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Abstract

This study evaluated the behavior of Saccharomyces cerevisiae yeast in the presence of
different selected natural polyphenols, in order to provide an indication of the suitability of such
compounds as potential antimicrobials, or influencing agents in the fermentation. Thus the obtained
results of the study could sustain other directions for the natural polyphenolic compounds in which
they can be used, like in biotechnological processes as fermentation or in order to yield biomass
economically from different raw materials.
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Introduction

In last years, a special concern is manifested toward the environment protection and
the use of new waste sources to obtain biological active compounds which can be used in
different fields (medicine, agriculture, food industry). The agricultural wastes, resulted from
the primary processing of different kind of resources represent an important source of natural
compounds (especially polyphenolics) with valuable biological properties. The term
“phenolic” or “polyphenolic” describes the compounds that possess a benzene ring substituted
by one or several hydroxyl groups (-OH). Phenolics are secondary metabolites synthesized by
plants, both during normal development and as response to stress conditions such as infection,
wounding and UV radiation [1]. The accumulation of compounds derived from the
phenylpropanoid biosynthetic pathway is controlled in a way sensitive to the plant
environment involving controls at the genomic level and by regulation of a highly specific set
of enzymes [2].

In plants, phenolics may act as phytoalexins, antifeedants, and attractants for
pollinators, contributors to plant pigmentation, antioxidants and protective agents against UV
light [3, 4].

Plant polyphenol composition is highly variable both qualitatively and quantitatively;
some of these compounds are ubiquitous, whereas others are restricted to specific families or
species. In the case of a single species, large variations may also occur, particularly because
of genetic factors, environmental conditions, and growth or maturation stages [5, 6]. From the
agroindustrial wastes category, grape seeds as well as compounds derived from spruce bark
are important by-products after winemaking and wood processing and are considered as
accessible industrial wastes, from the economic point of view and biological implications.

Taking into account the practical implication derived from biological properties of
polyphenolic compounds, and in order to provide an indication of the suitability of such
compounds as potential antimicrobials, or influencing agents in the aerobic and anaerobic
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yeast processes, this study evaluated the behavior of Saccharomyces cerevisiae in the
presence of different selected natural polyphenols, from the minimum microbiocidal
concentration point of view. Thus, the obtained results of the study could sustain other
directions for the natural polyphenolic compounds in which they can be used, like in
biotechnological processes as fermentation or in order to yield biomass economically from
different raw materials [7, 8, 9].

In order to reveal the relationship between the structure and antifungal activity of
natural polyphenols we have used crude extracts obtained from grape seeds and spruce bark,
anthocyanins extracted from blueberry and grape seeds, KPN - Normal Chestnut Extract and
pure compound like gallic, vanillic and tannic acids. The antifungal activity was assessed in
mineral medium, on a rotary shaker, by using minimum microbiocidal concentration (MMC)
as a criterion.

Material and Methods

Microorganism and test conditions: Minimum microbiocidal concentration (MMC)
values were evaluated by the dilution susceptibility test. Test strain Saccharomyces cerevisiae
was cultivated on a synthetic medium containing progressively lower concentrations of the
test compounds, and incubated at 25 °C. Last two tubes were free of test polyphenols and they
have been used as a growth control in broth and 70% ethanol. The prepared fungal cultures (1
mL) after 72 h were poured into Petri dishes (9 cm diameter), and then the YPG agar was
allowed to solidify. After another 72 h the tests plates were analyzed and the lowest
concentration of the test extract (m/V) preventing appearance of growth was considered to be
MMC.

Pure polyphenolic compounds: Gallic, tannic and vanillic acids were purchased from
Sigma-Aldrich. Tannins were obtained by kindliness of Tannin Svenica-Slovenia.

Crude extracts from vegetal materials: Grape seeds Vitis vinifera — Chambourcin
variety and spruce bark (Picea abies) were selected, dried and screened in a dimensions range
of 1-2 mm. Vegetal materials were ground into powder by a blender, and stored at 0-5°C for
later use. Solvent extraction. Step I. The red grape seeds and spruce bark powder was
extracted in a device for continues extraction (Soxhlet) with ethyl-ether to degrease of vegetal
material. The extraction conditions were solid to liquid ratio (1:3.5 g/mL), temperature 95°C.
Solvent extraction. Step Il. The extraction procedures consist in a optimum solid to liquid
ratio (1:3.5 g/mL), number of extractions (complete extraction of vegetal material),
temperature 95°C and ethanol (1:1, v:v) as organic solvent were used.

Anthocyanins extracts: The anthocyanins were obtained by maceration of 2.5 g of
milled grape seeds and blueberry fruits in 50 mL of methanol/formic acid (volume ratio of
95:5) for 12 h. The colored liquid was separated from the solid residue, which was further
twice treated with fresh solvent. The three combined solutions were concentrated in a rotary
evaporator up to 10 mL, avoiding temperatures higher than 35 °C. The extracts were dried
and kept at a temperature of 4 °C.

