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Introduction

Current trends have led to the concept of a diet in terms of 
the amounts of nutrients covering the daily requirements of 
the organism, but also to its perception as a factor improving 
human health, thus including also components preventing 
or reducing the risk of chronic diseases. In view of the new 
perception of food products by consumers, producers need 
to develop novel foodstuffs meeting all the requirements of 
buyers. The increasing consumer awareness of the effect 
of diet on the incidence of risk factors leading to chronic 
diseases promotes the development of branches of the food 
industry involved in the production of functional food. The 
growing concern of consumers over artificial preservatives 
is an incentive to design foodstuffs preserved using natu-
ral methods, such as fermentation. This process enhances 
digestibility and bioavailability of nutrients and bioactive 
components found in the product. Taking into consideration 
these trends, it is clear that pomegranate fruit is an ideal raw 
material for the production of functional food meeting the 
requirements of the present-day consumer. In recent years, 
pomegranate fruits have been investigated by numerous 
scientists worldwide, as evidenced by hundreds of publica-
tions presenting their chemical composition, potential uses 
and proven health-promoting effects [1–6]. Not everybody 
knows that pomegranate fruits are prevalent symbols in cul-
ture and religion [2, 7]. Pomegranate fruit, due to its struc-
ture, has been a symbol of abundant crops and fertility. In 
arts and architecture, it has been used to decorate churches 
and temples, palaces and garments [7].

Its health-promoting properties were appreciated already 
centuries ago, as evidenced by its application against many 
ailments in folk medicine of the Near East [2, 6]. Thus, 
interest of researchers is caused not only by its high con-
tents of bioactive substances, but also its symbolic value 
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and presence in culture. Products from pomegranate exhibit 
a broad spectrum of activity, improving human health, 
thanks to high contents of polyphenolics. Thanks to its 
appearance and taste, it is a fruit increasingly often con-
sumed; however, due to its relatively troublesome opening, 
consumers frequently prefer to consume new products with 
its addition. In the countries of its origin, it is one of the 
oldest and most commonly used fruits. It is eaten as fresh 
fruit, but also in the form of jams, juices, wines and jel-
lies. Increased interest in pomegranate, which we have 
been observing recently, has contributed to its increased 
production and import [8]. As it is grown only in tropical 
and subtropical climates, it was practically unknown in 
Eastern European countries (including Poland). At present, 
it is increasingly popular on the Polish market and may be 
bought in many shops. However, most Eastern European 
consumers are not aware of products with health-promot-
ing properties comparable to those of fresh fruit. This may 
result from the limited knowledge of potential buyers on 
its beneficial effect on the human organism. The fermenta-
tion process provides new potential applications for pome-
granate to be used in products with very attractive sensory 
attributes and health-promoting properties, which might 
become popular on Eastern European market [9].

Botanical and chemical characteristics 
of pomegranate

Pomegranate (Punica granatum L.) belongs to the fam-
ily Lythraceae. It is an angiosperm, typically a shrub or 
a small tree with an average height of 3–5 m. Leaves are 
small and elliptic. The red flowers have from 5 to 7 pet-
als and are bisexual. Fruits are orange-sized berries. Fruits 
are covered by a thick rind ranging in color from yellow 
to red [10]. Berries are characterized by the presence of 
internal thin membranes, suspending and protecting seeds 
surrounded by juicy sarcotestas (aril). When ripe the fruits 
burst releasing the seeds. Pomegranate is grown in the sub-
tropical and tropical climates. Although it is found in many 
locations worldwide, the best fruit comes from regions with 
very high temperatures and a dry climate, having the most 
advantageous effect on its ripening [5, 10]. The edible part 
of the fruit, the sarcotesta, accounts for 52 % of entire fruit 
weight, including 78 % juice coming from sarcotestas and 
22 % seeds (Fig. 1). Fresh juice contains 85.4 % water and 
15.6 % dry substance, composed of sugars, organic acids, 
pectins, anthocyanins, polyphenols, vitamins and miner-
als. In turn, seeds are rich sources of lipids, proteins and 
punicalagin. The rind is a rich source of polyphenols, 
mainly hydrolyzing tannins and anthocyanins, which are 
responsible for the bitter taste and its coloring [5, 11–13]. 
The degree of fruit ripeness is assessed mainly based on 

