grape pomace Kombucha as no crystal deposits have been noticed in the beverages nor in the containers. Thus, the drop in tartaric acid is most likely due to the activity of some microorganisms. On another note, an increase in the concentration of lactic acid is detected in all samples at the end of fermentation. Actually, lactic acid production might be attributed to two reasons: the conversion of 6-carbon sugars and the malolactic fermentation (transformation of malic acid into lactic acid).

III.3.2.3 Concentration of total polyphenols, anthocyanins, and antioxidant activity

Polyphenols are defined as substances having an aromatic ring with one or more hydroxyl group [START_REF] Yu | Functional components of grape pomace: Their composition, biological properties and potential applications[END_REF]. Grape pomace is one of the main by-products generated during winemaking. Polyphenols are partially transferred from the berries into the wine during fermentation and maceration, and a large proportion is retained in the residues. Different factors might impact the phenolic content of grape pomace such as grape variety, degree of maturity, cultivation practices, and winemaking techniques (Guerra-Rivas et al., 2017). Polyphenolic compounds exhibit an antioxidant potential by acting as reducing agents, hydrogen donors, metal chelators and single oxygen quenchers. Fermentation is associated with an improvement in the concentration of polyphenols in plant-based foods; and therefore, is linked to an enhancement of the antioxidant activity. This is achieved through microbial hydrolysis and production of organic acids [START_REF] Hur | Effect of fermentation on the antioxidant activity in plant-based foods[END_REF]. Kombucha focused research has reported an increase in phenolic content and antioxidant potential after inoculating different substrates with SCOBY (Jayabalan et al., 2014;Leal et al., 2018). Anthocyanins belong to the category of flavonoids; they are responsible for the red color of wine and their consumption is associated with many health benefits [START_REF] Kennedy | Understanding grape berry development[END_REF][START_REF] Morata | Emerging Non-Thermal Technologies for the Extraction of Grape Anthocyanins[END_REF]. Anthocyanin content increased as a result of Kombucha fermentation in Zijuan tea, resulting in a change of color of the beverage from yellowish-brown to salmon-pink [START_REF] Zou | Zijuan tea-based Kombucha: Physicochemical, sensorial, and antioxidant profile[END_REF].

The concentration of total polyphenols was assessed by following the Folin-Ciocalteu assay. As mentioned previously, batches 3 and 4 were prepared and analyzed to identify the effect of processing conditions on the composition of the beverages. The evolution of polyphenol content is displayed in figure III.20. in phenols than the unfermented version (Afiati et al., 2020), and pueraria starch production wastewater Kombucha exhibited around a 150% enhancement in polyphenol concentration after fermentation (Zhixin et al., 2021). Tea Kombucha values were relatively smaller; where the content of polyphenols was improved by 12-39% [START_REF] Jayabalan | Changes in free-radical scavenging ability of Kombucha tea during fermentation[END_REF][START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF].

However, the low pH of grape pomace Kombucha, and the continuous generation of organic acids might provide a stable environment for polyphenolic compounds and consequently might be the reason behind those divergences [START_REF] Friedman | Effect of pH on the Stability of Plant Phenolic Compounds[END_REF]. Additionally, the chemical were the richest in anthocyanins (114-117 mg/L) on day 10 and displayed the strongest increase (70%). Samples fermented at 25 o C exhibited an increase in anthocyanin concentration (until day 7) followed by a decrease. Similar results were obtained by (Ayed & Hamdi, 2015) who fermented grape juice with the Kombucha consortium and detected a drop in the content of anthocyanin after the 6th day of inoculation. With regards to processing conditions, anthocyanin concentration was strongly linked to fermentation temperature (r = -0.834). Moreover, a powerful correlation was found with pH (r = 0.748), total acidity (r = -0.727), acetic acid concentration (r = -0.754). and total polyphenol concentration (r = 0.754).

The antioxidant activity of grape pomace Kombucha was determined by the radical scavenging activity method using the DPPH radical. Different volumes of the beverage were tested in order to find the IC50 values. Results are represented in figure III.22. Initially, on day 0, the IC50 values of unfermented grape pomace ranged between 2.45 and 2.68 mL/L. This finding already demonstrated in various studies was not surprising considering the richness of grape pomace in polyphenols [START_REF] Bordiga | Valorisation of grape pomace: An approach that is increasingly reaching its maturity -a review[END_REF][START_REF] García-Lomillo | Applications of Wine Pomace in the Food Industry: Approaches and Functions: Applications of wine pomace in foods…[END_REF][START_REF] Sousa | Chemical composition and bioactive compounds of grape pomace (Vitis vinifera L.), Benitaka variety, grown in the semiarid region of Northeast Brazil[END_REF]. As shown in figure III.21, IC50 values decreased with fermentation time until reaching their lowest on day 7 (1.08-1.28 mL/L), pointing to an enhancement of the antioxidant ability of the beverage. Those results are contradictory to what was observed in the preliminary trials, where an increase in the IC50 values was detected. It would be important to mention though that batches 1 and 2 were not tested directly (or within a short duration after sampling) for their antioxidant activity. They were stored in the refrigerator in transparent containers before analyzing their antioxidant potential. The effect of storage conditions on the characteristics of grape pomace Kombucha will be investigated in chapter 5. A small increase in the IC50 values is detected on day 10 (1.19-1.33 mL/L). This pattern is in harmony with the evolution of polyphenols during Kombucha fermentation, where their concentration increased until day 7 and then decreased.

As shown in table III.18, a medium correlation was established between the quantity of polyphenols and the IC50 for DPPH radicals (r = -0.571). Apparently, the antioxidant potential was also dependent on the acidity (r =0.644) and on the fermentation duration (r = 0.504). This observation suggests that antioxidant activity might be related to other components in addition to polyphenols [START_REF] Amarasinghe | Evaluation of physicochemical properties and antioxidant activities of Kombucha "Tea Fungus" during extended periods of fermentation[END_REF][START_REF] Chu | Effects of origins and fermentation time on the antioxidant activities of Kombucha[END_REF], or that the present polyphenols had undergone some notable structural changes and therefore no longer exhibit a strong antioxidant potential [START_REF] Fibrianto | Antioxidant activity optimisation of young Robusta coffee leaf kombucha by modifying fermentation time and withering pre-treatment[END_REF]. The organic acids generated during Kombucha fermentation might also play a role in the inhibition of DPPH radicals. The obtained outcome is similar to what was reported in the literature; however, the values might be a bit divergent probably because of the different substrates and inoculum used, and fermentation parameters applied. For instance, [START_REF] Jakubczyk | Chemical Profile and Antioxidant Activity of the Kombucha Beverage Derived from White, Green, Black and Red Tea[END_REF] investigated the antioxidant activity of different types of tea Kombucha. The inhibition of DPPH radicals increased during fermentation and then decreased after a certain day. For some samples the drop occurred before the 7th day, while for other it occurred after. In terms of IC50 values, published results where the beverage was tested directly (and not the extracts) were lower than those of grape pomace Kombucha. For example, banana peel Kombucha and nettle leave Kombucha had IC50 values of 1 and 0.83 mL/L respectively (Ebrahimi & Ebrahimi, 2016a); whereas garlic Kombucha had an IC50 value of 0.086 mL/L (Ebrahimi & Ebrahimi, 2016b). Additional details should be provided by the authors though on the methodology followed, to be able to compare more accurately.

Analysis of variance (ANOVA) was conducted on the prepared beverages to understand the effect of fermentation parameters and recipes of the characteristics of the end products. Results are displayed in table III.10.

Table III.10: Final characteristics of GPK batches 3 and 4

Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

With regards to the quantification of total polyphenols, the richest sample was the sample correlation was established between fermentation temperature and final concentration of polyphenols (r = -0.644). However, Aung & Eun (2022) showed that a higher fermentation temperature when producing laver Kombucha would result in a higher quantity of phenols.

Samples fermented for a longer duration (10 days) were poorer in polyphenols. This was also confirmed by the Pearson correlation coefficient (table III.18) as a strong link was obtained between the concentration of total polyphenols and fermentation duration (r = -0.741). Different studies have reported that a shorter fermentation period would result in a richer concentration of polyphenols in Kombucha products (Ayed et al., 2017;Muzaifa et al., 2021). With regards to anthocyanins, the results suggest a similar pattern to polyphenols with respect of fermentation temperature. As shown in table III.10, the highest content was found when fermentation was conducted at 20 o C. In fact, all samples fermented at 20 o C were statistically similar (p < 0.05); in addition to those fermented for 7 days at 25 o C. Moreover, we noticed than increasing the fermentation duration to 10 days would only cause a smaller concentration at 25 o C. As mentioned previously, the concentration of anthocyanins was solidly correlated to fermentation temperature (r = -0.834); in addition to being fairly linked to fermentation duration (r = -0.289).

Lastly, the results of the antioxidant activity are a bit more complex than the other variables. The highest antioxidant potential (lowest IC50 value) was noted in the sample prepared with 20 g/L sucrose and fermented for 7 days at 20 o C (which was also the richest sample in polyphenols).

The same recipe fermented at 25 o C ranked second, which suggests that time, temperature and added sucrose had the most impact on the inhibition of DPPH radical. According to Aspiyanto et al. (2016), [START_REF] Jakubczyk | Chemical Profile and Antioxidant Activity of the Kombucha Beverage Derived from White, Green, Black and Red Tea[END_REF] and Muzaifa et al. (2021), fermentation time is the most influential parameter on the antioxidant potential; However, Zubaidah et al. (2018) found that brix levels impacted the scavenging potential of DPPH radicals.

III.4 Effect of fermentation parameters and sucrose concentration on the bioactive compounds and biological activities of grape pomace Kombucha extracts III.4.1 Preparation of grape pomace Kombucha extracts

At the end of each fermentation, grape pomace Kombucha was centrifuged, filtered to remove cellulose residues, and evaporated through a rotatory evaporator. Values with different lowercase letters represent significant differences (P < 0.05).

The total polyphenol concentration in unfermented grape pomace (Lebanese mix) was 42.06 GAE mg/g sample; and was within the range reported by [START_REF] Rockenbach | Phenolic compounds content and antioxidant activity in pomace from selected red grapes (Vitis vinifera L. and Vitis labrusca L.) widely produced in Brazil[END_REF] who measured the phenolic content of different varieties of grape pomace (32.62-74.75 GAE mg/g).

When comparing the values between grape pomace and grape pomace Kombucha, a notable increase (18-125%) was detected in most of the samples (with only a few exceptions). The Kombucha literature reports different findings in terms of the change in polyphenols after fermentation. For instance, the phenolic content rose by 13% in green tea Kombucha (Leonarski et al., 2021), and by 130% in snake fruit Kombucha (pondo variety) (Zubaidah et al., 2019). The heterogeneity in the numbers might be attributed to different factors. When examining batches 3 and 4, where the main variables between the beverages were the concentration of added sugar, fermentation time and temperature, we find that the processing parameters might highly impact the quantity of phenolics (as also discussed earlier). The highest concentration of total polyphenols was found for samples fermented at 25 o C for 7 days (96.94 GAE mg/g sample)

whereas the lowest was in the extract fermented for 10 days at 20 o C (23.34 GAE mg/g sample).

With regards to the samples prepared with 35 g/L added sugar, the one fermented for 7 days at different grape pomace Kombucha extracts, we notice a significant difference in the phenolic content within the recipes made with the same amount of added sugar. This observation was also made when analyzing the phenolic content of the beverage directly. Moreover, samples prepared with 20 g/L added sucrose (blue and red bars), differ significantly from each other depending on the fermentation duration and temperature. In terms of correlation (table III.18), the quantity of total polyphenols was connected the mostly with fermentation temperature (r = 0.609), followed by fermentation duration (r = -0.323). The concentration of added sucrose had a minimal impact on total phenolic compounds (r = -0.115). According to [START_REF] Jakubczyk | Chemical Profile and Antioxidant Activity of the Kombucha Beverage Derived from White, Green, Black and Red Tea[END_REF], the concentration of polyphenols in Kombucha depends both on fermentation duration and type of substrate used. For example, the polyphenolic content of black tea Kombucha was fairly correlated to fermentation time (r = 0.36, which is close to the correlation we obtained); while in green tea Kombucha, the correlation with time was much higher (r = 0.92).

The antioxidant activity of grape pomace Kombucha extracts was calculated by the DPPH radical scavenging method. More than one concentration of sample was tested, and results are portrayed in table III.12. Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

Initially, the percentage of inhibition of unfermented grape pomace was 2.85% (at 50 mg/L). An intense enhancement of the antioxidant activity of grape pomace Kombucha extracts was obtained as a result of fermentation, ranging between 158% and 1458%. The values were much higher than the range reported in the literature. For instance, Ayed et al. (2017) obtained a 55% enhancement of the inhibition of DPPH radical in red grape juice Kombucha , while Zhixin et al.

(2021) noted a 95% improvement in Pueraria lobata starch waste water Kombucha. This might be attributed to the original composition of unfermented grape pomace. Although being rich in phenolics, it seemed that the bioactive compounds extracted do not exhibit any antioxidant potential. Kombucha fermentation is found to improve the antioxidant activity of different substrates due to the increase in bioactive compounds in the medium, and to their biotransformation by enzymes released by yeasts and bacteria (Ayed et al., 2017;[START_REF] Lopes | Antioxidant and antibacterial activity of a beverage obtained by fermentation of yerba-maté (Ilex paraguariensis) with symbiotic Kombucha culture[END_REF]. When examining the results of batches 3 and 4, more than one factor tends to impact the antioxidant activity of grape pomace Kombucha. As displayed in table III.11, the inhibition of DPPH radicals fluctuates between the different extracts. The highest inhibition was scored by extract GPK-4-L-100/35-10/20 (44.46% at 50 mg/L), who was also significantly different from others; whereas the lowest was among sample GPK-3-L-100/20-10/25 (around 7%, which was also not statistically different from unfermented grape pomace). Increasing the fermentation duration from 7 to 10 days seemed to be associated with an improvement of the antioxidant activity but only when fermentation is carried at 20 o C. As a matter of fact, in terms of operating parameters, the antioxidant potential of grape pomace Kombucha extracts was mostly correlated with fermentation duration (r = 0.555), followed by fermentation temperature (r = -0.286), and quantity of added sucrose (r = 0.242) (table III .18). According to the literature, various factors might impact the antiradical properties of Kombucha. For instance , [START_REF] Jakubczyk | Chemical Profile and Antioxidant Activity of the Kombucha Beverage Derived from White, Green, Black and Red Tea[END_REF] found that the duration of fermentation is the most influential variable on the antioxidant activity of Kombucha, regardless of the type of tea inoculated. On another note, as per Jayabalan et al.

(2014), the radical scavenging properties of Kombucha are dependent on a combination of elements : fermentation time, type of substrate and microbial composition of the starter culture.

Different studies have linked the antioxidant potential of Kombucha to the concentration of total polyphenols [START_REF] Ahmed | Biological, chemical and antioxidant activities of different types Kombucha[END_REF][START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]. In the case of grape pomace Kombucha, a negative correlation was found between the quantity of polyphenols and the DPPH scavenging capacity (r = -0.304); which might suggest that other components are involved (such as organic acids or undetected polyphenols), or that the phenolics quantified by the folinciocalteu method don't display any antiradical potential. In parallel with the change in the percentage inhibition of DPPH radicals, a drop in the IC50 values was detected in all extracts.

The decrease ranged between 12 and 46% depending on the extract.

On another note, it would be important to mention that differences were noted in terms of the antioxidant activity when comparing the results of the analysis conducted directly on the beverage, and the findings of the tests done on the ethanolic extracts. The liquid sample (beverage) with the strongest antioxidant potential (the lowest IC50 value) was GPK-4-L-100/20-7/20; whereas the ethanolic extract with the highest antioxidant activity was GPK-4-L-100/35-10/20. This can probably be explained by the fact that the beverage and the ethanolic extract don't contain the same compounds due to the extraction process, and therefore it would not be beneficial to compare their antioxidant potential. Moreover, additional investigation in-vivo is needed to assess the antioxidant activity of grape pomace Kombucha.

III.4.2.2 Identification of phenolic compounds

Polyphenols are among the most important molecules in grapes, due to their health promoting benefits and biological activities [START_REF] Xia | Biological Activities of Polyphenols from Grapes[END_REF][START_REF] Yu | Functional components of grape pomace: Their composition, biological properties and potential applications[END_REF] Based on the results obtained, the detected phenolics were represented in three different tables: phenolic acids (table III.12), flavonoids (table III.13), and stilbenes and coumarins (table III.14).

Table III.13: Identified phenolic acids and their derivatives in GPK batches 3 and 4 (Šuković et al., 2020). They are known to contain a carboxylic acid functional group and can be categorized into hydroxybenzoic acids and hydroxycinnamic acids. They are normally present in their glycosylated or ester form; however they can be detected in their free form during fermentation. [START_REF] Yu | Functional components of grape pomace: Their composition, biological properties and potential applications[END_REF]. As shown in table III.12, 13 types of phenolic acids were spotted in grape pomace Kombucha extracts. Interestingly, some components that were originally existing in unfermented grape pomace were no longer perceived in the extracts and vice versa; meaning that phenolic acids went through some structural changes as a result of Kombucha fermentation. As a matter of fact, phenolic acids are prone different types of transformation by the enzymes released by microorganisms. They can undergo esterification, decarboxylation, and hydroxylation [START_REF] Tinikul | Biotransformation of Plant-Derived Phenolic Acids[END_REF]. Gallic acid, a powerful antioxidant, was present in all extracts with the exception of GPK-3-L-100/35-10/25 and GPK-4-L-100/20-7/20. It can be esterified into a variety of molecules; however, the samples were not screened for any derivatives and therefore it would not be possible to find out what was gallic acid converted to in those two samples. In terms of hydroxybenzoic acid derivatives, 5 compounds were identified in the extracts. 3-Tert-Butyl-4-Hydroxybenzoic Acid (a radical trapping agent), Benzyl 4-Hydroxybenzoate (an antioxidant), 3-Benzyloxy-4,5-Dihydroxy-Benzoic Acid Methyl Ester, Isobutyl 4-Hydroxybenzoate (an antimicrobial agent which was not originally present in unfermented grape pomace), and Butyl 4-Hydroxybenzoate (also an antimicrobial agent) [START_REF] Cottaz | Potential of Incorporation of Antimicrobial Plant Phenolics Into Polyolefin-Based Food Contact Materials to Produce Active Packaging by Melt-Blending: Proof of Concept With Isobutyl-4-Hydroxybenzoate[END_REF].

Phenolic acids and their derivatives Extract

When looking into the effect of fermentation parameters on hydroxybenzoic acids, some of these latters were impacted by the processing conditions. For instance, 3-Tert-Butyl-4-Hydroxybenzoic Acid is mostly not found in samples were 35g/L of sucrose is added or in samples fermented for 10 days; and 3-Benzyloxy-4,5-Dihydroxy-Benzoic Acid Methyl Ester was not detected in grape pomace Kombucha with 35g/L added sugar (at 25 o C).

In terms of hydroxycinnamic acids, caffeic acid (which was originally present in unfermented grape pomace) was only detected in one of the extracts. This molecule was extensively examined in both grape products and Kombucha literature due to its antioxidant, antiinflammatory and anticarcinogenic activities [START_REF] Cosme | Phenolic Compounds and Antioxidant Activity in Grape Juices: A Chemical and Sensory View[END_REF][START_REF] Kammerer | Polyphenol Screening of Pomace from Red and White Grape Varieties ( Vitis vinifera.) by HPLC-DAD-MS/MS[END_REF][START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF]. Moreover, it is worth mentioning than caffeic acid can be converted into many molecules such as ferulic acid and coumaric acid (who are also known to exhibit biological activities) [START_REF] Newair | Electrochemical Determination of the Antioxidant Activity in Echinacea Purpurea Roots Using Square Wave Voltammetry[END_REF]; however grape Kombucha extracts were not analyzed for those compounds, and therefore additional investigation is needed to confirm the biotransformation of caffeic acid during fermentation. Α-Cyano-4-Hydroxycinnamic Acid, a derivative of cinnamic acid, and sinapic acid, was only detected in few of the samples. It seems that the presence of this molecule highly depends on the processing conditions as it was not originally present in unfermented grape pomace and was exclusively found in certain extracts.

The detection pattern of ferulic acid is relatively similar to that of Α-Cyano-4-Hydroxycinnamic acid. However, it would be important to mention that ferulic acid can be transformed to hydroxystyrenes by Brettanomyces anomalus through the action of hydroxycinnamic acid decarboxylase (Antolak et al., 2021). The presence of Brettanomyces in the SCOBY of tea Kombucha was reported by (Villarreal-Soto et al., 2020). Therefore, this might be one of the reasons behind the detection of this compound during earlier stages of fermentation and its absence later; however, noting that the exact microbial community of the SCOBY used in the preparation of grape pomace Kombucha was not examined, additional work is needed to confirm this theory. (-)-Chicoric acid has been reported to have numerous health benefits, it can act as an antioxidant, antimicrobial and anti-inflammatory agent [START_REF] Peng | The Bioactive Effects of Chicoric Acid As a Functional Food Ingredient[END_REF]. It was detected in the majority of the extracts with a few exceptions. As shown in table III.12, (-)-Chicoric acid 

Cyanocinnamate have been reported to exhibit anti-inflammatory properties inhibiting

Lipoxygenase enzymes [START_REF] Pergola | Cinnamyl-3,4-Dihydroxy-α-Cyanocinnamate Is a Potent Inhibitor of 5-Lipoxygenase[END_REF].

Flavonoids are the largest and most studied category of polyphenols. They are divided into subclasses depending on their molecular structure: flavones, flavanones, flavonols, isoflavones, anthocyanidins, and flavanols. They are associated with a broad spectrum of health benefits because of their antioxidative, anti-inflammatory, anti-carcinogenic and anti-mutagenic capacities. They also key cellular enzyme functions and potent inhibitors for quite a few enzymes [START_REF] Panche | Flavonoids: An overview[END_REF]. (-)-Epicatechin was the focus of extensive research due to the biological effects it displayed: antihypertensive, vasorelaxant, antioxidant, anti-inflammatory, antidiabetic, neuroprotective, and hepatoprotective [START_REF] Bernatova | Biological activities of (-)-epicatechin and (-)-epicatechin-containing foods: Focus on cardiovascular and neuropsychological health[END_REF].

As shown in table III.13, (-)-Epicatechin (which was not initially available in unfermented grape pomace) was not detected in any of the extracts. According to [START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF], epicatechin was not mainly stable during Kombucha fermentation as it was degraded by enzymes. Taxifolin, also known as dihydroquercetin, is characterized by its anti-inflammatory and antioxidant action. A similar pattern to (-)-Epicatechin was followed by taxifolin, and taxifolin hydrate, with the main difference being the original occurrence in unfermented grape pomace. Dihydroquercetin is considered to be a relatively unstable polyphenol and can be subjected easily to polymerization and degradation [START_REF] Khlupova | Enzymatic Polymerization of Dihydroquercetin (Taxifolin) in Betaine-Based Deep Eutectic Solvent and Product Characterization[END_REF][START_REF] Osorio | Why is quercetin a better antioxidant than taxifolin? Theoretical study of mechanisms involving activated forms[END_REF][START_REF] Stenger Moura | Taxifolin stability: In silico prediction and in vitro degradation with HPLC-UV/UPLC-ESI-MS monitoring[END_REF]. Quercetin 3-Β-D-Glucoside, also known as isoquercetin, is one of the glycosidic forms of quercetin. Unfermented grape pomace had no isoquercertin; however, after fermentation, the compound was present in many of the extracts. When examining batches 3 and 4, we noticed that most samples prepared with 35 g/L added sugar scored negative on the screening. However, identifying the main cause of those findings can be quite complex. Rutin hydrate, a molecule consisting of quecertin and rutinose, is associated with anti-inflammatory, antidiabetic, and antioxidant activities. It was not principally present in unfermented grape pomace yet was detected in some of the extracts. [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF] showed that the quantity of rutin in tea Kombucha decreased as a result of fermentation. The reduction of rutin, or its absence in some grape pomace Kombucha samples, might be attributed to enzymatic polymerization ; which was found to increase its antioxidant potential [START_REF] Latos-Brozio | Structure-Activity Relationships Analysis of Monomeric and Polymeric Polyphenols (Quercetin, Rutin and Catechin) Obtained by Various Polymerization Methods[END_REF]. Myricitrin, a reputable antioxidant, was only detected in half of grape pomace Kombucha extracts. The molecule was originally present in unfermented grape pomace but failed to remain stable in different fermentation conditions. For instance, it was only present in 2 of the samples made with 35 g/L added sugar, regardless of the fermentation duration and temperature. Most of the work in the literature was focused on studying myricetin and not myricitrin. In fact, both compounds are structurally similar and differ only in the radicals bound to them. Myricetin, a structurally related molecule to different phenolic compounds, is associated with antiinflammatory, analgesic, anticarcinogenic, hepatoprotective and antidiabetic activities. It was also detected in some Kombucha and followed a analogous pattern to myricitrin (with only a few exceptions) [START_REF] Semwal | Myricetin: A Dietary Molecule with Diverse Biological Activities[END_REF][START_REF] Wu | Preformulation studies of myricetin: A natural antioxidant flavonoid[END_REF]. Baicalein, is usually associated with the roots of a Chinese herb (Scutellaria baicalensis Georgi), yet it has been quantified in grape products by some authors [START_REF] Cui | Simultaneous determination of ten flavonoids of crude and wine-processed Radix Scutellariae aqueous extracts in rat plasma by UPLC-ESI-MS/MS and its application to a comparative pharmacokinetic study: PK of 10 flavonoids after oral dose of raw and wine-processed Huangqin[END_REF][START_REF] Wang | Determination of flavonoids by high-performance liquid chromatography and capillary electrophoresis[END_REF]. This compound exhibits health advantages by playing antioxidant and anti-inflammatory roles [START_REF] Sowndhararajan | Neuroprotective and Cognitive Enhancement Potentials of Baicalin: A Review[END_REF]. Only half of the grape pomace Kombucha extracts tested negative for this molecule. They were the samples prepared with 35 g/L added sucrose (fermented for 7 days at et al., 2014;[START_REF] Wang | The Metabolism of Baicalin in Rat and the Biological Activities of the Metabolites[END_REF]. The absence of pure Baicalein in some grape pomace Kombucha extracts is therefore probably due to the biotransformation of the molecule in high sugar mediums, at lower fermentation temperature. As remarked in table III.13, 14 sub classes of flavones have been detected in the extracts. Flavones are antioxidants with antiaging, antiinflammatory , antimicrobial and anticancer activities [START_REF] Xia | Effects of fermentation treatments on Polygonatum odoratum flavones' antioxidant activities[END_REF]. They are known to go through many series of biotransformation through microbial enzymes [START_REF] Dymarska | Biotransformations of Flavones and an Isoflavone (Daidzein) in Cultures of Entomopathogenic Filamentous Fungi[END_REF][START_REF] Kim | Glucose-containing flavones-Their synthesis and antioxidant and neuroprotective activities[END_REF][START_REF] Nagayoshi | Oxidation of Flavone, 5-Hydroxyflavone, and 5,7-Dihydroxyflavone to Mono-, Di-, and Tri-Hydroxyflavones by Human Cytochrome P450 Enzymes[END_REF][START_REF] Robotham | Identification of Flavone Glucuronide Isomers by Metal Complexation and Tandem Mass Spectrometry: Regioselectivity of Uridine 5′-Diphosphate-Glucuronosyltransferase Isozymes in the Biotransformation of Flavones[END_REF]. When examining the structures of the different flavones found in all extracts, we can notice that they only differ by the type and position of the groups bound to the phenyl and heterocyclic rings. This is probably due to the polymerization of flavones during fermentation. No pattern was detected with regards to the effect of processing conditions on the identity of flavones detected in the extracts.

Resveratrol belongs to the stilbenes category of polyphenols, with trans resveratrol being the biologically active isomer. Resveratrol acts as an antioxidant, anti-inflammatory, antidiabetic , anticancer and anti-Alzheimer agent [START_REF] Fiod Riccio | Characteristics, Biological Properties and Analytical Methods of Trans -Resveratrol: A Review[END_REF]. Unfermented grape pomace didn't contain any resveratrol; however, the compound was detected in some of the extracts. As seen in table III.14, resveratrol was found in in 2 of the extracts originally prepared with 35 g/L added sugar. Different modifications in the chemical structure of resveratrol can take place, leading to various derivatives of the compound [START_REF] Tian | Resveratrol: A review of plant sources, synthesis, stability, modification and food application[END_REF]. It is possible that certain structural changes were responsible for the absence of resveratrol in some extracts. In fact, polydatin for example, the glycoside form of resveratrol, was initially present in unfermented grape pomace.