Analysis and determinations: Total phenolics determination. Total polyphenols in
the extracts were determined by Folin-Ciocalteu method, expressed as mg gallic acid
equivalent (GAE/mL) [10]. Total Anthocyanins: a classic spectrophotometric method was
used, based on the pH- differential structure [11]. Total flavonoids: was measured by
aluminum chloride colorimetric assay [12]. The HPLC analyses of the grape seed extract
were performed at room temperature using a 4.6 -250 mm Beckmann column (Ultrasphere)
C18. The mobile phase was a mixture of two solvents A (water:formic acid 2.5: 97.5 ratio)
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and B (A : acetonitrile 20:80 ratio). The eluent flow rate was 0.7 mL/min and the duration of
analysis was 80 min. The UV detector was tuned to 280 nm.

Results and Discussion

The physical and chemical characterization of the grape seeds, spruce bark and
blueberry extracts (table 1) shows an extremely rich phenolic composition, which promotes
the used raw material on a higher rank in the hierarchy of the available vegetable resources
that contain polyphenolic compounds. From the vegetal material composition, the spruce bark
had the higher content in total polyphenols and flavonoids substance, not a bit surprising if we
take into account the natural protective role played in nature by this structure, and blueberry
fruits are superior to grape seed from the anthocyanins and total polyphenols content point of

view.
Table 1. Extraction of natural materials and analysis of polyphenolic profile
. Blueberry Grape seed Grape seed Spruce bark
Analysis : .
anthocyanins | anthocyanins extract extract
Flavonids (mg
echiv. catechin / L) ) i 44.67 56.23
Anthocyanins 46.52 25.34 89.77 36.65
(mg/L)
Total polyphenols (g 0.94 0.67 214 3.09
echiv. ac. galic/L) ’ ’ ’ ’

The results of HPLC analyses are shown as a typical chromatogram in figure 1. Based
on these experimental data, it is possible to draw the conclusion that the phenolic compounds
in grape seed extract are represented primarily by gallic acid.
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Figure 1. The HPLC analysis of grape seed crude extract
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The antifungal activity of tannic acid, present in many foods including tea, cocoa
beans, grapes, strawberry and persimmon and categorized as a ‘generally recognized as safe’
(GRAS) food additive., is increased compared with KPN tannins. Tannic acid, but not gallic
acid, may action also like a siderophore to chelate iron from the medium and make iron
unavailable to microorganisms [14]. Our results strongly suggested that phenolic acids with
more hydroxyl groups show higher antifungal activity (between phenolic acids the tannic acid
had the most pronounced activity). As expecting the MMC values for gallic acid were lower
comparing with vanillic acid, probably because of hydroxyl group presence (figure 2).
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Figure 2. MMC of pure polyphenolic compounds on Saccharomyces cerevisiae (mg/mL)

However, there was no clear relationship between the total polyphenolic content and
the antifungal activity of the polyphenols, in the case of Normal Chestnut Extract, which was
the less efficient antimicrobial in this study.

When the antifungal activity of compounds or plant extracts cannot simply be
estimated by the number of hydroxyl groups, it is necessary to take into account other factors,
such as extraction source and polyphenolic compositions. Thus, in case of global extracts,
spruce bark extract has proved a better antimicrobial as compared with the grape seed extract.

These aspects are not visible in the MMC values for anthocyanins, knowing that the
differences between individual anthocyanins found in plants are related to the number of
hydroxyl groups, the nature and number of sugars attached to the molecule, the position of
this attachment, and the nature and number of aliphatic or aromatic acids attached to sugars in

the molecule (figure 3).
I I

Spruce  Grape Blueberry  Grape

bark seed  anthocyanins  seed
extract  extract anthocyanins

w
(%]
1

o
1

o
1

MMC (mg/mL)
= [} g W

=
u o u
1 1 1

Figure 3. MMC of polyphenolic extracts on Saccharomyces cerevisiae (mg/mL)
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Polyphenols could chelates metal ions and they are therefore different from simple
phenols and the antimicrobial mechanisms can be summarized as follows. (i) The astringent
property of the polyphenols may induce complex-forming with enzymes or substrates. Many
microbial enzymes in raw culture filtrates or in purified forms are inhibited when are mixed
with phenols. (i1) Toxicity of a polyphenol may be related to its action on the membranes of
the microorganisms. (iii) Complex-forming with metal ions by polyphenols may account for
tannin toxicity [13].

Conclusions

The study of the influence of polyphenols on Sacchaoromyces cerevisae development
could have practical implication in the field of alcoholic fermentation or in biomass obtaining
when acid hydrolysis products are used as substrates. At the same time, this strain represents a
model recommended to be used with the aim to obtain information about role played by the
polyphenols in its lifespan when the microorganism is cultivated in the presence of different
stress factors.
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