its external characteristics, such as rind coloring, which, 
together with the absence of mechanical damage, are deci-
sive factors for consumers. To verify processing quality of 
fruit, they are tested for contents of acids and sugars as well 
as physicochemical properties. In Spain, the most popular 
processing cultivar is cv. Mollar. It is also characterized by 
large and sweet fruits of intensely red color and soft seeds. 
The chemical composition of pomegranate is dependent on 
the variety, location, climate, the degree of ripeness, method 
of cultivation and storage, while in the case of pomegranate 
juices it is also connected with the production method, as 
juice may be produced only from sarcotestas or from whole 
fruits [10, 14–16]. Dry matter content in all varieties is 
approximately 16 % [13]. Sugars account for the greatest 
share in dry substance of pomegranate fruits, e.g., cultivar 
Mollar contains 16.0–17.6 g 100 g−1, while Iranian varie-
ties contain up to 22 g 100 g−1, whereas a sour cv. Borde de 
Blanca contains 11.8 g 100 g−1 sugars [14, 17]. Contents 
of organic acids also vary, with citric acid predominating. 
In sweet cultivars, the total content of these compounds is 
approximately 0.3  g 100  g−1, while for sour varieties, it 
may be as high as 2.5–2.9 g 100 g−1 [17]. It also needs to 
be mentioned here that pomegranate fruit contains ascor-
bic acid at 15 mg 100 g−1 (cv. Shirin-e-Bihaste). The con-
tents and variety of antioxidants found in pomegranate fruit 
are impressive and dependent primarily on the part of fruit 
[18]. A good example to illustrate this statement may be 
punicalagin, which is found at high concentrations only in 
juice pressed from whole fruits, since it is found in the rind 
[13]. The most common antioxidants include ellagitannins, 
anthocyanins, gallic and ellagic acids. The total polyphenol 
content in juice from fresh sarcotestas is 2117 mg L−1, in 
juice produced on a commercial scale it is 2566 mg L−1, 
while juice obtained from Chinese sweet varieties con-
tains 1596  mg  L−1 total polyphenols [5, 13, 18, 19]. The 
amount of anthocyanins in pomegranate is also a cultivar-
dependent trait, and it also depends on the degree of fruit 
ripeness. Their content in cv. Mollar de Elche is 141.9 mg 
L−1 juice, while in cv. Wonderful, it is 306 mg L−1. Pome-
granate fruits are also good sources of sodium, potassium 
[20], iron, zinc, magnesium, copper, calcium, phosphorus 
and manganese—both in seeds and in juice [16].

Characteristics of bioactive components found 
in pomegranate fruits

A bioactive substance is a substance, whose consump-
tion at small amounts has a beneficial effect on human 
health, extending outside its basic nutritional function 
and at the same time not being a medicinal substance. Its 
spectrum and effectiveness may be determined using bio-
markers. Incorporation of these substances into our daily 
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diet makes it possible to reduce the risk of chronic dis-
eases and improve the overall physiological conditions of 
the organism. Antioxidants found in plants are secondary 
metabolites serving several functions. They are substances 
attracting insects—anthocyanins, and as components pro-
tecting against UV radiation, or factors regulating osmotic 
pressure, as well as exhibiting an astringent effect [21, 22]. 
They also exhibit many characteristics having an advan-
tageous effect on human health, e.g., inhibiting oxidation 
reactions, binding pro-oxidative substances, inhibiting 
enzymes involved in oxidation reactions or scavenging free 
radicals. Antioxidants stabilize and protect polyunsaturated 
fatty acids in food, thanks to reactions with free radicals, 
chelation of metals and disturbing or interrupting the prop-
agation phase of lipid oxidation. They also influence sen-
sory attributes of fruit-derived products. This is evidenced, 
e.g., by the tart taste of pomegranate fruits caused by their 
high contents of polyphenols. Forming complexes with 
different juice components, they may cause its cloudiness 
or precipitation of sediment. Most typically they are com-
plexes of polyphenols with proteins [11]. In the last sev-
eral years, bioactive components contained in pomegranate 
fruits have been investigated by scientists. These analyses 
focus mainly on the contents of antioxidants or the positive 
effect on the human organism [1, 2, 4, 5, 13].

Ellagitannins

These compounds are hydrolyzing tannins exhibiting high 
reactivity and biological activity, in the center of their mol-
ecule containing a monosaccharide (most often glucose), 
whose hydroxyl groups are partly or completely esterified 
by gallic or ellagic acid radicals. Ellagitannins are water 

