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Wine extraction from vineyard to valorization process
I. INTRODUCTION

Over the centuries, the art of winemaking hastsedeep roots in human heritage. In
accordance with human history, it has been obsethatl wine is a beverage that is
unanimously consumed. While mainly consumed foaglee, wine also has several medical
utilities and has been used in such aspects foerakewears. The first reference to
winemaking is biblical, wherein, Noah was said &vé planted a grapevine after the flood
and used that for producing wine [13]. The ltaliamsl the Spanish soon followed with 40.1
million hectolitres and 30.4 hectolitres respediivid3]. The French were the first in the
world to produce wine on a large scale startindiwit.4 million hectolitres. Winemaking in
the early Grecian and Roman empires as well amttidle eastern civilization has been also
evidenced [13]. The statistical data from Frangilyi suggest the shielding properties of red
wine against a diet consisting of high fats. Thaadis notably known as ‘The French
Paradox’. In 1979, St. Leger et al. constructed tdea after they discovered an inverse
relation between wine consumption and coronary thdasease mortality rate, having
observed the lowest mortality rate in France [13lvas observed that in spite of the French
having relatively high concentrations of saturdi@dand cholesterol in their diets, they also
consumed sufficient amounts of antioxidants (froegetables and unsaturated fats). This
seemed to play a key role in enhancing their imtyubhe French constantly consumed red
wine in moderate quantities over the course of a&kwevhile others tended to drink
excessively. It was discovered that the centrasative factor of the French Paradox was the
polyphenol content of red wine. According to theenet literature, thesupervised intake of
red wine exhibits various health benefits such r@vgntion of malignant tumors, Diabetes
mellitus Type |, myocardial infarction, and autoriordisorders [49].

Generally, the components present in wine are pobtsarides, alcohol, tannins,
phenolic compounds, and proteins. Substantialllygbe@nols present in wine are responsible
for the beneficial effects it portrays. Polyphenal® aromatic compounds with hydroxyl
groups containing ring structures. They exhibiosty antioxidant properties and therefore,
are the desired component in the fields of cosmetitd pharmaceuticals [19]. They have
been reported to have positive effects on the sewéldifferent microorganisms and their
functions present in the human body. Neverthelésese positive health effects of
polyphenols are limited to the consumption rate awdilability.Properties like Brix value,
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density, labile acidity, alcoholic content, fragtaracerbity, and turbidity give each wine
unique attributg [18]. Due to these properties of wine, a novel reiadeparadigm has bee
developed called wine therapy. In this method, ratidual is to be submerged in a wi
barring alcohol. Apart from ts, the most indispensable and massively reseagmoperties
of wine are their antioxidant and radical scaveggffects [13

Every year, in Italy, the amount of dry matter proed by remnants of tt
agricultural, food and pharmaceutical industry 1 Tg. Italy is famous for its win
production.A vineyard of an area of approximateh82 square miles produces around
Tg of wineproducing grapes. Grape marc constitutes skirk atad seeds. Grape skins hi
the highest amount of dry matter, whics around 72%. Different residues have diffel
levels of chemicals such as tannins, oils, inorgatements and moisture. Globally, the r
common ways to utilize these lees are as fodderlivestock, in pharmaceuticals a
cosmetics as well as in tlagrarian economy. There are an immense numbernafibe of
wine waste. Toscano et al (2015)addressed the sitidyilization of grape peels in tt
process of composting [41]. The research studyeg@mfirmedthat grape seed oil is a |
source of palphenols with antioxidant properties [47]. High saa@oint of grape seed ¢
makes it suitable for cooking. Until 2010, for dlation purposes in ltaly, it was mandatc
to use fresh and fermented grape marc. Only receth laws concerning usage winery
waste have been altered, permitting their usefferént industries [46

WINE PRODUCTION AND CONSUMPTION GLOBALLY
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Graph 1. Global Wine Consumption and Production