The conversion of polydatin to resveratrol can occur as a result of acid hydrolysis, and enzymatic and microbial transformation [START_REF] Chen | Enzymatic transformation of polydatin to resveratrol by piceid-β-d-glucosidase from Aspergillus oryzae[END_REF][START_REF] Ravagnan | Polydatin, A Natural Precursor of Resveratrol, induces β-Defensin Production and Reduces Inflammatory Response[END_REF]. Polydatin was only detected in unfermented grape pomace; suggesting that the molecule went through a biotransformation during fermentation. Rhapontin, a glycoside form of rhapontigenin, followed a similar pattern of polydatin. Actually, rhapontigenin is one of the numerous derivatives of resveratrol [START_REF] Chong | Biosynthesis of resveratrol derivatives and evaluation of their anti-inflammatory activity[END_REF][START_REF] Navarro-Orcajada | Stilbenes: Characterization, bioactivity, encapsulation and structural modifications. A review of their current limitations and promising approaches[END_REF][START_REF] Thapa | Biotechnological Advances in Resveratrol Production and its Chemical Diversity[END_REF]; signifying that the absence of rhapontin is some samples is also due to a structural change in the compound.

Another resveratrol analogue is pinosylvin, which is the product of an enzymatic reaction by Omethyltransferase [START_REF] Roussin | A Stress-Inducible Resveratrol O -Methyltransferase Involved in the Biosynthesis of Pterostilbene in Grapevine[END_REF][START_REF] Valletta | Impact of Environmental Factors on Stilbene Biosynthesis[END_REF]. According to [START_REF] Navarro-Orcajada | Stilbenes: Characterization, bioactivity, encapsulation and structural modifications. A review of their current limitations and promising approaches[END_REF], pinosylvin is more stable than resveratrol. Pinosylvin Monomethyl Ether, the methylated derivative of pinosylvin, was detected in the majority of the extracts, excluding unfermented grape pomace. Scopoletin is a coumarin with antimicrobial and antioxidant potential, and is considered to be a glycoside form of scopolin (usually found in wine ) [START_REF] Çakır | Scopoletin contents and antioxidant properties of some edible plants of Black Sea regions[END_REF][START_REF] Gnonlonfin | Review Scopoletin -A Coumarin Phytoalexin with Medicinal Properties[END_REF][START_REF] Lončar | Coumarins in Food and Methods of Their Determination[END_REF]. As shown in table III.14, scopoletin was only detected in samples prepared with 20g/L added sugar and fermented at 20 o C. Fermentation parameters seemed to impact the presence of scopoletin where the occurrence of the compound was mostly dependent on both fermentation temperature and concentration of added sucrose. On a final note, 5 hydroxycoumarin derivates were observed in grape pomace Kombucha extracts.

Some of them were originally present in unfermented grape pomace (such as 6-Hydroxycoumarine and 4,7-Dihydroxycoumarine), while others (such as 7-Hydroxy-4-Phenylcoumarine) appeared after fermentation. Determining the exact effect of fermentation parameters on the type of hydroxycoumarin detected is revealed to be complex as no logical pattern can be established. Coumarins are known to go undergo numerous permutations through reactions of substitutions and conjugations, with 7-hydroxycoumarin being the primary metabolite [START_REF] Venugopala | Review on Natural Coumarin Lead Compounds for Their Pharmacological Activity[END_REF]. To sum up, hydroxycoumarins were subjected to numerous kinds of biotransformation, however, additional investigation is required to deduce how fermentation conditions influence the type of compound obtained.

III.4.2.3 Quantification of resveratrol and vitamin C

As a follow up on the identified phenolic compounds, two molecules were quantified in grape pomace Kombucha: resveratrol and vitamin C. Vitamin C, also known as ascorbic acid, has antioxidant and anti-inflammatory roles [START_REF] Hemilä | Vitamin C and Infections[END_REF]. Resveratrol has been associated with having significant anti-inflammatory, anti-cancer, anti-microbial, and antidiabetic activities, in addition to its notable role in preventing heart disease [START_REF] Szekeres | Resveratrol and Resveratrol Analogues-Structure-Activity Relationship[END_REF]. The III.18), fermentation duration had the strongest impact on vitamin C content (r = 0.466), followed by added sucrose (r = -0.435), and fermentation temperature (r = 0.397). Similar findings were obtained by Xia et al. (2019) where a higher fermentation temperature and a longer duration generated a higher vitamin C concentration in soymilk Kombucha. Surprisingly, a very poor correlation was found between vitamin C and the antioxidant activity of grape pomace Kombucha (r = -0.057), which might suggest that other compounds such as organic acids exhibit antioxidant activities. The radical scavenging activities of Kombucha can be also be attributed to citric acid, vitamin B2 and Dsaccharic acid-1,4-lactone (DSL) (Jayabalan et al., 2014;[START_REF] Malbaša | Influence of starter cultures on the antioxidant activity of Kombucha beverage[END_REF]; however none of these compounds was investigated in grape pomace Kombucha.

Resveratrol was only identified in two samples and the concentration ranged between 0.003 and 0.045 mg/g dry extract. Resveratrol is traditionally studied in grape products and wine, to our best knowledge, this compound has not been investigated in Kombucha literature. However, as discussed previously, resveratrol can go through numerous structural changes as a result of fermentation; and therefore, its absence might be due to its biotransformation. Moreover, with regards to the effect of fermentation parameters on the concentration of resveratrol in grape pomace Kombucha, finding the correlations would not be accurate due to the low number of samples where this compound was detected.

III.4.3 Biological activities III.4.3.1 Antidiabetic activity

The antidiabetic potential of Kombucha products is one of the beneficial effects associated with the beverage (Miranda et al., 2022). It was investigated in grape pomace Kombucha by measuring the inhibition of α-amylase and α-glucosidase (in-vitro) who are involved in the metabolism of carbohydrates. The results are portrayed in table III.16.

Table III.17 Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

As shown in table III.16, a significant increase (55-77%) in the inhibition of α-amylase was detected in all extracts. All grape pomace samples were statistically similar however they were different from unfermented grape pomace in terms of α-amylase inhibition. Moreover, the improvement of the antidiabetic potential of the beverage was accompanied with a drop in IC50 values. A similar pattern was obtained for α-glucosidase; however, the increase was higher (62-91%). Additionally, more resemblances were found among the samples. For example, extract GPK-3-L-100/35-10/25 (who scored the highest inhibition rate) was statistically similar to some samples while differing from others. The improvement of the antidiabetic potential of Kombucha products has been investigated by different authors. Watawana, et al. (2015) examined the effect of fermentation with SCOBY on the activity of starch hydrolase enzyme in coffee Kombucha.

The α-amylase and α-glucosidase inhibitory activities increased after the 5 th day of fermentation; and a better inhibition was noticed for α-amylase. Furthermore, the antidiabetic activity was enhanced after inoculation with tea fungus in soymilk Kombucha Xia et al. (2019) and green and black tea Kombucha [START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF]. Determining the effect of fermentation parameters on the inhibition of α-amylase was not possible since all extracts were statistically similar.

However, the inhibition of α-glucosidase was mostly impacted by fermentation duration (r = 0.490). A strong correlation with the concentration of total polyphenols in grape pomace Kombucha extracts was found (r = 0.599). Polyphenols are known to be good regulators of carbohydrate metabolism; they have strong chelating capacities and can limit the function of enzymes by altering their structures [START_REF] Lin | An Overview of Plant Phenolic Compounds and Their Importance in Human Nutrition and Management of Type 2 Diabetes[END_REF].

III.4.3.2 Anti-inflammatory activity

The anti-inflammatory potential of grape pomace Kombucha was assessed by the inhibition of 15-lipoxygenase (15-lox), one of the key enzymes involved in the synthesis of pro-inflammatory cytokines. The results obtained are displayed in table III.18.

Table III.18: Anti-inflammatory activity of GPK extracts batches 3 and 4 Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

15-lipoxygenase

Extract

n.d: not determined

The inhibition rate of 15-lox was originally around 36% in unfermented grape pomace. The antiinflammatory activity increased significantly in all grape pomace Kombucha samples (by 55-74%) reaching an inhibition up to 63% in some cases. Kombucha fermentation has been proven

to improve the anti-inflammatory potential of different substrates. A two-time increase in the inhibition of 15-lox was obtained after inoculating yerba mate with SCOBY [START_REF] Ziemlewska | Effect of fermentation time on the content of bioactive compounds with cosmetic and dermatological properties in Kombucha Yerba Mate extracts[END_REF]. In tea Kombucha extracts, a notable improvement was obtained as well. The inhibition rate of 15-lox was resembling to the effect Nordihydroguaiaretic acid (NDGA), a natural antiinflammatory molecule [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF]. The values obtained are close to one another; however, we notice that the samples fermented at 20 o C scored a better antiinflammatory activity. The Pearson correlation coefficient was calculated to understand which parameters were linked with the inhibition of 15-lox in grape pomace Kombucha extracts.

Fermentation temperature had the strongest impact (r = -0.752), followed by quantity of added sucrose (r = 0.192) and fermentation duration (r = 0.120). Interestingly, the pH of the beverage and the anthocyanin content were strongly correlated with the anti-inflammatory activity of grape pomace Kombucha (r = 0.653; and r = 0.672, respectively).

III.4.3.3. Anti-cancer activity

It has been demonstrated that many Kombucha products can inhibit the proliferation of cancer cells. The presence of polyphenols, organic acids and vitamin C in the beverage may prevent gene alteration and stop the propagation of cancer cells [START_REF] Abaci | Kombucha -An ancient, fermented beverage with desired bioactivities: A narrowed review[END_REF]Mousavi et al., 2020). The anti-cancer activity of grape pomace Kombucha was tested against HCT 116 and Caco-2 cell lines (human colon cancer) using the MTT assay (3-( 4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide). Results are presented in figure III.24. The PCA plot is represented in figure III.25. Principal components 1 and 2 explained 36.54 and 22.23 of the total variances, respectively. We notice that the variables can be grouped into 3 categories. The total phenolic content of the ethanolic extracts was related to the vitamin C concentration and to the inhibition of CaCo-2 cancer cell. On another hand, the inhibition of αamylase, α-glucosidase, HCT-116 cells, and DPPH radicals was associated with the total acidity, brix levels, ethanol concentration, and acetic acid content. The antioxidant activity of the beverage was negatively allied with this group, since the IC50 value is inversely proportional to antioxidant activity. In the last category, a relation was detected between the anti-inflammatory activity, the concentration of total polyphenols and total anthocyanins (in the beverage), and the residual sugar content.

Based on what was discussed throughout the chapter, and on what was reported by the participants during sensory evaluation, some modifications were made in the processing conditions of grape pomace Kombucha. In the coming chapter, fermentation duration was reduced to less than 7 days, and lower concentrations of sucrose were added (for the beverage made with the Lebanese pomace). Those adjustments can also be considered beneficial and advantageous by decreasing the production cost (less production time and lower quantity of sucrose used). Moreover, a different type of pomace was inoculated with SCOBY. Finally, in the next chapter, in an attempt to produce grape pomace Kombucha on an industrial level, scaling up was conducted to assess whether the change in the production volume would cause any significant alterations in the composition of the beverage.

Chapter IV: Effect of grape variety and processing parameters on the characteristics of grape pomace Kombucha

IV.1 Preparation of grape pomace Kombuchabatches 5,6,7, and 8

In this chapter, two varieties of grape pomace were used: the Lebanese mix (containing a mix of varieties such as Cabernet sauvignon, Merlot, Cabernet franc, and Syrah...) under the dried form, and the Négrette (which is used to make Fronton wine) under the frozen form. The production steps that were followed in chapter 3, were applied when making grape pomace Kombucha batches 5,6,7, and 8 (figure III.11). Water was heated to 40 o C, sucrose was added, grape pomace was infused for 20 minutes at 80 o C, the mixture was filtered and cooled to 30 o C and the remaining ingredients were added. Batch 7 was subjected to an ultrasonic bath for 15 minutes before filtration, in an attempt to extract more polyphenols. In all batches, the concentrations of grape pomace, SCOBY and Kombucha tea were 100g/L (dry basis), 20% (w/v) and 20% (v/v) respectively. The fermentation duration of grape pomace Kombucha prepared with the Lebanese mix was reduced to 5 days based on the findings obtained in chapter 3. The objective was to produce beverages with less organic acids, while still retaining the biological activities. With regards to Négrette Kombucha, being the first trial with this grape variety, a fermentation duration of 7 days was adopted. The recipes of each batch are represented in table IV.1.

As was the case in chapter 3, the acronyms that will be used indicate all necessary information related to the sample of grape pomace Kombucha, with a few additions. at the end of this chapter), brix values were influenced mostly by the grape variety (r = 0.991), followed by the fermentation duration (r = 0.991), and quantity of added sucrose (r = 0.805).

IV.2 Chemical analysis

IV.2.1 General characteristics: brix, pH, and titratable acidity

Scaling-up had minimal effect on brix levels (r = -0.347). The titratable acidity was monitored during fermentation (figure IV.3). The production of organic acids during Kombucha fermentation is usually associated with a drop in pH values and an increase in titratable acidity. The percentage increase ranged between 57 and 196 %. In terms of most influential parameters, subjection to ultrasonic bath and scaling-up had the highest Pearson correlation coefficients (r = 0.668 and r = 0.541, respectively) (table IV.18.). According to [START_REF] Cvetković | Specific interfacial area as a key variable in scaling-up Kombucha fermentation[END_REF], the characteristics of fermentation vessels can impact the titratable acidity of Kombucha; where a bigger interfacial area would cause a faster reaction and therefore higher acidity values. Similar observations were made by Tran et al., (2020) who found a link between the speed of acidification and the specific interfacial surface. Grape variety did not have a huge impact on the acidity of the beverages (r = -0.091); which was contradictory to what was reported by Zubaidah et al., (2019) who produced snake fruit Kombucha from different cultivars and found that acidity depended on the variety of fruit used. Moreover, we notice that grape pomace Kombucha made with zero added sugar had the lowest titratable acidity concentration at the end of fermentation. A medium correlation was established between the quantity of added sugar and the acidity (r = 0.363). al., 2018). In the samples prepared with the Lebanese mix, the quantity of added sucrose seemed to impact the overall consumption rate of sugars in grape pomace Kombucha where the values obtained varied between 3.97 and 0.79 g. L -1 . day -1 . The consumption of total sugars ranged between 24 and 58%; with Négrette Kombucha scoring the highest value and sample GPK-6-L-100/0-5/25 the lowest. The total content of sugars at the end of fermentation was strongly correlated with the concentration of added sucrose (r = 0.912), and fairly linked to fermentation duration (r = 0.470), and grape variety (r = 0. 470). Scaling up and subjecting the mixture to an ultrasonic bath had minimal effect of the consumption of total sugars (r = 0.377 and r = -0.292, respectively) (table IV.18). Those results are somehow a little different from what was reported by other authors. [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF] found that the volume of the vessel has an impact on the consumption of sugars and that a larger s/h ratio (surface/height) would speed up the reaction kinetics. In the case of grape pomace Kombucha, the s/h ratios were 1.10 cm for glass beakers, 85.68 cm for the 1.4L prepared, and 63.19 cm for the 6L volume. Therefore, the effect of s/h ratio on speed of sugar consumption was only valid for sample GPK-6-L-100/20-5/25(1.4). However, more than one variable might be responsible for the dissimilarities in the results. First, the type and concentration of the substrate, the composition of grape pomace and tea (which is used in traditional Kombucha) are largely different. Second, the quantity of sucrose added varies between the different studies. Third, the composition of the starter culture might also play a role in the discrepancies detected. Finally, the fermentation duration of making grape pomace Kombucha is shorter (5 days). Therefore, it would not be possible to predict if after 5 days the consumption of sugars would be influenced by the geometry of the container.

The concentration of reducing sugars (glucose and fructose) was evaluated by the 3,5dinitrosalicylic acid (DNS) assay method. Results are presented in table IV. The findings are in accordance with HPLC analysis results, where similar consumption trends were detected. In terms of statistical correlation (table IV.18), the concentration of reducing sugars was mostly correlated with correlated with scaling up (r = 0.563), ultrasonic treatment (r = 0.465) and quantity of added sucrose (r = 0.034). Grape variety had no impact on the utilization of reducing sugars (r = 0.443) Additionally, correlations were established between reducing sugars and total acidity (r = 0.856) and with total sugars (r = 0.553).

As shown in chapter 3, acetic acid and ethanol were the most abundant products generated during Kombucha fermentation of grape pomace. lower quantity of added sucrose. In the majority of the samples, the production rate seemed to have increased after the 3 rd day of fermentation (table IV .4). As observed in the sugar consumption rate, the highest value was scored by Négrette Kombucha (0.97 g. L -1 . day -1 on average). The momentum was relatively constant in sample GPK-6-L-100/0-5/25, where zero sucrose was added. According to the Pearson correlation coefficient in table IV.18, the quantity of added sucrose has the strongest impact on the production of acetic acid (r =0.867); and fermentation duration and grape variety were equally influential (r = 0.696). With regards to other processing parameters, scaling up and ultrasonic treatment had minimal effect (r = -0.054 and r = 0.120, respectively). This was somehow contradictory to what was reported by some authors. According to [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF], the quantity of acetic acid produced was dependent on the geometry of the vessel. In terms of the previously studied physico-chemical characteristics of grape pomace Kombucha, strong links were established between the generation of acetic acid and pH (r = -0.933), total sugars (r = 0.729), brix (r = 0.714), and with titratable acidity (r = 0.592).

The yeasts present in the SCOBY are usually responsible for the production of ethanol. The concentration of ethanol during fermentation is represented in figure IV.6, and the production rate in table IV.5. We notice that the samples followed different patterns in the generation of ethanol. As shown in figure IV.6, the concentration of ethanol rises gradually until the end of fermentation in samples GPK-5-N-100/30-7/25 and GPK-6-L-100/0-5/25. In the other grape pomace Kombucha samples, ethanol content started decreasing after reaching a maximal value ranging between 5.05 and 5.39 g/L. The same pattern was obtained in chapter 3; however, the fermentation duration was longer.

With regards to the production rate, they were in accordance with the evolution of ethanol content during fermentation. Negative values were found in samples who exhibited a drop in their ethanol concentration after a certain day. As mentioned previously, the negative reaction rates of ethanol might be attributed to the evaporation of this volatile molecule, and to its metabolization by Acetobacter aceti. In fact, scaled-up samples had the biggest negative values, suggesting that the geometry of the fermentation container impacted the production of ethanol.

The Pearson correlation coefficient was calculated to understand which parameters were the most influential on ethanol production (table IV.18). The strongest correlation was found with by fermentation duration and grape variety (r = 0.944), followed by the quantity of added sucrose (r = 0.884). A medium link was obtained for scaling up (r = -0.315) which might relatively explain the negative values of the reaction rates.

Analysis of variance (ANOVA) was performed on the different grape pomace Kombucha samples to understand whether the beverages are statistically different from one another. Table IV.6 represents the final characteristics of the samples in addition to ANOVA results.

Table IV.6: Effect of fermentation temperature, duration, and sucrose concentration on the final composition of GPK batches 5,6,7, and 8. Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

Compound

In the first place, it would be important to mention that the total sugars content was obtained by calculating the sum of sucrose, glucose, and fructose concentration. Other monosaccharides (such as pentose) were not included, which might explain why the concentration of reducing sugars was slightly higher than the content of total sugars in some samples.

At the end of fermentation, the quantity of residual sugars was significantly different in all samples, except for GPK-7-L-100/10-5/25* and GPK-8-L-100/10-5/25 (6) who were similar. On the other hand, the concentration of reducing sugars was the same in all samples except for sample GPK-6-L-100/0-5/25 who was significantly different. In fact, zero sucrose was added when preparing this sample. With regards to acetic acid, the highest concentration was obtained in Négrette Kombucha (7.54 g/L), who was significantly different from the other. As a matter of fact, this sample had the longest fermentation duration and the highest quantity of added sucrose.

With the exception of GPK-6-L-100/0-5/25 (where no sugar was added), the remaining samples are statistically similar. Therefore, for a fermentation duration of 5 days, adding 10 or 20 g/L of sucrose, ultrasonic treatment and/or scaling up would not highly affect the final concentration of acetic acid. Finally, with regards to ethanol, sample GPK-6-L-100/0-5/25 had the lowest concentration (2.41 g/L) and was significantly different than all other samples (p<0.05). The highest content was obtained in Négrette Kombucha (7.93 g/L). Samples who were prepared in larger containers, had lower ethanol concentrations (3.83 and 3.20 g/L), however they shared some statistical similarities with grape pomace Kombucha who was subjected to an ultrasonic treatment. As a matter of fact, larger fermentation containers had higher s/h ratios (1.10 cm compared with 63.19 and 85.68 cm, as mentioned previously), and therefore were subjected to more ethanol evaporation. the beverages, the decrease in tartaric acid is most probably due to the activity of microorganisms. Malic acid, who was also originally present in unfermented grape pomace at a weak concentration, decreased in all of the samples. The drop ranged between 6 and 75%; yet the values were low in all of the samples. This observation might be associated with the transformation of malic acid into lactic acid by lactic acid bacteria. Additional investigation is needed to assess whether the activity of microorganisms was affected by the production parameters and therefore was responsible for the values obtained. Finally, an increase of lactic acid concentration was found in all grape pomace Kombucha samples; with Négrette Kombucha having the smallest increase and GPK-6-L-100/20-5/25(1.4) the highest. Two reasons might be behind this phenomenon: mainly bioconversion of simple sugars and also malolactic fermentation.

IV.2.3 Concentration of total polyphenols, anthocyanins, and antioxidant activity

Polyphenols have widely been the subject of interest of Kombucha and grape products. They have been shown to exhibit numerous health benefits. The main biological activities associated with phenolic are antioxidant, anti-inflammatory, anti-cancer, anti-microbial and anti-diabetic properties [START_REF] Xia | Biological Activities of Polyphenols from Grapes[END_REF]. According to different authors, Kombucha fermentation would result in an increase in the concentration of total polyphenols [START_REF] Abaci | Kombucha -An ancient, fermented beverage with desired bioactivities: A narrowed review[END_REF]Antolak et al., 2021). The concentration of total polyphenols was assessed by following the Folin-Ciocalteu assay. The evolution of total polyphenols during grape pomace Kombucha fermentation is displayed in figure IV.8. Originally, on day 0, unfermented grape pomace from the Négrette variety had 112 mg/L GAE, whereas as the Lebanese mix contained 138-159 mg/L GAE. A sharp increase (79-129%) is observed in all samples. Almost most of the studies conducted on Kombucha reported an increase in phenol compounds during the first week of fermentation. For instance, Ayed et al., (2017) detected a 40% enhancement of polyphenols by day 6 in grape juice Kombucha.

Comparing the phenolic concentration of Négrette Kombucha with the other samples would not be beneficial since the beverages were produced with different varieties of grape pomace and therefore have different constitution. Actually, the type of grape chosen plays a significant role in the composition of the product [START_REF] Kammerer | Polyphenol Screening of Pomace from Red and White Grape Varieties ( Vitis vinifera.) by HPLC-DAD-MS/MS[END_REF]. However, if we compare the phenolic content on day 5, we notice that Négrette Kombucha had the lowest concentration (223 mg/L GAE) whereas GPK-8-L-100/10-5/25 (6) had the highest (318 mg/L GAE). In terms of processing parameters, fermentation duration and grape variety were equally influential on the phenolic content of grape pomace Kombucha (r = -0.648). Ultrasonic treatment was positively associated with the phenolic content (r = 0.584) (table IV.18). In fact, Aung & Eun (2021) reported that this treatment seemed to increase the quantity of polyphenols in laver Kombucha. Scaling up also seemed to have impacted the phenolic content (r = 0.788). As discussed previously, larger geometric container might increase the reaction rate and were associated with a higher titratable acidy [START_REF] Cvetković | Specific interfacial area as a key variable in scaling-up Kombucha fermentation[END_REF]; a strong correlation was established between total polyphenol content and titratable acidity in grape pomace Kombucha (r =0.756).

Anthocyanin content was assessed at the beginning and end of fermentation using the sulfur dioxide discoloration method. Results are presented in figure IV.9.

Figure IV.9: Concentration of total anthocyanins in GPK batches 5,6,7, and 8.

First a huge difference is noticed between unfermented Négrette grape pomace (42 mg/L) and

Lebanese mix pomace (64-73 mg/L). Ultrasonic treatment seemed to have increased the original anthocyanin content of grape pomace. An increase ranging between 31 and 76% was found in all samples. The lowest enhancement was among sample GPK-7-L-100/10-5/25* (who was subjected to an ultrasonic bath). As observed in the results of total polyphenols, fermentation duration and grape variety were equally influential on the final anthocyanin content (r = -0.879).

In fact, the anthocyanin content was correlated with the total polyphenolic concentration (r = 0.523). The quantity of added sucrose and scaling up also had an impact on the final concentration of anthocyanins (r = -0.655 and r = 0.509, respectively) (table IV.18). Oppositely, ultrasonic treatment was not correlated to the final concentration of anthocyanins as a very weak

Pearson coefficient was obtained (r = 0.094). In fact, other techniques such as probe extraction are known to be more effective than the ultrasonic bath. A significant drop in all IC50 values because of fermentation is observed in the samples, suggesting an increase of the antioxidant activity. Négrette Kombucha had the strongest decrease (43%), whereas samples made with the Lebanese mix pomace displayed a reduction ranging between 12 and 27%. In fact, unfermented Négrette had higher IC50 values compared to the Lebanese mix pomace (4.94 mL/L versus 2.76-2.87 mL/L). At the end of fermentation, IC50 values ranged between 2.01 and 2.81 mL/L. A similar observation was made by Zubaidah et al., (2021) who produced coffee Kombucha and noticed a drop in IC50 values as a result of fermentation. In terms of processing parameters, the antioxidant potential was strongly and equally correlated with the fermentation duration and grape variety (r = 0.815). Additionally, in reference to table IV.18, correlations were established between the final antioxidant potential of grape pomace Kombucha and scaling-up and ultrasonic treatment (r = -0.702 and r = -0.557, respectively). Moreover, a very strong correlation was detected between the concentration of polyphenols and reduction of IC50 values (r = -0.953). A similar observation was noted by Watawana, et al., (2015) who found a significant correlation between the total polyphenolic content and inhibition of DPPH radicals in coffee Kombucha.

IV.2.3 Statistical analysis

Analysis of variance (ANOVA) was conducted on the final characteristics of the prepared beverages. Results are displayed in table IV.7.

Table IV.7: Final characteristics of GPK batches 5,6,7, and 8. 318.69±0.47 c 102.08±2.18 b 2.07±0.02 a Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

Final characteristics of grape pomace

In terms of analysis of variance, as presented in table IV.7, samples GPK-5-N-100/30-7/25 and GPK-6-L-100/0-5/25 had statistically lower polyphenol content than the others. This might be associated with the grape variety when it comes to Négrette Kombucha. When considering grape pomace Kombucha prepared exclusively with the Lebanese mix, it seems that the low concentration of total polyphenols was found in the sample where no sugar was added. The richest samples were the ones produced in larger containers (scale-up) and/or subjected to an ultrasonic treatment (around 307-318 mg/L GAE). With regards to anthocyanin content, Négrette Kombucha was the poorest and was significantly different from the other samples (around 68 mg/L). Finally, the lowest IC50 value was scored when producing a larger volume of grape pomace Kombucha (scale up). This might provide an industrial advantage since it seems that fermenting in larger volumes would yield a beverage with a stronger antioxidant potential.

Moreover, this observation might be related to the higher polyphenol concentration. It would also be important to mention that sample GPK-8-L-100/10-5/25 (6) had a relatively low ethanol content (around 3.20 g/L); which also might impact the inhibition of DPPH radicals. To our best knowledge, this angle was not covered in Kombucha fermentation literature; but other studies on plant-based food investigated the effect of ethanol concentration on the antioxidant activity.

According to [START_REF] Jitrangsri | Effect of ethanol percentage upon various extraction methods of peanut based on antioxidant activity with trans-resveratrol and total phenolic contents[END_REF], a lower concentration of ethanol has a positive influence on scavenging both DPPH and ABTS radicals.

IV.3 Effect of fermentation parameters and sucrose concentration on the bioactive compounds and biological activities of grape pomace Kombucha extracts

IV.3.1 Preparation of grape pomace Kombucha extracts

In this section, the same procedure followed in chapter 3 to prepare grape pomace Kombucha extracts was applied. The beverages were centrifuged, filtered, and evaporated through a rotatory evaporator. The dry extract was collected, weighed, and stored. An ethanolic extraction was conducted to remove the sugars, and different concentrations of ethanolic extracts were analyzed.

The obtained yields are presented in table IV.8. The Folin-Ciocalteu method was followed to determine the concentration of total polyphenols in grape pomace Kombucha extracts. Values with different lowercase letters represent significant differences (P < 0.05).

Négrette Kombucha contained the lower concentration of total polyphenols (63.75 GAE mg/g sample). The initial content of unfermented Négrette was not determined, therefore it would not be possible to assess the change of polyphenols as a result of fermentation. A significant increase in all extracts prepared with the Lebanese mix was observed (76-129%). Samples GPK-6-L-100/0-5/25 and GPK-6-L-100/20-5/25(1.4) were statistically similar and contained 82.47 and 74.02 GAE mg/g. Higher polyphenolic content was scored by extracts GPK-7-L-100/10-5/25* and GPK-8-L-100/10-5/25 (6) (93.17 and 96.58 GAE mg/g), suggesting that the ultrasonic treatment and scaling up had a positive impact on the concentration of polyphenols. In fact, according to the calculated Pearson's correlation coefficient (table IV.18), the ultrasonic treatment was the most influential parameter on phenolic content (r = 0.794), followed by fermentation duration and grape variety who were equally correlated with the concentration of polyphenols (r = -0.792). It also seems that the quantity of added sucrose was negatively associated with polyphenolic content (r = -0.634 Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

The antioxidant activity of unfermented Négrette was not investigated; therefore, it would not be possible to assess the effect of Kombucha fermentation on the evolution of the inhibition of DPPH radicals. Négrette Kombucha had the lowest antioxidant activity (14.40 % inhibition at 50 mg/L) and was statistically different from the other extracts prepared with the Lebanese mix.

