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CONCEPTUAL ELEMENTS OF THE RESEARCH

The motivation for choosing the subject. Viticulture is one of the key sectors of the economy
of the Republic of Moldova (RM). According to the data provided by the International Organization
of Vine and Wine, the area of vineyards constitutes 140 thousand ha in the territory of the RM,
representing 1,9% of the total area of vineyard plantations worldwide. The largest share of the plantations
is held by the technical varieties intended for the production of wine and juice. The RM contributed to
the production of wine in the world in 2018 with 2 million hectoliters [1]. The varieties grown in the
country have a genetic potential determined by high productivity. The realization of this potential is
negatively influenced by the following factors: monoculture and periodic climatic stresses [2]. Another
problem is related to the political relations between the countries, which stop the sale of wines.

The COVID-19 pandemic has affected the world industry, including the wine industry - a
priority and strategic branch for the RM. According to statistics, exports of wine products from
Moldova decreased by 9% in March 2020 compared to the same period in 2019. The main reasons for
the decline include logistical constraints due to quarantine measures, reduced demand in traditional
markets and the postponement or cancellation of promotional actions wine [3].

One of the main tasks of the RM policy in the field of healthy food is to expand the range and
improve the quality of products through the fuller use of local raw materials and the improvement of
processing technologies [4]. The rational processing of local raw materials, including the production
of natural vinegar demanded by consumers at HORECA enterprises and the food industry, is of major
importance to ensure high-quality products.

Currently, natural products are increasingly in demand among the population. Natural
vinegar, thanks to the metabolic processes caused by acetic bacteria, is rich in minerals, trace elements,
organic acids, a number of enzymes and amino acids, a small amount of esters, aldehydes and other
organic compounds, which give it a special taste and a pleasant aroma. Synthetic vinegar for food use
is usually produced with the addition of a variety of flavors (identical to natural and synthetic). In some
countries (USA, France, Bulgaria) the production of vinegar for food purposes from synthetic acetic
acid is prohibited [5].

It should be noted that a good part of the vinegars offered on the RM market come from imports.
The low volume of domestic vinegar production is determined by some impediments, such as technical
instructions, some outdated regulations and the lack of starter culture based on native acetic bacteria.
The problems related to the optimization of some technological stages, widening the assortment and
improving the quality of vinegar are elucidated in the works of national and international scientists,
including: B.Gaina [6], D. Beceanu [7], M. Begea [8], J. Horiuchi [9], C. Vegas [10] and al.
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A scientific research was carried out regarding the optimization of some technological
parameters for obtaining vinegar by natural fermentation, using concentrated juice from white grapes
and white wine, raw materials accessible in our country.

One of the problems many domestic producers face is procuring imported acetic bacteria
cultures and adapting them to local raw materials. From an economic point of view, the use of these
crops is not efficient, as they directly affect the cost of the finished products [11]. The presence of
strains of acetic bacteria isolated from local raw materials with increased productivity isolated from
the products used in the manufacture of vinegar allows producers to obtain a higher quality product in
a shorter time.

Another problem is the sulfiting of wines, a necessary technique for wine production. Sulfur
dioxide is introduced into juice, must or wine, even organic wines, but in smaller doses. Many
producers refuse to use industrial wine in the production of vinegar, because sulfur dioxide inhibits the
activity of acetic bacteria, and the maximum admissible amount for carrying out fermentation by
different methods is not known [12].

It is known that different substrates are used to obtain vinegar, such as: wood chips or sawdust,
corn cobs, sugar cane stalks and others [13]. For the first time, native raw materials were used as substrate
for acetic fermentation: walnut ( Juglans regia L. ) and hazelnut ( Corylus L. ) shells. Approximately 49-
50% of the walnut's mass is shell, which is not exploited at its fair value, only sometimes being used in
the manufacture of briquettes or as fertilizers.

Based on the above, it is obvious that the development and application of new, optimized
technology and the improvement of the quality of wine vinegar by capitalizing on local raw materials
with the involvement of local acetic bacteria are evident.

The purpose of the research presented in this paper is to optimize the technology for obtaining
vinegar from wine using the strain of acetic bacteria isolated from local wine products, inoculated on
the substrate from local raw materials and its utilization for obtaining non-alcoholic beverages.

Research objectives were established:

1. Isolation of pure cultures of acetic bacteria from local wine products and their identification
according to morphological, cultural, physiological, biochemical and molecular
characteristics;

2. The study regarding the existing producers and assortment of vinegars in the RM;

3. Evaluation of the influence of different factors on acetic fermentation;

4. Optimizing the technology for obtaining vinegar from wine;

5. Utilization of vinegar from wine to obtain non-alcoholic beverages.
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The research hypothesis result from the analysis of the situation in the field and consist of the
following:

1. The efficiency of wine vinegar manufacturing technologies can be increased by using native
acetic bacteria strains with advanced technological properties, adapted to the quality of the
raw material and the specific production conditions.

2. The valorization of low-quality wine, isolated acetic cultures and ecological substrates of
domestic origin in the process of manufacturing wine vinegar by ensuring a double positive
effect - technological and hygienic.

Synthesis of the research methodology and justification of the chosen research methods.
Classical and high-performance methods were used to carry out the work. To isolate and identify the
strain of acetic bacteria from native raw materials, the following were used: morphological,
physiological and biochemical analysis of the culture; confirming the belonging of the isolated bacteria
to the genus Acetobacter by comparing the DNA of the bacteria, using the RT-PCR method. To control
and confirm the quality of the fermentation process, microbiological and physico-chemical methods
were applied. The effect of the substrate on the color indices was evaluated by UV/Vis spectroscopy
and the CIELab system. Methods were used to determine the quality of processed foods (sensory,
physico-chemical and microbiological), as well as their glycemic index.