The valorization or reprocessing of the wastes gpeed during wine fermentation |
adding certain chemical compounds such as Polyvahypyrrolidone, hemicellulos:
pentoses, & polymers for the purpose of increasing theilugaproductivity in othe
collateral fields contributes to the developmenadustainable environment. There are
kinds of waste produced during wine harvestingidsahd Liquid waste. Under solid wast
there are stalks, stems, grape marc, pomace, asdA®ng with thiswastewater is produce
as liquid waste [12]. The recycling of these-products has multitude olbenefits like the
production of cheaper products, minimum storagecesp#esser cost production, and
economically friendly nature. This is because thie plantderived substances |, 46].
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The deposition of extensively produced wine wastenportant to reduce the enel
crisis. Valorization techniques are sustainable andseful initiative toward mitigatin
improper waste disposal. This article rews the separation of solid and liquid wastes fi
different stages of winazaking and their applicatisin the production of useful compoun
in the fields of agriculture, cosmetics, food inolysand pharma industry. Some was
produced are hazardous to the environment anddteceethese harmful effects valorizat
is performed.

II. WASTE PRODUCTION FROM WINE AND THEIR PROPERTIES

1. Vinification: Vinification includes the steps to produce wineefihare five basic stag
of Vinification. Stage | is harvesting or pickinghigh is done during the month of Ju
after thorough checking of pH, acidity, sugarels, and ethanol content. After harvesi
the grapes are brought into the winery and the miad@d grapes are selected. Dui
this stage, the grapes are prepared for primameetation and the distinction betwe
white wine and red wine occt [45]. Fa red wine, the pulp and the skin (tannins) of
grape are utilized which gives it its characteciseéd color. Whereas, for white wir
only grape juice is utilized. There should be miairoontact between the grape skin .
the grape juice for the gduction of white wine. Rosé wine is commonly preghfrom
the juice of red grapes which are kept in contatt their dark skins for a sufficient tin
for the development of their characteristic pinkocoThis process is called maceratior
saignée [17]However, there is another method of rosé prodocivhich is by mixing
white and red wine. After crushing the grapes ardaving the skin they are moved
to the pressing stage. A bladder press made upaofless steel is used for press
grapes.Then the grapes are transferred into stainless trks for clarificatio [5].
Artificial yeast Saccharomyces cerevisiae or naturally occurring ambient yeast is ad
to the must for the initiation of primary fermentet
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Figure 1: Vinification and Waste Extraction
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The conversion of sugar present in the must inbaredl and carbon dioxide is
performed by the yeast and this process often tageas two weeks. For a wine to taste
better a process called aging of wine is condu&fdd[The aging process varies
according to the grape species being used and temddeliver a wine of good
composition with optimum levels of polyphenols, nars, and sugar. For example,
Beaujolais nouveau wines require over 20 years ¢hiese their best quality.
Nonetheless, this aging process is restricted tp D226 of all red wines and 8% of all
white wines as others will attain maturity in asdeof a time as a year and will taste
better than they would after 5 years [2]. The psscef vinification completely depends
on the winemaker. They can combine or modify anyheke stages based on the grape
guality and their target wine's style. The fermenigne is stored in oak barrels usually
for 6-8 months for maturation. The production o&igting wine requires a variation in
the usual wine-making process.

2. Wastes and Their Properties: During harvesting, in the months of August to Oetob
the process of pruning is conducted which is b#lgiceestemming of the grape plants.
The pruned grapes are then sent for selectionfandiscarded stalk may be utilized for
valorization. The stems obtained as waste aftecringhing process might be utilized as a
precursor of phenolic antioxidants. Various studiage already been conducted on grape
skin and seeds as a source of convenient by-ped@uily recently researchers are
focusing on grape stems as a potential source.ak discovered that flavon-3-of
monomers (Catechin and Epicatechin) are preseexdaessive amounts in grape stems.
Phenolic compounds like stilbenes are presentdselequantities [27]. These bioactive
compounds are utilized for performing many sigm@fit biological activities. The pulp
obtained after maceration is known as grape magrape pulp. This may also contain
the seed and branches of the plant and it is t@neid grape pomace. Grape pomace is
one of the most opulent agro-industrial wastesinbthfrom the waste produced in the
wine industry. Seventy-eight metric tonnes of geapee produced annually worldwide
[48].