Initially, the percentage of inhibition of DPPH radicals in unfermented grape pomace (Lebanese mix) was 2.85% (at 50 mg/L). An increase ranging between 713 and 1035% in grape pomace Kombucha extracts was obtained as a result of fermentation. As mentioned in the previous chapter, the values were much higher than what was reported in Kombucha literature. However, the differences might be attributed to several factors such as the type of substrate and the microbial composition of the SCOBY. The highest inhibition was reported in extract GPK-6-L-100/20-5/25(1.4) (32.41% at 50 mg/L) who was statistically different from the other samples.

Additionally, exposing the infusion to an ultrasonic bath did not seem to largely enhance the antioxidant activity of the extract, as sample GPK-7-L-100/10-5/25* was statistically similar to other samples. Based on Pearson's correlation coefficient (table IV.18), the antioxidant potential of grape pomace Kombucha was mostly and equally correlated with fermentation duration and grape variety (r = -0.762), followed by scaling-up (r = 0.743), and the concentration of total polyphenols in the extracts (r = 0.523). Our findings were in accordance with what was reported by some authors while contradicting others. For instance, the antioxidant potential of Kombucha was mainly attributed to the concentration of total polyphenols in some studies [START_REF] Ahmed | Biological, chemical and antioxidant activities of different types Kombucha[END_REF][START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]. However, according to [START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF], vessel geometry didn't affect the scavenging activity of tea Kombucha extracts.

In parallel with the change in the percentage inhibition of DPPH radicals, a decrease in the IC50 values was found in all extracts. The decrease range between 26 and 40 % depending on the extract (in grape pomace Kombucha prepared with the Lebanese mix).

IV.3.2.2 Identification of phenolic compounds

As a follow up on the quantification of total polyphenols in grape pomace Kombucha extracts, the samples were screened for their polyphenol compounds IV.12).

Table IV.10: Identified phenolic acids and their derivatives in GPK batches 5,6,7, and 8. detected in all extracts regardless of the processing conditions and grape variety. Since those compounds were not detected in all grape pomace Kombucha prepared with the Lebanese mix and fermented for a longer duration (batches 3 and 4) it would be safe to assume that during the first 5 days of fermentation they are relatively stable and don't undergo any biotransformation.

Phenolic acids and their derivatives Extract

3-Tert-Butyl-4-Hydroxybenzoic acid is known to inhibit certain radicals. It was not detected in Négrette Kombucha however it was present in the other samples. Hence, the presence of this compound can be solely dependent on the grape variety.

3-Benzyloxy-4,5-Dihydroxy-Benzoic Acid Methyl Ester and sinapic acid were only present in Négrette Kombucha and in the sample where no sucrose was added suggesting that the presence of those compounds depends mostly on the grape variety or on the absence of sucrose (in the Lebanese mix pomace).

Butyl 4-Hydroxybenzoate, who was originally present in unfermented grape pomace (Lebanese mix), was exclusively present in Négrette Kombucha. Its absence in the other extracts might be due to its biotransformation based on the physico-chemical characteristics of the Lebanese mix grape pomace.

Caffeic acid was only detected in extract GPK-6-L-100/0-5/25, where no sucrose was added. This compound is well known for its antioxidant, anti-inflammatory and anticarcinogenic properties [START_REF] Cosme | Phenolic Compounds and Antioxidant Activity in Grape Juices: A Chemical and Sensory View[END_REF][START_REF] Kammerer | Polyphenol Screening of Pomace from Red and White Grape Varieties ( Vitis vinifera.) by HPLC-DAD-MS/MS[END_REF][START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF]. Caffeic acid can be converted into other molecules when certain conditions are met. It seems that the presence of added sucrose in the recipe might trigger the biotransformation of caffeic acid in grape pomace Kombucha. However further investigation is needed to confirm this theory, since none of the caffeic acid derivatives were analyzed.

Α-Cyano-4-Hydroxycinnamic Acid, a derivative of cinnamic acid, was present in in all Kombucha extracts prepared with the Lebanese mix pomace.

Ferulic acid, (-)-Chicoric acid, Ethyl Trans-2 Hydroxycinnamate and cinnamyl-3,4-Dihydroxy-Α-Cyanocinnamate were detected in all extracts. All those compounds (except for ferulic acid) were present in unfermented grape pomace suggesting that they are relatively stable during short fermentations regardless of the processing conditions.

Table IV.11: Identified flavanoids and their derivatives in GPK batches 5,6,7, and 8. found not to be stable during Kombucha fermentation as it is usually degraded by enzymes [START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]. Taxifolin, Quercetin 3-Β-D-Glucoside, Dihydroquercetin, Myricetin, Myricitrin Dihydrate, Baicalein, 3′-Hydroxy-6-Methylflavone, 5-Hydroxyflavone, and 3,3',4'-Trimethoxyflavone were present in almost all extracts regardless of the grape variety and processing conditions. Rutin hydrate, and 4',5-Dihydroxy-7-Methoxyflavone were only present in Négrette Kombucha and sample GPK-6-L-100/0-5/25, where no sugar was added.

Flavanoids and their derivatives Extract

7,3'-Dihydroxyflavone, 6-Hydroxyflavone, 6-Hydroxy-4'-Methylflavone, 3,6,3′-Trimethoxyflavone and 5-Hydroxy-3'-Methoxyflavone were exclusively found in Négrette Kombucha, although they were initially present in the unfermented Lebanese mix pomace. It seems that these compounds went through structural changes as a result of Kombucha fermentation (in the Lebanese mix pomace).

3',5'-Dihydroxyflavone, 7-Hydroxyflavone, 3,7-Dimethoxyflavone, 3,3′-Dimethoxyflavone and Phenoxodiol were present in Kombucha extracts made with the Lebanese mix. Additional investigation is needed however to understand whether the availability of those compounds is uniquely related to the grape variety.

3'-Hydroxy-B-Naphthoflavone was not detected in any of the extracts regardless of the grape variety.

This molecule was initially absent in unfermented grape pomace; however, it was found in some samples of batches 3 and 4 (chapter 3). It would be probable that this compound cannot be generated at early stages of fermentation. Further tests are needed though to confirm this theory.

Based on the above, assessing the exact parameters responsible for the presence or absence of flavonoids in grape pomace Kombucha is a very complex task. Additional examination is required since many variables might account for the findings obtained. Flavanoids can go through various types of biotransformation depending on the types of microorganisms in place. Moreover, the characteristics of the medium might also impact the type of reaction that can take place.

Table IV.12: Identified coumarins, Stillbenes, and their derivatives in GPK batches 5,6,7, and 8. On a final note, determining the exact effect of fermentation parameters and grape variety on the type of coumarins and stillbenes detected can be quite complex as no logical pattern can be established based on the results obtained. Due to the large number of changes that polyphenols can undergo, and to the numerous types of phenolics and their derivatives than can be generated, additional investigation is needed to understand the reactions that took place. On that account, it would be safe to assume though those polyphenols underwent a series of biotransformation after inoculating grape pomace with tea fungus.

Coumarins

IV.3.2.3 Quantification of resveratrol and vitamin C

The concentrations of vitamin C and resveratrol were determined in the different extracts of batches 5,6,7, and 8. The results are displayed in table IV.13.

Table IV.13: Vitamin C and resveratrol content of GPK batches 5,6,7, and 8. Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

Extract

n.d: not detected

As shown in table IV.13, vitamin C was not detected at all in Négrette Kombucha. Initially, the unfermented grape pomace (Lebanese mix) contained approximately 1.2 mg/g extract of vitamin C. A sharp increase (224-339%) in the concentration of ascorbic acid was found in all grape pomace Kombucha extracts prepared with the Lebanese mix. Similar observations were reported in Kombucha literature. For instance, a 2.5 fold increase in the vitamin C content of soymilk Kombucha was noted by Xia et al. (2019), and more than a 300% increase in ascorbic acid concentration was obtained in soursop Kombucha by [START_REF] Candra | Study of vitamin C level of soursop leaves (Annona muricata l.) and galactomannan utilization in Kombucha during fermentation[END_REF]. The highest value was recorded in sample GPK-6-L-100/0-5/25 (5.32 mg/g), whereas the lowest was scored by GPK-7-L-100/10-5/25* (3.71 mg/g). With regards to the effect of the investigated processing conditions on the concentration of vitamin C, none of the parameters was correlated with the content of ascorbic acid except for the ultrasonic treatment (r = -0.987).

Resveratrol was identified in all Kombucha extracts except for sample GPK-6-L-100/0-5/25. The lowest concentration was obtained in Négrette Kombucha (0.007 mg/g) while the highest was found in samples GPK-7-L-100/10-5/25* and GPK-7-L-100/10-5/25(6) (0.283 and 0.282 mg/g, respectively). As a matter of fact, the concentration of resveratrol was strongly correlated with the quantity of added sucrose (r = -0.91), and equally correlated with the fermentation duration and grape variety (r = -0.587). Moreover, a medium link was established between resveratrol content and the antioxidant activity of the beverages (r = -0.496) (table IV Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

As shown in table IV.14, a significant increase (49-80%) in the inhibition of α-amylase was detected in grape pomace Kombucha samples prepared with the Lebanese mix. The initial inhibition of unfermented Négrette was not determined, therefore it would not be possible to assess the effect of Kombucha fermentation on Négrette pomace. However, sample GPK-5-N-100/30-7/25 scored an inhibition of 66% approximately and was statistically similar to sample GPK-6-L-100/20-5/25(1.4). The highest inhibition of α-amylase was found in sample GPK-6-L-100/0-5/25 (71%), whereas the lowest was in samples GPK-7-L-100/10-5/25* and GPK-7-L-100/10-5/25(6) (58 and 59%, respectively). A sharp drop in the IC50 values (ranging between 68 and 73%) was noticed as well. A relatively stronger improvement was obtained in the inhibition of α-glucosidase (76-86%) as a result of Kombucha fermentation (for samples prepared with the Lebanese mix pomace). Négrette Kombucha and sample GPK-6-L-100/0-5/25 exhibited the highest activity (58%), while sample GPK-6-L-100/20-5/25(1.4) had the lowest inhibition of αglucosidase (55%). Various authors have reported an enhancement of the antidiabetic activity after inoculating different substrates such as mangrove, coffee and tea with tea fungus [START_REF] Hardoko | The Kombucha from Rhizophora mucronata Lam. Herbal tea: Characteristics and the potential as an antidiabetic beverage[END_REF][START_REF] Kallel | Insights into the fermentation biochemistry of Kombucha teas and potential impacts of Kombucha drinking on starch digestion[END_REF]Watawana, Jayawardena, & Waisundara, 2015).

When examining the inhibition of both enzymes, sample GPK-6-L-100/0-5/25 had the strongest antidiabetic activity, followed by GPK-5-N-100/30-7/25. Juxtaposing those findings with the polyphenols identified in the extracts in the previous section, we find that many compounds with antidiabetic properties have been detected in sample GPK-6-L-100/0-5/25 (rutin hydrate, and myricetin) and in sample GPK-5-N-100/30-7/25 (rutin hydrate, myricetin, and resveratrol).

With regards to the effect of processing conditions on the antidiabetic activity of grape pomace Kombucha, the inhibition of α-amylase was mostly correlated with the ultrasonic treatment (r = -0.939). On another hand, the inhibition of α-glucosidase was equally correlated with the fermentation duration and grape variety (r = -0.510). Surprisingly, negative correlations were found between the inhibition of both enzymes and the concentration of total polyphenols in the beverages (r = -0.673 and r = -0.804, respectively) and in the extracts (r = -0.659 and r = -0.421, respectively) (table IV .18). This might be explained by the fact that the antidiabetic activity of grape pomace Kombucha doesn't depend exclusively on the concentration of total phenols, but on the type of compounds detected in the extracts.

IV.3.3.2 Anti-inflammatory activity

The anti-inflammatory potential of grape pomace Kombucha was determined by measuring the inhibition of 15-lipoxygenase (15-lox). The results obtained are displayed in table IV.15.

Table IV.15: Anti-inflammatory activity of GPK extracts batches 5,6,7, and 8. Means in the same column followed by different lowercase letters represent significant differences (P < 0.05).

15-lipoxygenase

Extract

n.d: not determined Unfermented grape pomace (Lebanese mix) had an inhibition rate of 36%. A strong increase was observed as a result of Kombucha fermentation, ranging between 63 and 87%. The highest inhibition of 15-lox was observed in sample GPK-7-L-100/10-5/25* (68%), whereas samples GPK-5-N-100/30-7/25 and GPK-6-L-100/20-5/25(1.4) scored the lowest activities (59%). The improvement of the anti-inflammatory activity was not surprising as it was reported widely in Kombucha literature [START_REF] Abaci | Kombucha -An ancient, fermented beverage with desired bioactivities: A narrowed review[END_REF]Júnior et al., 2022).

Based on the calculated Pearson's correlation coefficients (table IV.18), the anti-inflammatory activity of grape pomace Kombucha was highly correlated with the ultrasonic treatment (r = 0.922), suggesting that certain molecules were extracted as a result of this processing parameter.

Medium correlations were established between the inhibition of 15-lox and fermentation duration, the quantity of added sucrose, and grape variety (r = -0.457, r = -0.490 and r = -0.457, respectively). Moreover, the anti-inflammatory activity of grape pomace Kombucha was highly correlated with the concentration of resveratrol (r = 0.954), and with the total phenolic content of the extracts (r = 0.758) (table IV.18). In fact, sample GPK-7-L-100/10-5/25* had the highest resveratrol content (0.283 mg/g). Additionally, when referring to the polyphenols detected in sample GPK-7-L-100/10-5/25* (who had the highest activity), certain compounds (such as (-)-Chicoric Acid, Cinnamyl-3,4-Dihydroxy-Α-Cyanocinnamate, Taxifolin, Baicalein, and resveratrol) who are well known for their anti-inflammatory properties are found. It would be however important to note that those molecules were not exclusively detected in the sample with the highest activity; therefore, quantifying them specifically would be beneficial to determine whether their concentration is linked with the inhibition of 15-lox.

IV.3.3.3 Anti-cancer activity

The anti-cancer activity of grape pomace Kombucha was tested against HCT 116 and Caco-2 cell lines (human colon cancer) using the MTT assay (3-( 4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide). Results are presented in figure IV.12. 3 and 4), a small improvement of the inhibition of CaCo-2 and HCT-116 cells was found in Kombucha prepared with the Lebanese mix. Sample GPK-8-L-100/10-5/25(6) had the highest antiproliferative activity against both CaCo-2 and respectively). Négrette Kombucha had the poorest activity against both cell lines (9 and 10%, respectively). Fermentation duration and grape variety were equally associated with the activity against CaCo-2 cells (r = -0.953) and HCT-116 cells (r = -0.500). Moreover, high correlations were established between the concentration of total polyphenols in the beverage and the antiproliferative activity of grape pomace Kombucha (r = 0.765 and r =0.74, for both cell lines) (table IV.18).

Our findings were similar to what was reported in Kombucha literature in terms of the improvement in the anti-cancer activity, although the values were much weaker. For example, the anti-proliferative potential of tea Kombuchas against HCT-116 cells was enhanced after inoculating the substrates with SCOBY [START_REF] Rasouli | Evaluation of cytotoxicity and anticancer activity of Kombucha and doxorubicin combination therapy on colorectal cancer cell line HCT-116[END_REF][START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF]. Grape pomace Kombucha scored weaker inhibitions against HCT 116 and Caco-2 cells than what was reported in other studies. Additional investigation against other cell lines is needed to truly determine whether grape pomace Kombucha has any anti-cancer potential.

IV.4 Analysis of cellulose biofilms

IV.4.1 Preparation of samples

In reference to the observations made during the previous chapter on the decrease in the polyphenol content after a certain day of fermentation, and on the change in color of the cellulose pellicles, the biofilms were collected and analyzed to understand if they were adsorbing the bioactive compounds. At the end of fermentation, the pellicles were weighed, cut into small pieces, added to a methanol solution, subjected to an ultrasonic bath, soaked for 48 hours at room temperature, and studied (figure IV.13). Methanol was chosen as the solvent because of its ability to prevent the oxidation of polyphenols and its good penetration capacity into cell membranes [START_REF] Geremu | Extraction and determination of total polyphenols and antioxidant capacity of red coffee (Coffea arabica L.) pulp of wet processing plants[END_REF][START_REF] Moure | Natural antioxidants from residual sources[END_REF]. 

IV.4.2 Analysis of cellulose biofilms

After soaking the biofilms in methanol for 48 hours, the solution was filtered and treated as a regular sample, meaning the same procedures and protocols applied on grape pomace Kombucha samples were followed when analyzing the biofilms.

IV. For the sake of simplicity, the compounds identified were grouped by type and not by sample since all three extracts contained the same molecules. As shown in table IV.16, around 29 phenolic compounds were detected in the biofilms. Interestingly, some molecules who were not detected in grape pomace Kombucha sample fermented for 7 or 10 days were found to be present in the cellulose pellicles. For instance, Α-Cyano-4-Hydroxycinnamic acid, who was neither originally present in unfermented grape pomace, and nor detected in the majority of the samples of batches 3 and 4, was retained by the biofilms. (-)-Epicatechin, and resveratrol are other examples who followed the same pattern. Therefore, it seems that those compounds were generated during Kombucha fermentation, however they were adsorbed from the beverage into the cellulose layer after the 5 th day (since those molecules were detected in samples fermented for 5 days). Long fermentation durations were not advantageous to the phenolic composition of grape pomace Kombucha as many beneficial molecules were retained by the biofilms.

IV.4.2.2 Total polyphenols and biological activities

As a follow up on the identification of phenolic compounds in the biofilms, the total concentration of polyphenols and the biological activities of the methanolic extracts were determined. Results are displayed in table IV.17. A noticeable quantity of polyphenols was adsorbed by the biofilm, ranging between 39 and 59 GAE mg/g. Interestingly, when looking into the numbers, a small discrepancy is noticed between the weight of cellulose and the quantified compounds. Similar concentrations of phenolics are obtained whether the weight of the pellicle is around 30 g or 70 g. It would be important to note that the heavier biofilm was taken from the scale-up sample, and at the end of fermentation (day 5) it did not cover the whole surface of the beverage and therefore could not have adsorbed larger amounts of phenols. Grape pomace Kombucha loses a considerable amount of polyphenols due to the adsorption, which might be the reason behind the drop observed after a certain day of fermentation. Moreover, we notice the change in the color of the biofilm, turning from a yellow/brownish color to a pale red/pink. As far as we know, the adsorption of phenolics by the Kombucha biofilm has not been widely investigated in the literature. However, extensive research was conducted by the wine industry to examine the sorption of polyphenols and anthocyanins by yeast cells. The adsorption was mostly attributed to Saccharomyces cerevisiae through a hydrophobic interaction between the yeast's cell walls and the studied components [START_REF] Mekoue Nguela | Sorption of Grape Proanthocyanidins and Wine Polyphenols by Yeasts, Inactivated Yeasts, and Yeast Cell Walls[END_REF][START_REF] Morata | Adsorption of Anthocyanins by Yeast Cell Walls during the Fermentation of Red Wines[END_REF][START_REF] Morata | Cell wall anthocyanin adsorption by different Saccharomyces strains during the fermentation of Vitis vinifera L. cv Graciano grapes[END_REF]. Kombucha biofilm is known to contain many organisms of the microbial community of the inoculum, including Saccharomyces species [START_REF] Treviño-Garza | Production of Microbial Cellulose Films from Green Tea (Camellia Sinensis) Kombucha with Various Carbon Sources[END_REF]. Although determining the exact composition of SCOBY is complex, the presence of Saccharomyces have been confirmed by several authors [START_REF] Coelho | Kombucha: Review[END_REF]. It would be consequently safe to assume that the adsorption of phenolic molecules by yeasts is one of the probable reasons behind their decrease.

Remarkably, as shown in table IV.17, the molecules retained by the biofilms exhibit some biological activities. Weak inhibitions against DPPH radicals and HCT-116 cells were noted (less than 16%). The type and concentration of the detected compounds would probably be the reason behind this observation. Medium antidiabetic activities against α-amylase and αglucosidase enzymes were observed (24-37%). The strong anti-inflammatory activity obtained (58-68%) was remarkable. In fact, it seems that grape pomace Kombucha would exhibit a stronger inhibition of 15-lox enzyme if none of the polyphenols was retained by the biofilm.

However, preventing the adhesion of the bioactive compounds to the surface of the pellicle is somehow impossible. Grape pomace Kombucha preserves its richness in phenolic compounds (with their health promoting benefits) despite their partial loss.

IV.5 Statistical analysis and synopsis

As discussed during this chapter, the characteristics of grape pomace Kombucha were correlated with the processing parameters. Choosing the processing parameters that will result in the best version of grape pomace Kombucha is a complicated task. In fact, after examining the results presented throughout the chapter, we find that the richest concentration of bioactive compounds, and the highest biological activities were not scored by one sample exclusively. The strongest antioxidant activity was found in sample GPK-8-L-100/10-5/25 (6) who also had one of highest resveratrol content. On the other hand, sample GPK-6-L-100/0-5/25 had the most powerful antidiabetic potential and contained the highest concentration of vitamin C. The most remarkable anti-inflammatory activity was exhibited by sample GPK-7-L-100/10-5/25*, who also had the most abundant polyphenol content.

The Pearson correlation coefficients were calculated throughout the sections of chapter 3. Table IV.18 gathers all coefficients discussed and provides a brief summary on the relationships obtained. Principal component analysis (PCA) was conducted as well to investigate the patterns of the variables studied in GPK batches 5,6,7, and 8. The PCA plot is represented in figure

IV.14. As shown in table IV.18, not all processing variables were correlated with the investigated properties of grape pomace Kombucha. Interestingly, each processing parameter was influential on some characteristics of the prepared beverage. For instance, the ultrasonic treatment had some impact on the concentration of polyphenols and on the anti-inflammatory activity. On another hand, scaling up was beneficial on the antioxidant potential of the beverage. It would be interesting to combine those two parameters at a later stage in an attempt to produce grape pomace Kombucha with strong antioxidant and anti-inflammatory activities. Principal components 1 and 2 explained 46.96 and 31.12% of the total variances, respectively.

We notice that not all of the investigated properties of grape pomace Kombucha were related.

When examining the PCA plot in figure IV.14, it would be possible to categorize the variables into four groups, depending on their interaction. The concentrations of total sugars, acetic acid, ethanol, and brix levels seemed to be correlated. In fact, this was not surprising due to the chemical dynamics that take place during Kombucha fermentation. Remarkably, reducing sugars content and total acidity didn't fit into that group. The second category includes the concentration of resveratrol, anti-inflammatory activity, total polyphenolic content (in the beverage and in the extract), anti-proliferative activity (against HCT-116 cell lines), and the antioxidant potential (of the beverage). It would be interesting however to note that although the IC50 value against DPPH radicals is not located in the same quadrant, it can be included into that category as it was found to be negatively correlated with the variables mentioned. In fact, lower IC50 mean stronger antioxidant potential. The third set of variables who share notable interrelationships consists of vitamin C and anthocyanin content, pH, and anti-cancer activity against CaCo-2 cells. Interestingly, the last class of variables was limited to the anti-diabetic activity measured by both enzymes. It seemed that this property was not related to any of the characteristics of grape pomace Kombucha.

Based on all of those findings, and on the results presented throughout this chapter, it would not be neither possible to pick exclusively one recipe of grape pomace Kombucha, nor to choose the most influential processing parameter. However, since although being statistically different, overall, no major divergences were found between the samples prepared with the same type of grape pomace. Therefore, as a follow up on the analytical aspect of the project, the next chapter will cover the pragmatic angle. Chapter five will include the consumer's response on a questionnaire on the interest in functional beverages, sensory analysis findings, shelf-life testing, and a food safety plan on the production of grape pomace Kombucha.

Chapter V: Practical and pragmatic evaluation of grape pomace Kombucha Preface

After assessing some of the physico-chemical characteristics and biological activities of grape pomace Kombucha, it would be interesting to explore the consumer-related aspect of the beverage. In this chapter, we begin by presenting the findings of a market survey that addresses whether participants would be interested in trying grape pomace Kombucha, followed by the results of the sensory analysis performed on the different samples, and the microbiological and quality evaluation.

The objectives of this chapter consist of assessing the interest of individuals in grape pomace Kombucha through a market study, presenting the organoleptic properties of the beverage through sensory analysis, evaluating the safety of the product, and developing a food safety plan for the proper production of the drink. Moreover, the changes in the quality of the product stored under different conditions were evaluated its estimate the shelf life.

.

V.1 Markey studyconsumer response survey

Over the last decades, a surge in the market of functional foods has been observed. As a matter of fact, functional beverages are considered to be an interesting area of research and innovation as indicated by the increasing number of scientific papers covering this topic [START_REF] Corbo | Functional Beverages: The Emerging Side of Functional Foods Commercial Trends, Research, and Health Implications[END_REF]. Different studies have focused on the relationships between consumers' attributes and preferences, and the interest in functional beverages [START_REF] Chang | The Impacts of Young Consumers' Health Values on Functional Beverages Purchase Intentions[END_REF][START_REF] Siró | Functional food. Product development, marketing and consumer acceptance-A review[END_REF][START_REF] Szwacka-Mokrzycka | Directions of functional food market development in light of new consumer trends[END_REF]. The production of grape pomace Kombucha has mainly two objectives: the valorization of the wine industry by-products and the development of a functional beverage. Market research is an essential part of product development. A consumer response questionnaire was filled by participants to understand their views on functional beverages in general, on Kombucha products, and new products more precisely.

V.1.1 Survey questionnaire

The survey was conducted in two languages (English and French) and was filled remotely by the panelists using https://www.google.com/forms. The questionnaire was comprised of 4 sections: general characteristics, dietary habits, health consciousness and purchase, and product development and food choice (Appendix 3).

V.1.2 Participant segmentation

A total of 400 participants engaged in the survey questionnaire. The responses were segregated according to demographic (gender, age, and nationality), socioeconomic (education, employment status, and income) and health factors (physical activity, and health issues). Results are respectively represented in figures V.1., V.2., and V.3. As shown in the figures above, the majority of the participants belonged to the age category 18-30 years. In terms of nationalities, Lebanon and France were the most chosen; this was not surprising considering the nature of the PhD project which was conducted between those 2 countries. Moreover, a good representation of all categories in education, employment status, physical activity, and health issues was noticed. The purpose of presenting the different factors of the general characteristics section was to determine whether a significant correlation could be established between the participants responses and the segmentation groups.

V.1.3 Questionnaire results

V.1.3.1 Questionnaire responses

In this section, the responses collected on each question of the survey will be presented. For the sake of simplicity, the proportions of each factor (demographic, socioeconomic, and health) will not be included in this part. However, they will be covered later. Results are represented in tables V.1, V.2. and V.3. As shown in table V.1, the frequency of juice consumption varied between the panelists. A large proportion (46.5%) rarely consumed juices, whereas a more recurrent intake was found among 12.5 -21% of the participants. Interestingly, around one third of the panel consumed grapes during grape season regularly (33%, 2-4 times/week). Grape products were less popular in terms of intake where the bulk of responses was "2-4 times/month" and "rarely" (30.7 and 48.7%, respectively). The answers for soda intake were remarkable, 57.3% of the participants rarely consumed this beverage. This is probably due to the negative health effects associated with the intake of soda [START_REF] Chiu | A Randomized Study of the Effect of Replacing Sugar-Sweetened Soda by Reduced Fat Milk on Cardiometabolic Health in Male Adolescent Soda Drinkers[END_REF]. Around 78% of the panelists rarely consumed fermentednonalcoholic beverage. The number is noteworthy; however, it might be attributed to two factors: lack of familiarity with this class of beverages (for example, perhaps the panel didn't know that yogurt is included in this category), and taste preferences.

Quality was by far the most important factor for choosing the shopping place (50.5%). Only 7.5% of participants were not familiar with the concept of "functional foods/beverages". As a matter of fact, this category of products has been gaining popularity for the past decades and the demand for "healthy food" has been increasing [START_REF] Corbo | Functional Beverages: The Emerging Side of Functional Foods Commercial Trends, Research, and Health Implications[END_REF]. The intake of functional food, vitamins, and supplements varied between the participants. Studies reported heterogeneity in the purchase of functional foods. Overall, the interest in functional foods depends on consumer's attitudes and product attributes [START_REF] Cong | Functional Beverages in Selected Countries of Asia Pacific Region: A Review[END_REF], and therefore can diverge between panels. Interestingly, more than 59% were not familiar with Kombucha tea and its health benefits. Although the Kombucha market has been on the rise for the past years (Kim and Adhikari, 2020), it seems that the participants were not acquainted with fermented tea. The consumption of Kombucha was in accordance with the awareness of the product, where 83.9%

of the panel have never tried the drink. On another note, 21.7% would be "very interested", and 61.1% would be "interested" in trying Kombucha considering it has health advantages. 40% of the participants rarely consume food/beverages with added sugar, suggesting the increase in health consciousness nowadays. The majority of the panel (a total of 68% approximatively) read food labels and was influenced by them. With regards of beverage choice, the taste and nutrient content were the most influential factors (58.5 and 22.5%, respectively).