Theoretical importance and scientific innovation of the work. For the first time, the isolation
and identification of an autochthonous strain of acetic bacteria Acetobacter aceti CNMN-AcB-01 from
artisanal white wine vinegar obtained from the Noah grape variety was performed. Limit doses of
sulfur dioxide and starter culture were established to ensure the efficient progress of acetic
fermentation. For the first time, the shell of walnuts and hazelnuts was used as a substrate for the acetic
bacteria, thus reducing the fermentation period and increasing the organoleptic qualities of the obtained
vinegar. The evolution of blood sugar after consumption of non-alcoholic drinks based on fruits,
berries, aromatic plants, white wine vinegar, etc. was examined, finding that the drinks are classified
in the group of products with a low glycemic index and can be recommended as a healthy alternative
to commercial drinks .

Theoretical significance. The application of molecular biology techniques for the isolation and
identification of the studied strain by using the real-time PCR method. It was demonstrated the
possibility of improving the chromatic parameters of white wine vinegar by using walnut shells as a
substrate for the development of acetic bacteria, increasing the contact surface with the product, thus

making the vinegar manufacturing process more efficient.



Summary of thesis chapters. The thesis consists of an introduction, 5 chapters, conclusions and
recommendations, bibliography (205 titles) inserted in 110 pages of basic content, including 43 figures,
39 tables (except those indicated in the appendices), 13 appendices. The results were reflected in 14
scientific papers and 2 patents.

Applicative value of the work: it consists in establishing the optimal conditions for acetic
fermentation of local wine and developing technical instructions for obtaining vinegar from wine. The
technological procedures recommended on the basis of the study can be applied to specialized enterprises,
and the use of walnut shells solves the problem of agri-food waste. The 2 invention patents were obtained.

Approval of the work at national and international scientific forums. The main results of the
thesis were communicated and discussed at a number of national and international scientific
conferences and symposia: "Euro-Aliment" International Symposium, Galati, 2019; The International
Conference "Days of the Academy of Technical Sciences from Romania”, 2019, the XIVth edition
with the theme "Creativity in the development of the Knowledge Society" organized by the Academy
of Technical Sciences from Romania and from Chisinau together with the Technical University of
Moldova on October 17-18 2019; Technical-Scientific Conference of Collaborators, PhD Students and
Students, UTM, Chisinau, 2020; International conference for students, masters and doctoral students
"Student in Bucovina", December 18, 2020; National scientific-practical conference "Innovation:
factor of social-economic development”, 5th edition, Cahul, December 17, 2020; The national
scientific symposium with international participation: Modern biotechnologies - solutions for the
challenges of the contemporary world, Chisinau, 2021, May 20-21; 16th International Conference on
constructive design and technological optimization in the field of machine construction, Bacau, May
25-27, 2021; EUROINVENT International Innovative Research Conference, May 20-21, 2021, lasi,
Romania; Doctoral School Scientific Conference, SCDS-UDJG 9th edition, Galati, June 10-11, 2021,
EURO-ALIMENT 2021, the 10th International Symposium , 7-8 October , Galati, Romania;
PROINVENT Scientific Research, Innovation and Invention Fair, 19th edition, October 20-22, 2021,
Cluj-Napoca, Romania; International Specialized Exhibition INFOINVENT, XVII edition from
November 17-20, 2021 ; International Scientific Symposium "Agrifood Sector - Achievements and
Perspectives” November 19-20, 2021, Chisinau, Moldova.

Publications on the topic of the thesis. The basic content of the doctoral thesis is presented in
a chapter of an international monograph; in 4 articles published in scientific journals indexed in BDI;
1 paper without co-authors; two invention patents in the Republic of Moldova; 9 theses in collections
and abstracts at national and international scientific events.

Keywords: vinegar, acetic bacteria, alcoholic fermentation, acetic fermentation, substrate, wine.
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THESIS CONTENT

1. PHYSICAL-CHEMICAL AND MICROBIOLOGICAL ASPECTS OF PRODUCING
VINEGAR FROM WINE

The first chapter represents a brief comparative analysis of the existing situation in the field, of
the scientific materials related to the acetic fermentation process and to the slow and fast
biotechnological processes for obtaining acetic acid.

The bibliographic study carried out regarding the physico-chemical and microbiological aspects
of obtaining vinegar from wine allowed the formulation of the following conclusions:

e In the RM, vinegar is obtained by diluting ethyl alcohol and fermenting it. The obtained product
is devoid of macro- and micronutrients and does not possess an important nutritional value. Thus,
this product can only be recommended for industrial use.

¢ Natural vinegar, thanks to the metabolic processes caused by acetic bacteria, is rich in minerals,
trace elements, organic acids, etc. The important nutritional value contributes to the increasing
demand of natural vinegar by consumers for use in healthy food as well as by economic agents for
industrial use in the manufacture of organic products.

¢ The production of vinegar from wine in a natural way with the use of the characteristic RM
substrate presents one of the basic problems of enterprises and researchers in the field.

¢ According to the studies carried out, an important role in the manufacture of natural vinegar is
played by acetic bacteria, which through their vital activity ensure specific properties of the finished
product. In order to direct the biochemical processes and obtain natural vinegar with superior
organoleptic properties, pure cultures are used, which ensure a double technological and hygienic
effect. The utilization of strains of acetic bacteria isolated from their natural habitat allow the
selection of microorganisms adapted to the quality of raw materials and have enhanced, safe and
stable biotechnological properties. This fact allows obtaining natural vinegar of high quality.

¢ Optimizing the technology for obtaining vinegar from wine through natural fermentation with
the use of strains isolated from accessible raw materials, developed on a natural substrate, represents
an effective possibility of capitalizing on wines of average quality or poorly competitive on the market.

The scientific research carried out today allowed the formulation of the research problem which
consists in the development and scientific substantiation of biotechnological regimes for obtaining
vinegar from wine through natural fermentation using the strain isolated from native raw materials,

developed on a natural substrate.



2. MATERIALS AND RESEARCH METHODS

The study was carried out in the scientific laboratories of the Faculty of Food Technology
(Technical University of Moldova), as well as in industrial conditions at the specialized enterprise SRL
"V.DEVELOP".

