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Abstract

Wine is a very sensitive and complex combination of chemical components, within the global food and beverage industries. The

protection of the integrity of the wine maximizes the contribution of beneficial phytochemical constituents present in human nutri-

tion and ensures that the wine is presented to the consumer in a way that the winemaker it has prepared. Εspecially the consumption

of red wine has been increased given that numerous studies associate beneficial effect of phenolic antioxidants with heart disease.
The wines are usually aged for an extended period for the maturation of flavors after alcoholic fermentation. If ideal conditions are
present during aging, such as temperature, humidity, and light, the wines undergo significant modifications so that their organoleptic

characteristics are improved. Moreover, oxidative phenomena and reactions may occur rapidly in any wine, in some packages, and

particularly white wine are typically more prone to oxidation than red ones. Storage conditions, including wine packaging and stor-

age temperature, are the most significant factors when someone wants not only to produce excellent wine, but also to serve into the
consumer’s glass.
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Introduction
Wine is the beverage resulting exclusively from the partial or complete alcoholic fermentation of fresh crushed grapes, or fresh un-

crushed grapes, or of grape must and its actual alcohol content shall not be less than 8.5% volume [1]. Wine is very popular alcoholic
beverage, all over the world, but the most consumed alcoholic beverage is the beer [2]. In the Mediterranean diet wine is an important

component, because it is very rich in a lot of healthy antioxidant compounds, such as phenolic acids, flavonols, anthocyanins, and tannins

[3]. Epidemiological data display that moderate consumption of red wine decreases the incidences of atherosclerosis, coronary heart
disease, and platelet aggregation [3]. The must of red grapes during red winemaking undergoes fermentation, together with the grape

pomace and in this step, yeasts convert most of the sugars of the grape juice into ethanol and carbon dioxide, but also phenolic compounds
are extracted from the grape skin. Phenolic substances are one of the most important quality parameters of red wine [4], which they play

a significant role on the sensorial characteristics of wine because they are responsible for some of organoleptic properties, such as aroma,

color, ﬂavor, bitterness and astringency [5]. Particularly, astringency has been described as one of the most important red wine organo-

leptic characteristics. Actually, it a mouthfeel and a feeling of dryness or roughness to result from increased friction between the tongue

and the surfaces in the mouth. The phenolic composition of wine depends on different factors such as, grape variety, climatic conditions,
cultural practice and technology. In addition, during the storage period, temperature, bottle position, oxygen content and light may affect
the qualitative characteristics of aroma, colour and phenolic composition [6].

Correct storage is a crucial parameter in order to achieve the maximum duration of peak quality of wine. Besides, proper storage is a

basic issue to ensure the quality, safety and the nutritional value of each food. Wine may be consumed several weeks or years or decades
after its production. During storage wine composition undergoes continuous and significant changes, depending on the conditions of stor-
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age such as temperature and humidity and packaging type [7]. The aim of this manuscript was to examine all the parameters which affect
the quality characteristics of wines, during the entire storage period.

Chemical structures and role of some wine phenolic substances

Phenolic substances are a large and complex group of secondary metabolites (Figure 1) which are present in both grapes and wine,

providing important quality parameters. The characteristic proportions of the total phenolic content can be affected by chemical changes
which can display or eliminate new compounds, which contribute to the quality of wine. Phenolic acids (which divided in benzoic acids

and cinnamic acids), flavonoids (such as, ﬂavones, ﬂavanones ﬂavonols, ﬂavononols, ﬂavanes, ﬂavanols, anthocyanic pigments, chalcones
and dihydrochalcones), tannins, stilbenes, coumarins, lignans and neolignans, and phenylethanol derivatives (tyrosol and hydroxytyrosol)
are the main non-volatile phenolic compounds in wine [5]. Figure 2 indicates the chemical structure of some wine phenolic substances.

Figure 1: Structural classes of phenolic substances in wine [8].

Figure 2: Chemical structure of some wine phenolic substances [5].
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The knowledge of the relationship between the quality of a particular wine and its phenolic composition is, at present, one of the major

challenges in enology research [5]. Organoleptic properties such as aroma, bitterness, color, flavor and astringency of wines as well as the
antioxidant activity of wines, are influenced largely by the phenolic compounds. The winemaking technology, the fermentation, the aging

conditions, the harvest date, the region’s climate, and the soil of the vineyard are several factors that affect the composition of the wine in

phenolic compounds [9]. Given that most of phenolic compounds are unstable, take place in reactions that occur during the aging of the
wine, in particular, oxidation, polymerization and copigmentation. Actually, polyphenols have a poor long-term stability, as they are af-

fected by different factors, such as, pH variation, oxygen, enzymatic activities, light, temperature, and presence of metal ions. During wine
evolution, anthocyanins, which are responsible for the perception of astringency, bitterness, and the colour of red wines, form with vari-

ous co-factors such as ﬂavanols and hydroxycinnamic acids, molecular associations or complexes (copigmentation). Furthermore, during
ageing, rearrangement reactions between phenolic compounds take place that inﬂuence the wines mean degree of polymerization. For

the wines ageing in bottles, if the bottle closures allow oxygen ingress, are subject to oxidative reactions [6]. Table 1 shows the effects of
storage conditions on phenolic compounds in some types of wine.
Type of wine

Rose

Freeze-dried

encapsulated red wine

Storage conditions

Effect of quality

Reference

582 days and 450C

Total decomposition of all

10

145 days and 0.58 water activity

White

12 months and daily and seasonal

White

10 months, room temperature

White

White
White

70% reduction of Malvidin 3-G
and total anthocyanins

Reduction of the phenolic compounds

8 months and 16 h exposing in

The lowest concentration of total

with light exposure and bottle in

composition of wines

artificial light conditions

Young red wines

Red wine

temperature variations

anthocyanins

vertical position

phenols in the Flint bottle

Modifications in the phenolic

3

11
12
13

26 months of aging in bottle

Reduction of total anthocyanins

14

After 9 months of storage

Reduction of most phenols

16

18 months

Over 7 months in the dark

25% reduction of the phenolic
compounds

88-91% reduction of anthocyanins

Table 1: Effects of storage conditions on phenolic compounds of some types of wines.