As shown in table V.3, the vast majority of the panel was interested in trying new products (a total of 92.5 %). 96.5% would be willing to test new items knowing they have health benefits, and 92.5 % would be interested in checking out novel eco-friendly products.

V.1.3.2 Statistical analysis and estimation of the characteristics of grape pomace

Kombucha market

The chi-square (χ 2 ) test was performed to determine which participant segment affected the responses. This test is usually used to assess whether there is a statistically significant difference between the expected frequencies and the observed frequencies. If the obtained χ 2 probability is less than 0.05, the null hypothesis (H0) is rejected, and it would be safe to assume that the segment in question and the response were dependent.

In this questionnaire, the null hypothesis (H0) and the research/alternative hypothesis (Ha) will be considered as follows:

H0: Segment X will not have a significant effect on the participants response on question X.

Ha: Segment X will have a significant effect on the participants response on question X Segment X can be any of the factors mentioned in section 1.2 (gender, age, nationality, education level, employment status, income, physical activity, and health issues).

As shown in table V. 4, significant associations (in red) were established between some of the factors and the responses. Overall, gender, income and health issues had the least statistical impact on the responses of the participants. Nationality, education, employment status and physical activity level had a more significant effect on the majority of the questions.

The objective of the questionnaire was to determine whether grape pomace Kombucha, a novel functional beverage would be a subject of interest among participants, and to assess whether it could be consumed as a healthier alternative for soda. Therefore, it would be interesting to explore in this section which segmentation factors had the most influence on the questions related directly to Kombucha, to beverage choice, and to trying new products. The responses "very interested" and "interested" will be considered as indicators on the attributes of the potential consumers of grape pomace Kombucha. Nationality was not included as a segmentation factor since 61% of the participants were exclusively from Lebanon and France. Therefore, logically, the bulk of the comebacks (whether very interested, interested or not interested at all) would originate from those countries.

As shown in figure V.4, the participants who would be interested in trying a novel Kombucha beverage with health benefits belonged mostly to two age categories: 18-30 years and 31-55 years. A higher interest was also recorded among females, holders of bachelor, masters and PhD degrees, people who exercise for 1-6 hours a week, and among students and employees. With regards to trying new products in general, the segments who scored higher frequencies were holder of bachelors, masters and PhD degrees, people who exercise 1-6 hours a week, and who don't suffer from health issues.

More precisely, trying healthy novel products was frequent among 18-55 years old, females, holder of bachelors, masters and PhD degrees, and people who exercise 1-6 hours a week.

Although according to chi-square test results health issues was statistically correlated with trying new healthy products, equal responses were scored by individuals with and without health issues (when considering both responses "very interested" and "interested").

Eco-friendly products were more appealing to 18-55 years old, females, holder of bachelors, masters and PhD degrees, people who exercise 1-6 hours a week, people with income <39,999$ and to students and employees.

Based on those observations a Venn diagram was created to illustrate the relationships obtained (figure V.8). Additional investigation is needed however to gather more details about the estimated consumers of grape pomace Kombucha. It would be interesting assess for example the correlations of all questions of the survey to determine more specifically the dietary habits of the target market.

Moreover, further marketing studies should be conducted to decide on the strategy to be followed. For instance, the willingness to pay a certain price for grape pomace Kombucha was not addressed. As a matter of fact, as per [START_REF] Hallak | Consumer demand for healthy beverages in the hospitality industry: Examining willingness to pay a premium, and barriers to purchase[END_REF] health oriented eaters were more likely inclined towards paying a premium price for healthy beverages. Additionally, it would also be interesting to determine if grape pomace Kombucha should be promoted as a beverage produced from the by-products of the wine industry. [START_REF] Cattaneo | Consumers' attitude towards food by-products: The influence of food technology neophobia, education and information[END_REF] explored the consumers attitude towards healthy food by-products, and reported an association between education level, food neophobia, and the valorization of by-products. It seems that the most informed panelists were more likely interested in recycled food by-products.

Nowadays, the most important consumer demands for beverages included and are not limited to taste, low fat and low calorie content, and health promoting properties [START_REF] Cosme | Consumer's acceptability and health consciousness of probiotic and prebiotic of non-dairy products[END_REF]. As noticed in the questionnaire, taste was one of the most imperative factors when choosing a beverage, followed by the nutrient content; therefore, the organoleptic characteristics of grape pomace Kombucha should be appealing for the product to succeed. As discussed during the previous chapter, grape pomace Kombucha exhibited some biological activities, hence more focus should be given to the sensory attributes of the drink before introducing it to the market.

Consequently, sensory evaluation was performed to determine the consumer's perception on the developed product.

V.2 Sensory evaluation of grape pomace Kombucha

Sensory evaluation conducted on the preliminary trials of grape pomace Kombucha was essential to improve the quality of the beverage by modifying the processing conditions. Another round of sensory evaluation was conducted on Négrette Kombucha, and on samples prepared with the Lebanese mix pomace to assess whether the beverage had a better acceptability among panelists, and to assess its organoleptic properties.

V.2.1 Samples, conducted tests, and panelists V.2.1.1 Samples

Three original and four flavored grape pomace Kombucha samples were evaluated in this section. The modifications included adding a sweetener (based on the feedback obtained during preliminary trials) or adding a flavor. As a matter of fact, the majority of Kombucha products on the market are flavored, with the most common flavors being ginger, lemon, blueberry, raspberry, strawberry, lime, mint, and mango (J. Kim & Adhikari, 2020). Natural raspberry aroma powder was added to grape pomace Kombucha. The characteristics of the samples evaluated are presented in table V.6. Samples GPK-3-L-100/20-7/25 and GPK-6-L-100/20-5/25

(1.4) were chosen since they were prepared with the same concentration of added sugar and were fermented at the same temperature. Sample GPK-5-N-100/30-7/25 was chosen since it was the only sample prepared with Négrette, and it would be interesting to obtain the consumer's feedback on Kombucha prepared with that grape variety. The same acronyms used in chapters 3 and 4 are displayed in the table to indicate the processing conditions of each sample. However, for the sake of simplicity, those samples will be attributed new codes that will be used throughout this section. 

V.2.1.2 Conducted tests

The evaluation of the grape pomace Kombucha samples was done over 3 steps. In the first section of the sensory analysis, panelists were asked to rate the intensities of the aromas detected in the different samples. Panelists were given a reference table with the aromas that might be present in grape pomace Kombucha in addition to concrete examples of familiar items that contain those aromas. The second section of the evaluation consisted of a preference test where panelists were asked to answer questions about the samples based on the 9-point hedonic scale.

In the last section, the participants were asked to pick their favorite sample. A comments section was available as well to collect any feedback from the panelists. The distributed sensory analysis form is presented in Appendix 4. 

V.2.1.3 Panelists

V.2.2 Results and statistical analysis V.2.2.1 Descriptive analysis

A generic descriptive analysis was conducted to evaluate the intensity of the aromas identified in grape pomace Kombucha samples. Based on table V.6, three recipes were included in this section: GPK-5-N-100/30-7/25, GPK-3-L-100/20-7/25, and GPK-6-L-100/20-5/25 (1.4). A spider plot for each recipe was created based on the responses of the panelists (figures V.9, V.10, and V.11). The same color was used for each recipe with the sweetened versions represented in dots, and the raspberry flavored versions represented with stripes. Descriptive analysis was conducted by some authors on different tea Kombucha. The beverage had mostly floral, fruity, medicinal, herbal and fermented aromas (Alderson et al., 2021;[START_REF] Gramza-Michałowska | Research On The Effect Of Culture Time On The Kombucha Tea Beverage's Antiradical Capacity And Sensory Value[END_REF]. According to [START_REF] Andreson | Characterisation of chemical, microbial and sensory profiles of commercial Kombuchas[END_REF], commercial tea Kombucha clustered around three main groups of aromas: fruity and artificial, herbal and tea notes, and "classical" notes. The detected aromas depend mostly on the type of substrate fermented with the tea inoculum. In the case of grape pomace Kombucha some attributes (such as "chemical" and "oxidized") who were not reported in tea Kombucha literature were included based on the flavors detected in grape pomace and wine [START_REF] Capone | Analytical characterisation of Negroamaro red wines by "Aroma Wheels[END_REF][START_REF] Vilela | Sensory and Nutraceutical Properties of Infusions Prepared with Grape Pomace and Edible-Coated Dried-Minced Grapes[END_REF].

Natural Négrette Kombucha was described mainly as being pungent with some hints of fruity and spicy aromas. Adding a natural sweetener seemed to have enhanced the fruity aroma and reduced the perceived pungency. Natural grape pomace Kombucha prepared with the Lebanese mix with 20 g/L added sucrose and fermented for 7 days was found to be pungent and earthy.

The panelists even detected chemical and oxidized aromas in the sample. As a matter of fact, ethanol and acetic acid were both given as some of the concrete examples of the chemical aroma.

Those compounds were found to have concentrations of 6.43 and 5.90 g/L, respectively (chapter 3). The sweetened version was observed as being slightly more floral and fruitier. Samples made with the Lebanese mix pomace with 20g/L added sucrose and fermented for 5 days were also defined as pungent and earthy with hints of floral and chemical aromas. The sweetened sample was found to be more caramelized and floral. Raspberry flavored grape pomace Kombucha scored the highest intensities on both floral and fruity attributes.

Analysis of variance was conducted to determine whether the differences noted by the panelists were statistically significant (p <0.05). Results are presented in table V.7. Means in the same row followed by different lowercase letters represent significant differences (P < 0.05).

When examining table V.7, high values of standard deviations are noticed. This is normal considering that sensory evaluation is subjective and that the participants were not trained on such assessments. Moreover, the samples were statistically similar in their intensities of certain aromas (spicy, microbiological, chemical, oxidized, woody, nutty, and pungent), although they were rated differently by the panelists. The highest intensities of floral and fruity aromas were recorded in Raspberry flavored grape pomace Kombucha. Interpreting the results of the caramelized and earthy aromas are somehow complex, as statistical similarities were found between different samples regardless of whether they were from the same recipe. Additional investigation is needed to determine the exact intensity of the different aromas detected in grape pomace Kombucha. Chemical analysis (detection and quantification) of the compounds responsible of those flavors should be conducted. For example, gas chromatography can be performed to determine the flavor profile of Kombucha products. Additionally, a more trained panel should be recruited to evaluate the different samples.

V.2.2.2 Preference tests: 9-point hedonic scale and preferred sample

The sensory attributes of grape pomace Kombucha samples were evaluated by the panelists who were asked to rate how much they liked or disliked the beverages based on the 9-point hedonic scale. The responses in addition to the analysis of variance results are presented in figures V.12.

The same color was used for each recipe with the sweetened versions represented in dots, and the raspberry flavored versions represented with stripes. As show in figure V.12, raspberry flavored grape pomace Kombucha (L5-GPK -R) had the highest score with regards to general preference (6.74). This sample was statistically similar to both Négrette Kombucha samples (N7-GPK-N and N7-GPK-S) and to sweetened grape pomace Kombucha prepared from the Lebanese mix and fermented for 5 days (L5-GPK -S). No significant difference was reported between the appearance of the beverages. Raspberry flavored grape pomace Kombucha had also the most preferred smell among panelists and was statistically different from the other samples. This might be due to the appealing fruit aroma of the natural additive used. The lowest score was given to the natural version of Lebanese pomace Kombucha

(2.47) who was statistically similar to its sweetened version and to natural Négrette Kombucha (3.84 and 4.16, respectively). The panelists gave the highest taste rating to N7-GPK -S, L5-GPK -S, and L5-GPK -R (5.84, 5.79, and 6.58, respectively). It seems that the natural versions of the recipes were disliked by the participants in terms of taste as they were given low scores (3.74, 2.26, and 3, respectively). Moreover, those samples were rated poorly with regards to their sweetness, sourness, and fruity tastes. Adding a natural sweetener and/or the raspberry aroma to the recipes didn't impact the sweetness of grape pomace Kombucha. In fact, the sweetened versions were statistically similar in their sweetness scores to their natural version. However, the sourness rating of grape pomace Kombucha fermented by 5 days was affected by the sweetener and/or flavor. Panelists have preferred the sour taste of L5-GPK -S, and L5-GPK -R as they gave those samples significantly higher scores (5.95 and 5.63, respectively). Interestingly, participants liked the fruity taste in sweetened Négrette Kombucha (N7-GPK -S) and in L5-GPK -S, and L5-GPK.

As a follow up on rating the samples, panelists were asked to choose their preferred version of grape pomace Kombucha. The results are presented in figure V.13. 

V.2.2.3 Effect of processing conditions on the sensory profile of grape pomace Kombucha

The chemical composition of Kombucha has been shown to impact the sensory attributes of the beverage. Residual sugars affect the sweetness of the products, whereas acetic acid concentration is directly related to the sour taste and some of the aromas Tran et al., (2020b). For that reason, it would be interesting to examine the physico-chemical characteristics of the different samples in order to understand if they were behind the choices of the participants. The results were collected from chapters 3 and 4 and are presented in table V.8. It would be important to mention that the original versions of the beverages will be included in the table since the sweetened and flavored samples would have the sample chemical composition based on the type of additives used.

Natural sweeteners, and aromas would not alter the composition of grape pomace Kombucha samples. We noticed that the chemical composition of grape pomace Kombucha is related to the sensory profile of the beverage. The pungent aroma detected was mostly due to the ethanol and acetic acid concentration. On the other hand, titratable acidity was related to the detected oxidized, woody, chemical, earthy and microbiological flavors. The concentration of total sugars and tartaric acids affected the fruity taste, fruity and floral aromas, and the smell of the product. [START_REF] Phetxumphou | Processing Condition Effects on Sensory Profiles of Kombucha through Sensory Descriptive Analysis[END_REF] reported that "too much sugar" in Kombucha is associated with sweet and fruit punch notes in the beverage. Surprisingly, the sourness noted in the samples was not correlated to the acetic acid content, contrarily to what was reported in the literature. As shown in table V.10, none of the studied pathogenic microorganisms multiplied in any of the grape pomace Kombucha samples. The absence of growth (in a 0.1 mL volume) is most probably associated with the low pH of the beverage (3.42-3.50). Fermented foods with low pH don't usually provide a growth medium for pathogens [START_REF] Ashaolu | Safety and quality of bacterially fermented functional foods and beverages: A mini review[END_REF]. Listeria monocytogenes, Escherichia coli and Salmonella spp. are known to develop a tolerance to acidic mediums, as a mean of surviving. However, their maximum tolerance was within a pH ranging from 4.5-5 [START_REF] Koutsoumanis | Comparative acid stress response of Listeria monocytogenes, Escherichia coli O157:H7 and Salmonella Typhimurium after habituation at different pH conditions[END_REF]. The optimal growth pH range of Staphylococcus aureus is between 4 and 9.5 (Oyarzabal & Backert, 2012). The purpose of examining the growth patterns of those 4 microorganisms was to estimate the shelf life of grape pomace Kombucha by microbial modelling. Based on the obtained results, pathogenic microorganisms can't multiply in grape pomace Kombucha; and hence the microbiological safety can't be exclusively used to predict the shelf-life. The product's quality, in terms of chemical composition, should be investigated under different storage conditions to predict the "best before" date. This aspect will be covered in the following section of the chapter (section 4).
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V.3.2 HACCP plan

Although no pathogens were detected in grape pomace Kombucha stored during different conditions, contamination can occur during the preparation of the beverage. Nowadays, with the increasing interest in tea Kombucha, various regulatory bodies have been developing guidelines for the safe production of the beverage. Food safety models have been created by many agencies such as the Food and Drug Administration (FDA) , National Environmental Health Association (NEHA), Brazilian ministry of agriculture, Centre of Disease Control of British Columbia (BCCDC), and Kombucha Brewers International (KBI) (Miranda et al., 2022). Creating a food safety model for grape pomace Kombucha specifically is important to ensure the safe preparation of the beverage and to prevent any foodborne illnesses that might happen due to its consumption.

Hazard Analysis and Critical Control Point (HACCP) is very popular system implemented to ensure the safe production of food items. It involves identifying and managing all types of food safety hazards during all production stages [START_REF] Kotsanopoulos | The Role of Auditing, Food Safety, and Food Quality Standards in the Food Industry: A Review: Food safety and quality audits…[END_REF]. During this section, a HACCP plan for grape pomace Kombucha will be developed. First, it would be important to mention that good hygienic practices and pre-requisite programs (PRPs) constitute the fundament of any food safety management system. Therefore, the production of grape As shown in tables V.11 and V.12, different types of hazards may compromise the safety of grape pomace Kombucha. Boiling, cooling, inoculation, and fermentation were found to be critical control points, and needed close monitoring. Boiling temperature should not drop below 80 o C to ensure the destruction of microorganisms that may be present in the raw material.

Cooling temperature and time should be monitored to prevent the growth of microorganisms.

Although the pH level of grape pomace is low, which will technically prevent any foodborne bacteria growth, it would be better to consider cooling as a critical control point. In fact, at this stage pH is not monitored yet, and can largely depend on the type of grape varieties infused.

Inoculation can introduce numerous biological hazards to grape pomace Kombucha if the inoculum contains unwanted spoilage and pathogenic microorganisms. Finally, pH monitoring during fermentation is crucial. Levels above 4.2 would provide a suitable environment for molds and bacteria, whereas levels below 2.5 would cause acidosis (BC Center for Disease Control, 2020;[START_REF] Nummer | Kombucha Brewing Under the Food and Drug Administration Model Food Code: Risk Analysis and Processing Guidance[END_REF][START_REF] Nyhan | Advances in Kombucha Tea Fermentation: A Review[END_REF].

V.4 Quality evaluation of grape pomace Kombucha during different storage conditions

The microbiological analysis of grape pomace Kombucha samples revealed that the beverage doesn't contain foodborne bacteria that will compromise the safety of its consumption. Other parameters should be taken then into account when estimating the shelf-life of the product. For that reason, the chemical composition and antioxidant activity of grape pomace Kombucha were investigated under different storage conditions. The objective of this section was to determine the quality changes that can take place during the storage of grape pomace Kombucha and to estimate the" best before" date duration. Being a functional food, the beverage should retain its health benefits until the "best before" date, which is why the antioxidant potential was taken into account. The same acronyms (and samples) used in section 3 were used in this section (table V.9).

V.4.1 Effect of different storage conditions the characteristics of grape pomace Kombucha

Shelf-life is the time interval between production and consumption where the products retain their nutritional and sensorial characteristics, and their safety. The safety of grape pomace Kombucha was found to be stable as no growth of pathogens was detected in the samples. The accelerated shelf-life testing technique was followed to estimate the shelf-life of the beverage. As a first step, the chemical composition and antioxidant activity was determined to investigate the effect of different storage conditions on the analyzed variables. Based on the results, parameters that exhibited deterioration were used to estimate the shelf-life of grape pomace Kombucha.

V.4.1.1 Chemical composition

At the end of fermentation, grape pomace Kombucha was not pasteurized to inactivate the microorganisms present in the SCOBY. Therefore, it would be possible that those yeasts and bacteria who were still present in the beverage, were active and hence affected the chemical composition. According to [START_REF] Mas | Evolution in Composition of Kombucha Consortia over Three Consecutive Years in Production Context[END_REF], the microorganisms in tea Kombucha are present in the liquid and biofilm phase, however, they were affected by the stress conditions. Therefore, it would be possible that based on the storage conditions, variations in the characteristics of grape pomace will occur, affecting both the chemical composition and the organoleptic properties of the beverage. The effect of storage conditions on the concentrations of total sugars, organic acids, and ethanol are presented in figures V.17, 18,19 and 20. As shown in figures V.17,18,19 and 20, the concentration of tartaric and malic acids is relatively constant regardless of the storage condition. Therefore, it would be safe to assume that those variables would not influence the shelf-life of grape pomace Kombucha. On the other hand, changes in the content of total sugars, ethanol, acetic acid, and lactic acid are detected. A slight decrease (10-27 %) in the content of total sugars is observed in samples stored at the different temperatures, irrespective if the beverage was stored in transparent or opaque containers. The strongest drop was detected at storage temperatures of 25 and 37 o C, suggesting a consumption of sugars and a continuation of the fermentation process. In parallel, an increase in the concentrations of lactic and acetic acid was detected. Lactic acid increased within a range of 33 to 118%. The strongest increase was also present at storage temperatures of 25 and 37 o C regardless of if the container was transparent and opaque. Acetic acid followed a similar pattern, but at a lower rate. Finally, a production of ethanol was perceived in all samples. The increase ranged between 16 and 58% and was the strongest at 37 o C.

The changes in the physico-chemical characteristics of different Kombucha products have been covered in the literature. Similar observations with regards to the concentration of total sugars, organic acids, and ethanol have been reported by various authors. For instance, a decrease in brix levels (associated with the concentration of total sugars) has occurred as a result of storage in goji Kombucha , tea Kombucha, and basil Kombucha (Abuduaibifu & Tamer, 2019;Yıkmış & Tuğgüm, 2019). An increase in organic acids resulting in a drop of pH was found in tea Kombucha during 21 days of storage [START_REF] Ansari | Study on Citric Acid Production and Antibacterial Activity of Kombucha Green Tea Beverage during Production and Storage[END_REF]. The variation of ethanol content of tea Kombucha during storage was evaluated by [START_REF] Talebi | Examination of the Varied and Changing Ethanol Content of Commercial Kombucha Products[END_REF], who reported that cold storage would slow down alcohol production.

V.4.1.2 Concentration of total polyphenols and antioxidant activity

As discussed during the previous chapters, grape pomace Kombucha can be considered a functional beverage due to its richness in bioactive compounds and to its health benefits. Hence, In reference to figures V.21 and 22, the concentration of total polyphenols was mostly stable in all samples except those stored at 50 o C. At that temperature, a drop of 24-28% was observed.

As a matter of fact, total polyphenol content has been shown to be negatively correlated with storage temperature [START_REF] Klimczak | Effect of storage on the content of polyphenols, vitamin C and the antioxidant activity of orange juices[END_REF]. The transparency of the container didn't seem to impact the concentration of phenolics. Moreover, an increase in the IC 50 values was reported in all samples, suggesting a decrease in the antioxidant capacity of the beverage. After examining the results, two factors seemed to be responsible for the values recorded. First, the transparency of the container seemed to impact the antioxidant potential, where lower reductions were observed in samples stored in opaque tubes. This might be associated with the degradation of certain compounds as a result to exposure to light. Second, higher storage temperatures resulted in higher IC 50 values, which is most probably due to the drop in the concentration of total polyphenols under those conditions. Our findings were similar with what was reported by Abuduaibifu & Tamer (2019), where a decrease in the concentration of total polyphenols and in the antioxidant activity was observed after a certain storage duration

V.4.2 Accelerated shelf-life testing

Based on what reported previously, the shelf-life of grape pomace Kombucha will be estimated by following the accelerated shelf-life testing model and by taking into account the effect of storage conditions on the concentration of total sugars, acetic and lactic acid, ethanol, total polyphenols, and antioxidant activity.

V.4.2.1 Determination of reaction order kinetics

The determination of kinetic order reaction is a way to estimate quality degradation. The zeroorder reaction was detected by plotting the quality parameters (concentrations of total sugars, acetic acid, lactic acid, ethanol, total polyphenols, and IC50 values) as y-axis and storage time as the x-axis. The first order reaction was assessed by plotting the natural logarithmic (ln) value of the quality parameters as the y-axis and storage time as the x-axis [START_REF] Astuti | Shelf life prediction of carica seeds powder using accelerated method[END_REF]. Since two different samples of grape pomace Kombucha were analyzed (A and B), results will be displayed separately for each sample. Tables V.13 and V.14 represent the obtained characteristics of the plots. The kinetic order reaction used is the one with highest R 2 value since it will show a better accuracy of data. In reference to tables V.13 and V.14, zero order reactions had higher coefficients (R²) than first order reactions regardless of the sample and quality parameter. Therefore, a zero-order equation will be used to estimate the shelf-life of grape pomace Kombucha. Moreover, as seen in the tables, reaction rates (k) varied between storage conditions, indicating that the storage temperature and type of container (transparent or opaque) affected the studied quality parameters in the beverage.

V.4.2.2 Shelf-life estimation

Grape pomace Kombucha is a novel functional beverage. Hence, no reference values for the studied quality parameters are available in the literature. For that reason, the reference values will be set as 95% of the original value, meaning that the product will still be judged as having an acceptable quality as long as the concentration of studied parameter doesn't vary by more than 5%.

The shelf-life of the beverage will be estimated according to the equation below: k: reaction kinetics (obtained from tables V.13 and V.14 for zero order reaction)

The results are presented in tables V.15 and V.16. 

V.5 Conclusion

Based on the results of this chapter, it would be safe to assume that grape pomace Kombucha is a promising beverage. As portrayed in the results of the market study, participants have shown some interest in trying novel types of Kombucha. The estimated target market for grape pomace Kombucha would most probably be educated females aged between 18 and 55 years, and active for 1-6 hours per week. Moreover, the questionnaire exposed that strict attention should be given to the taste of the developed drink, as it was the most influential attributed for picking a beverage. Additionally, the richness in bioactive compounds should be used to promote the novel product as participants were also influenced by the nutritional content of products during their shopping.

Sensory analysis findings revealed a notable improvement in the organoleptic properties of the beverage, when compared to the first session. Panelists seemed to have preferred the flavored and sweetened versions of grape pomace Kombucha. Additional improvement is needed though, mostly to reduce the sourness. Moreover, trying different flavors would probably be beneficial and would result in higher ratings of the beverage. On another note, when comparing the sensory scores of the beverages with their respective biological activities, it seems that the preferred samples were not among the highest exhibiters of antidiabetic, antioxidant, and antiinflammatory potentials. Therefore, for the product to succeed, a balance between the organoleptic properties of the beverage and the associated health benefits should be achieved.

With regards to food safety, grape pomace Kombucha has been found to be stable as no growth of pathogenic microorganisms was observed during storage. However, contamination may still occur during preparation, and hence a food safety plan was developed. It provided guidelines for the proper production of grape pomace Kombucha, with a special focus on monitoring the pH and the inoculum. Following the food safety plan would eliminate the hazards that might compromise the safety of the beverage.

On the other hand, changes in the chemical composition were detected under different storage conditions, reducing the shelf-life of the beverage. In general, cold storage in non-transparent containers was optimal to preserve the quality of grape pomace Kombucha. Those changes might be possibly caused by the microorganisms that were originally present in the SCOBY and that were not destroyed at the end of fermentation. Consequently, exploring treatment options that would not damage the bioactive compounds is needed to extend the shelf life of the beverage. Furthermore, they will allow the product to be shelf-stable and would eliminate the need of cold storage.

Chapter VI: Conclusion and perspectives

The wine industry generates tons of by-products each year, with the major residues being grape pomace, vine shoots, stalks, wine lees and filtration cakes. Kombucha tea has been gaining a lot of popularity during the past years due to health benefits associated with its consumption. The main purpose of this work was to develop a novel functional beverage by inoculating grape pomace with the Kombucha consortium.

At the beginning of the project, preliminary trials were conducted to assess if grape pomace is a suitable substrate for Kombucha fermentation, and to understand the main chemical dynamics that occurred. The patterns obtained were compared to what was reported in the Kombucha literature in terms of chemical composition. Moreover, sensory evaluation was performed to gather information about the acceptability of the developed beverage. Based on the results collected, the fermentation conditions and processing parameters were adjusted, and the different grape pomace Kombucha samples were analyzed to tackle the set research objectives.

Studying the effect of fermentation parameters on the physico-chemical characteristics and biological activities of grape pomace Kombucha:

The processing parameters were varied throughout the project and included fermentation temperature (20 and 25 o C), duration (5, 7, and 10 days), sucrose concentration (0, 10, 20, 30 and 35 g/L), grape variety (Lebanese mix and Négrette), ultrasonic treatment, and scaling up.

The concentration of sucrose added in the recipe had mainly an impact on the final chemical composition of the beverage. Increasing the quantity of sucrose would result in higher contents of total sugars, acetic acid, and ethanol. Fermentation duration was among the most influential factors. As a matter of fact, fermentation time was mostly correlated with the chemical composition of the product, the concentration of bioactive compounds, and the antioxidant activity. The beverages fermented for a longer duration had a higher residual acetic acid content, and a lower concentration of polyphenols than those fermented for a shorter time. The total phenolic content of grape pomace Kombucha increased during fermentation until reaching a peak (between days 7 and 10), and then decreased. This observation was investigated by analyzing the composition of the biofilms at the end of fermentation. The cellulose pellicles retained a considerable quantity of bioactive compounds. Fermentation temperature affected mostly the concentration of acetic acid in the final product, in addition to the content of phenolics and the anti-inflammatory activity. Samples fermented at 20 o C had a lower acetic acid concentration, a relatively higher phenolic content, and exhibited a stronger antiinflammatory potential. The grape variety of the pomace influenced the chemical composition of the beverage and its antioxidant activity. The ultrasonic treatment before inoculation affected the quantity and type of bioactive compounds, and consequently the anti-inflammatory potential of the beverage. It would be important to mention though that the effect observed was not strong.