For the isolation of acetic bacteria, the native viticultural material was used: white grapes and
white wine of the Noah variety, harvest year 2019; lab-grown Noah white grape vinegar and
commercial untreated white wine vinegar. For the microbiological examinations and isolation of acetic
bacteria, were used usual and special media such as: RAE, GYC and Hoyer, prepared by the Institute
of Microbiology and Biotechnology of the Republic of Moldova.

For the identification and detection of isolated bacteria, various biochemical tests were used, such
as: Gram stain, Catalase test, KOH test. Gene amplification was performed using Real-Time PCR CFX96
Deep Well (Bio-Rad, USA). The experiment was performed on each isolated strain separately, on RAE
culture medium. For the identification of acetic bacteria, the kit "For everyone Detection Kit B Acetics
Screening” (PIKA Weihenstephan GmbH, Germany). The acetic acid bacteria DNA extraction and
detection reaction was performed according to the manufacturer's protocol [14]. When configuring the
amplifier, FAM waves - which have an emission of 520 nm and HEX -550 nm - were chosen as detectors.

The main raw material used in the optimization of the vinegar production technology was
KINETA grape concentrate with 65% sugar concentration from the domestic producer. Yeasts were
used to carry out the alcoholic fermentation ENARTIS FERM SC, NUTRIFERM SPECIAL and
NUTRIFERM ADVANCED, producer country Italy, were used as nutrients to activate the process.

The biotechnological line for the manufacture of vinegar was made for the company SRL "V.
DEVELOP" by the domestic company SRL "URI ENGINEERING", the equipment is assembled
according to the projects and standards of the Austrian company VOGELBUSCH. Agents were used
to clarify the vinegar: Maxibent P (activated sodium bentonite); Maxibent G (sodium bentonite);
Gelatin Vinigel ORO; PVVIN (polyvinylpyrrolidone) and bentonite POWDER Oro.

For the preparation of non-alcoholic beverages with white wine vinegar, the basic and auxiliary
raw material was used: plums ( Prinus domestic ); peaches ( Prunus peach ); apples ( Malus domestica
Jonathan ); strawberry ( Fragdria pineapple ); raspberry ( Rubus iddeus ruby ); lavender ( Lavandula
L. ); spearmint ( Mentha L. ); green basil ( Ocimum L .); cinnamon; vanilla; sugar cough; white wine
vinegar produced in the research.

The conducted research also required a series of chemical reagents and laboratory materials that
were of good quality and corresponded to a degree of analytical purity, procured from the local supplier
" Ecochimie " SRL.



The multifactorial ANOVA analysis ( Two-way ANOVA) with multiple comparison techniques
was performed , which allowed the highlighting of the samples that differ from the average values.
Fisher's exact test was used to determine the degree of correlation between the data obtained for pH,
total titratable acidity and density versus fermentation time. This was performed automatically using
the XLSTAT software package ( Addinsoft, Paris, France). All experiments were performed in

duplicate or triplicate. The statistical significance threshold chosen: p <0.05.

3. SELECTION OF ACETIC BACTERIA STRAINS FROM INDIGENOUS RAW
MATERIALS

The isolation of a culture of pure acetic bacteria went through 3 steps:
Stage 1 - the study of the initial microflora of the selected materials, using selective nutrient media;
detection and isolation of acetic bacteria from them.
Stage 2 - the selected strain of acetic bacteria was exposed to morphological, physiological and
biochemical analysis.
Stage 3 - confirming the belonging of the isolated bacteria to the Acetobacter genus by comparing the
DNA of the obtained acetic bacteria, using the RT-PCR method.

3.1. Isolation of pure cultures of acetic bacteria

It was found that grape bunches have a rich and diverse microflora, which complicates the process of
isolating acetic bacteria. Wine also is not a perfect source of acetic bacteria, as their presence was in very
small amounts on one (GYC) of the three media. Based on the morphological R
characteristics of the cells, the isolated bacteria can be assigned to the genus
Acetobacter. It is assumed that the presence of a large number of other
microorganisms in wine prevents their normal development. Wine with

increased acidity is a more suitable source of acetic bacteria because their

numbers dominate. Different species of colonies grew on all three nutrient

media, of which two strains, according to cell morphology, can be  Fig- 1. 1dentification of
colonies on GYC medium

by clear zones
A small number of microorganisms have been isolated from unfiltered and unpasteurized

attributed to acetic bacteria.

commercial vinegar. It is assumed that at the end of fermentation, the acetic bacteria lose their activity
under the influence of the lack of alcohol. However, the vinegar has also undergone the filtration
process. From the colonies of microorganisms in wine vinegar obtained under laboratory conditions,

acetic bacteria were isolated on two nutrient media (RAE, GYC).
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3.2. Morphological and physiological characteristics of the isolated strains

When studying colonies grown on GYC medium, characteristic transparent halos can be observed
around the colonies. This is characteristic of acetic bacteria, because some of them consume calcium during
their life cycle, and this element is one of the ingredients of the GYC nutrient medium (fig.1). Microscopy of
the isolated acetic bacteria confirmed their belonging to the Acetobacter genus. This fact is confirmed by their

morphological characteristics (small and medium sticks).

3.3. Detection and identification of isolated strains

In order to study the ability of isolated acetic bacteria to ferment
ethyl alcohol to acetic acid, it was decided to introduce them into some
wine substrates. During the fermentation, on the 3rd day, a cloudy film
appeared on the surface of the liquid, dislocating to the wall (fig. 2).
This indicates that the acetic bacteria are sufficiently active.

The next step was to identify the acetic bacteria, using various

biochemical tests. The first test identifies the enzyme catalase, which Fig. 2. Bacterial film

iIs a component of acetic acid-producing bacteria. The positive result confirms the nature of the
microorganisms and their belonging to the bacteria of the Acetobacter genus. The KOH test and the
Gram stain provide information about the physiology of the cells, namely, the structure of the cell wall.

The test results are inserted in Table 1.