15
17

The correct storage and the quality characteristics of wines
The maintenance of the wine quality characteristics for the maximum desirable period concerns many different parameters. The

significant role of storage temperature, of the packaging type, and of the humidity, during the lifetime of wine, can influence its quality.
Effect of temperature

Knowledge of the effect of temperature on the chemical composition of red wines, must be significant, since the improper storage is

likely to reduce the shelf life, to reduce the sensory quality of the wine, and it has a profound impact on its aging reactions [18,19]. The
ideal storage temperature for wines is considered the temperature between 15-20oC. Actually, this temperature is not necessarily applied

during storage or transport of wine which the wines are exposed to higher and ﬂuctuating temperatures [20-22]. Many white wines are

stabilized with bentonite fining, so that exposure to excessive heat is not displayed as a visual defect, for example, by a considerable haze.
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They are also stabilized during the winter, so that exposure to low temperatures, for example, does not result in the precipitation of natural
tartrate crystals [19].

In general, there is no ‘ideal’ storage temperature for wine because the development of a wine is a careful balance between complexity

and maturity to develop and preventing qualitative characteristics from taking hold. When the temperature is low, (e.g. < 10°C) wine will

clearly beneﬁt from a reduced risk of spoilage, but will also take much longer to develop [8]. A natural ingredient in almost all fermented
foods and drinks known as ethyl carbamate can be increased when the wine is exposed to excessive heat during transportation and constitutes a wine quality indicator. The ethyl carbamate is also known as urethane and formed in wine by urea as a precursor, which can

be released from the yeast in wine during or at the end of fermentation. Urea can spontaneously react with the alcohol in wine to form
carbamates. The chemical reaction between urea and ethanol seems to exponentially accelerate when a wine is stored at an elevated temperature. Ethyl carbamate has been classiﬁed as a Group 2A carcinogen by the International Agency for Research on Cancer (IARC) [23].

Effect of packaging type

Among minor constituents of wine, a large number of volatile compounds play a critical role directly affecting product quality. So, alco-

hols (lower and higher), ketones organic esters, methoxypyrazines, volatile organic acids, aldehydes, lactones, phenols, sulphur containing

compounds, norisoprenoids, and terpenes, all contributing to wine aroma [24]. The main aim of packaging is the protection and maintenance of the original quality of the food and drinks as much as possible. Primary physicochemical properties that allow the package to

fulfill its mission is barrier properties to oxygen, carbon dioxide, moisture, light and aroma compound. The classic packaging material for
wine is glass, due to, two outstanding advantages, the inactivity and clarity. Dark coloured bottles such as amber and green offer greater
protection from light than clear and light coloured bottles. However, in the last twenty years, various polymeric materials have been used
for the packaging of wine, such as packaging in polyethylene terephthalate bottles (PET), Tetrabrik formula containers (laminates) and
Βag-in-Βox type containers [25,26].

An important drawback of such polyoleﬁnic (polypropylene, polyethylene) packaging materials in direct contact with wine is their abil-

ity to highly adsorb numerous volatile ﬂavour components of wine resulting to substantial product ﬂavour deterioration. For non-polar

volatiles sorption capacity is higher due to the hydrophobic nature of polyoleﬁns [27]. Revi., et al. have reported considerably higher aro-

ma sorption for a period of storage of dry white wine of Greek variety Vilana for 6 months at 20oC, in the LDPE (low density polyethylene)

lined pouch, as compared to EVA (ethylene vinyl acetate). Also, an important portion of the wine aroma compounds was adsorbed by the
plastic materials or lost to the environment through leakage of the valve ﬁtment whilst glass proved to be the most inert packaging material for wine [24]. On the other hand, Hopfer., et al. reported signiﬁcant (p < 0.05) differences in ‘‘oxidised’’ ﬂavour and L*⁄ (lightness) and

b*⁄ (degree of blue–yellow hue) in Chardonnay wine stored in Bag in Βox and glass bottles after 3 months of storage at 20oC [28]. According to Ghidossi., et al. white wine was significantly influenced after 6 months of conservation in polyethylene terephthalate bottles [29].
Effect of humidity

The moisture present in the surrounding area where the wines are kept also plays a very important role in their quality. So, a low hu-

midity level could dry the cork out and cause deformation. If the cork shrinks, cracks or even to loosens, excessive air is allowed to enter
the bottle and comes into contact with the wine to speed the changes caused by oxygen. On the other hand, a high humidity (above 80%)

can create the risk of mold in the cork. In addition, the wine should not be subjected to excessive amounts of light which can cause certain

undesirable odors. Besides the wine cellars must be designed in such a way that all the parameters that affect aging to be controlled [30].

Conclusions

Quality is not easy to define, but, it should be related to intrinsic visual, taste, or aroma characters which are perceived as above aver-

age for that type of wine. Pre-winery and the post-winery handling of wines as it concerns the storage are significantly contribute to the

quality of the wines. The wine exposure to heat can be detrimental to physical and chemical stability as well as to its sensory properties,
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because of newly formed chemical compounds, that are highly temperature depended. Also, the choice of the wine packaging must be
taken seriously during the marketing and distribution of wine since oxidative phenomena can be occurred quickly in certain packaging

configurations. Moreover, some factors such as, humidity levels, light, and bottle position, affect the aroma, color and phenolic composition during the storage period.
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