Finally, scaling up, in the operating conditions implemented, had a small effect on the total acidity of the product, on its phenolic content and its antioxidant activity.

As discussed during the previous chapters, some of the characteristics of grape pomace Kombucha were influenced by the processing parameters, while others remained constant. It was not possible to choose exactly which processing parameters resulted in the best version of the product, as more than one variable might have accounted for the differences noted. Additionally, the highest content of bioactive compounds, and the strongest biological activities were not scored by one sample solely.

Assessment of the organoleptic properties of grape pomace Kombucha:

Sensory evaluation was conducted to understand the organoleptic attributes of grape pomace Kombucha as perceived by the participants. During the first sensory session (preliminary trials), the samples were judged unpleasant and acidic by the panelists. Some of the participants even suggested that the beverage lacks sweetness. Based on those results, the judges were presented with less acidic samples, and with sweetened and flavored versions of grape pomace Kombucha during the second session. The beverage was described overall as having "floral", "fruity", "earthy", and "pungent" aromas. With regards to acceptability, the sweetened and raspberry flavored samples scored higher scores than their natural version in terms of sweetness, general taste, and sourness. The appearance of the beverage was liked regardless of the preparation method. The most preferred sample was the raspberry flavored version.

This research was able to provide key contributions to the valorization of grape pomace by the Kombucha inoculum. It also offered a foundation for understanding the characteristics and the production of the developed beverage. However, additional investigation is needed in different areas to complete the profile of the product and to improve it.

First, it would be interesting to macerate the pomace throughout the fermentation process, and not just limit the maceration phase to the infusion. Moreover, extracting the pomace with different types of solvents, and inoculating the obtained extracts with SCOBY is also to consider in future research.

Second, performing in-vivo trials is important to evaluate the biological activities of the beverage. Additional biological activities associated with the consumption of grape products and Kombucha could be investigated as well.

Third, it would be intriguing to find correlations between the bioactive compounds detected, and the health benefits of the product.

Fourth, studying the aromas present in grape pomace Kombucha (by GS/MS per example) would be beneficial to improve the flavor of the beverage. Understanding which molecules were responsible for the aromas noted in the product, and how they were formed during fermentation, would be essential to ameliorate the sensory attributes of grape pomace Kombucha.

Fifth, the "bubbly" effect widely discussed in tea Kombucha literature was not explored. It would be interesting to examine the processing parameters that would result in a sparkling grape pomace Kombucha, and to assess the consumer's response on that aspect.

Finally, the valorization of other types of winery by-products, such as wine lees, with the Kombucha inoculum, is worth considering in future work.

Test 2

Instructions:

Notez le numéro d'échantillon / Write down the sample number.

Regardez et goûtez chaque échantillon / Look at and taste each sample Indiquez combien vous aimez ou n'aimez pas chaque échantillon en marquant la phrase appropriée / Indicate how much you like or dislike each sample by marking the appropriate phrase.

Rincez-vous la bouche avec de l'eau entre les échantillons / Rinse your mouth with water between samples.

Echantillon/ Sample ________

Que pensez-vous du produit en général? / How do you feel about the product in general?

Que pensez vous de l'apparence du produit? / How would you rate the appearance of the product? 

Aime extrêmement

Like extremely

Aime beaucoup

Like very much

Aime modérément

Like moderately

Aime légèrement

Like slightly

Ni
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  Figure I.1: Berry development stages
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 2 Figure I.2: Classification of phenolic compounds (Rasines-Perea & Teissedre, 2017)

  traditional beverage prepared by the fermentation of sweetened tea leaves by what is known by "tea fungus". The stories associated with the origins and creation of Kombucha are numerous and impossible to verify It is thought to have emerged around 220 B.C. in Manchuria, a far northeastern region of China

  . Another study conducted by Villarreal-Soto et al. (2020) compared the microbial composition of the liquid phase and solid phase in 3 types of tea Kombucha. Komagataeibacter rhaeticus and Gluconacetobacter sp. SXCC1 were the most abundant bacteria in the solid phase, whereas Komagataeibacter xylinus was more detected in the liquid phase. With regards to yeasts, who Chapter I 43 were predominantly more available in the liquid phase, Brettanomyces bruxellensis and Schizosaccharomyces pombe were the most available species.
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 1 Figure 1. scientific work on Kombucha referenced by PubMed, web of science and scopus.

Figure 2 .

 2 Figure 2. Kombucha world cloud.

Figure 3 .

 3 Figure 3. Kombucha analogues infographic.

Figure 4 .

 4 Figure 4. distribution of publications by continent and nature of substrates.

Figure 5 .

 5 Figure 5. distribution of publications according to the nature of substrates.

Aldrich

  was reproduced by the backslopping method. The same procedure adapted by Villarreal-Soto et al. (2019) was followed. Water was heated to reach 40 o C, sucrose was added at a concentration of 70 g/L. Subsequently, when the temperature reached 80 o C, black tea (Ceylan) was infused for 15 minutes at concentration of 10 g/L. The mixture was allowed to cool to 25 o C. 980 mL of tea is poured into a 2 L beaker, and 10 mL of cider vinegar, 20 mL of Kombucha solution (obtained from the previous batch) and 20 g of Kombucha biofilm

  read twice: after adding solution 2 (A1) and after adding suspension 3 (A2).The concentration of ammonia was calculated as follows: weight of ammonia (g/mol) ε = extinction coefficient of NADPH at 340 nm= 6300 (l x mol -1 x cm -1 ) d = light path (cm) v = sample volume (mL)

  Adding 20 µl of standard solution or sample -Adding 10 µl of Folin-Ciocalteu reagent -Placing the microplate in the microplate reader (BMG-Labtech Spectrostar-Nano) and agitating for 10 seconds -Adding 170 µl de base Na2CO3 (2.36 %, w/w) -Placing the microplate in the microplate reader and agitating for 10 seconds -Reading the absorbance (760 nm) at 45°C for a reaction time of 45 minutes -The concentration of total polyphenols was obtained by plotting the absorbance of the sample on the gallic acid calibration curve, and expressed in GAE mg/L. All measurements were done in triplicates.

  with a few modifications. The principle of the DPPH assay is based on the neutralization of free radicals, causing a discoloration in the dark violet color. A 96-well microplate was used to conduct the experiment. Liquid amples (grape Kombucha) were diluted with distilled water (1:10). Ascorbic acid was used as a positive control. Different volumes of the sample were analyzed to determine the IC50 value (half maximal inhibitory concentration).The DPPH solution was prepared by adding 4.8 mg of DPPH reagent to 50 mL of ethanol (96%). The solution was covered by aluminum film to prevent any damage that can be caused by light exposure and was stored in the fridge. The mixture was diluted with ethanol to provide absorbance measurements of 0.7-0.9. 40-120 µL of diluted sample were added to 150 µL of ethanol. The volume was completed to 300 µL with ethanol. After an incubation period of 25 minutes at room temperature the absorbance was read for a duration of 45 minutes (3 cycles of 15 minutes) at 516 nm. The antioxidant activity in terms of IC50 values (mL/L) was obtained from a curved plotted according to the formula: f(c) = 1 -(A/ A o) C = sample concentration (g/L) A = Absorbance of the sample A0 = Absorbance of the prepared DPPH solution All measurements were done in triplicates.Grape pomace Kombucha samples were analyzed for their pathogenic microorganism content and their physico-chemical composition, under different storage conditions. 10 mL of sample was poured into Falcon 15 mL polystyrene conical centrifuge tubes. Aluminum foil was wrapped around some of the tubes to provide opaque packaging conditions. The tubes were stored under different conditions for a period of 21 days. Sampling was conducted frequently to assess the changes in the characteristics. The experimental design is illustrated in figure II.1.

Figure II. 1 :

 1 Figure II.1: Experimental design for shelf-life estimation

  frequent agitation and boil for 1 minute to completely dissolve the product. -Sterilize in the autoclave at 121°C for 15 minutes -Pour into petri dishes under sterile environment EMB agar: -Suspend 37.4 g of EMB powder (Becton, Dickinson and Company, ref 211221) in 1 L of purified water.

  Product development and sensory evaluation are firmly connected. Measuring the consumer's response to a certain food or beverage during the early stages of designing the product is important to detect any organoleptic defects and improve them. The main purpose of organoleptic analysis is to judge quality of a product in terms of appearance, taste, odor, and texture. Various types of tests can be conducted, depending on the question to be answered.Analytical tests are employed to determine whether there are any similarities or differences between the samples. They can be categorized into different groups: discrimination tests (such as triangle or duo-trio), grading tests (such as paired comparison), and descriptive tests (such as Quantitative Descriptive Analysis or Flavor Profile). On the other hand, affective tests are used to measure the participant's reaction to a certain product. For instance, panelists are asked to choose the favorite sample, or rate the products in terms of preference, or mention the degree of liking on a given scale. paired comparison, ranking and hedonic scoring are examples of affective tests[START_REF] Świąder | Trends of Using Sensory Evaluation in New Product Development in the Food Industry in Countries That Belong to the EIT Regional Innovation Scheme[END_REF].

  Folin-Ciocalteu solution: diluting the Folin-Ciocalteu reagent (2N) with distilled water (1:10). --Sodium carbonate solution: dissolving 0.75 g of Na2CO3 in 10 mL distilled water -Samples: dissolving ethanolic extracts of grape pomace Kombucha in Dimethyl sulfoxide (DMSO) at a concentration of 50 mg/L (the concentration of DMSO doesn't exceed 1% in the wells).

Figure II. 2 :

 2 Figure II.2: Determination of total concentration of polyphenols in extracts

Figure

  Figure II.3: Antioxidant activity protocol (DPPH assay)

-

  ), where the capacity of inhibiting the activity of 15-lipoxygenase enzyme (15-LOX). The test was conducted in a 96-well plate containing 150 µL of 100 mM phosphate buffer (pH 7.4), 20 µL of the extract solution, 60 µL of linoleic acid (3.5 mmol/L), and 20 µL of 15-LOX (soybean). The mixture was then incubated at 25°C for 10 minutes in a Multiskan Go spectrophotometer and the absorbance was measured at 234 nm. A blank experiment was performed using the same procedure without the extract. The anti-inflammatory activity was defined as the percentage of inhibition of the 15-LOX enzyme. Nordihydroguaiaretic acid (NDGA) was used as a control, due to its high ability to obstruct the enzyme.The anti-inflammatory activity was expressed as the percentage of inhibition: Starch solution (S starch): Dissolving potato starch powder in distilled water at a concentration of 1 %.

Figure II. 4 :

 4 Figure II.4: Anti-diabetic activity protocol (α-amylase assay)
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 1 Figure III.1: pH values before and after fermentation

Figure

  Figure III.2: Grape pomace Kombucha -batches 1 and 2

Figure III. 3 :Figure III. 4 :Figure

 34 Figure III.3: Consumption of sugars in grape pomace Kombucha (GPK) batches 1 and 2

  its volatility. Similar observations were made by[START_REF] Chen | Changes in major components of tea fungus metabolites during prolonged fermentation[END_REF] and[START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]. During their work, acetic acid concentration increased with time until attaining a

  Figure III.7: Total polyphenol concentration in batches 1 and 2

Figure III. 8 :

 8 Figure III.8: Half-maximal inhibitory concentration of the antioxidant activity in GPK batches 1 and 2

Figure III. 9 :

 9 Figure III.9: Sensory evaluation of GPK

Figure

  Figure III.10 offers a representation of words collected from the "comments" section. The world cloud was generated using https://wordart.com/; which is an online tool that portrays words according to their frequency or importance.

Figure

  Figure III.10: World cloud based on sensory evaluation feedback

  added sugar and fermented for a shorter duration. Two fermentation temperatures were tried as well. The production steps are represented in figure III.11 and the recipes are presented in table III.4.

Figure III. 11 : 4 *

 114 Figure III.11: Grape pomace Kombucha flowchart

4 *

 4 Figure III.13: pH values at the beginning and end of fermentation in GPK batches 3 and 4 *Vertical strips represent the pH values at the end of fermentation

  L-100/20-7/25 GPK-3-L-100/20-10/25 GPK-3-L-100/35-7/25 GPK-3-L-100/35-10/25 GPK-4-L-100/20-7/20 GPK-4-L-100/20-10/20 GPK-4-L-100/35-7/20 GPK-4-L-100/35-10/20

Figure

  Figure III.15: Chemical dynamics in grape pomace Kombucha

Figure III. 16 :

 16 Figure III.16: Kinetics of sugar consumption in GPK batches 3 and 4 (HPLC analysis results)

For

  the sake of comparison, each color represents the samples having the same ingredients and fermentation parameters; the dotted lines represent the samples fermented at 20 o C. The quantity of total sugars includes the sum of saccharose, glucose and fructose. As exposed in figure III.16, sugars are gradually consumed throughout fermentation. During the first 3 days, or what iscommonly known as the lag phase of fermentation, the consumption rate was slower than the remaining days[START_REF] Lopes | Antioxidant and antibacterial activity of a beverage obtained by fermentation of yerba-maté (Ilex paraguariensis) with symbiotic Kombucha culture[END_REF]. On average, the momentum for the utilization of sugars in grape pomace Kombucha ranged between 1.68 and 4.14 g. L -1 . day -1 , depending on the recipe (table III.5). Samples fermented at 20 o C scored the slowest rates. During this period, carbon sources are typically used for microbial cell formation. A higher pace for sugar consumption is noticed between days 3 and 7, where the rate reached 4.88-6.56 g. L -1 . day -1 . During this stage, carbon sources are typically used for energy instead of microbial cell formation[START_REF] De-Filippis | Different temperatures select distinctive acetic acid bacteria species and promotes organic acids production during Kombucha tea fermentation[END_REF]. In the last stage of fermentation (days 7-10), a drop in the utilization rate was observed in all samples. A similar observation in the decrease of sugar consumption after a certain time in tea Kombucha fermentation was noted by[START_REF] Lončar | Kinetics Of Saccharose Fermentation By Kombucha[END_REF] and[START_REF] Sreeramulu | Kombucha Fermentation and Its Antimicrobial Activity[END_REF] who attributed this finding to an acid shock that might impact the activity of microorganisms. Fermentation temperature seemed to impact the overall consumption rate of sugars where the values obtained were around 3.37-4.51 g.L -1 .day -1 at 25 o C, and 2.51-3.69 g.L - 1 .day -1 at 20 o C. According to[START_REF] Lončar | Kinetics Of Saccharose Fermentation By Kombucha[END_REF], higher fermentation temperatures would have a positive effect on reaction rates, and therefore would cause a higher consumption of sugars in Kombucha production.Samples made with 20 g/L added sucrose reach final concentration of total sugars of 12 g/L (day 7) and 6 g/L (day 10) at 25 o C, and 17 g/L (day 7) and 12 g/L (day 10) at 20 o C. On the other hand, when 35 g/L of sucrose are added, the remaining total sugars account about 21 g/L and 15 g/L at 25 o C (days 7 and 10 respectively), and about 32 g/L and 18 g/L (days 7 and 10 respectively) at 20 o C. On average, at 25 o C, 60-68% of sugars are consumed after 7 days and 74-83% after 10 days. At 20 o C, the consumption was relatively slower, ranging between 44 and 56

  .6: Evolution of reducing sugars in GPK Kombucha batches 3 and 4 (DNS method)

Figure

  Figure III.18: Ethanol production in GPK batches 3 and 4

Figure III. 19 :

 19 Figure III.19: Concentration of organic acids in GPK batches 3 and 4A shy decrease of malic acid was detected in the samples; however, the values were lower than 1g/L regardless of the recipe and fermentation parameters. This observation might be attributed to the biotransformation of malic acid (originally present in the unfermented grape pomace) to lactic acid by the lactic acid bacteria from the SCOBY. Tartaric acid was also noticed in small quantities, starting around 2g/L at the beginning of fermentation and reaching 0.5g/L approximately in some samples. This decrease might be associated to the degradation of tartaric acid by some microorganisms such as Zygosaccharomyces or Basidiomycetes[START_REF] Mendes Ferreira | The Role of Yeasts and Lactic Acid Bacteria on the Metabolism of Organic Acids during Winemaking[END_REF] or to the precipitation phenomena. The exact microbial composition of

Figure III. 20 :

 20 Figure III.20: Concentration of total polyphenols during fermentation of GPK batches 3 and 4

  composition of grape pomace (type and structure of initial polyphenols) and the type of the mother culture might also impact the evolution of polyphenols. The reduction in polyphenolic content at a certain stage of fermentation was also reported byVukmanović et al. (2020); nonetheless, the drop occurred starting the 10th day. It might be attributed to the polymerization of phenolic into larger molecules (which as not detected by the Folin-Ciocalteu) or to their adsorption by the cellulose pellicle. The most influential processing parameters on total polyphenol concentration were fermentation duration (r = -0.741), followed by fermentation temperature (r = -0.644) and quantity of added sucrose (r = -0.644).The quantity of anthocyanins in grape pomace Kombucha was evaluated at the beginning and end of fermentation by the sulfur dioxide discoloration method. Results are shown in figureIII.21. 

Figure

  Figure III.21: Concentration of total anthocyanins in GPK batches 3 and 4

Figure III. 22 :

 22 Figure III.22: The half maximal inhibitory concentration against DPPH radicals in GPK batches 3 and 4

  containing 20 g/L of added sucrose and fermented for 7 days at 20 o C. This sample was also significantly different from all others (p < 0.05). Grape pomace Kombucha made with 35 g/L added sugar and fermented for 7 days at 20 o C scored the 2nd highest concentration of polyphenols and was statistically different as well (p < 0.05). As mentioned earlier, a solid

Figure

  Figure III.23: Concentration of total polyphenols in GPK extracts (batches 3 and 4)

  25 o C was the richest in polyphenols (90.16 GAE mg/g sample), while the poorest was the one fermented for 7 days at 20 o C (29.72 GAE mg/g sample). Interestingly, when investigating the

  . In line with what was discussed previously, grape pomace Kombucha extracts were screened for their polyphenol content. HPLC analysis was conducted to determine what compounds are present in the different extracts. Polyphenols are usually classified into categories depending on their chemical structure.

  was relatively stable during Kombucha fermentation and was only absent in some of the samples prepared with 20 g/L added sucrose. According to[START_REF] Bel-Rhlid | Composition comprising chicoric acid and/or derivatives thereof[END_REF], (-)-Chicoric acid can be hydrolyzed into caffeic acid and tartaric acid by some yeasts and bacteria such as Lactobacillus and Saccharomyces cerevisiae. Ethyl Trans-2 Hydroxycinnamate and cinnamyl-3,4-Dihydroxy-Α-Cyanocinnamate are both derivatives of cinnamic acids. They were present in almost all the samples, meaning that those compounds didn't undergo any major changes during fermentation, and were not impacted by the processing parameters. Cinnamyl-3,4-Dihydroxy-Α-

  25 o C), and all samples fermented at 20 o C (except for GPK-4-L-100/20-7/20). Baicalein can undergo different types of transformation depending on the surrounding environment. It can be a product of Baicalin hydrolysis or can bind itself to different molecules such as glycosides ( Kim

4 Extract

 4 concentrations of vitamin C and resveratrol in different grape pomace Kombucha extracts are presented in tableIII.15. Table III.16: Vitamin C and resveratrol content of GPK batches 3 and same column followed by different lowercase letters represent significant differences (P < 0.05). n.d: not detected Unfermented grape pomace contained around 1.2 mg/g extract of vitamin C. As a matter of fact, grapes are known to be a good source of ascorbic acid , however the nutrient's content may depend of various factors such as grape variety, harvesting technique and processing conditions (Derradji-Benmeziane et al., 2014). A strong increase (98-222%) in the vitamin C content of grape pomace Kombucha extracts was detected (except for GPK-4-L-100/35-7/20). Different authors have reported an enhancement in the ascorbic acid concentration as a result of Kombucha fermentation. Malbaša et al. (2011) noted a continuous increase in the concentration of vitamin C in tea Kombucha. The enhancement of vitamin C after inoculation with SCOBY can be due to the biosynthesis of ascorbic acid by certain microorganisms such as Gluconobacter, Acetobacter, and Saccharomyces (Ledesma-Amaro et al., 2013); which are all present in tea fungus Sample GPK-3-L-100/20-10/25 was the richest in vitamin C (3.887 mg/g dry extract) and was significantly different from the other extracts. It seemed that ascorbic acid was dependent on fermentation duration and quantity of added sucrose. As a matter of fact, according to the Pearson correlation coefficient (table

Figure

  Figure III. 24: Anticancer activity of GPK batches 3 and 4 *Values with different lowercase letters represent significant differences (P < 0.05).

Figure

  Figure III.25: PCA analysis of GPK batches 3 and 4

  variety (L for Lebanese mix and N for Négrette) 4: pomace and sucrose concentration 5: fermentation time and temperature 6: Special operating parameter (Ultrasound bath before filtration)Table IV.1: Acronyms, ingredients, operating parameters, and fermentation conditions of GPK batches 5

Figure IV. 1 :

 1 Figure IV.1: Brix levels at the beginning and end of fermentation in GPK batches 5,6,7, and 8. *Vertical strips represent the Brix values at the end of fermentation

Figure

  Figure IV.2: pH values at the beginning and end of fermentation (GPK batches 5,6,7, and 8).

  N-100/30-7/25 GPK-6-L-100/0-5/25 GPK-6-L-100/20-5/25(1.4) GPK-7-L-100/10-5/25* GPK-8-L-100/10-5/25 (6) IV.2.2 Chemical kinetics: sugar consumption and evolution of organic acids and ethanol As mentioned in chapter 3, Kombucha fermentation is characterized by a consumption of sugars and a production of organic acids and ethanol. The dynamics are ensured by the microorganisms present in the SCOBY. Fermentation parameters such as duration and temperature have influenced the kinetics of sugar utilization and generation of acids and ethanol in grape pomace Kombucha. During this chapter, the effect of sucrose concentration, grape variety, and processing (scaling up and/or ultrasonic bath) on the chemical kinetics of grape pomace Kombucha are investigated.

Figure IV. 4

 4 Figure IV.4 shows the variation of total sugars during fermentation. The consumption rates are presented in table IV.2. The quantity of total sugars includes the sum of saccharose, glucose and fructose.

  Figure IV.5 presents the evolution of acetic acid generation in the different samples of batches 5,6,7, and 8.

Figure IV. 5 :

 5 Figure IV.5: Production of acetic acid in GPK batches 5,6,7, and 8

Figure IV. 6 :

 6 Figure IV.6: Ethanol production in GPK batches 5,6,7, and 8

Figure

  Figure IV.7 represents the other organic acids quantified throughout fermentation: malic acid, tartaric acid, and lactic acid.

Figure IV. 7 :

 7 Figure IV.7: Concentration of organic acids in GPK batches 5,6,7, and 8

Figure IV. 8 :

 8 Figure IV.8: Concentration of total polyphenols during fermentation of GPK batches 5,6,7, and 8.

  of grape pomace Kombucha was investigated by measuring the inhibition of DPPH radicals. The IC50 values (half maximal inhibitory concentration) were calculated by testing different volumes of grape pomace Kombucha samples. Results are represented in figure IV.10.

Figure IV. 10 :

 10 Figure IV.10: The half maximal inhibitory concentration against DPPH radicals in GPK batches 5,6,7 and 8.

  Figure IV.11 represents the phenolic contents of all extracts, in addition to the analysis of variance (ANOVA) results.

Figure IV. 11 :

 11 FigureIV.11: Concentration of total polyphenols in GPK extracts (batches 5,6,7, and 8) 

Figure IV. 12 :

 12 Figure IV.12: Anticancer activity of GPK batches 5,6,7, and 8.

Figure IV. 13 :

 13 Figure IV.13: Preparation of biofilms

Figure

  Figure IV.14: PCA analysis of GPK batches 5,6,7, and 8.

Figure

  Figure V.1: Participants' demographics

Figure V. 4 :

 4 Figure V.4: Segmentation of participant responses -survey question 21

Figure V. 8 :

 8 Figure V.8: Venn diagramquestionnaire

Table

  

  20 panelists (13 females and 7 males) were recruited to participate in the sensory evaluation of grape pomace Kombucha. The average age of the participants was 38.25 years, with the minimum age being 24 years and the maximum age being 60 years old. No additional information was collected form the panelists. The evaluation was individual due to the sanitary measures taken during the Covid-19 pandemic.

Figure V. 9 :

 9 Figure V.9: Intensity of aromas in samples N7-GPK-N and N7-GPK-S

Figure

  Figure V.12 (a) GPK evaluation according to the 9-point hedonic scale

Figure V. 13 :

 13 Figure V.13: Preferred sample of GPK

Figure V. 14 :

 14 Figure V.14: Principal component analysis: physico-chemical characteristics and sensory profile of GPK samples

  with the investigated microorganisms are presented in figure V.15. Results are presented in table V.10.

Figure V. 17 :

 17 Figure V.17: Effect of storage conditions on the chemical composition of GPK sample A-T

  it would be important to analyze the effect of different storage conditions on the stability of polyphenols and on the antioxidant potential, to estimate the shelf-life under which the beverage retains its desired characteristics. The concentration of polyphenols was determined according to the Folin ciocalteu method, and the antioxidant potential was assessed by the inhibition of DPPH radicals. Results are displayed in figures V.21, 22, 23 and 24. 

Figure V. 21 :

 21 Figure V.21: Effect of storage conditions on the concentration of total polyphenols in GPK sample A

  value of quality parameter (obtained from the results of chapter 4)
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  Physico-chemical methods (such as natural evaporation, chemical oxidation, ozonation and wet oxidation) and biological methods (such as anaerobic digestion and aerobic treatment) are used to manage effluents. Those techniques however are expensive and create many by-products. Other approaches have been followed to valorize wine

waste. Phenolic compounds are extracted, recovered and used in other industries. Effluents are decontaminated from metal by grape stalk. Composting, which is the transformation of carboneous and nitrogenous compounds into more complex organic forms, is widely done worldwide. It leads to a final product made of stabilized material and utilized as an amendment in agricultural soils. Co-compositing (mixing winery waste with other types of waste) was shown

Table I

 I 

	.5: Identified yeast strains in Kombucha
	Reference	Identified yeast strains
		Brettanomyces (Dekkera) bruxellensis, Dekkera anomala,
	Coton et al., (2017)	Candida boidinii, Torulaspora microellipsoides, Pichia
		membranefaciens, Hanseniaspora valbyensis,
		Saccharomyces cerevisiae, S. bisporus, S. ludwigii,
		Schizosaccharomyces pombe, Zygosaccharomyces rouxii, Z.
		bailii, Zygosaccharomyces Kombuchaensis, Brettanomyces
	Jayabalan et al., (2014)	intermedius, Brettanomyces (Dekkera) bruxellensis, Candida famata, C. guilliermondii, C. obutsa, C. stellata, C. colleculosa,
		C. kefyr, C. krusei, Torulaspora delbrueckii, Kloeckera
		apiculate, Pichia membranefaciens, Mycotorula, Mycoderma,
		Kluyveromyces africanus

Marsh et al., (2014) 

Zygosaccharomyces lentus, Z. bisporus, Brettanomyces (Dekkera) bruxellensis, Dekkera anomala, Pichia membranefaciens, P. kudriavzevii, P. fermentans, Hyphopichia burtonii, Hanseniaspora valbyensis, Kazachstania unispora, Davidiella tassiana, Lachancea fermentati, Kluyveromyces marxianus, Naumovozyma castelli, Wallemia sebi, Leucosporidiella

Table I

 I 

	Reference	Identified bacteria strains
	Bogdan et al., (2018)	Pediococcus pentosaceus, Streptococcus thermophilus, Lactobacillus acidophilus
	Chen & Liu (2000)	

.6: Identified bacteria strains in Kombucha

  . Bacterial cellulose was first discovered in 1886 by Adrian Brown who found a solid mass forming on his fermentation medium. It can be produced by several bacterial species such as: Gluconoacetobacter, Rhizobium, Agrobacterium, Rhodobacterium, Aerobacter,

Azobacter, Achromobacter, Salmonella and Sarcina. Some studies reported that the most effective producers of microbial cellulose are A. xylinum , A. hansenii and A. pasteurianus

( Lin 

Table I

 I 

				Chapter I
		B1		Pasha & Reddy (2005)
		B2		Malbaša et al., (2011); Pasha & Reddy (2005)
	Vitamins	B12		(Pasha & Reddy, 2005)
		C		Malbaša et al., (2011); Pasha & Reddy (2005)
		B-carotene		Pasha & Reddy, (2005)
		Crude protein	
		Crude lipid		Jayabalan et al., (2010)
	.7: Reported compounds in Kombucha Crude fiber
	Other components Group	Compound Tannins Name Caffeine		Reference Pasha & Reddy (2005)
		Quinic acid Theophilline		Neffe-Skocińska et al., (2017)
		Malic acid d-saccharic acid-1,4-lactone	Roussin, (1996); Wang et al., (2010)
		Glycerol		Kallel et al., (2012)
	Organic acids		
				(2018)
		Glucose		Jayabalan et al., (2014); Kallel
	Carbohydrates	Fructose Sucrose		et al., (2012); Lončar et al., (2014); Malbasˇa et al., (2001)
		Cellulose		Jayabalan et al., (2010)
		Isoleucine,	Leucine,	Lysine,
		Methionine, Phenylalanine, Threonine,
	Amino acids	Valine, Arginine, Aspartic acid, Cysteine, Tryptophan, Alanine,	Jayabalan et al., (2010)
		Glutamic acid, Glycine, Histidine,
		Proline, Serine, Tyrosine

[START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF] 

;

[START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF] 

;

[START_REF] Shahbazi | Effect of medicinal plant type and concentration on physicochemical, antioxidant, antimicrobial, and sensorial properties of Kombucha[END_REF] 

Oxalic acid

[START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF]

;

[START_REF] Roussin | A Stress-Inducible Resveratrol O -Methyltransferase Involved in the Biosynthesis of Pterostilbene in Grapevine[END_REF]

;

[START_REF] Shahbazi | Effect of medicinal plant type and concentration on physicochemical, antioxidant, antimicrobial, and sensorial properties of Kombucha[END_REF] 

Citric acid

[START_REF] Ansari | Study on Citric Acid Production and Antibacterial Activity of Kombucha Green Tea Beverage during Production and Storage[END_REF]

;

[START_REF] Malbaša | Influence of starter cultures on the antioxidant activity of Kombucha beverage[END_REF][START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF]

;

[START_REF] Shahbazi | Effect of medicinal plant type and concentration on physicochemical, antioxidant, antimicrobial, and sensorial properties of Kombucha[END_REF] 

Lactic acid

[START_REF] Jayabalan | Changes in content of organic acids and tea polyphenols during Kombucha tea fermentation[END_REF]

;

[START_REF] Neffe-Skocińska | Acid contents and the effect of fermentation condition of Kombucha tea beverages on physicochemical, microbiological and sensory properties[END_REF]

;

[START_REF] Roussin | A Stress-Inducible Resveratrol O -Methyltransferase Involved in the Biosynthesis of Pterostilbene in Grapevine[END_REF]

;

Shahbazi et al., 
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			Chapter I
	Table I.8: Various biological activities of Kombucha tea	
	Biological activity	Experimental parameters	Reference
	Gastric ulcer healing	Treatment against induced ulceration in mice	Banerjee et al., (2010)
	Neuro-protective	Treatment against induced cerebral damage in mice	Kabiri & Setorki, (2016)
	Antioxidant against Chromate	Treatment against Chromate induced oxidative stress in rats	Ram et al., (2000)
	Hypoglycemic activity	Treatment against induced diabetes in mice	Shenoy (2000)
	Prevention of weight loss in diabetics	Treatment against induced diabetes in rats	Morshedi et al., (2006)
		Trials on human tumor cells:	
	Anti-cancer activity	lungs carcinoma (A549), osteosarcoma (U2OS) and	Jayabalan et al., (2011)
		renal carcinoma (786O)	
	Anti-cancer and anti-proliferative activities	Trials on human tumor cells: epidermoid carcinoma (Hep-2) lungs carcinoma (A549) and	Deghrigue et al., (2013)
		56	

Table 1 .