Table 1. Qualitative reactions for the identification of isolated bacteria
Ne | Source of bacteria Gram staining | KOH test | The catalase test

1 | White wine with increased acidity | - - -

2 | Vinegar obtained in the laboratory | - t+ +

Note. "++" - intensively positive reaction, "+" - positive reaction, "-" - negative reaction

Bacteria isolated from white wine with increased acidity on RAE medium were found to fulfill only
one requirement with reference to Gram staining. Thus , it was found that the bacteria in the study are
Gram- - Qualitative determination of catalase activity was negative. Likewise, the KOH interaction test was
negative. These responses can have two reasons: the cultures lost their activity during the research stages
or they are not part of the Acetobacter family.

Two samples with bacteria were subjected to amplification, to be able to definitely confirm the
belonging of the isolated bacteria to the Acetobacter genus. The following samples were analyzed:
DNA purified directly from the vinegar being in the fermentation process and DNA purified from
colonies inoculated from this vinegar on RAE medium, using the enzyme mixture included in the kit.

The results of this analysis are shown in figure 3a. and 3b.
11
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Fig. 3. DNA amplification of acetic bacteria on FAM (a) and HEX (b) channel

Purified DNA from bacterial colonies grown on RAE medium showed positive amplification. The
three curves crossing the baseline represent the amplification plots of the negative control sample (from
the reference kit) and DNA isolated from the bacterial colonies that gave the positive signal on HEX.

It was found that from all the samples that were simultaneously amplified, only the bacteria
isolated from the untreated vinegar, cultivated on the RAE medium showed a positive reaction, which
confirms the belonging to the Acetobacter genus. Despite the fact that a sample was taken from the
vinegar during the fermentation period, selected during the exponential growth phase did not give a
positive result. Finally, we can conclude, first of all - that the bacteria isolated from untreated vinegar
definitely belong to the Acetobacter genus; secondly - the use of vinegar in the phase of maximum

accumulation of active microorganisms, does not ensure detection by RT-PCR of acetic bacteria [15].

4. OPTIMIZATION OF THE TECHNOLOGY FOR OBTAINING VINEGAR FROM WINE

4.1. Obtaining vinegar from concentrated juice

The experimental part was focused on the study of the processes of alcoholic fermentation of grape
juice to wine, respectively, and the subsequent acetic fermentation of wine to obtain vinegar. The
concentrated juice from white grapes was used, the characteristics of which are inserted in table 2. The
quality of the concentrated juice was in accordance with the norms provided in the technical regulations
HG no. 1111 [16].

Table 2. Characteristics of white grape concentrate*

Quiality indices KINETA grape concentrate
Composition: basic ingredients 100% white grape juice
Physical description Viscous, dark yellow color
Physico-chemical characteristics | Brix °-65; pH - 2.57; Density-1260 kg/m?®at T=20°C
Organoleptic characteristic The taste, aroma specific to grape juice
Expiration date 12 months at a temperature of 10-15°C

*Elaborated by the author based on the manufacturer's data SA "ALFA-NISTRU".
12



Alcoholic fermentation of the juices was carried out after diluting them with drinking water up to
a sugar concentration of 25g/L using ENARATIS FERM SC yeasts (0,3g yeasts/L of juice) with/and
without the addition of nutrients (complete fermentation activators alcoholic) in the fermentation
medium: NUTRIFERM SPECIAL 35 g/hL at the beginning of fermentation and NUTRIFERM
ADVANCE 30 g/hL in the middle of the fermentation process. The evolution of the sugar and ethyl
alcohol content during the alcoholic fermentation of grape juice with/and without the addition of
nutrients is presented in figure 4a. and 4b.
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Fig. 4. Evolution of sugar and alcohol content during alcoholic fermentation of grape juice without addition
(a) and with addition of nutrients (b). Results are presented as mean + standard deviation; p <0.05

The physico-chemical parameters of the products resulting from the alcoholic fermentation of
grape juices are included in table 3.

Table 3. Physico-chemical parameters of products resulting from alcoholic fermentation*

No. Indices Values after alcoholic fermentation
do without nutrients with nutrients
1 pH 3,20+0,05 3,134+0,05
2 | Sugar concentration, g/L 7,0+0,1 6,0+0,1
3 Alcohol, %vol. 8,5+0,4 9,0+0,5
4 | Density, kg/m® 1025+10 1005+10

*Elaborated by the author, and the results are presented as mean + standard deviation; p<0,05.

The process of acetic fermentation of products resulting from alcoholic fermentation includes
the following main stages:

- preparing the wine to obtain the vinegar with the desired acidity;

- the actual acetic oxidation of alcohol and obtaining vinegar.

The progress of the acetic oxidation process was followed by determining the content of acetic acid formed
and the residual ethyl alcohol in the yeast. The controlled parameters, which determined the development of the
acetic oxidation process under optimal conditions under the action of acetic bacteria, were the following:

- the amount of air that ensures the viability and multiplication of bacteria and implicitly the
oxidation of alcohol into acetic acid (the optimal value being about 5 liters of air/liter);
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- constant and uninterrupted aeration;

- the temperature of 28+2°C-this value was constant, because its variations prevent the activity of bacteria;

- to speed up the process, the following nutrients were used: ammonium sulfate (NH4)2.S04-0,135
g/L, sucrose C12H22011-2,7g/L, potassium carbonate K-CO3-0,005¢/L.

The evolution of the acetic fermentation process was followed by the total acidity and pH of the
fermentation medium. The evolution of these parameters during the acetic fermentation of the samples

with/and without the addition of nutrients is represented in figure 5a. and 5b.
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Fig. 5. Evolution of TA and pH during the acetic fermentation of samples without addition (a) and
with addition of nutrients (b). Results are presented as mean = standard deviation; p <0,05

The physico-chemical parameters of the products resulting from acetic fermentation are inserted in table 4.

Table 4. Physico-chemical parameters of products resulting from acetic fermentation*

No. Indices Values after acetic fermentation
do without nutrients with nutrients
1 Total acidity, g acetic acid/L 49,1+0,6 65,0=0,3
2 pH 3,11+0,05 3,10+0,04
3 | Density, kg/m? 1040+15 1042+20

*Elaborated by the author, and the results are presented as mean =+ standard deviation.