soluble and readily hydrolyzed by weak acids and bases 
and readily undergo enzymatic hydrolysis. They may 
form complexes with polysaccharides, proteins, as well as 
metal ions [22, 23]. Also they tend to form high-molecular 
dimers and oligomers through a C–O–C bond. The chemi-
cal structure of these compounds determines their chemi-
cal and physical properties, biological activity and hydro-
lyzability. Being compounds of a complex structure, they 
readily undergo chemical reactions, such as transformation 
or isomerization. They are hydrolyzed in the alimentary 
tract by intestinal microflora to a sugar molecule and mol-
ecules of ellagic and gallic acids [23, 24]. Metabolism of 
these compounds is initiated by the decomposition of the 
ellagitannin to sugar and a molecule of ellagic acid, which 
is further transformed to urolithins in the small and large 
intestines. Urolithins are absorbed to the portal hepatic cir-
culation, where they may serve the role of hormone ana-
logs. Bioavailability of ellagitannins is dependent on the 
location, at which these molecules are absorbed, the effi-
ciency of their release from nutrients during digestion, 
their concentration and interactions with other compo-
nents found in the medium [24]. It needs to be stressed that 
absorbability of these compounds in the human organism 
is limited. They were detected in intestinal epithelial cells, 
molecules of punicalagin were found in liver and kidney 
cells, while they were not observed in lungs, the brain or 
the heart [24]. This may be connected with the formation of 
insoluble complexes of these particles with magnesium and 
calcium ions as well as proteins, as a result of which they 
may not participate in chemical changes or biotransforma-
tion in the organism [22–24]. Ellagitannins are investigated 
in terms of their antibacterial, antitumor and anti-inflamma-
tory properties [24]. Contents of these compounds in pome-
granate fruits include 1500–1900 mg L−1 punicalagin (cv. 
Wonderful), while ellagitannins with ellagic acid are found 
at 2020–2660  mg L−1 (cv. Wonderful) and 5700  mg L−1 
(cv. Mollar) [25].

Ellagic acid

This representative of phenolic acids is composed of four 
lipophilic rings, four phenolic groups and two lactones, 
which may play a role of electron acceptors, as well as 
exhibit hydrophilic properties. Ellagic acid may be found 
in pomegranate fruits in a complexed form as ellagitannins, 
from which it is released under the influence of hydroly-
sis. It is mainly found in sarcotestas of pomegranate seeds, 
is water insoluble [22–27]. The acid contents in individual 
parts of fruit vary; thus, in juice pressed from sarcotestas, it 
is only 15.3 mg/L, while it is most concentrated in the rind 
at 637.7 mg/kg [4, 13]. This compound is an antioxidant, 
thanks to its ability to inhibit oxidation reactions and scav-
enge free radicals. Ellagic acid has found many applications 

Fig. 1   Pomegranate fruits (Punica granatum L.)—vertical section
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in food, pharmaceutical and cosmetics industries, thanks 
to its biological activity and properties. It is used as a bio-
marker to estimate bioavailability of ellagitannins in food 
components, and to standardize rind extracts and also in the 
pharmaceutical industry as an antihemorrhagic substance. 
Ellagic acid is not produced on a commercial scale due to 
high costs of this process. Research is being conducted on 
its microbiological production using the Aspergillus Niger 
GH1 strain [4, 26, 28].

Anthocyanins

They are flavonoids due to the C6-C3-C6 carbon skele-
ton in their molecules, derivatives of the flavylium cation 
found in the oxo or carbonium forms, their huge diversity 
resulting from the many potential attachment sites for func-
tional—methoxy and hydroxy—groups in the cation ring. 
In food, they are mainly found as anthocyanidin mono-, 
di- and triglycosides [29]. They are natural nonnutritive 
compounds with antioxidant properties. They are responsi-
ble for the color of the rind and sarcotestas ranging from 
orange to purple, depending on ambient pH. In pomegran-
ate fruit cells, they are accumulated in vacuoles and their 
content in pomegranate is dependent on the variety and 
the degree of fruit ripeness. Researchers have shown that 
during fruit ripening contents of individual anthocyanins 
change, as in the early stages of maturation delphinidin 
is the dominant form, while upon reaching physiologi-
cal maturity cyanidin is found at the greatest concentra-
tion, which was confirmed by other studies on the chemi-
cal composition of fully ripe pomegranate. Next to these 
two forms, pelargonidin is also found in lesser amounts [5, 
9, 12, 14]. These forms are mainly present in the form of 
mono- or diglycosides. Anthocyanins are unstable com-
pounds; their stability is affected by several factors, ranging 
from access to oxygen, light and ambient pH to tempera-
ture of heat treatment and storage. Under the influence of 
these factors, they change color in the range from orange to 
blue, form yellow or colorless chalcones and finally form 
brown polymers [30].