Vinification claims up to 57% of this productionpproximately 20-25% of grape
production ultimately is obtained as grape pom&dtough grape pomace has a high
polyphenolic content it also has a very low pH vishimakes it a dangerous pollutant for
the environment. The cumulation of untreated grapenace has the capability of
impeding germination. Due to the difference in fentation and maceration processes in
white and red wine production the grape pomace (GPhite wine has higher
polyphenolic content. Hence, white GP poses a higb&ential risk to the environment
and has to be handled equally carefully. Amongkentuses of GP in the fields of
pharmaceuticals, nutrition, and cosmetics, it dan he utilized for bio-energy, bio-gas,
and butanol production. For the production of aeitid and bacterial cellulose, GP is a
common carbon source in the bacterial culture mgé]a After fermentation and
filtration, a residue is formed at the bottom ohwicontainers known as “wine lees”.
There are three kinds of wine: first fermentatieed, second fermentation lees, and aging
lees. It is composed of solid and liquid portionghveellulosic materials inorganic salts,
lignin, and tartaric acid constituting the solidrjpan and ethanol and lactic acid in the
liquid portion. Wine lees vastly depend upon theimmment and agricultural conditions
and the topography of the land on which the grapgrown. They have an acidic pH,
high oxygen demand, and potassium and phenolic cangs [6].
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1. VALORISATION OF WASTE INTO BIOACTIVE COMPOUNDS

The production of wine industrially generates ahhégnount of waste, some of which
have detrimental effects on the environment. As tibenber of waste increases, it is
important to find ways to recycle them. Grape, oh¢he world's massively grown fruits,
produces 20% of pomace during wine-making. This g@ercan be managed by land-filling,
composting, and combustion.

1. Pomace: A minor percentage of pomace is sent for the thsittin process, which is then
converted into fertilizer and animal feedstock [18}ape pomace (GP) contains sugars,
phenolics, tartrate, and fibers. GP has 50-70% ton@scontent depending on the variety
of grape and its ripening period. Lignin concemntratpresent is 16.8-22.2%. There are
two constituents of the GP cell wall: peptides B346) and cellulose (27-37%). [16]
Grape pomace can be used to generate single-cakims and cellulose present in
bacteria by the method of fermentation. Various gounds like ethanol, gluconic acid,
carotenoids, and citric acid can be produced byl-sthte fermentation (SSF). This kind
of fermentation involves the utilization of micrganisms such a&spergillus niger and
Aspergillus oryzaegrowing on wet solids. A significant property of 5Ss low
contamination due to a reduced amount of wateretnmivhich decreases effluents.
Integration of grape pomace into agronomical fietdsises the disruption of root
growth.[26] Soil enhancement can also be achievgdadérobic winery wastewater
treatment. Combining grape pomace in vermicompgsiuith poultry litter improves
cattle fodder quality. Grape pomace can also beal usethe rejuvenation of food
constituents and nutraceuticals, that minimizerible of lethal diseases. Grape pomace
has two fates: distillation and direct extractidihen it undergoes distillation, it gets
converted into brandy or is utilized for pigmentraxtion.