After obtaining the vinegar from the concentrated juice of white grapes, it was found that nutrients
do not play an important role in the alcoholic fermentation process, because the difference between the
samples of the alcohol content is only 0,5%. At the same time, during acetic fermentation, 33% more acetic
acid was recorded in the sample with nutrients compared to the control. To increase acetic fermentation in
industrial conditions, when obtaining vinegar from white grape concentrate, we recommend the use of
nutrients in quantities of (NH4)2SOs- 0,135g, K2COs- 0,005g and sucrose C12 H22011— 2,79.

4.2. The impact of sulfur dioxide
Currently, sulfur dioxide is one of the safest and most immediate means that can be used to
preserve wine. Therefore, the addition of SO inhibits the development of acetic bacteria and

respectively blocks the production of vinegar [17].
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The influence of the dose of sulfur dioxide, which varied from 80 to 320 mg/dm? SO, on the
acetic fermentation process of white wine and the changes in pH values, density and total acidity was

investigated. In Figure 6 a and b, changes in TA and density during acetic fermentation are shown.

70 1020

—s=— proba martor —=— proba martor
65 | ———80mg/dm3 1017 | ——80mg/dm3
60 160 mg/dm3 1014 160 mg/dm3
——— 240 mg/dm3 ——— 240 mg/dm3
55 1011 320 mg/dm3
320 mg/dm3

50 1008

45 1005

Total acidity, g/L

Density, kg/m3

40

=
o
o
N

35

©
«©
©

30

©
©
(2}

25

©
©
w

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 2 3 4 5 6 7 8 9 10 11 12 13

14 15 16 17 18

Time, day Time, day
a) b)
Fig. 6. Evolution of AT (a) and density (b) of wine with different concentrations SO,during
acetic fermentation. Results are presented as mean + standard deviation; p<0,05

With the increase in the dose of SO2, a stoppage of the acetic fermentation process is observed.
For example, in the sample with the dose of SO2 320 mg/ dm?3, the initial value of acidity is maintained
until the 10th day, then it increases insignificantly. The increase in the value of total acidity is only 11
g/L, which is two times lower compared to sample 1l (dose of SO2 80 mg/dm?). However, during the
18 days, for the control sample, the process proceeded very actively, the value of total acidity
increasing from 30 g/L to 68 g/L, which is 2 times more. The admissible values of the acetic acid
content ( minimum of 60g/L) are certified on the 13th day [18] .

4.3. Establishing the optimal dose of the starter culture
Was analyzed the changes in physico-chemical parameters (TA, pH, density) during the acetic
fermentation process of white wine with different amounts of starter culture (figure 7), which varied

from 10% to 50% white wine vinegar yeast obtained from the Noah variety.
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Fig. 7. Evolution of density (a), pH (b) and TA (c) of samples with different amounts of yeast
(unfiltered white wine vinegar) during acetic fermentation. Different letters a-f indicate significant
differences between samples ( p < 0,05).

From figure 7c. it is observed that the control sample (without the addition of yeast) minimum
TA was not reached during fermentation of 14 days. TA of 60g/L (minimum required for vinegar) was
reached in the 50% yeast sample on the 12th day, and in the 30 and 40% yeast samples it was reached
on the 14th day. This confirms that the studied vinegar has an average value of acetic acid and can be
used in the food industry, according to normative documents [18, 19, 20].

Thus, we can conclude that both in the sample with a high content of acetic acid and in the one
with a low content, the process of qualitative acetic fermentation took place with the achievement of the

minimum value of acetic acid of 60 g/L took place in the samples at adding yeast by 30, 40 and 50%.

4.4. The influence of different types of substrate
During the research, the following substrates were chosen from local raw materials considered

as waste from the agro-food industry:

1. Chips of apple wood - AM ( Malus domestica ) size 6x12x3 mm. Manufacturer Smart Energy
Solutions SRL.

2. Walnut shell - CN ( Juglans regia L. ) harvested in 2019, with the size that does not pass
through the metal sieve with the diameter of the holes 4 mm.

3. Hazelnut shell - CA ( Corylus avellana ) harvested in 2019, with the size that does not pass
through the metal sieve with the diameter of the holes 4 mm.

4. Tescovina from the grape variety -TM ( Vitis vinifera Muscat ) in dry form, fruit of the year
2020, Cimislia district, Javgur winery.
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The use of various substrate materials, with the exception of tussock, was subjected to primary
processing which consisted of the following:

1. Washing under running water at a temperature of 80+1°C, for 10 minutes.

2. Drying in an oven at a temperature of 32+1°C, 48 hours.

3. Aging with maya (unfiltered white wine vinegar) for 72 hours, in a ratio of 1:4.

Tescovina was subjected to the oven drying procedure at 32+1°C, for 5-6 days until the moisture
level reached 9+1%. It was then subjected to the maturation process described above in point 3.

Before using the substrate, as a surface source for the development of acetic bacteria, each
type of substrate was introduced into leaven, which consisted of untreated vinegar in the ratio 1:4 (50
g of substrate and 200 mL of leaven). The samples were kept for 72 hours, at a temperature of 25+1°C
(table 5).

Table 5. Evolution of the volume of samples with different substrates*

Substrate type Ratio leaven: Vinialty, | Volume after | Volume difference,
substrate , mL /g mL 72 h, mL mL
Nutshell 200:50 250 234.30 +1.33 -15.60+0.86
Hazelnut shell 200:50 250 234.33 +£0.67 -15.66+0.34
Apple chips 200:50 250 240.16 +0.83 -9.83+0.53
Marc Muscat 200:50 250 255.13+0.24 +5.13+0.24

*Elaborated by the author, and the results are presented as mean + standard deviation.