Stability in technological processes

In order to facilitate the use of a raw material in a tech-
nological process, it is necessary to determine its chemi-
cal composition, as well as chemical and physical proper-
ties and stability of compounds contained in the material. 
Without this information, we are unable to run the process 
in a manner guaranteeing product safety and quality, when 
speaking of quality consumers increasingly often point to 
contents of bioactive substances in food products; thus, in 
the production process, it is essential to retain their possibly 

greatest amounts in an unchanged form. At present, it is 
possible to design and produce food products with specific 
characteristics meeting the requirements of the market and 
thus also consumer expectations, applying advances of 
many fields of science, e.g., genetic engineering, chemistry 
and molecular biology as well as an appropriate course of 
the technological process.

Stability of juice

Depending on pomegranate variety and juice production 
technology, the products differ in their chemical composi-
tion and thus organoleptic attributes. Juices obtained from 
sarcotestas alone contain approximately 15  % solids, and 
the level is lower than in the case of juices produced from 
whole fruits, in which it is 16–17  %. This is because sar-
cotestas are mainly sources of sugars, acids and minerals, 
while the rind is rich in polyphenolic compounds [11, 15]. 
Juice pressed from whole fruits has a tart and bitter taste 
due to the high content of phenolics. The high content of 
anthocyanins in juice from pomegranate fruits is suscepti-
ble to changes in color during the technological process and 
storage caused by numerous factors. Due to the consider-
able contents of polyphenolic compounds in juice, they have 
to be subjected to several technological operations improv-
ing their sensory value. Drinks made from pomegranate 
are clarified to prevent clouding. This process may be per-
formed using various methods. The application of pectino-
lytic enzymes does not provide satisfactory effects, since 
juice during storage lasting several weeks becomes cloudy, 
although it ensures the lowest losses of bioactive substances 
[15]. Physical methods, e.g., the use of membranes, are too 
expensive to apply in the production of juice. Clarification 
using filters is cheaper, but does not guarantee good results 
[11]. Studies conducted by Trufan et  al. [31] suggest the 
application of other clarifying agents apart from gelatin, 
e.g., bentonite to remove proteins and kieselsol to remove 
gelatin. Clarification using gelatin yields very good results; 
however, its dose has to be adjusted to the contents of agents 
causing juice. Clarification is connected with a consider-
able reduction in phenolic contents in juice, and thus also 
its antioxidant activity [11, 31]. Pasteurization aims at the 
elimination of microflora found in juice, which may result in 
deterioration of its quality. Microorganisms naturally found 
in juice are aerobic forms, lactic acid bacteria and yeasts. 
It was shown that a very short pasteurization at 95  °C for 
30–60 s eliminates all microorganisms found in juice. Rapid 
pasteurization at high temperature is also preferred due to 
much lesser anthocyanin degradation, which promotes 
maintenance of color in pomegranate juice. Despite a reduc-
tion in polyphenolic contents, processed juices still exhibit 
good antioxidant activity. Nonprocessed juices have inferior 
quality attributes and a very short shelf life [11, 21, 31, 32].
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Stability of ellagitannins

Since they are hydrolyzing tannins, ellagitannins are hydro-
lyzed under the influence of weak acids and bases, as well 
as enzymes. They are stable in neutral solutions. Tannin 
acyl hydrolase, called tannase, is the enzyme responsi-
ble for the breakdown of these compounds, as it catalyzes 
hydrolysis of ester bonds between sugar and ellagic acid. 
These high-molecular compounds due to their low toler-
ance to tannase are susceptible to degradation under the 
influence of microorganisms such as filamentous fungi 
Penicillium, Trichoderma and Ascochyta, and bacteria 
Bacillus pumilis and Klebsiella planticola. The reac-
tion with this enzyme causes disruption of ester bonds; 
as a result, a sugar molecule is released and it is used as 
a source of carbon for microorganisms and molecules of 
hexahydroxydiphenolic acid, which undergoes spontaneous 
lactonization in the aqueous medium forming ellagic acid. 
During the digestion process, ellagitannins are hydrolyzed 
in the stomach under the influence of hydrochloric acid and 
undergo further transformations in the successive elements 
of the alimentary tract [24].

Stability of ellagic acid

Analyses showed that ellagic acid is a substance of high 
stability when exposed to various factors. It was shown that 
a 4-month storage of ellagic acid extract from pomegranate 
rind at access to light caused no changes in color or clar-
ity of the extract. Ellagic acid shows high stability within a 
wide range of temperatures; its melting point is 350 °C [22, 
28]. Similarly, a 4-month storage of the extract at 45  °C 
and 75  % humidity caused no changes, and no changes 
were observed during 4-month storage of this extract at 4 
and 30  °C. It may be stated that this compound is stable 
during long-term storage. Analyses of the effect of ambi-
ent pH on the content of ellagic acid in the extract showed 
that at various pH values, the solution varies in color—at 
pH 5.5 it is yellow, at pH 7 it is brown-yellow, while at pH 
8 it is brown. It was also shown that storage of extracts at 
these pH values caused a marked change in the contents of 
this compound after a period of 4 weeks. Reduction in its 
concentration may be explained by hydrolysis of the ester 
group of ellagic acid to hexahydroxydiphenolic acid [28].