Table 1: Classification of bioactive compounds present in wine by-products

Classification of Bioactive Compounds Present In Wine By ProductsAnd Their
Chemical Structure
1. PHENOLICACIDS
Cinnamic acid Coumaric acid

OH OH

OH
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Ferulic acid

OH

OCH

OH

2. FLAVONOIDS

Anthocyanins

R4

OH
HO (0 )4
\ R,
= oGl
OH
3. FLAVONOLS
Quercetin Kaempherol
OH
OH
OH
HO 0
HO 0
OH CH
CH 0 OH 0
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Rutin

CH,
HO connl| 0
. Qe -antlOH
HO' OH
HO OH
4. FLAVANOLS
Catechin
OH
OH
OH O
5. STILBENES
Resveratrol
OH
HO \
OH
6. TANNINS

Procyanidins
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On the other hand, during direct extraction gragexs are separated and the fiber
obtained undergoes further processing to produdari@ acid. The manufacture of
phenolic compounds from grape seeds has finite dsesto the atrocious costs of
extraction. Grape seeds contain proanthocyanievhg;h are popularly known for their
antihypertensive properties. It also contains fteonids (catechin and anthocyanins),
gallic acid, ellagic acid, and stilbenes (resvelatiGrape seed is considered to be a vital
source of alpha-tocopherol (vitamin E) which prdsgefiee radical mutation in human
cells. [41] The oil obtained from grape seeds dastantioxidants and is beneficial to
reduce cholesterol levels. Grape seed oil is tHg oih that is considered to increase
high-density lipoprotein (HDL or good cholesterahd low-density lipoprotein (LDL or
bad cholesterol). For the revitalization of skinlgeprotection against UV rays, and
strengthening of the skin barrier, the grape sak@ @n elixir [39]. Grape pomace is
separated in the pressing stage. Using differencquiures, phenolic compounds,
flavonoids, and proanthocyanidin are extracted. Pphenolic content in the grape
pomace is determined with the help of the Folinedlteu (FC) reagent. Flavonoid
content is measured based on the complex made @uwfinum with those specific
flavonoids. Pomace helps to prevent soil erosiomiyntaining the pH due to its acidic
nature. Black grape pomace has more polyphenohteod [42]. GP (seeds, skin, and
some pulp) showed a high amount of phenolics watileying the flavanol profile. Grape
skin contains quercetin-3-O-glucuronide and quare2tO-glucoside in a considerably
high amount [40]. Phenolic compounds present inntplacome under secondary
metabolites. They are substances that contain diomags with hydroxyl groups and
their derivatives. Phytoalexin produced by the pla result of the pathogenic attack is
a stilbenoid. One of the best and largely prodyzagiphenols is a flavonoid. Flavonoids
have many applications in the agro-food industny trey also serve as coveted materials
for high-value products. There are many method&lentifying bioactive compounds
from grape pomace. The first method is based orydxolysis reaction. The factors
affecting the rate of the reaction are temperatun@ pressure. These two factors play a
key role in influencing the attributes of waterc8edly, colorimetric tests are performed
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for the estimation of phenolic compounds presergrape pomace. The reagent used is
FC reagent and absorbance is calculated at 750This.colorimetric test can also be
utilized to attest to the quality of grape pomagdrblysates. The next method in use is
HPLC analysis which helps in the identificationnednosaccharides in grape pomace and
guantifying phenolic compounds. Several differeetimods are used for the extraction of
bioactive compounds. For phenolic compounds, hydobalic extraction, extraction
using acetone water, and using citric acid areoperéd [39]. In the manufacture of
cosmetic products, the ingredients are directlyaexéd from the maceration of GP using
glycerine, propylene, and sunflower oil. Ultraseagsisted maceration is a methodology
followed for this. GP fractionation was performexitlentify seven distinct recoveries
with different concentrations of water and metharifferent kinds of assays are
performed such as lipoxygenase assay (iron-con@inenzyme), elastase assay
(endopeptidase), hyaluronidase assay (enzyme édégradation of hyaluronic acid),
and collagenase assay (enzyme to cleave collag8h)GP is considered hazardous due
to their high energy molecule content such as igand sugar. Its reactivity is suitable
for combustion or pyrolysis reactions due to ighhilammability. The minimum ignition
energy of GP is less than 1000 millijoules. Thergetgc potential of a dusty compound
depends on C-O and O-H bonds present [12].