From table 5 it can be seen that the volume of vinegar with walnut and hazelnut shells decreased
by 16 mL , and with apple chips only by 10 mL. This difference is due to the absorption properties of
the peel. In the case of the pomace substrate, the result was the opposite, after 72 hours this volume
increased by 5 mL. The fact is due to the content in its composition of cellulose and soluble fibers.

The number of acetic bacteria in the used must was investigated, before and after maceration,
to confirm the necessity of planting and its development on the substrate. The possibility of using apple
wood shavings, which are known to be an effective substrate for the development of acetic bacteria,
was tried. They were macerated in leaven for 72 hours, in a ratio of 1:4. According to the obtained
data, it is confirmed that after placing on the surface of the substrate, the acetic bacteria develop
intensively and after 3 days their number is higher compared to the initial amount.

Since the process of acetic fermentation by the classical method takes place slowly, the purpose
of using the substrate is to increase the speed of acetic fermentation. The evolution of the physico-

chemical parameters of vinegar is presented in figure 8.
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marc muscat; AM - chips from apple wood; CN - nut shell; CA - hazelnut shell . Results are
presented as mean + standard deviation; p <0,05

It is found that the substrate plays a significant role in the acetic fermentation process. Thus, in the
sample with apple wood chips this process evolves faster, because compared to the other samples, the
structure of the chips allows a better adhesion of acetic bacteria on their surface, increasing the
probability of obtaining vinegar in a shorter time. The use of substarts increased the total acidity of the
obtained vinegar by about 2 times during 30 days. It is worth noting that the walnut shell equally with
the apple chips positively influenced the accumulation of acetic acid in the finished product.

The chromatic changes of the vinegar depending on the substrate were evaluated, according to
the color difference between the control sample (M) and those with different substrate. According to
the chromatic parameters inserted in Table 6, the change in intensity (Ic) and color shade (Nc) is
indicated in all samples, but the greatest change in Ic occurs in the CN sample, which increased 30
times compared to the control. At the end of the fermentation period, Nc had a maximum value of 2,59
in the sample with apple shavings.
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Table 6. Chromatic parameters of samples with different types of substrate*
Sample| L* a* b* AE* Cc* H° Ic Nc
M 17,07+0,10 | 6,55+0,12 | 10,57+0,15| - 12,43+0,05 | 58,210,11 | 0,69+0,07 | 1,96+0,10
T™M | 18,83£0,05 | 7,29+0,01 | 11,610,04| 2,17+0,04 | 13,7120,01 | 57,88+0,13 | 1,48+0,20 | 1,94+0,18
AM | 30,51+0,04 | 6,54+0,02 | 29,79+0,04 | 23,45+0,03 | 29,60+0,01 | 77,24+0,08 | 1,67+0,53 | 2,59+0.46
CA | 40,45£0,03 | -0,56+0,05 | 16,55+£0,04 | 25,15+0,02 | 16,56£0,02 | 91,94+0,05 | 1,55£0,36 | 1,65+0,67
CN | 37,51£0,31 | 2,69£0,02 | 27,64+0,10| 26,90+0,23 | 27,77+0,01 | 84,44+0,14 | 20,70+029 | 1,68+0,32

* Results are presented as mean + standard deviation; p<0,05.

The data in table 6 demonstrated that in samples AM, CA and CN the brightness values are the highest,
30,51, 40,45 and 37,51 in which the white color predominates, and in the case of samples M and TM the L*
values are more small, constituting 17,07 and 18,83 respectively. The representation of the colors of the
vinegar samples obtained according to the CIELab system attests that the tonality of the yellow color
predominates (figure 9). The data for the a* parameter in most samples are positive, which denotes the
presence of red pigments. In the case of the CA sample, the a* component was shifted towards the green
color. The negative a* value -0,56 indicates the insignificant presence of green pigments (chlorophyll).

The results show the biggest change in the walnut shell sample compared to the control , where the
L* value increases about 2 times, the a* component changes its values from 6,55 to 2,69, and the b* value
doubles. The AE* value demonstrates that the color change for the TM sample is insignificant compared
to the control (2,17). In the CN sample, the AE* value denotes important color changes (26,90).

Also, AM and CN samples have more intense color because the C* chromaticity values are further from
the origin of the coordinate system, being 29,60 and 27,77. In the case of samples M, TM and CA, the C* values
are 12,43, 13,71 and 16,56 respectively, demonstrating that the color intensity is reduced due to the presence of
shades of gray. The values of the hue angle H* denote that the
samples M and TM are in the trigonometric quadrant | (58,21°

and 57,88°), in which the orange color predominates, and the

samples AM, CA and CN are in the trigonometric quadrant I,

the values being 77,24°, 91,94° and 84,44° respectively, in - ~

Fig. 9. Rpresentio o sample colors
according to the CIELab system: 1-M;
2-TM; 3-AM; 4- CA; 5-CN

which the yellow color is dominant (figure 9).
4.5. Vinegar finishing with different clarifying agents
Clarified vinegar evolves normally and maintains its constant quality for a long time, having a finer
bouquet and aroma compared to the cloudy one [21]. For these reasons, the process of clarifying wine
vinegar with five types of agents, which can be found on the RM market, was studied.
Industry recommendations state that the doses of bentonite used should be within the limits of

30-80g/hL. Taking into account the manufacturer's recommendations for the use of the selected
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clarifiers , concentrations of 1,5¢/L, 2,5¢/L, 3,5¢/L, 5g/L and 7,5g/L were used. The clearing capacity
of the different agents was determined by reading the absorbance in the spectrophotometer at a

wavelength of 420 nm (Fig. 10).
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Fig. 10. Influence of the concentration of clarifying agents on the optical density of vinegar

From the analysis of the data presented in figure 14, it is observed that for most agents the effect
on the optical density of vinegar is manifested starting with the concentration of the suspension of 1,5
g/L, after which the absorption continues, but proceeds more slowly. The agent Maxibent P has the
most pronounced clarifying effects on wine vinegar, followed by Gelatin VV.O.