 1 Kombucha analogues in asia.

				Physico-chemical		
	substrate	Fermentation conditions	characteristics	Biological activities	in-vivo studies	reference
	snake fruit	400 g in 400 ml water	total sugars = 7.54%	antioxidant activity	absent	(Zubaidah,
		10% sugar cane (w/v)	tss = 11.3%	dPPH inhibition		dewantari,
		10% kombucha (w/w)	total acidity = 1.65%	=18.03%		et al. 2018)
		14 days at room temperature	pH = 3.15	antibacterial activity	
				tPC =623.00 Gae/l	(clear zone diameter,	
				tannin content = 365.42 mg	mm by 100 µl	
				tae/l	sample) against:	
				tFC = 3041.46 mg Qe/l	Staphylococcus aureus	
					21.60 mm	
					Escherichia coli	
					15.40 mm	
		500 g in 500 ml water	total sugars = 7.76 -8.28%	antioxidant activity	absent	(Zubaidah, ifadah,
		10% sugar cane (w/v)	tss = 12.43-12.97%	dPPH inhibition =		and afgani
		10% kombucha (w/w)	total acidity = 1.52-1.72%	73.26 -88.18%		2019)
		14 days at 28 ± 3 o C	pH = 3.12 -3.38		
				tPC = 377.09-535.59 mg		
				Gae/l		
		400 g in 400 ml water	total acidity = 1.56%	antioxidant activity	dosage: 5 ml/kg Bw/	(Zubaidah,
		10% sugar cane (w/v)	pH = 3.22	dPPH inhibition =	day	afgani, et al.
		10% kombucha (w/w)	total sugars = 7.76%	91.73%	decrease in Peroxide	2019)
		14 days at room temperature	tss = 12.88%		dismutase (sod)
				tPC = 535.59 mg Gae/l		activity (44.55
				tannin content = 619.00 mg/l		unit/100 µl),
				tae		malondialdehyde
						(Mda)
						(0.46 mg/100 µl),
						total cholesterol
						(44.75 mg/dl),
						triglycerides
						(52.50 mg/dl),
						high-density
						lipoprotein (Hdl)
						cholesterol
						(58.75 mg/dl) and
						low-density
						lipoprotein (ldl)
						cholesterol (7.25 mg/
						dl)
	apple	300g in 600 ml water	total acidity ≤ 1.7%#	antioxidant activity	absent	(Zubaidah,
		10% sugar cane (w/v)	pH ≤3#	dPPH inhibition ≥ 35%#		Yurista, and
		10% kombucha (w/w)	total sugars ≤ 7%#	antibacterial activity		rahmadani
		14 days at room temperature	tPC ≥ 275 mg Gae /l #	(Clear zone diameter,		2018)
					mm) against:	
					E. coli ≥ 17 mm#	
					S. aureus: data not	
					shown	
	dates	diluted date sirup to 6, 8	acetic acid ≥ 10%#	antioxidant activity	absent	(Khosravi et al.
		and 10 Brix	Gluconic acid ≥ 0.5 g%#	dPPH inhibition ≥ 60%#		2019)
		10% kombucha (v/v)	lactic acid = 0%		
		15 days at 30	°C	Glucose ≤ 10%#		
				Fructose ≤ 60%#		
				pH ≤ 3#		
				total acidity ≤ 8%#		
				tPC ≥ 5 g Gae /l #		
	Broccoli and	100g in 400 ml water	tPC (Broccoli) = 12.51 µg Gae/	antioxidant activity	absent	(artanti et al.
	spinach	10% sucrose (w/v)	mg sample	dPPH inhibition by		2017)
		15% kombucha (v/v)	tPC (spinach) = 14.62 µg Gae/	4 mg/ml sample	
		3 days for broccoli and 6 days	mg sample	Broccoli = 15.82%	
		for spinach at room	tFC(Broccoli) = 40.93 µg Qe/	spinach = 0%	
		temperature	mg		
				sample		
				tFC(spinach) = 51.50 µg Qe/		
				mg		
				sample		
	spinach	100g in 400 ml water	total acids = 3.11%	absent	absent	(aspiyanto et al.
		10% sucrose (w/v)	tPC = 4.49% (dry matter or			2016)
		15% kombucha (v/v)	44.9 µg Gae/mg)		
		15 days at room temperature	tss= 1.42%		
				reducing sugars= 81.38%		
							(Continued)

Table 1 .

 1 (Continued).

			Physico-chemical			
	substrate	Fermentation conditions	characteristics	Biological activities	in-vivo studies	reference

Table 1 .

 1 (Continued).

			Physico-chemical			
	substrate	Fermentation conditions	characteristics	Biological activities	in-vivo studies	reference

Table 1 .

 1 (Continued).

				Physico-chemical		
	substrate	Fermentation conditions	characteristics	Biological activities	in-vivo studies	reference
					antioxidant activity	absent	(aung and eun
					dPPH inhibition=		2021)
					806.31-801.95 mM	
					te/100 ml	
					FraP inhibition=	
					0.86 -1.88 mM	
					te/100 ml	
				35 mg Gae/ ml#		
				tF ≥ 80 mg Qe/100 ml#		
		5g in 100 ml water in	titratable acidity =	antidiabetic activity	absent	(aung and eun
		ultrasonic bath	0.40-27.70 g/100 ml	α-amylase inhibition =		2022)
		50 g of sucrose dissolved in	pH ≤ 2.80	83%-92% (day 14)	
		1000 ml distilled water).	total reducing sugars		
		Fermentation of the	0.12-0.51 g/100 ml		
		prepared tea	total amino acids =0 starting		
		and laver extracts (60 ml)	day 20		
		with kombucha	tFC = 80-100 mg Qe/100 ml		
		consortium (24 g)	tPC =0.27-0.30 g Gae/ l		
		for 22 days (25 or 30 °C).			
	acacia arabica,	1 g in 100 ml	pH= 4-6	antioxidant activity	absent	(waisundara
	aegle	10% sucrose	titratable acidity =2.5-5.0 g/	oraC inhibition=		2018)
	marmelos root	10% kombucha v/v	ml	750-1250 µmol te/ml	
	bark, aerva	7 days at	tPC= 250-435 g Gae/ l	eC 50 (dPPH)= 40-80 mg/	
	lanata,	24 ± 3	°C		kg	
	asteracantha				superoxide inhibition =	
	longifolia,				20-25%	
	Cassia				antidiabetic activity	
	auriculata,				iC 50 α-amylase	
	Hemidesmus				=40-70 µg/ml	
	indicus,				eC 50 α-glucosidase=	
	Hordeum				110-170 µg/ml	
	vulgare,					
	Phyllanthus					
	emblica and					
	tinospora					
	cordifolia					
	Butterfly pea and	1% substrate (w/v)	pH = 2.58	antioxidant activity	absent	(wongthai et al.
	royal lotus	15%sugar cane (w/v)	total acetic acid =	iC 50 dPPH		2021)
		3%sCoBY (w/v)	1.20-2.73 g/l	=15.65-18.33 µl/ml	
		10% kombucha (v/v)	ethanol = 1.12 -1.34 g/l	iC 50 aBts	
		20 days at room temperature	total sugars = 20 g/l #	=37.18-46.17 µl/ml	
				tPC= 0.26-0.40 μg Gae/ml	intracellular antioxidant	
				tFC = 227.65-481.35 μg Qe/	activity: inhibition of	
				ml	H 2 o 2 -induced ros and	
					synthesis of	
					antioxidant enzymes	
					anticancer activity	
					Cytotoxicity in HeK-293	
					cells (25 µl/ml; v/v	
					sample)	
					Cell viability ≥ 80%#	
							(Continued)

°C until ph = 4.6/4.7 storage 30 days at 4 °C ± 1 °C pH =4.1-4.3 Fat content =1.15 -1.95% Protein content =3.06-3. % after storage acetic acid content = 0.41 -0.45 g/l tPC =13.92 -81.51 g Gae/l sourdough bread Preparation of three types of bread with encapsulated sCoBY, baker's yeast and liquid traditional sourdough starter loaf volume 976.7 ml water activity = 0.89 storage stability= 6 days pH = 5.10 absent absent (Mohd roby et al. 2020) [#: values taken from chart; precise values are not published.].
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			Physico-chemical			
	substrate	Fermentation conditions	characteristics	Biological activities	in-vivo studies	reference

  to prepare pickled garlic (which is usually made by soaking the vegetable in vinegar). Kombucha pickling solution offered a better preservation of the biological activities of garlic when compared to red grape vinegar. Kombucha fermented garlic exhibited a larger inhibition zone against the tested gram positive (Staphylococcus saprophyticus, Staphylococcus aureus,

Staphylococcus epidermidis and Bacillus stearothermophilus) and gram-negative bacteria (Salmonella Typhimurium and Escherichia coli); it was richer in polyphenols and had a stronger antioxidant power. The characteristics of garlic fermented by SCOBY were investigated by

Afiati et al. 

Table 2 .

 2 Kombucha analogues in europe.

	substrate	Fermentation conditions	Physico-chemical characteristics	Biological activities	reference
	Milk	Cow's milk		Fat= 2.3%	absent	(Malbaša et al. 2009)
		10% and 15% kombucha (v/v)	Proteins= 2.8-3.9%	
		42 °C until pH =4.4 (3-6.5 hours)	total acids= 0.52-0.59%	
				lactose =3.71-4.67%	
				energetic value=	
				219-242 kj/100g	
				lactic acid =0.50-0.58%	
		Cow's milk (0.8, 1.6 and 2.8%	vitamin C and PuFa	antioxidant activity dPPH and reactive	(vitas et al. 2013)
		fat)		unpublished values	oxygen species
		10% kombucha (v/v) (cultivated		unpublished values
		on stinging nettle and winter		
		savory)			
		37, 40 and 43 °C until pH = 4.5		
		Cow's milk		pH =4.54	antioxidant activity	(Hrnjez et al. 2014)
		10% kombucha (v/v)	titratable acidity = 7.11 lactic	dPPH inhibition (200 µl sample) =17.9%
		42 °C until a pH of 4.5	acid equivalent g/l	aBts inhibition= 41.04%
				Fat= 3.0%	aCe inhibitory activity 46.27%
				Protein= 2.77%	
				vitamin C = 0.55 mg /100 g	
		Cow's milk (0.8, 1.6 and 2.8%	vitamin C and PuFa and MuFa	antioxidant activity dPPH and reactive	(Malbaša et al. 2014)
		fat)		unpublished values	oxygen species
		10% kombucha (v/v) (cultivated		unpublished values
		on thymus serpyllum)		
		37, 40 and 43 °C until pH =4.5		
		Cow's milk		tss= 10.34 g/100g	absent	(vukić et al. 2014)
		10% kombucha (v/v)	Fat =1.90 g/100g	
		42 °C until a pH of 4.6 (8 hours)	Protein = 3.14 g/100g	
				lactose= 4.11 g/100g	
				l-lactic acid= 0.16 g/100g	
		Cow's milk (0.8, 1.6 and 2.8%	tuFa= 0.17-0.90%	antioxidant activity dPPH inhibition	(vitas et al. 2021)
		fat)		MuFa = 0.15-0.79%	(diluted sample 1:1) =
		10% kombucha (v/v) (cultivated	PuFa = 0.01-0.17%	15.73-82.21%
		winter savory, peppermint,		oH inhibition (diluted sample 75:450) =
		stinging nettle and wild		0.68-6.41%
		thyme)			
		37, 40 and 43 °C until pH =4.5		
		traditional and lactose free	laB= 8.94 -10.23 log CFu ml	absent	(Kruk et al. 2021)
		cow's milk		-1	
		10% kombucha (v/v)	Bifidobacterium =7.28 -7.92 log	
		8% kombucha (w/v)	CFu ml -1	
		4% skimmed milk powder	aaB= 7.90-9.20 log CFu ml -1	
		12 or 24 h at 42	°C	Yeast= 5.30 -6.58 log CFu ml	
				-1	
		Cheese production with	total fat =26.75%	antimicrobial activity after	(vukić et al. 2021)
		kombucha inoculum	total protein =1.33%	contamination with E. coli and L.
		Milk		a w =0.97	monocytogenes (98.35% and
		10% kombucha (v/v)	tPC= 5.81 mg Gae/g	98.98%).
		0.5% coagulation enzyme		
		35 °C until attaining a pH of 4.5		
	arabica green	15g of substrate in 500 ml	tPC = 106.76 -392.56 mg Gae/	antioxidant activity	(nizioł-Łukaszewska
	coffee	50 g of sucrose		g	dPPH inhibition = 20-40% (100 µg/ml)	et al. 2020)
		3 g kombucha		tFC= 17.02 -66.53 mg Qe/g	superoxide dismutase (sod) inhibition=
		7,14 and 28 days at room		100-150% (500 µg/ml)
		temperature			Cytotoxic activity:
					against keratinocytes and fibroblasts
					around 115% (250 and 500 µg/ml)
					antiaging activity:
					inhibition of collagenase ≤ 30% #
					inhibition of elastase 75-100%
					(100-1000 µg/ml)
	Corn	Germinated corn and water	pH =3.6	absent	(Álvarez ron, de la
		(1:2.22)		tss= 1.5%		rosa and Her
		5% sucrose (w/v)			nandez 2021)
		10% kombucha (w/w)		
		fermented aerobically for 5 days		
		and anaerobically for 13 days		
	Mushroom	25 g/l substrate		pH = 5.24-5.39	anti-inflammatory activity:	(sknepnek et al.
		70g.l sucrose		total acids ≤ 35 g/l #	reduction of th2 cytokines and il-10 in	2021)
		10% kombucha (v/v)	sucrose = 0.6-1.1 g/l	PBMC cultures
		11 days at 24 ± 1	°C	ethanol = 0.4-3.5%	not published
				total polysaccharide=	
				7.97-35.16 g/l	
				tPC =0.19-0.33 g Gae/l	
				tFC = 0.01-0.03 g Ce/l	
						(Continued)

Table 2 .

 2 (Continued).

	(vitas et al. 2018)
	=0.02-1.12 mg/ml
	antimicrobial activity: against
	Staphylococcus aureus, Klebsiella
	pneumoniae, Escherichia coli,
	Proteus vulgaris, Proteus mirabilis
	and Bacillus subtilis. (MiC 9.765 to
	312.5 μg/ml)
	antiproliferative activity:
	against cell lines derived from human
	rhabdomyosarcoma (iC 50 =5-35 μg/
	ml), human cervix carcinoma (iC 50
	=5-40 μg/ml) and murine fibroblast
	(iC 50 10-35 μg/ml)

[#: values taken from chart; precise values are not published.].

  Different Quercus species were explored as potential sources to create Kombucha analogues. The Kombuchas properties from white oak species (Q. resinosa, Q. arizonica, and Q. convallata) were investigated by[START_REF] Vazquez-Cabral | Oak kombucha protects against oxidative stress and inflammatory processes[END_REF]. Several polyphenolic compounds with prophylactic effects have been detected in the beverages such as, catechin gallocathechin. gallic acid, epicatechin, rutin, quercetin glucuronide and caffeic acid.

	The antioxidant activity against oxidative stress caused by
	H 2 O 2 , in addition to the anti-inflammatory activity using
	lipopolysaccharide (LPS) -stimulated macrophages were
	examined as well. Oak kombucha seemed to have decreased
	oxidative stress and to have reduced levels of pro-inflammatory
	cytokines, therefore, showing important in vitro antioxidant
	and anti-inflammatory properties. In vitro and in vivo stud-
	ies were carried by Gamboa-Gómez et al. (2017) who eval-
	uated the anti-hyperglycemic and antioxidant effects of
	Kombucha made from Q. convallata and Q. arizonica. The
	antioxidant capacity was in accordance with the results
	obtained by Vazquez-Cabral et al. (2017); in vivo evaluation
	using the ABTS scavenging assay in addition to the nitric
	oxide scavenging assay confirmed the antioxidant potential

Quercus obtusata (oak leaves) are popular in Mexico. They are consumed as herbal infusions and, in some cases, they are used in traditional medicine. of the fermented beverages. On the other hand, blood plasma analysis of female mice fed with oak kombucha revealed a decrease in fasting glucose concentrations and triglycerides index, suggesting an anti-hyperglycemic outcome. The obtained results indicate that kombucha prepared from the studied Quercus species have an antidiabetic role by inhibiting α-amylase and α-glucosidase (in vitro) and by improving homeostasis of glucose (in vivo). River redgum (Eucalyptus camaldulensis) and Mexican bay leaves (Litsea glaucescens) are commonly consumed as infusions. Both plants were used by

[START_REF] Gamboa-Gómez | Antioxidant and angiotensin-converting enzyme inhibitory activity of Eucalyptus camaldulensis and Litsea glaucescens infusions fermented with Kombucha consortium[END_REF] 

as substrates for Kombucha fermentation. The phenolic profile of Eucalyptus camaldulensis was impacted positively by fermentation (a 1.8-fold increase) whereas for Litsea glaucescens kombucha, the total polyphenolic content decreased probably because of the partial oxidation of polyphenols into polymerized molecules with higher molecular mass. Both types of fermented herbs provided a significant radical scavenging activity. Additionally, fermentation seemed to preserve the antihypertensive effect of Eucalyptus camaldulensis and Litsea glaucescens which was tested according to the inhibition of the angiotensin-converting enzyme (ACE) activity method.

Table 3 .

 3 Kombucha analogues in america.

		Fermentation	Physico-chemical			
	substrate	conditions	characteristics	Biological activities	In-vivo studies	reference
	Quercus obtusata (oak	10% substrate (w/v)	pH = 2.79-2.81	antioxidant activity:	absent	(vazquez-Cabral et al.
	leaves)	10% sugar (w/v)	sucrose= 50-90 g/l	strong pro-oxidative		2017)
		10% starter culture	Glucose =10-50 g/l	effect that was		
		(v/v) 2.5% inoculum	Fructose ≤ 20 g/l	shown at		
		of	Gluconic acid	concentrations		
		consortium (w/v)	=17-25 g/l	above 2 mg/ml		
		7 days at 25 o C	Glucuronic acid =			
			50 mg/l	anti-inflammatory		
			Quercetin	activity:		
			3-o-b-glucuronide	reduction in		
			=1-3 mg/l	pro-inflammatory		
			Catechin =	cytokines at 20 mg/		
			9.225-33.841 mg/l	ml		
			Gallic acid			
			=16.640-			
			19.566 mg/l			
			epicatechin			
			=8.141-14.417 mg/l			
		10% substrate (w/v)	pH =3.24	antioxidant activity:	dosage:	(Gamboa-Gómez et al.
		10% sugar (w/v)	tss = 3.24-10.40 %	aBts inhibition =	equivalent to 1 oz. of	2017)
		10% starter culture	residual sucrose =	11.02-23.73 (μM	beverage in	
		(v/v) 2.5% inoculum	47.41-75.2 g/l	trolox equivalents/	humans	
		of	residual fructose	μg of dry sample	(205 ml/per day	
		consortium (w/v)	=67.34-74.41 g/l	no inhibition=	corresponding to	
		7 days at 25 o C	residual glucose =	0.37-0.45 (μM	31 mg of lyophilized	
			54.27-94.48 g/l	trolox equivalents/	sample/	
			titratable acidity	μg of dry sample)	Kg of body weight for	
			=6.6-6.8 %	oraC inhibition =	fermented	
				8.40-9.56 μM trolox	beverages)	
				equivalents/μg of		
				dry sample)	antioxidant activity:	
					aBts inhibition=	
				anti-diabetic activity:	332.80-360.22 (μM	
				α-amylase inhibition ≤	trolox equivalents/	
				10%# (at 0.3 µg/µl)	μg of dry sample	
				α-Glucosidase	no inhibition =	
				inhibition ≥90%#	1.72-3.31 (μM	
				(at 2 µg/µl)	trolox equivalents/	
					μg of dry sample)	
					oraC inhibition=	
					40.00 -41.48 μM	
					trolox equivalents/	
					μg of dry sample	
					antidiabetic activity:	
					reduction in fasting	
					glucose	
					concentrations and	
					triglycerides index	
	river redgum	10% substrate (w/v)	pH = 3.00	antioxidant activity:	absent	(Gamboa-Gómez et al.
	(eucalyptus	10% sucrose (w/v)	residual fructose	iC 50 (dPPH)= 2.70 μg/		2016)
	camaldulensis) and	10% starter culture	=37.20-37.50 g/l	μl		
	Mexican bay leaves	(v/v) 2.5% inoculum	residual glucose	iC 50 (tBars)		
	(litsea glaucescens)	of	40.1-43.9 g/l	=1.0-1.1 μg/μl		
		consortium (w/v) 7 days at 25 o C	total content of flavan-3-ols	iC 50 (no)= 5.8-11.4 μg/ μl		
			=49.7-50.9 μg/ml	anti-inflammatory		
			total content of	activity:		
			flavonols=	iC 50 (aCe)=1.08-		
			3.6-15.3 μg/ml	2.61 μg/μl		
			total content			
			of = flavonoids			
			53.4-66.2 μg/ml			
	ilex paraguariensis also	0.5%, 0.75% and 1%	pH= 2-2.5	antioxidant activity:	in vivo withs.	(lopes, santos, and
	known as	substrate (w/v)	titratable acidity=	dPPH inhibition=	cerevisiae (sample	Prentice-Hernández
	Yerba-maté	5% sucrose	5-6%	39.4-79.3%	concentration and	2021)
		10% kombucha (v/v)	total reducing sugars	aBts inhibition=	dosage are not	
		12 days at 20, 25 and	≤ 25 g/l#	34.0-74.0%	published)	
		30 o C	tPC = 0.44-0.84 mg		reduction of H 2 o 2	
			Gae /ml	antimicrobial activity:	induced oxidative	
				against S. aureus	stress and increase	
				and E. coli	in survival rate	
				(inhibitory zone	against H 2 o 2	
				1.0-4.5 at 20 µl	(50-100% survival)	
				sample)		
						(Continued)

[#: values taken from chart; precise values are not published.].

  They are popular in Brazil and were employed by[START_REF] Silva Júnior | Traditional and flavored kombuchas with pitanga and umbu-cajá pulps: Chemical properties, antioxidants, and bioactive compounds[END_REF] to season regular kombucha. The developed beverages displayed a strong anti-

	oxidant activity and a richness in phenolic compounds with
	epigallocatechin gallate being the most dominant (63.69%-
	76.84%) followed by caftaric acid (7.19%-11.72%). The phe-
	nolic profile of the bioactive compounds consisted of
	syringic acid, chlorogenic acid, caffeic acid, p-coumaric acid,
	procyanidin B1 and B2, catechin, myricetin, quercitin
	3-glucoside, rutin, kaempferol 3-glucoside, hesperidin,
	cis-resveratrol and trans-resveratrol. The bio-accessibility of
	some polyphenols was determined and found to be 22.38%-
	29.98% for caftaric acid, 17.61%-23.48% for catechin and
	22.43%-28.47% for hesperidin. Psidium guajava, or guava,
	is a tropical fruit whose leaves are used in traditional med-
	icine or are dried and consumed as botanical supplements.
	The properties of guava leaves kombucha were explored by
	Moreno-Jiménez et al. (

  Listeria monocytogenes, and Pseudomonas aeruginosa was detected in the fermented versions of the herbs (with the exception of thyme kombucha). Additionally, an antifungal activity against Candida glabrata, Candida parapsilosis, Candida tropicalis, Candida sake, Candida dubliniensis and Candida albicans was observed after fermenting the herbs. Brassica tournefortii, known as African mustard, is a plan grown in regions of North Africa and the Middle East.Rahmani et al. (

investigated the antimicrobial activity of kombucha made from the infusions of five Tunisian traditional medical plants: thyme (thymus vulgaris L.), lemon verbena (Lippia citriodora), rosemary (Rosmarinus officinalis), fennel (Foeniculum vulgare) and peppermint (Mentha piperita). A powerful inhibition of Staphylococcus epidermidis, Staphylococcus aureus, Micrococcus luteus, Salmonella typhimurium, Escherichia coli,

Table 4 .

 4 Kombucha analogues in africa.

			Physico-chemical		
	substrate	Fermentation conditions	characteristics	Biological activities	reference
	thymus vulgaris l., lippia	10g/l substrate	pH = 2.40-3.15	antimicrobial activity against	(Battikh, Bakhrouf,
	citriodora, rosmarinus	20 g/l sucrose		Staphylococcus epidermidis	and ammar
	officinalis, Foeniculum	10g/l kombucha		Staphylococcus aureus	2012)
	vulgare and Mentha	21 days at room		Micrococcus luteus	
	piperita	temperature		Salmonella typhimurium	
				Escherichia coli	
				Listeria monocytogenes	
				Pseudomonas aeruginosa	
				Candida tropicalis, Candida sake,	
				Candida dubliniensis	
				Candida albicans	
	Brassica tournefortii, known	10.5g in 1100 ml water	pH = 3	antioxidant activity:	(rahmani et al.
	as african mustard	77 g sucrose	tPC (ethyl acetate extract) =	dPPH inhibition around 25% (by	2019)
		7g kombucha	270 mg Gae/g	etoac extract 0.5 mg/ml)	
		14 days at 25 o C	tPC (n-butanol extract) =	anti-alzheimer activity:	
			175 mg Gae/g	aChe inhibition= 37.7% (etoac	
				extract 0.2 mg/ml)	
				anti-hyperuricemia activity: Xanthine	
				oxidase (Xod) inhibition =15%	
				(etoac extract 0.5 mg/ml)	
				antiproliferative activity:	
				Cytotoxic activity against breast	
				cancer cells MCF-7 lower than	
				the unfermented version	
	Cactus pear	300 ml fruit juice	pH = 3.5	antioxidant activity:	(ayed and Hamdi
		3% kombucha (w/v)	tss = 7.4%	dPPH radical inhibition= 81%	2015)
		10% kombucha (v/v)	titratable acidity = 6.91 g/l	(diluted sample 1:50)aBts	
		30 °C for 12 days	Betacyanin = 34.65 mg/l	inhibition = 67.51%	
			Betaxanthin = 16.05 mg/l	antimicrobial activity: against	
			tPC = 0.857 g Gae/l	Escherichia coli	
				Pseudomonas aeruginosa	
				Klebsiella pneumoniae	
				Staphylococcus aureus	
				Enterococcus faecalis	
				Bacillus cereus	
				Staphylococcus epidermidis	
	red grape	500 ml juice	pH =2.91	antioxidant activity:	(ayed, Ben-abid,
		3% kombucha (w/v)	total acidity = 104.2 meq/l	dPPH inhibition = 5 te mmol/l#	and Hamdi
		10% kombucha (v/v)	ethanol = 0.29 g/100 ml	(diluted sample 1:50)	2017)
		30 °C for 12 days	tPC = 3 g Gae /l #	aBts inhibition= 6.5 te mmol/l#	
			total anthocyanin = 300 g/l	antimicrobial activity: against	
			#	escherichia coli, Pseudomonas	
				aeruginosa, Klebsiella	
				pneumoniae, staphylococcus	
				aureus, enterococcus faecalis,	
				Bacillus cereus and	
				staphylococcus epidermidis	

[#: values taken from chart; precise values are not published.].