2. Wine Lees. After the completion of malolactic fermentation, e¢eeation, clarification,
filtration, and other general procedures of virdfion, a water-based waste product is left
as a residue in the bottom of the oak barrels, ithismown as "wine lees". After grape
pomace and marc, these are the second most impaiita by-products. Conventionally
used for the aging process of wine due to its appbns in the enhancement of the
sensory characteristics of wine, wine lees are msistent source of high-value
compounds like polyphenols [38]. Anthocyanin is aueh polyphenol. Although it is
also extracted from grape skin, anthocyanin isegref wine lees at ten times higher
concentration. Anthocyanins present in wine lees farnished with high antioxidant,
anti-radical, and metal chelating properties whitdike them suitable mode for carrying
out biochemical mechanisms which require hindraodeid oxidation by the formation
of peroxides [25]. The geographical and climatioditons greatly influence wine lees
quality. An important part of valorization is thelection of a good extraction technique
that will have a decreased environmental impaci. [38e main disadvantages of the
traditional extraction technique are the prolondede period, increased volumes of
extraction sorbents, and low selectivity. Novelragtion techniques like ultrasound-
assisted extraction, pressurized liquid extracteord so on are preferred because of the
decreased time period, minimum detrimental effecth® environment, and utilization of
environment-friendly innovative sorbents [25, 3Bfozen and dried wine lees undergo
Microwave-Ultrasound combined treatment and enzigmate-treatments followed by
traditional solid-liquid extractions for polyphenektractions. After these procedures, a
solid component and a liquid component are fornTde liquid component is abundant
in polyphenols. The solid component consists oticgty sugars which are the synthetic
integrant for feedstock for fermentation. The sdhaction also undergoes supercritical
water (SCW) hydrolysis to produce biomass feedsfaék?2]. Wine leaves represent 2-
6% of the total volume of wine produced. It is tperfect basic constituent for
commercial manufacturing of tartaric acid and ethhaHowever, it is not suitable to be
used as animal feed due to its high phenolic conteéiicrowave-assisted extraction
techniques are utilized for obtaining phenolic coompds from wine lees, whereas
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ultrasound-assisted extraction techniques are mmgi¢ed for Squalene recovery. They
can also be used as a potential food additive atieeir abundant fatty acid composition.
Apart from these wine lees can be used as a nutsepplement in fermentative
processes for lactic acid and xylitol productiorotithstanding, the aforementioned
propositions do not utilize the complete potentitlvine lees. In recent studies, a new
biorefinery approach has been implemented for thigation of wine lees for obtaining
ethanol, tartaric acid, and antioxidants on onedheamd on the other hand incorporating
them into yeast cells to substantiate generic fatat®n feedstock [10,26].

3. Grape Stems. Grape stems are separated before it undergoegffuttification steps to
avoid the contingency of wine or adverse effectsoofanoleptic properties. The
proportion of stems present in the processed rawtems 1.4-7%. As of 2009, grape
stems could only be used as animal feedstock agrfbancing soil nutrients. Grape stem
composition can be further studied for its antiexit properties and the presence of
dietary fibers. The average moisture present ipgsiems varies from 55-80% based on
the type of grape. There is no difference foundveet red wine and white wine grape
stems. The grape stem contains gallic acid (hydremyoic acid derivative), syringic
acid, and protocatechuic acid. Hydrolysable tanaigsderivatives of gallic acid. Grape
stems extracted from red and white wine grape trasieexhibit trans-capric acid.
Flavanols present in grape stems contain quercirivatives mainly quercetin-3-O-
glucuronide. These flavonoids have a double boedgnt between carbon 2 and carbon
3, with a hydroxyl group in carbon 3. Various kind$ sugars like glucuronides,
galactosides, and glycosides are bound to theganitds. Phenolic compounds made up
of two aromatic rings joined by an ethylene bridgdled stilbenes are found in lower
abundance [40,11]. Grape stems contain 7% protaeinla/% soluble sugars. There are
two kinds of fibers found in grape stems: insolulibers which constitute cellulose and
hemicellulose whilst soluble fibers are pectinsisitdifficult for the human digestive
system to absorb or assimilate the fibers presenhe grape stem which reduces its
nutritional value. The combination of polyphenolghamicronutrients present in grape
stems like vitamins C and E makes it a beneficialanal. The compounds extensively in
grape stems are catechin, capric acid, ferulic,asidingic acid, and so on. [26]
Anthocyanins like malvidin-3-O-glucoside and malai®-O-rutinoside are also found in
grape stems.