For further research, related to the establishment of the technological parameters of the
clarification process (temperature, duration, centrifugation regime, etc.), the concentrations of the
clarification agents were selected: Maxibent P - 3,5g/L; Maxibent G - 2,5 g/L; PVVIN-3,5 g/L; Gelatin
Vinigel Oro - 5 g/L; Polvero bentonite - 2,5 g/L.

Next, the influence of temperature on the degree of clarification of vinegar was investigated. Thus,
the vinegar samples with the necessary clarifying agent (optimal concentrations were mentioned above)

were placed in spaces that ensured the temperature regime 4+2°C, 40+2°C, 20+2°C.
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Fig. 11. Influence of temperature on the clarification process
The results obtained (fig. 11) show that the suspension of the agent Maxibent P showed the best
behavior, followed by Gelatin V.O. The suspensions of these clarifying agents had the best results at

a temperature of 20+2°C. Thus, as far as regarding the economic aspect (creating a certain temperature
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regime requires energy expenditure), these clarifying agents will be the most effective. Maxibent P
and Gelatin V.O. have the ability to reduce the optical density below the values of 1, respectively
giving the vinegar a higher degree of clarity.

As a technological parameter of the vinegar clarification process, the duration of contact of the
vinegar with the clarification agent suspension was selected. The mixture samples of the vinegar with
the suspensions were analyzed after the first hour of contact, 2 hours, 3 hours and 24 hours. The optical
density values for the given periods are represented in figure 12.
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Fig. 12. Influence of contact time on the clearing process. Results are presented as mean + standard
deviation; p <0,05

The data show that the contact between the vinegar and the clarifying agent manifests itself in the
first hours, thus, for Maxibent P and Gelatin V.O., the optimal contact period is 2 hours. After 2 hours
the optical density has a tendency to decrease which proceeds slowly. At the same time, the optical
density of the vinegar treated with Bentonite Polvero, Maxibent G and PVVIN stabilized after 3 hours.
In all samples, the 24-hour contact period does not cause significant changes compared to 3-hour contact.

The obtained results demonstrated that the best clarifier property was manifested by the agent
Maxibent P, where after 2 hours the absorbance reached the value of 0,400, while with other agents
this value was not reached even after 24 hours.

A clearer vinegar also implies a higher degree of purity, respectively higher acidity and higher
density. Based on these considerations, the evolution of these parameters was determined depending
on the duration of the vinegar treatment.

Table 7. Changes in pH, TA and density of vinegar after clarification depending on the duration
of the clarification process*

Time Maxibent P Maxibent G PVVIN Gelatin V.O. Bentonite Polvero
1 2 3 4 5 6
pH values
initial PH 2,89+0,03 2,89+0,02 2,89+0,05 2,89+0,02 2,89+0,02
1 hour 2,84+0,02 2,86+0,07 2,87+0,02 2,88+0,01 2,86+0,04
2 hours 2,80 +0,06 2,84 +0,02 2,85 +0,07 2,86 +0,03 2,85 +0,01
3 hours 2,80+0,07 2,83 40,01 2,83 +0,02 2,84+0,05 2,84 +0,02
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Continuation of the table 7.

1 2 3 4 5 6
24 hours 2,79 +0,04 2,83+0,01 2,81+0,01 2,84 +0,07 2,83+0,03
TA, g acetic acid/L
Initial TA 56,24+0,8 56,2+0,2 56,2+0,9 56,2+0,8 56,24+0,5
1 hour 58,1+0,3 57,4+0,6 57,9+0,4 57,8+0,1 57,5+0,1
2 hours 58,5+0,1 58,2+0,5 58,2+0,7 58,3+0,3 58,2+0,8
3 hours 58,840,2 58,4+0,3 58,240,6 58,5+0,1 58,4+0,3
24 hours 58,8+0,4 58,5+0,1 58,3+0,3 58,6+0,8 58,5+0,9
Density, kg/m?®
initial P 1020+10 1020+18 1020+12 1020+13 1020+14
1 hour 1024416 1023+13 1021+11 1022411 1023+19
2 hours 1027+£12 1024+17 1023+11 1023418 1024412
3 hours 1027+£13 1026+15 1025+13 1023+17 1026+11
24 hours 1027+£12 1026+11 1026+15 1024414 1026+15

*Elaborated by the author, and the results are presented as mean + standard deviation.

From the data inserted in table 7, it can be seen that the relationship between the duration of vinegar
treatment with clarifying agents and the physico-chemical parameters of vinegar after clarification is
directly proportional. However, some agents have a greater ability to reduce the pH or increase the
density and acidity of vinegar than others. Following the treatment of vinegar with Maxibent P, the
lowest pH value (2,79) and, respectively, the highest acidity (5,88 g/L) were obtained. The lowest values
of these parameters were recorded in the case of vinegar treatment with PVVIN and Gelatin Vinigel Oro.

The parameters of the obtained vinegar were compared with the parameters of the Decision of the
Government of the RM, n0.1403 of 09.12.2008, regarding the approval of the Technical Regulation ""Vinegars and

acetic acid for food use" [18]. All obtained parameters correspond to the norms and no deviations were recorded.

4.6. Optimization of wine vinegar manufacturing technology
In the research was:

v' developed the technological instruction IT MD 67-41184408-01:2021 regarding the
manufacture of vinegar from wine, from fruits and from forest fruits, according to the requirements of
the technical regulations "Vinegars and acetic acid for food use" approved by GD no.1403 of
09.12.2008 to the group of authors: Gaina B. dr.hab., university professor, acad., ASM; Boistean A.
university lecturer, FTA, UTM and Baciu V. head of SRL"V.DEVELOP";

v’ tests of the culture of acetic bacteria Acetobacter aceti were carried out CNMN-AcB-01 ,
isolated from grapes of the local Noah variety in the industrial process of manufacturing wine vinegar
in accordance with the technological instructions IT MD 67-41184408-01:2021.

v applied as a prototype the technological scheme described by Budak et al. and subsequently
optimized by substituting the substrate, and respectively, the processes required for its preparation

[22]. The optimized block diagram for obtaining vinegar from white wine is represented in figure 13.
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Fig. 13. Optimized block diagram for obtaining vinegar from white wine
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The use of the substrate from native material (walnut shells and hazelnuts) led to the increased
development of the Acetobacter aceti CNMN-AcB-01 bacteria strain, isolated from local wine
products, and contributed to the accumulation of acetic acid in a 2-fold time shorter compared to the
classic fermentation technology, which led to the optimization of the technological scheme for
obtaining vinegar from white wine.