  Grape pomace (Lebanese mix) was provided from "Adyar" winery in Lebanon. It was made of a mixture of different grape varieties including Cabernet sauvignon, Cabernet franc, Syrah, Merlot.

		II.1 Materials
		II.1.1 Pomace samples
		II.1.1.1 Lebanese mix
	ABTS	2,2′-Azino-bis 3-ethylbenzothiazoline-6-sulfonic acid)
		diammonium salt
	CAE	Chlorogenic acid equivalent
	CFU	Colony-forming unit
	CUPRAC CUPric Reducing Antioxidant Capacity
	C3G	cyanidin-3-glucoside
	DPPH	2,2-Diphenyl-1-picrylhydrazyl
	EC 50	Half maximal effective concentration
	FRAP	ferric reducing antioxidant power
	GAE	Gallic acid equivalent
	IC 50	Half-maximal inhibitory concentration
	QE	Quercetin equivalent
	RE	Rutin equivalent
	SCOBY Symbiotic consortium of bacteria and yeast
	TAE	Tannic acid equivalent
	TE	Trolox equivalent
	TFC	Total flavonoid content
	TPC	Total phenolic content
	TSS	Total soluble solids

Table III .

 III 1: Initial conditions to start the fermentation in preliminary experiments

			Batch 1		Batch 2
	Recipe	1	2	3	4	5
	Number of replicates	3	3	3	2	2
	Pomace maceration time (min) at 80 o C	15	15	15	20	20
	Fermentation duration (days) at 25 o C	21	21	21	7	10
	Water (mL)	980	980	980	980	980
	Grape pomace (g)	50	100	100	50	50
	Sucrose (g)	70	70	35	35	35
	Ammonium Sulfate (g)	0.5	0.5	0.25	0.25	0.25
	Tea Kombucha SCOBY (g)	20	20	20	20	20
	Tea Kombucha solution (mL)	20	20	20	20	20

Table III

 III 

	.2: Observations made on the change in volume and cellulose yield in GPK batches 1
	and 2					
	Observation at the end of fermentation	50g pomace/70g sucrose 21 days	100g pomace/70g sucrose 21 days	100g pomace/35g sucrose 21 days	50g pomace/35g sucrose 7 days	50g pomace/35g sucrose 10 days
	Final volume (mL)	500 ± 100	533 ± 152.75	433 ± 115.47	900 ± 70.1	850 ± 70.1
	Cellulose					
	drained	99.17 ± 11.87 92.27 ± 18.32 129.07± 21.83 25.5 ± 9.05	18.7 ± 13.85
	weight (g)					

Table III

 III 

	Sample	Overall acceptability	Appearance Aroma	Taste	Sweetness	Sourness
	7 days	3.31 ± 1.81 a	7.53 ±1.02 a 3.47 ±2.03 a 2.53 ±1.20 a 2.40 ±1.54 a 2.07 ±1.44 a
	10 days 3.47 ± 2.15 a	7.41 ±1.29 a 3.88 ±1.78 a 2.82 ±2.09 a 2.35 ±1.41 a 2.35 ± 2.19 a

.3: The mean scores for the acceptability attributes

Table III .

 III 5: Consumption rate of total sugars in GPK batches 3 and 4

				Rate (g. L -1 . day -1 )			
		GPK-	GPK-	GPK-	GPK-	GPK-	GPK-	GPK-	GPK-
		3-L-	3-L-	3-L-	3-L-	4-L-	4-L-	4-L-	4-L-
		100/20-	100/20-	100/35-	100/35-	100/20-	100/20-	100/35-	100/35-
		7/25	10/25	7/25	10/25	7/20	10/20	7/20	10/20
	Days 0-3	3.48	3.66	3.96	4.14	2.59	1.69	3.55	3.53
	Days 3-7	5.19	5.38	6.57	6.04	4.98	4.55	4.89	5.22
	Days 7-10		2.20		2.81		2.12		3.55
	Overall	3.72	3.37	4.51	3.90	3.24	2.51	3.62	3.69

  With regards to the products generated during Kombucha fermentation, the most noticeable compounds were acetic acid and ethanol. Figure III.17 represents the effect of fermentation parameters on the evolution of acetic acid in grape pomace Kombucha samples.

			Figure III.17:Production of acetic acid in GPK batches 3 and 4	
		Table III.7: Production rate of acetic acid in GPK batches 3 and 4			
					Rate (g. L -1 . day -1 )					GPK-4-L-
			GPK-3-L-	GPK-3-L-	GPK-3-L-	GPK-3-L-	GPK-4-L-	GPK-4-L-	GPK-4-L-	GPK-4-L-	100/35-10/20
	0	100/20-37.43±3.81 31.96±2.77 50.25±2.56 48.21±2.11 36.73±2.01 35.11±2.11 49.71±2.22 48.40±2.11 100/20-100/35-100/35-100/20-100/20-100/35-100/35-7/25 10/25 7/25 10/25 7/20 10/20 7/20 10/20
	3	25.55±1.11 22.29±2.01 41.34±1/45 39.53±1.33 29.14±0.44 29.02±2.23 44.60±1.48 42.14±0.95 Days 0-3 0.32 0.47 0.90 0.13 0.50 0.11 0.38 0.17
	5	16.97±1.65 15.71±0.98 28.34±1.91 27.75±1.75 18.97±1.21 19.01±2.67 32.53±1.34 33.47±1.12 Days 3-7 1.45 2.13 2.32 2.42 0.83 0.77 1.40 0.98
	7	11.82±0.98 11.67±1.11 17.26±0.46 16.55±0.43 14.74±1.26 14.74±0.78 27.35±1.07 26.87±1.49 Days 7-10 0.89 1.31 1.03 1.04
	10	Overall	4.39±1.21 0.76	1.05	7.61±1.47 1.38 1.16	0.57	9.82±1.17 0.57	0.76	0.72	16.51±2.46

-L-100/20-7/20

  The dry extract was collected, weighed, and stored. An ethanolic extraction was conducted to remove the sugars, and different concentrations of ethanolic extracts were analyzed. The obtained yields are presented in table III.11.

	Table III.11: Extraction yield (GPK batches 3 and 4)		
	Sample	Initial volume (mL)	Weight after evaporation (g)	Weight after ethanolic extraction (g)	Yield (g ethanolic extract / L)
	GPK-3-L-100/20-7/25	350	5.23	2.76	7.89
	GPK-3-L-100/20-10/25	330	2.69	1.45	4.39
	GPK-3-L-100/35-7/25	370	4.05	2.16	5.84
	GPK-3-L-100/35-10/25	342	2.21	1.34	3.92
	GPK-4350	1.70	0.96	2.74
	GPK-4				

-L-100/20-10/20

  

	300	2.68	1.57	5.23
	GPK-4			

-L-100/35-7/20

  

	350	4.14	2.38	6.80
	GPK-4			

-L-100/35-10/20

  

	310	3.62	2.11	6.81
	III.4.			

2 Concentration of total polyphenols, antioxidant activity, and identification of phenolic compounds III.4.2.1 Concentration of total polyphenols and antioxidant activity

  

	The total phenolic content of grape pomace Kombucha extracts was assessed by following the
	Folin-Ciocalteu method. Figure III.23 represents the phenolic contents of all samples, in addition
	to the analysis of variance (ANOVA) results.

Table III

 III 

	.12:Antioxidant activity of GPK ethanolic extracts batches 3 and 4	
	GPK extract	% Inhibition at 50 mg/L	IC50 (mg/L)

Grape pomace (100g/L dry basis -Lebanese mix)

  

		2.85±0.68 a	116.12±2.05 a
	GPK-3-L-100/20-7/25	20.87±1.04 bd	78.21±1.32 bd
	GPK-3-L-100/20-10/25	7.36±2.13 ace	101.61±0.43 ace
	GPK-3-L-100/35-7/25	16.56±0.85 b	84.53±1.01 b
	GPK-3-L-100/35-10/25	25.59±2.55 dh	76.43±0.98 dg
	GPK-4-L-100/20-7/20	9.49±2.21 ce	98.04±1.06 ce
	GPK-4-L-100/20-10/20	34.84±2.58 f	67.64±1.17 f
	GPK-4-L-100/35-7/20	10.07±1.47 e	97.25±0.43 e
	GPK-4-L-100/35-10/20	44.46±1.49 g	61.87±1.54 g

Table IV
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	IV.3.				
	.8: Extraction yield (GPK batches 5,6,7, and 8)		
	Sample	Initial volume (mL)	Weight after evaporation (g)	Weight after ethanolic extraction (g)	Yield (g ethanolic extract / L)
	GPK-5-N-100/30-7/25	350	3.91	2.42	6.91
	GPK-6-L-100/0-5/25	300	3.48	1.88	6.27
	GPK-6-L-100/20-5/25(1.4)	300	3.64	2.04	6.80
	GPK-7-L-100/10-5/25*	250	2.08	2.12	8.48
	GPK-8-L-100/10-5/25 (6)	300	2.77	2.02	6.73

2 Concentration of total polyphenols, antioxidant activity, and identification of phenolic compounds IV.3.2.1 Concentration of total polyphenols and antioxidant activity

  

  ). With regards to the vessel geometry, a medium correlation was established ( r = 0.356); which is somehow contradictory to what was reported by[START_REF] Villarreal-Soto | Impact of fermentation conditions on the production of bioactive compounds with anticancer, anti-inflammatory and antioxidant properties in Kombucha tea extracts[END_REF], who found that the phenolic composition of tea Kombucha extracts remains constant regardless of the vessel geometry.The antioxidant potential of grape pomace Kombucha extracts was calculated by the DPPH radical scavenging method. Results are portrayed in table IV.9.

	Table IV.9: Antioxidant activity of GPK extracts batches 5,6,7, and 8	
	GPK extract	% Inhibition at 50 mg/L	IC50 (mg/L)
	Grape pomace (100g/L dry basis -Lebanese mix)	2.85±0.68 a	116.12±4.31 a

  . HPLC analysis was performed to determine what types of phenolics are present in the different samples. Phenolic acids are represented in table IV.10, flavonoids in table IV.11, and stilbenes and coumarins in table

  As shown in table IV.10, gallic acid, Benzyl 4-Hydroxybenzoate and Isobutyl 4-Hydroxybenzoate, were

	Ferulic acid	C10H10O4	20.6	-	+	+	+	+	+
	( -)-Chicoric acid	C22H18O12	24.78	+	+	+	+	+	+
	Ethyl Trans-2-Hydroxycinnamate	C11H12O3	45.33	+	+	+	+	+	+
	Cinnamyl-3,4-Dihydroxy-Α-Cyanocinnamate	C19H15NO4	46.88	+	+	+	+	+	+
	Gallic acid	C7H6O5	3.45	+	+	+	+	+	+
	3-Tert-Butyl-4-Hydroxybenzoic acid	C11H14O3	44.56	+	-	+	+	+	+
	Benzyl 4-Hydroxybenzoate	C14H12O3	46.34	+	+	+	+	+	+
	3-Benzyloxy-4,5-Dihydroxy-Benzoic Acid Methyl Ester	C15H14O5	44.98	+	+	+	-	-	-
	Isobutyl 4-Hydroxybenzoate	C11H14O3	46.39	-	+	+	+	+	+
	Butyl 4-Hydroxybenzoate	C11H14O3	46.29	+	+	-	-	-	-
	Caffeic acid	C9H8O4	12.99	+	-	+	-	-	-
	Α-Cyano-4-Hydroxycinnamic acid	C10H7NO3	26.67	-	-	+	+	+	+
	Sinapic acid	C11H12O5	24.03	-	+	+	-	-	-

  As shown in table IV.11, (-)-Epicatechin was not detected in any of the extracts. This molecule was

	Baicalein	C15H10O5	44.53	+	+	+	+	+	+
	6-Hydroxyflavone	C15H10O3	45.04	+	+	-	-	-	-
	3′-Hydroxy-6-Methylflavone	C18H16O5	45.69	+	+	-	+	+	+
	6-Hydroxy-4'-Methylflavone	C16H12O3	45.09	+	+	-	-	-	-
	4',5-Dihydroxy-7-Methoxyflavone	C16H12O5	46.25	+	+	+	-	-	-
	3,3',4'_Trimethoxyflavone	C18H16O5	46.34	+	+	+	+	+	+
	(-)-Epicatechin 3,7-Dimethoxyflavone	C15H14O6 C17H14O4	11.93 47.52	--	--	--	-+	-+	-+
	Taxifolin 3,3′-Dimethoxyflavone	C15H12O7 C17H14O4	25.3 47.56	+ -	+ -	+ -	+ +	+ +	+ +
	Quercetin 3-Β-D-Glucoside 3,6,3′-Trimethoxyflavone	C21H20O12 C18H16O5	25.88 47.94	-+	+ +	+ -	+ -	+ -	+ -
	(±)-Taxifolin Hydrate 5-Hydroxyflavone	C15H14O8 C15H10O3	24.96 48.5	-+	+ +	+ -	+ +	+ +	+ +
	Rutin Hydrate 5-Hydroxy-3'-Methoxyflavone	C27H32O17 C16H12O4	22.69 49.37	-+	+ +	+ -	--	--	--
	Myricitrin Dihydrate 3'-Hydroxy-B-Naphthoflavone	C21H24O14 C19H12O3	25.26 49.82	+ -	+ -	--	+ -	+ -	+ -
	Myricetin Phenoxodiol	C15H10O8 C15H12O3	35 44.19	+ +	+ -	+ +	+ +	+ +	+ +
	7,3'-Dihydroxyflavone	C15H10O4	41.9	-	+	-	-	-	-
	3',5'-Dihydroxyflavone	C15H10O4	42.15	+	-	-	+	+	+
	7-Hydroxyflavone	C15H10O3	44.14	+	-	+	+	+	+

  When examining table IV.12, it would be possible to categorize the compounds into two groups: polyphenols present in almost all the extracts, and polyphenols only detected in Négrette Resveratrol and Pinosylvin Monomethyl Ether were detected in the majority of the extracts regardless of the grape variety and processing conditions. Interestingly, two of those molecules (Rhapontin and Resveratrol) were not present in grape pomace Kombucha prepared with no added sugar. It would not be possible though to confirm whether those findings are completely related to the absence of sucrose in the recipe since other parameters might be responsible to the absence of those compounds.

	Kombucha.								
	6-Hydroxycoumarine, 4,7-Dihydroxycoumarine, 7-Hydroxy-4-Phenylcoumarine, Polydatin,				
	Rhapontin, Scopoletin,	7-Hydroxy-4-(Trifluoromethyl)	Coumarine,	and	7-Hydroxy-4-Methyl-3-				
	Coumarinylacetic Acid were exclusively found in Négrette Kombucha, although some of those				
	compounds were originally detected in unfermented grape pomace (Lebanese mix).				
	Acid	4-Methyl-3-Coumarinylacetic	C12H10O5	45.49	+	+	-	-	-	-
	7-Hydroxy-4-Phenylcoumarine	C15H10O3	45.49	-	+	+	+	+	+
	Polydatin			C20H22O8	23.37	+	+	+	+	+	+
	Rhapontin			C21H24O9	28.89	+	+	-	+	+	+
	Resveratrol		C14H12O3	38.14	-	+	-	+	+	+
	Pinosylvin Monomethyl Ether	C15H14O2	47.08	-	+	+	+	+	+

  The antidiabetic potential of grape pomace Kombucha extracts was evaluated by measuring the inhibition of α-amylase and α-glucosidase (in-vitro) who are involved in the metabolism of carbohydrates. The results are portrayed in table IV.14.TableIV.14: Antidiabetic activity of GPK extracts batches 5,6,7, and 8.

	.18). It seems as
	reported in the literature, higher concentrations of resveratrol have caused a reduction in IC50
	values of DPPH radicals.
	IV.3.3 Biological activities
	IV.3.3.1 Antidiabetic activity

4.2.1 Identification of phenolic compounds

  Biofilm extracts were subjected to HPLC analysis to determine what compounds were retained by the pellicles. Results are presented in table IV.16.

	Table IV.16: Identified phenolic compounds in the biofilms	
	Phenolic acids	Flavonoids	Coumarins and stillbenes
	Gallic acid		

Table IV .

 IV 17: Total polyphenols and biological activities of biofilms

			Sample	
	Characteristic	GPK-7-L-100/10-5/25*	GPK-7-L-100/10-5/25*	GPK-8-L-100/10-5/25 (6)
	Cellulose weight (g)	30.6	31.8	70.5
	Volume to evaporate (mL)	400	400	400
	Dry methanolic extract (g)	0.2254	0.3919	0.32
	Ethanolic extract (g)	0.1203	0.2409	0.2105
	Total polyphenols (mg/g cellulose)	39.45 ± 6.41	41.29 ± 3.87	59.45 ± 2.72
	% Inhibition DPPH (50 mg/L)	16.16 ± 1.11	14.62 ± 1.14	16.39 ± 1.21
	% Inhibition 15-lox (50 mg/L)	68.53 ± 0.21	67.80 ± 0.19	58.2 ± 0.27
	% Inhibition α-amylase (50 mg/L)	37.4 ± 0.37	34.92 ± 3.76	33.47 ± 1.45
	% Inhibition α-glucosidase (50 mg/L)	24.59 ± 0.76	28.41 ± 1.47	31.14 ± 1.81
	% Inhibition HCT-116 (100 mg/L)	14.32 ± 8.29	14.32 ± 7.40	12.95 ± 4.10

Table IV .

 IV 18: Pearson correlation coefficients of GPK batches 5,6,7, and 8

			Fermentation parameters				Charcteristics											
		Time Sucrose Grape Ultrasonic	Scaleup	Brix Acidity	pH	Total sugars	Reducing sugars	Acetic acid	Ethanol TPC	TAC	DPPH IC50	TPC DPPH Vit C Resveratrol α-amylase α-glucosidase 15-lox CaCo-2	HCT-116
	Time	1	0.784	1	-0.408	-0.408	0.991 -0.091 -0.827 0.470	0.034	0.696	0.944 -0.648 -0.879	0.815 -0.792 -0.762	x	-0.587	0.235	0.510	-0.457 -0.953 -0.500
	Sucrose	0.784	1	0.784	-0.320	0.080	0.805	0.363 -0.833 0.912	0.443	0.867	0.884 -0.120 -0.665	0.316 -0.634 -0.241 -0.029	-0.91	0.006	-0.082	-0.490 -0.642 -0.286
	Grape	1	0.784	1	-0.408	-0.408	0.991 -0.091 -0.827 0.470	0.034	0.696	0.944 -0.648 -0.879	0.815 -0.792 -0.762	x	-0.587	0.235	0.510	-0.457 -0.953 -0.500
	Ultrasonic	-0.408 -0.320 -0.408	1	0.167	-0.405 0.668 -0.061 -0.292	0.465	0.120	-0.223 0.584	0.094	-0.557	0.794 0.183 -0.987	x	-0.939	-0.325	0.922 0.562	0.977
	Scaleup	-0.408	0.080	-0.408	0.167	1	-0.347 0.541	0.236	0.377	0.563	-0.054 -0.315 0.788	0.509	-0.702	0.356 0.743	0.06	0.01	-0.31	-0.500	-0.12	0.32	0.36
	Brix	0.991	0.805	0.991	-0.405	-0.347	1	-0.052 -0.824 0.504	0.074	0.714	0.946 -0.601	-0.87	0.781 -0.786 -0.729 0.065	-0.604	0.213	0.488	-0.488 -0.946 -0.485
	Acidity	-0.091	0.363	-0.091	0.668	0.541	-0.052	1	-0.420 0.494	0.856	0.592	0.189	0.756 -0.081	-0.615	0.435 0.393 -0.703	0.815	-0.864	-0.648	0.425 0.243	0.756
	pH	-0.827 -0.833 -0.827	-0.061	0.236	-0.824 -0.420	1	-0.6	-0.465	-0.933 -0.948 0.229	0.88	-0.418	0.451 0.527 0.817	0.343	0.286	-0.084	0.056 0.637	0.002
	Total sugars	0.470	0.912	0.470	-0.292	0.377	0.504	0.494	-0.6	1	0.553	0.729	0.626	0.209 -0.349	-0.047 -0.448 0.166 0.092	-0.984	-0.041	-0.424	-0.490 -0.316 -0.177
	Reducing sugars 0.034	0.443	0.034	0.465	0.563	0.074	0.856 -0.465 0.553	1	0.512	0.280	0.625 -0.201	-0.468	0.238 0.361 -0.516	0.241	-0.677	-0.511	0.168 0.059	0.556
	Acetic acid	0.696	0.867	0.696	0.120	-0.054	0.714	0.592 -0.933 0.729	0.512	1	0.874	0.007 -0.737	0.197 -0.362 -0.314 -0.657	-0.436	-0.390	-0.154	-0.024 -0.480 0.105
	Ethanol	0.944	0.884	0.944	-0.223	-0.315	0.946	0.189 -0.948 0.626	0.280	0.874	1	-0.422	-0.9	0.61	-0.677 -0.615 -0.594	-0.567	-0.005	0.237	-0.315 -0.801 -0.290
	TPC	-0.648 -0.120 -0.648	0.584	0.788	-0.601 0.756	0.229	0.209	0.625	0.007	-0.422	1	0.523	-0.953	0.693 0.832 -0.471	0.490	-0.673	-0.804	0.388 0.765	0.74
	TAC	-0.879 -0.665 -0.879	0.094	0.509	-0.87 -0.081	0.88	-0.349	-0.201	-0.737	-0.9	0.523	1	-0.67	0.589 0.739 0.633	0.294	0.040	-0.389	0.142 0.742	0.213
	DPPH IC50	0.815	0.316	0.815	-0.557	-0.702	0.781 -0.615 -0.418 -0.047	-0.468	0.197	0.61	-0.953	-0.67	1	-0.767 -0.894 0.438	-0.496	0.573	0.834	-0.443 -0.899 -0.709
	TPC	-0.792 -.634 * -0.792	0.794	0.356	-0.786 0.435	0.451 -0.448	0.238	-0.362 -0.677 0.693	0.589	-0.767	1	0.523 -0.849	0.853	-0.659	-0.421	0.758 0.877	0.834
	DPPH	-0.762 -0.241 -0.762	0.183	0.743	-0.729 0.393	0.527	0.166	0.361	-0.314 -0.615 0.832	0.739	-0.894	0.523	1	0.181	0.132	-0.212	-0.79	0.096 0.772	0.367
	Vit C	x	-0.029	x	-0.987	0.055	0.065 -0.703 0.817	0.092	-0.516	-0.657 -0.594 -0.471 0.633	0.438 -0.849 0.181	1	-0.985	0.941	0.216	-0.927 -0.871 -0.963
	Resveratrol	-0.587	-0.91	-0.587	x	0.007	-0.604 0.815	0.343 -0.984	0.241	-0.436 -0.567 0.490	0.294	-0.496	0.853 0.132 -0.985	1	-0.993	-0.141	0.954 0.635	0.977
	α-amylase	0.235	0.006	0.235	-0.939	-0.315	0.213 -0.864 0.286 -0.041	-0.677	-0.390 -0.005 -0.673 0.040	0.573 -0.659 -0.212 0.941	-0.993	1	0.446	-0.768 -0.395 -0.952
	α-glucosidase	0.510	-0.082	0.510	-0.325	-0.500	0.488 -0.648 -0.084 -0.424	-0.511	-0.154	0.237 -0.804 -0.389	0.834 -0.421 -0.79 0.216	-0.141	0.446	1	-0.261 -0.714 -0.475
	15-lox	-0.457 -0.490 -0.457	0.922	-0.119	-0.488 0.425	0.056 -0.490	0.168	-0.024 -0.315 0.388	0.142	-0.443	0.758 0.096 -0.927	0.954	-0.768	-0.261	1	0.575	0.856
	CaCo-2	-0.953 -0.642 -0.953	0.562	0.319	-0.946 0.243	0.637 -0.316	0.059	-0.480 -0.801 0.765	0.742	-0.899	0.877 0.772 -0.871	0.635	-0.395	-0.714	0.575	1	0.694
	HCT-116	-0.500 -0.286 -0.500	0.977	0.356	-0.485 0.756	0.002 -0.177	0.556	0.105	-0.290	0.74	0.213	-0.709	0.834 0.367 -0.963	0.977	-0.952	-0.475	0.856 0.694	1
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Table V

 V 

	.1: Questionnaire responses -dietary habits Table V.2: Questionnaire responses-health consciousness and purchasing habits Rarely Table V.3: Questionnaire responses -product development and food choice	13.5
	Question How frequently do you consume juices? Question What is the most important factor in choosing where Question How interested would you be in trying a novel Kombucha beverage knowing it has health benefits? How interested are you in trying new products in the market?	Options Daily 2-4 times/week Options Price Quality Variety Never Very interested Options Interested Not interested at all Very interested Daily Interested	Frequency (%) 12.5 21 Frequency (%) 16.5 50.5 12.0 83.9 21.7 Frequency (%) 61.1 27.0 17.2 12.5 65.5
	to shop for food? How frequently do you consume foods/beverages	2-4 times/month Location 2-4 times/week Not interested at all	20 13.5 23.5 7.5
	with added sugar?	Rarely Organic 2-4 times/month Very interested	46.5 5.5 24.0 43.5
	Would you be more interested in trying a new product knowing it has health advantages?	Daily Other Very familiar Rarely Yes, always Interested	9.5 2.0 12.5 40.0 40.7 53.0
	How frequently do you consume grapes during grape season? fatty acids…)? How frequently do you consume grape products? oatmeal with soluble fiber, fatty fish with Omega-3 How familiar are you with functional foods/beverages (i.e., foods that are claimed to have Do you usually read food labels before purchasing? health benefits and/or prevent some diseases)? How frequently do you consume functional foods/beverages (such as yogurt with prebiotics, purchase choice? How much Influence do food labels have on your Would you be more interested in trying a new product knowing its eco-friendly?	2-4 times/week 2-4 times/month Rarely 2-4 times/month Rarely Appearance Daily 2-4 times/week 2-4 times/month No influence Familiar Not so familiar Yes, often Not interested at all Rarely Very interested Unfamiliar Daily 2-4 times/week Never A little bit A lot Interested Not interested at all	33 23 34.5 30.7 35.2 2.5 3.5 30.7 10.0 17.1 47.0 33.0 3.5 28.1 27.1 43.2 7.5 8.0 26.1 4.0 48.0 49.2 42.0 7.5
		Rarely Daily Variety	48.7 14.1 4.0
	How frequently do you consume Soda? How frequently do you consume vitamins and supplements (such as multivitamins, Vitamin D, Magnesium B6…)? What is the most important factor for choosing a beverage	Daily 2-4 times/week 2-4 times/week Nutrients 2-4 times/month Price Rarely Size	8.5 22.5 12.6 18.7 1.5 18.6 54.5 2.0
		2-4 times/month Very familiar Taste	15.6 4.0 58.5
	How familiar are you with Kombucha tea?	Rarely Daily Familiar Organic Not so familiar Other	57.3 2.5 5.5 13.1 23.1 3.5
	How frequently do you consume fermented non-alcoholic beverages? If you are familiar with Kombucha tea, are you	2-4 times/week Unfamiliar Very aware 2-3 times/month Aware	7.1 59.8 3.4 12.1 17.2
	aware of the health benefits?	Rarely Not so aware	78.3 19.5
		Not aware at all	59.8
	How frequently do you consume Kombucha tea?	Daily 2-4 times/month	0.5 2.1

  The familiarity of Kombucha tea among participants was solely associated with nationality and with employment status (p<0.05). The awareness on the health benefits of Kombucha was correlated with nationality, education, employment, income, and physical activity (p<0.05). The frequency of Kombucha consumption was significantly related with age, nationality, education, employment, income, physical activity, and health issues (p<0.05). Similar observations were made by[START_REF] Walker | Determination of d-saccharic acid-1,4-lactone from brewed Kombucha broth by high-performance capillary electrophoresis[END_REF] who found associations between the consumption of Kombucha and age and education.In reference to table V.5, significant correlations were found between the segmentation factors and the responses. However, the majority of the correlations were weak. The purpose of the questionnaire was to determine the characteristics of the market that will be interested in grape pomace Kombucha. Therefore, only four questions (in bold) will be chosen to list the detailed segmentation of the responses. According to the calculated spearman correlation coefficient, the interest in trying a novel healthy Kombucha beverage was statistically correlated with gender, age, nationality, and education; the interest in checking out new products in general depended on nationality, education, and income; the interest in trying new healthy products was correlated with gender, age, nationality, education, and income; and the interest in new eco-friendly products was significantly associated with all factors except physical activity .The chi-square test results determined whether the variables are dependent, whereas the spearman coefficient established the value of the correlation between the variables. Based on those findings, responses of survey questions discussed were categorized by the segmentation factors in an attempt to deduce the characteristics of the target market that will be interested in grape pomace Kombucha. It would be important to mention that only questions 21, 26, 27, and 28 were included in this analysis. In fact, those questions are directly related to the willingness of trying grape pomace Kombucha, a novel healthy and eco-friendly beverage. Crosstab analysis was conducted, while taking into account both outcomes of the chi-square test and the spearman correlation. Results are presented in figures V.4, V.5, V.6, and V.7.