Grape stems can be used to produce bioenergy dutheio property as
lignocellulosic compounds which require the leashoant of pre-treatment like
transportation and processing costs. It is a gamdce of cellulose which makes it
suitable for industrial works like manufacturing pea, food industries, and other
pharmaceutical industries. The presence of ligmlp$in the formation of resins, meta
sequestration, paintings, and other coatings. [BF $rocedures can be performed in
order to produce raw materials from the sugar curpeesent in the grape stem. These
can be used to manufacture oxidative rancidity bitbis due to their free radical
scavenging property. The phenolic compounds detentgrape stems are beneficial for
diabetes patients as it helps in regulating insldirels in the body. The antimicrobial
activity of grape stems works efficiently on théiinition of various species of lactic acid
bacteria, which further controls the effects ofteaa during malolactic fermentation [1].
Reverse phase high-performance liquid chromatogrd-HPLC) is performed for
chromatographic analysis of phenolic compoundshis phenolics are distinguished on
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the basis of mass to charge ratio and the ultrawigpectrum. NP-HPLC is a type of
chromatographic technique performed to analyzerpefg and flavan-3-ols present in
grape stems. FC reagent can be used to study pheootent [27,37]. Apart from the
aforementioned techniques, there have been otheanadments in the fields of
extraction such as solid-liquid extraction (flavlmoproanthocyanidins), microwave-
assisted extraction (quercetin, anthocyanin), stwad-assisted extraction (anthocyanin,
flavan-3-ols) and supercritical fluids extractico].

4. Grape Stalks: The grape stalk is composed of several fibers lidggin and cellulose
with a high percentage of elements such as nitregehpotassium. Vineyards have low
amounts of organic matter present in the soil widah be overcome by grape stalk
composting which has a high crop production valwéh the help of SSF and biological
lignin removal, grape stalks can be converted éal$éock for humans and animals. It can
also undergo the removal of metal ions and theymrtioh of antioxidants [39]. Stocks
have high carbon content which makes them suit@blebtaining activated carbon. The
ash content is higher in grape stalk than in eydas/wood and seeds of different fruits.
Before activation of carbon, the leaching stepadgrmed in order to study high metal
content. A decrease in ash content is observedouf0% when the leaching step is
performed between activation and carbonization.aM&ins extraction yielded a good
amount of sodium and potassium when leaching wase deith water at boiling
temperatures. After leaching, the activation predssperformed using phosphoric acid

[8].

The cellulose and hemicellulose present in gragié serves as an antioxidant by
the separation of fermentable sugars (enzymatatnvent for biofuel) and phenolic
compounds. As mentioned above, grape stalks haye ¢doncentrations of metal ions
that serve as sorbent for paracetamol and reagethylane blue. The chemical
constitution of the grape stalk depends on geoggaplfactors, climatic factors, grape
species, and harvesting periods. The polyphendkeobmf grape stalk can be measured
with the help of spectrophotometry keeping gallktdaas standard. Tannins present in
stalks are separated by the process of precipitaing a methylcellulose solution. The
main factor of the grape stalk which is its ashtennis measured by digesting ashes
using hydrochloric acid and studying the observetiounder atomic absorption
spectroscopy. To analyze the functional groups,seme in grape stalks, Fourier
transforms infrared ray (FTIR) analysis is condddt&0,31,32]. The average production
of grape stalks per year is 5 tones. Under ligholosic feedstock biorefinery (LCF
biorefinery) the stalks undergo biochemical conversthermochemical conversion, and
pyrolysis gasification which produces syngas, math&iochemical conversion leads to
the formation of lignin, natural adhesives, sulfiee solid fuel, furfural, lubricants, and
cellulose [42,33,35].
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Chemical composition of grape stalk
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Graph 2: Chemical composition of grape stalk