Stability of anthocyanins

Anthocyanins, particularly in combination with glycosides, 
exhibit low stability in relation to temperature and heating 
time, access to oxygen and light. In the aqueous medium, 
they are unstable; however, it needs to be stressed that they 
are more stable in acid rather than basic environment. They 
change color under the influence of changing pH: At acid 

pH (pH < 3) they turn red, at neutral pH (pH = 7) they are 
violet, while at basic values (ph > 11) the solution is blue. 
The number of substituents and their type also affect their 
stability. A greater number of hydroxyl groups at the B ring 
cause a change in color from orange through red to violet, 
while substitution of these groups with methoxy groups 
results in the transition from violet to orange. Complex-
ing of anthocyanins with metal ions causes similar effects. 
During short-term heating (for several minutes), even at 
100 °C no considerable changes are observed in their con-
tents or color of solutions [30, 33]. Blanching has a benefi-
cial effect on contents of anthocyanins, since it inactivates 
enzymes involved in hydrolysis of these compounds [34]. 
During analyses of sensitivity to light, it was observed that 
a reduction in anthocyanin contents was lower at no access 
to light and the best effects were found at the storage of 
anthocyanin solution at pH 3, 10 °C and with no access to 
light. Aerobic and anaerobic conditions had no significant 
effect on the reduction in anthocyanin concentrations in 
samples. The stability of anthocyanins may be enhanced 
by copigmentation of these compounds with flavones [30, 
34]. They are very sensitive to the action of β-glucosidase, 
which causes disruption of bonds with sugar radicals, lead-
ing to the formation of anthocyanidins, which exhibits a 
greater capacity to inhibit free radicals. This enzyme is pro-
duced by lactic acid bacteria Lactobacillus and yeasts from 
the genus Saccharomyces [35, 36].

Analysis of the effect of fermentation on bioactive 
components of pomegranate fruit

Fermentation is a very effective method of food prod-
uct biopreservation, as changes taking place in the course 
of this process result first of all in the extension of shelf 
life, modifying sensory attributes of the final product, i.e., 
its taste, aroma and texture. Chemical reactions occurring 
during this process frequently contribute to improvement 
of nutritive value by enhancing bioavailability of com-
pounds and improving their digestibility, but they may also 
contribute to the formation of new compounds exhibiting 
many beneficial properties for human health. Juice to be 
fermented is subjected to several preliminary treatments. 
Operations preceding fermentation include enzymolysis, 
clarification, filtration and sterilization. Due to high con-
tents of enzymes—polyphenol oxidase and β-glucosidase, 
potentially influencing the composition of phenolics, enzy-
molysis is run in order to inhibit their activity [16, 35, 36]. 
Clarification and microfiltration aim at the elimination of 
sediment and clouding, which deteriorate sensory attrib-
utes of juice. Juice prior to fermentation is typically steri-
lized to preserve the greatest possible amounts of antho-
cyanin pigments. All these operations cause changes in 
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juice composition, and thus also in its contents of bioac-
tive substances. Juice from different parts of pomegranate 
fruits due to high contents of sugars is a good medium for 
alcoholic and lactic acid fermentation [5, 16, 19, 35, 37]. It 
was shown that filamentous fungi grow well on substrates 
containing different parts of pomegranate fruits due to 
high concentrations of hydrolyzing tannins, water-holding 
capacity and water activity, a precondition for the develop-
ment of these organisms on the media [38].