					Chapter V				
	Table V.5: Spearman correlation coefficients								
	* Significant correlation p<0.05 ** Significant correlation p<0.001						
			Demographic		Socioeconomic		Health
	Question	Gender	Age	Nationality Education Employment Income	Physical activity	Health issues
	Juice consumption frequency	0.130 ** -0.185 **	0.013	0.010	-0.052	0.063	-0.005	0.012
	Grape consumption frequency	-0.181 ** -0.044	0.082	0.156 **	-0.102 *	0.050	0.083	0.041
	Grape products consumption frequency	-0.232 ** -0.054	0.024	0.122 *	-0.058	-0.007	-0.064	0.100 *
	Soda consumption frequency	0.225 ** -0.117 *	0.140 **	0.227 **	0.090	0.127 *	0.029	-0.149 **
	Non-alcoholic beverages consumption frequency	0.068	-0.060	0.180 **	0.210 **	-0.181 **	0.042	0.053	-0.059
	Shopping place choice	0.148 **	0.051	0.130 **	0.128 *	-0.008	-0.016	0.074	0.018
	Functional foods/beverages familiarity	-0.080	0.111 *	0.008	0.156 **	-0.125 *	0.027	-0.029	0.035
	Functional foods/beverages consumption frequency	-0.112 *	0.084	0.033	0.060	-0.336 **	0.028 -0.145 **	0.038
	Vitamins/supplements consumption frequency	-0.115 * 0.219 **	-0.019	0.095	0.010	0.036 -0.163 ** -0.115 *
	Kombucha tea familiarity	0.081	0.080	0.083	-0.061	-0.115 *	-0.057	0.082	-0.054
	Awareness on Kombucha tea health benefits	0.040	0.068	-0.065	-0.093	-.208 **	-0.074	0.161 **	-0.014
	Kombucha tea consumption frequency	-0.012	-0.007	-0.047	-0.058	-0.121 *	-0.050	0.086	0.042
	The interest of trying a new Kombucha beverage was associated with gender, age, nationality, Interested in trying a novel healthy Kombucha beverage 0.133 ** 0.191 ** 0.135 ** 0.287 **	0.076	0.060	0.016	-0.061
	education, employment, income, and physical activity (p<0.05). The choice of beverage was Foods/beverages with added sugar consumption frequency 0.235 ** -0.140 ** 0.155 ** 0.241 **	0.078	0.093	0.077	-0.119 *
	Reading food labels before purchasing mainly dependent on gender, age, nationality, education, and employment (p<0.05). Finally, with -0.008 0.205 ** 0.064 0.078 Food labels influence on purchase choice -0.177 ** 0.123 * 0.038 -0.065 regards to experiencing new products in general, education, physical activity, and health issues Beverage choice 0.077 -0.068 -0.071 0.065	-0.078 -0.108 * -0.156 **	0.230 ** -0.002 -0.029	-0.039 -0.061 0.027	-0.090 0.028 -0.019
	were the most influential. Trying healthy novel items was mostly correlated with all Interest in trying new products 0.025 0.086 0.112 * 0.145 **	0.057	0.118 *	-0.059	-0.033
	demographic factors, education, and all health factors. All segmentation factors impacted the will Interest in trying a new healthy product 0.152 ** 0.165 ** 0.110 * 0.178 **	0.022	0.123 *	0.011	-0.087
	to try new eco-friendly products (p<0.05). Interest in trying a new eco-friendly product	0.186 **	0.112 *	0.201 **	0.174 **	0.117 *	0.175 **	0.044	-0.130 **
	As a follow up on the chi-square test results, the spearman correlation coefficient was calculated				
	to determine the degree of correlation between the different variables. Results are displayed in				
	table V.5.								
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Table V .

 V 7: Analysis of variance of aroma intensity in GPK.

	Aroma	N7-GPK-N	N7-GPK -S	L7-GPK -N L7-GPK -S	L5-GPK -N L5-GPK -S	L5-GPK -R
	Floral	1.15 ± 1.0 ac	1.65 ± 1.23 ac 0.80 ± 0.97 a 1.75 ± 1.44 ac 1.70 ± 1.76 ac 2.15 ± 1.15 bc 3.30 ± 1.10 b
	Spicy	1.55 ± 1.28 a	1.60 ± 1.35 a	1.25 ± 1.29 a 0.90 ± 1.22 a	1.10 ± 1.13 a	1.05 ± 1.02 a	1.35 ± 1.19 a
	Fruity	1.85 ± 1.45 ac	2.40 ± 1.20 c	1.05 ± 1.11 a 2.05 ± 1.74 ac 1.80 ± 1.63 ac 2.15 ± 1.15 ac 4.25 ± 0.69 b
	Caramelized	0.50 ± 1.45 a	1.10 ± 1.26 ac 0.80 ± 1.07 a 0.90 ± 0.88 a	1.05 ± 1.24 ac 1.70 ± 1.45 bc 0.80 ± 1.16 ac
	Microbiological	1.05 ± 0.97 a	1.60 ± 1.36 a	1.45 ± 1.32 a 1.55 ± 1.35 a	1.55 ± 1.24 a	1.40 ± 1.28 a	1.05 ± 1.28 a
	Earthy	0.95 ± 1.32 ac	1.60 ± 1.46 ac 2.20 ± 1.96 bc 1.90 ± 1.54 ac 1.95 ± 1.59 ac 1.85 ± 1.49 ac 0.65 ± 0.79 a
	Chemical	1.15 ± 1.02 a	1.95 ± 1.74 a	1.90 ± 1.78 a 1.95 ± 1.80 a	1.85 ±1.49 a	1.65 ± 1.62 a	0.95 ± 0.97 a
	Oxidized	1.00 ± 1.27 a	1.35 ± 1.49 a	1.85 ± 1.55 a 1.85 ± 1.38 a	1.35 ± 1.38 a	1.10 ± 1.33 a	1.15 ± 1.15 a
	Woody	1.00 ± 1.14 a	1.75 ± 1.60 a	1.45 ± 1.77 a 1.35 ± 1.58 a	1.35 ± 1.62 a	1.45 ± 1.36 a	0.85 ± 0.96 a
	Nutty	0.20 ± 0.40 a	0.85 ± 1.42 a	0.50 ± 0.92 a 0.55 ± 0.97 a	0.85 ± 1.10 a	1.10 ± 1.18 a	0.70 ± 0.90 a
	Pungent	2.65 ± 1.82 a	2.35 ± 1.65 a	2.75 ± 2.07 a 2.35 ± 2.03 a	2.75 ± 1.99 a	2.30 ± 1.65 a	1.00 ± 1.30 a

Table V .

 V 8: Chemical analysis of evaluated GPK samplesBased on the sensory evaluation results, and on the chemical composition of the grape pomace Kombucha samples, it appeared that the panelists preferred the beverages having the lowest titratable acidity, acetic acid content, and the richest concentration of total sugars. Studies have

	Samples	pH	Titratable acidity (g/L H2SO4)	Total sugars (g/L)	Acetic acid (g/L)	Ethanol (g/L)
	L7-GPK -N and L7-GPK -S	3.02	8.80	12.31	6.43	5.90
	N7-GPK-N and N7-GPK -S	3.14	5.29	18.65	7.54	7.93
	L5-GPK -N, L5-GPK -S, and L5-GPK -R	3.55	5.88	20.35	5.09	3.84

shown that Kombucha products containing higher quantities of organic acids were judged negatively, and that richer sugar concentrations were more favored

(Zhang et al., 2021)

. For example,

[START_REF] Zou | Zijuan tea-based Kombucha: Physicochemical, sensorial, and antioxidant profile[END_REF] 

reported that tea Kombucha with higher concentrations of organic acids were attributed lower scores by panelists. Ethanol content didn't seem to impact the judgment of the participants. Principal component analysis was conducted to show the relationships between the physico-chemical characteristics of grape pomace Kombucha samples and the sensory analysis results (figure V.14).

Table V .

 V 9: Acronym of analyzed samples

	Sample acronym	Corresponding

Table V .

 V 13: Slope, intercept, and R 2 value of the zero and first order reaction -GPK sample A

					Zero order			First order				Zero order			First order
			Sample	Slope (k)	Intercept	R²	Slope (k)	Intercept	R²	Sample	Slope (k)	Intercept	R²	Slope (k)	Intercept	R²
	Total	sugars	A-5-T A-25-T A-37-T	-0.073 -0.142 -0.176	12.288 13.378 12.550	0.925 -0.489 0.925 -0.994 0.992 -1.048	12.488 13.541 12.890	0.911 A-5-O -0.086 0.683 A-25-O -0.168 0.881 A-37-O -0.166	12.415 13.368 12.550	0.959 -0.580 0.988 -1.023 0.992 -1.048	12.660 13.633 12.890	0.941 0.813 0.881
			A-50-T	-0.190	12.565	0.993 -0.578	12.762	0.899 A-50-O -0.104	12.630	0.985 -0.678	12.883	0.928
	Lactic	acid	A-5-T A-25-T A-37-T	0.034 0.089 0.086	1.981 1.627 2.008	0.986 0.996 0.993	0.204 0.452 0.544	1.930 3.882 1.837	0.804 A-5-O 3.882 A-25-O 0.088 0.039 0.872 A-37-O 0.086	1.947 1.695 2.008	0.982 0.975 0.993	0.246 0.524 0.522	1.870 1.580 4.066	0.860 0.766 0.725
			A-50-T	0.034	2.011	0.985	0.204	1.960	0.801 A-50-O 0.031	2.066	0.972	0.189	2.021	0.776
	Acetic	acid	A-5-T A-25-T A-37-T	0.051 0.078 0.097	5.846 6.029 6.241	0.962 0.995 0.978	0.301 0.489 0.617	5.789 5.875 6.039	0.732 A-5-O 0.873 A-25-O 0.078 0.062 0.871 A-37-O 0.097	5.769 6.029 6.241	0.986 0.995 0.978	0.391 0.489 0.617	5.645 5.875 6.039	0.867 0.873 0.871
			A-50-T	0.112	5.851	0.968	0.318	5.771	0.789 A-50-O 0.046	6.027	0.969	0.271	5.969	0.759
	Ethanol	A-5-T A-25-T A-37-T A-50-T	0.039 0.074 0.093 0.138	4.043 4.005 4.059 4.039	0.974 0.983 0.960 0.966	0.236 0.453 0.551 0.223	3.989 3.882 3.942 3.990	0.771 A-5-O 0.826 A-25-O 0.088 0.032 0.748 A-37-O 0.089 0.758 A-50-O 0.037	4.121 3.817 4.166 4.176	0.828 0.979 0.952 0.888	0.171 0.530 0.522 0.218	4.116 3.689 4.066 4.135	0.531 0.789 0.725 0.671
			A-5-T	-0.137	306.454	0.942 -0.817	306.630 0.739 A-5-O -0.183	307.589	0.973 -1.093	307.840	0.771
	TPC	A-25-T A-37-T	-0.105 -0.630	305.813 308.026	0.986 -0.648 0.947 -3.819	306.000 0.835 A-25-O -0.201 308.980 0.771 A-37-O -0.725	307.073 309.325	0.956 -1.309 0.948 -4.394	307.560 310.420	0.899 0.770
			A-50-T	-4.229	314.703	0.981 -25.410 320.660 0.784 A-50-O -3.886	310.814	0.986 -24.430 318.450	0.863
			A-5-T	0.007	2.141	0.933	0.048	2.119	0.903 A-5-O	0.004	2.150	0.893	0.024	2.141	0.902
	IC 50	A-25-T A-37-T	0.011 0.013	2.152 2.130	0.941 0.922	0.072 0.086	2.122 2.094	0.937 A-25-O 0.008 0.910 A-37-O 0.008	2.110 2.138	0.925 0.981	0.046 0.054	2.098 2.113	0.804 0.979
			A-50-T	0.012	2.188	0.978	0.085	2.148	0.964 A-50-O 0.009	2.148	0.944	0.058	2.128	0.896

Table V .

 V 14: Slope, intercept, and R 2 value of the zero and first order reaction -GPK sample B -4.743 327.156 0.987 -29.530 335.910 0.847 B-50-O -4.746 327.612 0.983 -29.180 335.620 0.822

											Chapter V		
					Zero order			First order				Zero order			First order
			Sample	Slope (k)	Intercept	R²	Slope (k)	Intercept	R²	Sample	Slope (k)	Intercept	R²	Slope (k)	Intercept	R²
	Total	sugars	B-5-T -0.086 B-25-T -0.168 B-37-T -0.166	12.415 13.368 12.550	0.959 -0.471 0.988 -0.619 0.992 -0.809	13.856 13.628 14.073	0.842 B-5-O -0.070 0.900 B-25-O -0.106 0.900 B-37-O -0.113	13.623 13.395 13.627	0.991 -0.437 0.960 -0.705 0.973 -0.731	13.752 13.682 13.891	0.849 0.944 0.903
			B-50-T -0.104	12.630	0.985 0.419	13.746	0.834 B-50-O -0.080	13.804	0.980 -0.510	13.980	0.892
	Lactic	acid	B-5-T 0.039 B-25-T 0.088 B-37-T 0.086	1.947 1.695 2.008	0.982 0.266 0.975 0.491 0.993 0.520	1.818 1.517 1.533	0.750 B-5-O 0.050 0.915 B-25-O 0.076 0.854 B-37-O 0.094	1.838 1.776 1.527	0.949 0.313 0.982 0.485 0.985 0.600	1.741 1.607 1.328	0.827 0.897 0.882
			B-50-T 0.031	2.066	0.972 0.256	1.863	0.709 B-50-O 0.051	1.801	0.951 0.051	1.801	0.941
	Acetic	acid	B-5-T 0.062 B-25-T 0.078 B-37-T 0.097	5.769 6.029 6.241	0.986 0.363 0.995 0.642 0.978 0.853	5.610 5.479 5.379	0.833 B-5-O 0.067 0.935 B-25-O 0.101 0.961 B-37-O 0.127	5.671 5.749 5.759	0.980 0.429 0.973 0.684 0.968 0.841	5.520 5.447 5.420	0.899 0.948 0.946
			B-50-T 0.046	6.027	0.969 0.431	5.514	0.890 B-50-O 0.078	5.537	0.964 0.523	5.323	0.950
	Ethanol	B-5-T 0.032 B-25-T 0.088 B-37-T 0.089 B-50-T 0.037	4.121 3.817 4.166 4.176	0.828 0.300 0.979 0.310 0.952 0.610 0.888 0.277	3.077 3.494 3.035 3.227	0.821 B-5-O 0.048 0.879 B-25-O 0.052 0.884 B-37-O 0.099 0.832 B-50-O 0.046	3.258 3.702 3.275 3.296	0.984 0.294 0.962 0.316 0.985 0.625 0.984 0.297	3.180 3.621 3.074 3.195	0.815 0.790 0.871 0.887
			B-5-T -0.236 320.802 0.935 -1.352	321.000 0.677 B-5-O -0.250 321.908 0.932 -1.679	322.610 0.930
	TPC	B-25-T -0.262 321.045 0.950 -1.780 B-37-T -1.002 322.357 0.983 -6.185	321.830 0.927 B-25-O -0.204 320.106 0.980 -1.320 324.100 0.830 B-37-O -0.925 320.624 0.977 -5.883	320.580 0.906 322.580 0.876
	B-5-T 0.009 B-25-T 0.014 B-50-T IC 50 B-37-T 0.017	2.045 2.055 2.069	0.990 0.058 0.981 0.085 0.955 0.110	2.027 2.032 2.026	0.870 B-5-O 0.005 0.826 B-25-O 0.009 0.943 B-37-O 0.010	2.039 2.050 2.033	0.995 0.034 0.988 0.054 0.948 0.065	2.028 2.035 2.013	0.879 0.835 0.850
			B-50-T 0.021	2.081	0.941 0.141	2.024	0.939 B-50-O 0.018	2.060	0.973 0.115	2.022	0.883
							276							

Table V .

 V 15: Estimated shelf-life for GPK sample A

	Table V.16: Estimated shelf-life for GPK sample B				
		A0 A0	Sample Sample	t (days) t (days)	Sample Sample	t (days) t (days)
			A-5-T B-5-T	8.46	7.26	A-5-O B-5-O	7.20	8.90
	Total sugars Total sugars	12.41 (g/L) 12.51 (g/L)	A-25-T A-37-T B-25-T B-37-T	4.37 3.54	3.73 3.78	A-25-O A-37-O B-25-O B-37-O	3.70 3.75	5.92 5.54
			A-50-T B-50-T	3.26	6.02	A-50-O B-50-O	5.97	7.86
			A-5-T B-5-T	2.96	2.29	A-5-O B-5-O	2.55	1.79
	Lactic acid Lactic acid	1.99 (g/L) 1.78 (g/L)	A-25-T A-37-T B-25-T B-37-T	1.11 1.15	1.01 1.03	A-25-O A-37-O B-25-O B-37-O	1.13 1.15	1.18 0.95
			A-50-T B-50-T	2.96	2.83	A-50-O B-50-O	3.16	1.76
			A-5-T B-5-T	5.87	4.28	A-5-O B-5-O	4.85	3.99
	Acetic acid Acetic acid	6.02 (g/L) 5.32 (g/L)	A-25-T A-37-T B-25-T B-37-T	3.88 3.09	3.42 2.73	A-25-O A-37-O B-25-O B-37-O	3.88 3.09	2.64 2.10
			A-50-T B-50-T	2.68	5.84	A-50-O B-50-O	6.61	3.39
			A-5-T B-5-T	5.18	5.03	A-5-O B-5-O	6.42	5.33
	Ethanol Ethanol	4.09 (g/L) 3.20 (g/L)	A-25-T A-37-T B-25-T B-37-T	2.77 2.20	1.82 1.80	A-25-O A-37-O B-25-O B-37-O	2.32 2.30	3.09 1.62
			A-50-T B-50-T	1.49	4.29	A-50-O B-50-O	5.48	3.45
			A-5-T B-5-T	112.12 67.40	A-5-O B-5-O	84.26	63.72
	TPC TPC	307.78 (GAE mg/L) 318.69 (GAE mg/L)	A-25-T A-37-T B-25-T B-37-T	146.94 24.43 60.88 15.91	A-25-O A-37-O B-25-O B-37-O	76.62 21.21	77.96 17.23
			A-50-T B-50-T	3.64	3.36	A-50-O B-50-O	3.96	3.36
			A-5-T B-5-T	15.23 11.21	A-5-O B-5-O	28.94	19.40
	IC 50 IC 50	2.12 (mL/L) 2.07 (mL/L)	A-25-T A-37-T B-25-T B-37-T	9.90 8.25	7.49 6.21	A-25-O A-37-O B-25-O B-37-O	14.06 13.38	11.72 9.95
			A-50-T B-50-T	8.66	4.88	A-50-O B-50-O	11.62	5.71
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All measurements were done in triplicates.

II.2.4.7 Anti-diabetic activity

The antidiabetic activity of grape pomace Kombucha was evaluated by the inhibitory assay of αamylase and α-glucosidase enzymes

α-amylase assay

The α-amylase inhibitory activity was determined as per the method described by [START_REF] Mccue | Anti-amylase, anti-glucosidase and antiangiotensin i-converting enzyme potential of selected foods[END_REF], with some modifications.

Preparation of solutions:

-Potassium phosphate buffer solution (S buffer): Dissolving 80.1 g of Sodium phosphate monobasic dihydrate (NaH2PO4,2H2O) in 450 mL of distilled water, and 78.1 g of disodium phosphate (Na2HPO4) in 550 mL of distilled water and adjusting the pH to 6.9.

-Enzyme solution (S α-amylase): Dissolving 3 mg of porcine pancreatic α-amylase powder in

The anti-diabetic activity was expressed as the percentage of inhibition of α-glucosidase:

% inhibition =

A control-A extract A control

x 100 A = absorbance read at 405 nm All measurements were done in triplicates.

II.2.4.8 Anti-proliferative activity

The anti-proliferative activity was evaluated against two human colon cancer cell lines (HCT116 and CaCo-2 ) as described by [START_REF] Bekir | Assessment of antioxidant, antiinflammatory, anti-cholinesterase and cytotoxic activities of pomegranate (Punica granatum) leaves[END_REF], with a few modifications. This assay is founded on the reduction of 3-(4, 5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by the mitochondrial dehydrogenase of intact cells to form a purple formazan product.

Cells were maintained at 37 °C in a humidified 5% CO2 incubator (NBS Eppendorf, Germany)

Table III.14: Identified flavanoids and their derivatives in GPK batches 3 and 4 et al., 2020;[START_REF] Luo | Phenolic Fractions from Muscadine Grape "Noble" Pomace can Inhibit Breast Cancer Cell MDA-MB-231 Better than those from European Grape "Cabernet Sauvignon" and Induce S-Phase Arrest and Apoptosis: Phenolic fractions from muscadine grape…[END_REF][START_REF] Pérez-Ortiz | Antiproliferative and cytotoxic effects of grape pomace and grape seed extracts on colorectal cancer cell lines[END_REF].

Flavanoids and their derivatives Extract

III.5 Statistical analysis and synopsis

To sum up, grape pomace can be successfully valorized with the Kombucha consortium. As discussed during the chapter, some fermentation parameters were correlated with the characteristics of grape pomace Kombucha. However, it was not possible to conclude which fermentation parameter resulted in the highest quality of the produced beverage. For instance, the strongest antioxidant potential was exhibited by sample GPK-4-L-100/20-7, whereas the highest anti-diabetic and anti-inflammatory activities were not found exclusively among one sample.

The Pearson correlation coefficients were calculated throughout the sections of chapter 3. Table III.18 gathers all coefficients discussed and provides a brief summary on the relationships obtained. Fermentation duration was among the most influential parameters, as it affected the chemical composition, antioxidant, and antidiabetic activities of the beverage. Temperature shaped mostly the anthocyanin concentration, anti-inflammatory activity, and antioxidant potential of the samples. Finally, the quantity of added sucrose seemed to have a less impact on grape pomace Kombucha as it basically affected the final concentration of sugars in the beverage. 

Preface

In this chapter, two types of grape pomace were inoculated with the Kombucha consortium:

Lebanese mix (used in the previous batches), and Négrette.

The objective of this chapter consists of evaluating the effects of processing parameters (fermentation duration, concentration of sucrose, grape variety, ultrasonic treatment, and scaling up) on the chemical composition and biological activities of grape pomace Kombucha. The pH, brix degrees, total acidity, sugar consumption, production of organic acids and ethanol, and the evolution of total polyphenols, and anthocyanins were investigated in the different samples.

Furthermore, grape pomace Kombucha extracts were screened for their polyphenolic profiles, and their concentration of vitamin C and resveratrol; and they were evaluated for their antioxidant, anti-inflammatory, anti-diabetic, and anti-cancer activities.

The last section consists of analyzing the biofilms collected from the beverages by determining their total phenolic content, identifying the adsorbed bioactive compounds, and investigating the antioxidant, anti-inflammatory, anti-diabetic, and anti-cancer potential of those molecules.

Question X can be any question of the survey that doesn't include the segmentation factors, i.e., questions 9 to 28.

The obtained statistical results are presented in table V.4. Additional research should be conducted on the chemical and microbiological parameters that might be behind the sensory profile of grape pomace Kombucha. As per Tran et al. (2020b[START_REF] Tran | Use of a Minimal Microbial Consortium to Determine the Origin of Kombucha Flavor[END_REF], the organoleptic properties of Kombucha are determined by numerous factors. The composition of the inoculum, the type of volatile compounds and their concentration, the initial composition of the water used, in addition to processing parameters (substrate concentration, fermentation duration, and temperature) affect the sensory attributes of the beverage. Most of those variables was not explored in grape pomace Kombucha, and therefore, it would be interested to examine their effects.

V.3 Food safety of grape pomace Kombucha

Food contamination is responsible for around 1 over 10 of the world's illnesses [START_REF] Riggio | Microgreens-A review of food safety considerations along the farm to fork continuum[END_REF]. Hence, exploring the food safety angle of grape pomace Kombucha is important to ensure that the beverage would not cause any health issues. Moreover, it would provide an idea about the shelf-life of the product, and on the proper hygienic practices to be followed during production.

V.3.1 Microbiological analysis: pathogenic bacteria and estimation of shelf-life

The objective of this section was to determine the growth patterns of four pathogenic bacteria in different storage conditions, in an attempt to estimate the shelf-life of grape pomace Kombucha.

Two different samples were chosen randomly from the batches produced and were placed in 

pomace Kombucha should follow the sanitary procedures that are usually addressed with regards to flow of work, personal hygiene, cleaning and sanitation operating procedures, prevention of cross-contamination, and equipment specification. The flow of work should be designed in a way that prevents cross contamination, especially that the main ingredient of producing grape pomace Kombucha is an industrial by-product. Strict personal hygiene rules should be followed when preparing the beverage: proper handwashing, suitable protective clothing, and hygienic practices should all be implemented. Equipment and utensils should be made of proper food grade, nonabsorbent, non-corrosive material, and should be properly cleaned and disinfected.

The flowchart specifying the steps of producing grape pomace Kombucha is illustrated in figure

V.16. Processing stages included in this illustration will be employed in hazard analysis. When examining both tables, discrepancies are noticed between the estimated shelf-life of the two samples, specifically with regards to the concentration of total polyphenols. This might be explained by the fact that different processing parameters were followed during the production of each sample and might have affected the results.

Based on those observations, cold storage (5 o C) seemed to have increased the shelf-life of the product compared to storage at ambient temperature (25 o C), and to higher temperatures as well.

Using an opaque container was also beneficial. Those findings provide an idea about the type of packaging (in terms of clarity) and on the proper storage conditions that would preserve the quality of grape pomace Kombucha. It would be interesting though to assess the effect of other quality parameters (sensory characteristics, color, biological activities, concentration of vitamins…) on the shelf-life of the beverage. Moreover, the results obtained showed that further processing is needed at the end of fermentation, to stop reactions associated with SCOBY microorganisms. Logically, disactivating the yeasts and bacteria would stop the majority of the reactions that are causing changes in the physico-chemical characteristics of the drink. Finding the proper type of treatment that would not damage the bio-active compounds is one of the areas that needs to be investigated in future works. Examples include but are not limited to heat or pressure treatment, or even crossflow microfiltration with 0.2 µm of pore diameter.

Assessing the market's response with regards to trying the newly developed beverage:

A market study questionnaire was conducted to understand whether grape pomace Kombucha would be an interesting product for the consumers. Moreover, the survey provided information about the characteristics of the potential users of the developed beverage, in addition to the influential factors on their purchasing choices. In general, educated females aged between 18 and 55 years, active for 1-6 hours per week, probably employed or students, and with a yearly income of < $ 39,999 were the estimated target market of grape pomace Kombucha. Taste was selected as the most important attribute for choosing a beverage, followed by the product's nutritional value.

Determining the shelf-life of the beverage and the food safety practices needed during production:

The shelf life of grape pomace Kombucha was mostly dependent on the product's quality.

Microbiological analysis of four foodborne pathogens revealed that the studied bacteria exhibited no growth during storage under different conditions. Changes in the chemical composition (total sugars, organic acids, ethanol, and phenolic content) were noticed during the storage of grape pomace Kombucha at different temperatures (5, 25, 37 and 50 o C); which have affected the antioxidant potential of the beverage. Additionally, the transparency of the package impacted the characteristics of the products. Being a functional beverage, grape pomace Kombucha should retain its antioxidant activity in addition to its quality during the estimated shelf-life. Based on the results of the accelerated shelf-life testing method and on the chosen quality attributes, grape pomace Kombucha should be stored in the refrigerator in an opaque container for a maximum period of 4 days to retain its quality.

The low pH of grape pomace Kombucha ensures a stable product in terms of safety. A hazard analysis was conducted to determine the critical control points during products with their respective control measures. Boiling, cooling, inoculation, and fermentation were found to be the most critical steps that required close surveillance.