5. Vinasses: Vinasse is the liquid waste obtained after fermimaand distillation of
alcoholic beverages. The products that are obtaanedactic acid and tartaric acid. It is
necessary to dispose or utilize vinasse as itnosive in nature and it has high chemical
oxygen demand. [45] Vinasses have a major condentraf oxygen, mineral salts and
are acidic in nature. [44] It undergoes solubiimat alkali treatment, and microwave
treatment to obtain desired products. The untresieasse is used as a component in
nutrient media for the production of lactic acicheTliquid waste obtained from white
wine can be used to produce xylitol.

Vinasse has various applications in the field afisaglture and fungal biomass
production.[31] Natural food and beverage presergatlike citric acid and phosphoric
acid can be replaced by tartaric acid obtained fvorasses. Researchers have studied the
use of winery liquid waste in the production of lgklse as a substrate for
glucoselcetobacter xylinus. Several fungi likeAspergillus niger can also be added to
vinasse for the production of single-cell prote#?][Vinasse can be treated by using
technologies like biodigestion, fertirrigation, atitermal concentration. Vinasse is used
as a fertilizer to meet the potassium requireménh® soil. This is mostly practiced in
Brazil. [44]

IV.FUTURE RESEARCH PERSPECTIVES

The substituents of grapes along with the extensamations of each constituent
affect the processing differently, influencing thield in must, its quality, and the wine
produced. Apart from these factors, industrial prahd loss determined by the quality and
guantity of the by-products are also influencede Blanches are the skeletal structure of the
grapes and can be used as natural fertilizersticulture or as biofuel. Wine yeast obtained
can be used as a secondary raw material for alctdrtdric acid, and feed flour. The tartar
can be used for the production of calcium tarteate tartaric acid. Tartar cream is also called
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wine stone. The vinasse obtained after distillatontains tartrates of calcium chloride and
lime milk [7]. The wastes produced due to vinifioatcause lots of environmental issues due
to their neutralized and fermented nature and a@uéhé presence of various hazardous
compounds. Hence, in the present world, it hasibecessential to convert these detrimental
effects into positive effects with an added nuintl and industrial advantage [36,20,21].
Waste can be perceived as a practically inexhdestdsource and can be used for the
generation of combined heat and power (CHP) andiZers for growing industrialization.

In the forthcoming years, these industries willrbeolutionized further and a shift will be
observed towards more recyclable energy. Througficedl materials, seeds, food wastes,
and other waste products so as to reduce our cddmbprint. Natural resources are non-
renewable and as the world progresses, due tonttreasing demand observed with the
growing population, minimal usage of natural resesris being practiced to ensure
sustainability. Hence, the employment of waste gwaditable commodity and alternative
source of energy production is an attraction faraming industries.

Due to the increased demand for waste productsdbes of traditional treatment
methods of waste are reaching exorbitant ratexeSimese methods require comparatively
more effort, resources and precautions for safehdige into the environment these methods
are not desirable anymore. The concept of the fimary is considered to be a more prudent
approach. There is nothing innovative about th&zation of agrochemical materials for
manufacturing other products. On the other hanidgyslant biomass as a precursor to show
various complex physicochemical processing metl®dscomparatively novel idea. Though
fruitful, this method has several disadvantagestduie presence of lignin, carbohydrates,
fats, proteins, vitamins, and dyes in plant-basemmbss, it's used as a bio-conversion
substrate is often expensive due to the prereqsiéilr its pre-treatment [23,24]. It requires
large acres of land to be extensively cultivateatlieg to land feeds for crop development,
shortage of feedstock, and geographical and clo@ainstraints. Hence, recently the whole
crop concept has been replaced with the water-bemecept which involves the utilization
of lignocellulose feedstock. But every method hasdrawbacks and this method calls for
expensive pre-treatment procedures for the proolucti cellulose and hemicellulose. Hence,
researchers and other bodies of operation wangptace the main feedstock to waste
materials. This approach is highly beneficial foe environment and economically as well
[42,3,4,5].