Fermentation using yeasts from the genus 
Saccharomyces

Fermentation by yeasts (Saccharomyces ssp.) and aging of 
wine result in changes of native substances into secondary 
metabolites, influencing sensory attributes of the product. 
Changes occurring during fermentation and its effect on 
bioactive compounds in pomegranate fruits result first of all 
from interactions of these compounds with yeast cells. Dif-
ferences in contents of bioactive components before and 
after fermentation are caused by reactions of polymeriza-
tion, condensation, oxidation, hydrolysis, enzyme activity 
and interactions of antioxidants with yeast cell walls. All 
the experiments showed reduced contents of phenolic com-
pounds, including anthocyanins, following fermentation. 
Activity of yeasts during fermentation has a significant effect 
on phenolics, which modify organoleptic properties of wine, 
such as tart taste, color and aroma [9, 16, 19, 27, 39]. Sev-
eral mechanisms are responsible for the decreased contents 
of these compounds in wine made from pomegranate fruits. 
The mechanism of antioxidant oxidation is caused by the 
release of free radicals by yeasts. However, mild oxidation of 
these compounds may contribute to an improvement of color 
and reduction in the tart taste in the final product. Hydrolysis 
reactions also influence a decrease in the contents of antioxi-
dants, particularly ellagitannins, which as hydrolyzing tan-
nins contain a molecule of sugar, consumed in the process 
of fermentation as a source of carbon. During fermentation, 
the concentration of gallic acid increased significantly, which 
may be explained by the hydrolysis of ellagitannins, as well 
as other oxidation reactions. The presence of phenols dur-
ing wine aging has a marked effect on the release of poly-
saccharides from cell walls during autolysis of yeast cells, 
while these in turn contribute to the modification of sensory 
attributes of pomegranate wines [9, 36]. Reduced concentra-
tion of ellagic acid in wine is explained by researchers by 
oxidation reactions and precipitation of insoluble sediment. 
It needs to be stressed that a decrease in the concentration 
of this compound was greater in the case of cv. Mollar de 
Elche than in cv. Wonderful; mechanisms of protection or 
preservation of this component may take place in the latter 
cultivar. It also needs to be mentioned here that as a result 

of fermentation, wine with 8.3–9.1 % alcohol by volume is 
produced, which has a positive effect on solubility of ellagic 
acid and thus its improved bioavailability. Another cause for 
changes in the composition of phenolic acids may be con-
nected with their absorption on the surface of yeast cell walls 
[9, 16]. Reactions of polyphenol condensation with protein, 
leading to the formation of sediment, or the condensation 
of polyphenols with anthocyanins also result in decreased 
amounts of bioactive components in pomegranate wine [38]. 
The only bioactive components found at constant concentra-
tions in both juice and wine are flavonoids. Researchers iso-
lated from this group anthocyanins and conducted a separate 
analysis on the latter. The effect of yeast on anthocyanins 
determines the color of the final product, which is one of the 
quality attributes of wine. All studies showed a reduction in 
anthocyanin contents following fermentation [9, 16, 19, 27, 
39]. Yeasts may improve wine color, thanks to the forma-
tion of weak and reversible bonds between anthocyanins and 
their cell walls, or through amylolytic enzymes, most typi-
cally periplasmic β-glucosidase, which may cause hydrolysis 
of anthocyanin molecules to anthocyanidins and glycosides. 
Another mechanism may be connected with reactions of 
anthocyanin polymerization with acetaldehyde, generated by 
the metabolic activity of yeast, with the formation of these 
complexes causing the formation of yellow pigments. Losses 
of colored compounds are also generated by their oxidation 
with elemental oxygen. It also needs to be stressed here that 
analogously as in the case of contents of antioxidants, an 
improved color stability was found for cv. Wonderful, which 
may be caused by their greater concentration [9, 36]. Experi-
ments conducted on varieties grown in China showed reduc-
tion in anthocyanins, in the case of wines produced from sar-
cotestas it was between 10.8 mg 100 g−1 to 4.6 mg 100 g−1, 
while in wine produced from whole fruits it was 6.7  mg 
100  g−1 to 3.3  mg 100  g−1 [16]. Other analyses showed 
that sulfitation at 50  mg SO2 L−1 in sweet and red wines 
may increase contents of anthocyanins [19]. When describ-
ing metabolism of antioxidants, we need to remember about 
their antioxidant activity. Contents of bioactive substances 
in pomegranate wines amount to approximately 750  mg 
L−1—in wines produced from sarcotestas only, while in 
wines from whole fruits the level of these components was 
as high as 2500 mg L−1 [16, 19]. For comparison, red wine 
contains 2038 mg L−1 and green tea contains 1029 mg L−1, 
which confirms the thesis that contents of these compounds 
in pomegranate products are higher than in the most popu-
lar drinks with high concentrations of antioxidants [13, 27]. 
Although contents of phenolic compounds decreased dur-
ing fermentation, it was still greater in comparison with 
wines produced from other berry fruits [40]. The capacity 
to inhibit free radicals is also high, in the case of hydroxyl 
radicals ranging from 75 to 90 %. The antioxidant activity 
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in relation to the peroxide radical varies, with the best found 
for dry wine at approximately 80 %, while its relation to the 
DPPH radical the inhibitory capacity is the lowest, amount-
ing to 15–45 %. A certain activity was also observed in rela-
tion to the ATBS+ radical. Polyphenols from fermented juice 
inhibit the activity of lipoxygenase, responsible for oxidation 
of fatty acids and formation of free radicals [9, 19, 27].

Fermentation using lactic acid bacteria

Lactic acid fermentation is an important biopreserva-
tion process, which may enhance or maintain nutritive 
and sensory value of the product. Bacteria used most 
frequently by researchers to run lactic acid fermentation 
include strains of Lactobacillus plantarum, L. acidophi-
lus, L. delbruekii and L. paracasei [35, 37, 41]. Experi-
ments showed that the above-mentioned probiotic strains 
are capable of surviving in a medium such as juice pro-
duced from pomegranate fruits [41]. Each analysis of 
fermented juice showed reduced contents of bioactive 
components [35, 37]. Similarly as in the case of alcoholic 
fermentation, the greatest change in their contents was 
observed for anthocyanins. It was caused by hydrolysis of 
anthocyanin molecules by β-glucosidase to sugar radicals 
and anthocyanidins. However, those studies also showed 
a greater capacity to inhibit free radicals in fermented 
juice in comparison with fresh juice, which is explained 
by the transformation of anthocyanins to anthocyanidins, 
exhibiting greater antioxidant activity in relation to DPPH 
radicals [35]. A study conducted by Filannino et al. [37] 
showed that reduced contents of bioactive components 
during fermentation also cause a decrease in antioxidant 
capacity. However, reduction in this capacity seems to be 
proportional to the reduction in phenolic concentrations. 
We also need to stress here that it was nonfermented juice 
which exhibited the lowest capacity to inhibit free radi-
cals, while fermented juices showed a constant antioxi-
dant activity. The concentration of ellagic acid was also 
shown to increase. A similar explanation may be given 
here as for alcoholic fermentation, i.e., hydrolysis of ella-
gitannins caused a greater acid concentration. Lower con-
centrations of bioactive components during storage were 
recorded in nonfermented juice in comparison with fer-
mented juice. Thus, it may be concluded that fermenta-
tion, despite reducing the concentration of polyphenols, 
contributes to their stabilization and reduces losses dur-
ing storage in the product made from pomegranate fruits. 
The experiments showed that the color of fermented juice 
was more stable during storage than that of nonfermented 
juice [37]. This may indicate that anthocyanins, which 
were retained in juice, exhibit a lesser tendency to color 
changes or browning.

Fermentation using filamentous mold Aspergillus niger

Analysis of the fermentation process using a strain of A. 
niger was run on the rind or pomace formed in the pro-
duction of juice or another product [26, 38, 42]. The rind 
was selected as the object of analyses, because it contains 
the greatest amounts of bioactive compounds, particularly 
hydrolyzing tannins [5, 38]. In contrast to seeds, powdered 
rind is a preferred material used in fermentation on solid 
medium, thanks to the higher content of polyphenols and 
a greater water-holding capacity. Water activity, which is a 
necessary prerequisite for growth of these microorganisms, 
ranges from 0.88 to 0.99, and the one recorded for pome-
granate rind is aw = 0.98. The A. niger strain is considered 
to be a very good producer of tannin alcyl hydrolase, which 
causes degradation of ellagitannins and release of ellagic 
acid [38]. All studies showed an increase in the concentra-
tion of this component in the medium—from trace amounts 
before fermentation to the level after fermentation rang-
ing from 6.3 mg g−1 to 8.4 mg g−1 in the rind, while other 
studies reported an increase in the concentration from 0.2 
to 0.9 % [26, 38, 42]. It was shown that ellagic acid pro-
duced by the microbiological method exhibited high chem-
ical purity. In their study, Robledo et al. [38] stated that the 
potential amount of ellagic acid produced by this method 
is 8 kg, which could be obtained from 1 ton pomace gener-
ated in the production of juices from pomegranate fruits. 
To date, the production of ellagic acid has been considered 
problematic due to its high costs and low efficiency; how-
ever, these analyses may prove useful in the development 
of a commercial-scale method to generate this bioactive 
compound.

Potential use of pomegranate fruits to obtain 
products with health‑promoting properties