In recent years, it has been observed that peapisume dietary supplements in
various forms like tablets or jellies for boostitigeir immunity against diseases. Several
literatures evidenced that antioxidant supplemeatdd be utilized as a preventive measure
for various neurological and cardiovascular diseagéavan-3-of compounds like catechin
and epicatechin and their polymers have shown waramtioxidant properties. According to
research conducted in 2010, it was observed thaarf-3-ol compounds could be obtained
from wine waste seeds using water as a solveirtcllides in vivo and in vitro methods and
this discovery is a great achievement in the treatnof Alzheimer's and Parkinson's
diseases. This is because nervous tissues aresabtayrisk from reactive oxygen species
(ROS) produced during regular somal oxygen metaboli These neurodegenerative
disorders can be controlled to an extent by theosdant properties of flavan-3-ol
compounds which inhibit oxidative degradation [3A]recent case study conducted in the
Republic of Moldova shows an intricate link betwekea activities of the vine sector and the
agrochemical and biotechnological industries. Oh¢he most pivotal components of the
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human economy in these recent times of organizasiaime industry. In the Republic of
Moldova special importance has been entrustedetasle of synthetic resources and less use
of natural resources which are non-renewable. Tdmeyaiming for a circular economic
development model which consists of a completedlewy process leading to "zero" waste
production. The polluting load of non-processed ewiby-products is approximately
equivalent to a population of 3-4 million inhabitsum Moldova; the waste obtained from the
wine sector is processed, capitalized, and markased means to counteract this negative
effect. Statistical data has shown that the largesiunt of waste in the Republic of Moldova
from the years 2013 to 2027 is and will be fromfi@d and liquor sector. The approximate
harvest per annum of grapes for the last threesy@&17-2019) was equal to 280 thousand
tonnes according to the Wine Register of the Republ Moldova. The by-products
generated were about 70 thousand tonnes in the déretems, pomace, yeast and so on
which can be commercialized in marketable commeslituch as protein flour, oil, arthritic
acid, and enotanin [7,41]. More development is meguin the areas that concern commercial
aspects like food-grade, sustainability, and funlity.

V. CONCLUSION

In conclusion, there are several products of sicgnit value that can be produced
from wine by-products. The wine making generatgaiicant amounts of waste during the
production process, including grape skins, seettsng and pomace. Traditionally, this
waste has been considered a byproduct and oftearded or used for low-value purposes
such as animal feed or compost. However, this west#ains valuable compounds and
components that can be further utilized, leading emonomic, environmental, and
sustainability benefits. The only requirement i® throper processing, extraction, and
capitalization of the waste materials as raw mal®riBeing rich in antimicrobial and
antibacterial properties, wine waste has varioygdementations in the medicinal field. This
could include the extraction of bioactive compoyrgisgch as polyphenols and antioxidants,
that can be used in various industries like foodsneetics, and pharmaceuticals.
Additionally, the waste could be used for the pithn of biofuels, bioplastics, or other
sustainable materials. Wine lees and wine stalkbdess used in nutrient medium for the
growth of microorganisms. While, fortified grape npace has proved to be the finest
commodity. Furthermore, the area of wine lees fodpction of raw materials needs to be
taken at commercial levels. By focusing on the nastion of grape winery waste, the wine
industry can minimize waste, reduce environmemgdact, and generate additional revenue
streams. It promotes a circular economy approablerewaste is seen as a valuable resource
that can be integrated back into the productioregythus enhancing overall sustainability.
Hence, it can be concluded that the valorizationvioffication by-products holds great
potential to create a positive impact on both tlmenemic and environment-friendly
approach during these times of globalization, whlk®o fostering innovation and sustainable
practices.
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