An attempt at the analysis of the fermentation process sug-
gests that this process may yield pomegranate products exhib-
iting properties of functional food. Fermentation provided 
good effects, generating attractive products. Although con-
tents of bioactive substances are degraded during this process, 
those retained in the product exhibit good stability during stor-
age and high antioxidant activity. Reduction in anthocyanins 
to anthocyanidins caused an increase in this activity [9, 41]. 
Analysis of alcoholic fermentation showed that it is possible 
to produce attractive wine, having a beneficial effect on the 
human organism. Wine from pomegranate fruits was charac-
terized by very high capacity to inhibit free radicals, and this 
proves to be crucial for health-promoting properties. Alcoholic 
fermentation is also a method to utilize a raw material unat-
tractive for consumers, such as mechanically damaged fruits 
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and fruits with uneven rind coloring. Color and the aroma bou-
quet were attractive for potential consumers. Using different 
pomegranate varieties, we may produce sweet and dry wines, 
varying in their contents of polyphenols and alcohol [16, 19]. 
It was assumed by the researchers that fermentation run using 
probiotic bacteria should make it possible to produce a novel, 
nondairy probiotic drink, which could be a very good product 
for individuals with lactose intolerance. Conducted analyses 
showed that juice from pomegranate fruits is a good medium 
for growth of probiotic bacteria, with their count being stable 
during 2-week storage of fermented juices at 4 °C [35, 41, 43, 
44]. Such a product would also be beneficial for diabetics due 
to its capacity to enhance the activity of the enzyme respon-
sible for the regulation of blood glucose level. Fermentation 
using Aspergillus niger strains showed a potential application 
for pomace of pomegranate fruits generated after juice produc-
tion as a very good material for the production of pure ellagic 
acid [26, 36, 42]. Other studies showed potential applicability 
of sediment formed during pomegranate wine production as 
a raw material to obtain polyphenols [45]. Excessive concen-
tration of polyphenols, particularly tannins, contributes to the 
tart and bitter taste of juices or wines, which are not attractive 
for consumers [11, 15]. Treatments facilitating the generation 
of polyphenolic compounds from pomace would be applied in 
the case of these food products to increase their contents of 
these compounds, thus increasing their antioxidant properties 
at no deterioration of sensory attributes. They may be supple-
mented to food products in the form of microcapsules, which 
exhibit stability during 90-day storage [46]. Potential applica-
tions for polyphenolic compounds obtained by fermentation 
of waste product after juice pressing may include films and 
edible coatings, as these compounds thanks to their proper-
ties may constitute a barrier against growth of microflora on 
the surface of fruits and vegetables [47]. A good product with 
promising prospects for success on the European market is 
yoghurt with an addition of pomegranate juice (40 %). This 
product during analyses had a good composition of bioactive 
compounds and antioxidant activity. It exhibited good stability 
during storage, although it was lower than that of fresh juice 
[48]. It is clear that pomegranate fruits are rich sources of bio-
active substances and may be used to obtain many products, 
including those which may be considered functional food. 
Fermentation facilitates generation of novel products with 
good sensory attributes and at the same time exhibiting good 
stability. It may be a management method for waste (pomace 
generated by juice production) to obtain bioactive substances, 
which may be used in supplementation of food products.

Concluding remarks

It is clear that pomegranate fruits are rich sources of bio-
active components and minerals. Although pomegranate 

grows in tropical and subtropical climates, which prevents 
its cultivation in most European countries, its availability is 
constantly increasing. Research on this fruit is being con-
ducted only in the countries where it is grown and for cen-
turies present in their culture and local cuisine. For these 
reasons, knowledge on its health-promoting properties and 
chemical composition is not widespread in Europe. The 
spectrum of its beneficial effects on the human organism is 
extensive and suggests that it would be advisable to intro-
duce it in everyday diet. It is a good product for diabetics, 
patients suffering from coronary heart disease or even can-
cer. Both pomegranate fruits and products obtained from 
them could be used as preventive measures to reduce the 
risk of incidence of certain diseases.

Fermentation using yeasts and lactic acid bacteria 
changes the chemical composition of juices, contribut-
ing to modification of their properties. As it was stated 
before, the primary bioactive substances found in pome-
granate fruits, i.e., ellagitannins and anthocyanins, are 
not stable during juice processing, hindering develop-
ment of novel products, which could be launched on the 
market as health-promoting products. Although fermen-
tation reduces the contents of bioactive components, 
at the same time it improves the stability of both those 
which were transformed and those which remained 
unchanged. This fact suggests that this process has 
an advantageous effect on the maintenance of health 
effects of these antioxidants, which were retained in 
the product. What is more, fermentation modifies sen-
sory attributes of the products and thus contributes to 
increased consumer desirability of the products. Addi-
tionally, transformations of ellagitannins during this 
process promote an increase in the contents of ellagic 
acid. New methods to obtain ellagic acid from pomace 
using filamentous fungi make it possible to produce and 
apply it in food and pharmaceutical industries.

So it is absolutely worth, especially for European 
consumers, approaching the pomegranate as a raw fruit 
as well as its processed products (juices, jams, snacks), 
presenting the wide range of its beneficial effects on the 
human health and emphasizing the abundance of bio-
logical active compounds with their health-promoting 
properties.
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