The technology for obtaining vinegar from white wine was described in the patent Process for
obtaining vinegar from white wine [22]. Short-term invention patent with no. MD 1517 Y was requested
by SRL Fermented fruts, which concluded a non-exclusive license contract with UTM for its use, for the

purpose of marketing the product obtained following the application of the process.

5. TECHNOLOGY OF THE MANUFACTURE OF NON-ALCOHOLIC BEVERAGES
WITH WHITE WINE VINEGAR
In chapter 5, the possibility of using white wine vinegar to obtain non-alcoholic beverages was
analyzed. As part of the research, non-alcoholic drink recipes were developed that include the addition
of vinegar obtained through natural fermentation and sweetening it with sugar. Acetic acid in vinegar
acts as a preservative, so the drink remains delicious throughout the year, the recipes of which are

presented in table 8.

Table 8. Recipes of non-alcoholic beverages developed*

No. Ingredients ratio (for 1 liter of finished drink)
d/o Naming and coding of fruits/ aromatic . vine | wat
beverages apple trees, sugar, plants, SPICes, gar, er,

1 | Plums with lavender-PrL 200 200 2 - 100 | o
2 | Peaches with cinnamon-PiS 200 200 - 2 100 | 2 £
3 | Apple with vanilla-MV 200 200 - 2 100 | 25
4 | Raspberry with mint-ZM 200 200 10 - 100 | § &
5 | Strawberry with basil-CB 200 200 10 - 100 | =

Note. *elaborated by the author, **the rate of fruits/apples is indicated for the net meal.

During the summer, when water intake is high, gastric acidity decreases, which favors the occurrence
of bacterial and viral infections in the digestive tract. During this period, the volume of consumption of soft
drinks increases. It is obvious that their demand is increasing in commercial establishments, but they are
not recommended due to their high sugar content, high acidity, use of synthetic dyes, preservatives, etc.

It has been shown that processed drinks contain a significant amount of carbohydrates due to
sugar, fruits or berries, which have values from 10,38 to 11,50¢9/100mL. In order to match the
carbohydrate content (according to the rules) in the elaborated non-alcoholic drinks, the energy value
was compared with those selected from the trade. It was found that the energy value of the elaborated

drinks is close to the energy value of the same amount of commercial sweet drinks. The difference is
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insignificant, but the advantage lies in the fact that elaborate non-alcoholic drinks are obtained from
natural raw materials, while commercial ones contain a series of artificial additives. Therefore, the
obtained drinks can be offered as a healthy and natural alternative to commercial non-alcoholic drinks,
as well as for serving in the UAP.

The elaborated drinks contain significant amounts of carbohydrates of about 10,2-11,5%, just
like the commercial ones. For example, soft drinks Coca-Cola and Fanta contain 10,6% and 11,7%
sugar respectively. The mentioned drinks, being consumed frequently and in large quantities, could
lead to insulin dependence and diabetes, as well as to coronary, metabolic and obesity diseases [23].
In this sense, the GI of the elaborated drinks was determined. The method was performed according to
the international standard 1SO 26642 [24]. 9 people in good health participated in the study, who offered
themselves as volunteers. Over the course of 7 days, all volunteers consumed each type of elaborated
drink in an amount containing 25 g of carbohydrates, powdered glucose as a standard in an amount of
25 g, and a drink without the addition of vinegar. Soft drinks were served before breakfast, on an empty
stomach. Capillary blood samples were collected at time intervals 0, 15, 30, 45, 60, 90 and 120 minutes.

The results of plasma glucose after consuming one of the drinks are shown in figure 14.
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Fig. 14 Graphs of blood sugar versus time after consuming the raspberry mint drink for each
participant

It should be noted that after the consumption of elaborate non-alcoholic beverages, the level of
plasma glucose in the blood gradually increased from 4,5-4,7 mmol/L to 5,9-6,5 mmol/L in the first
30 minutes, after which it drops rapidly to 4,8-5,1 mmol/L, and after 2 hours it decreased to 4,0-4,4
mmol/L, which denotes that the values reached are lower than before consumption. The glycemic

index of the drinks ranged from 36 to 49.
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After consuming the sample without vinegar, the plasma glucose level in the blood gradually
increases from 4,6 to 6,7 mmol/L in the first 30 minutes, then it drops quickly and after 1,5 hours it
has the same value as before consumption. The glycemic index of the drink without vinegar is 112,
practically 2 times higher compared to the samples with vinegar.

The results obtained and multiple recent scientific investigations have documented that ingestion
of diluted vinegar by healthy adults reduces the glucose response to a carbohydrate load. There is also
some evidence that ingesting diluted vinegar increases satiety in the short term [25]. Brighenti et al.
determined that the oral administration of diluted acetic acid can have a beneficial effect on the
evolution of blood glucose. A small dose of vinegar, in the form of salad dressing consumed at a mixed
meal, is sufficient to positively influence the glycemic response and bring it to normal parameters [26].

Based on the results obtained regarding the Gl of the elaborated non-alcoholic beverages, it
was found that they refer to drinks with low GI (PrL-41 Gl, PiS-36 GI, MV-49 GI, ZM-47 Gl, CB-49
GI). It was confirmed that the presence of natural vinegar in the amount of 10%/L in the composition
of the elaborated non-alcoholic drinks was effective in reducing the postprandial level of glucose and

insulin and is considered an effective adjuvant for improving glycemic control.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

Carrying out the research and analyzing the obtained results led to the formulation of the
following conclusions:

1. Valuable biotechnological properties was isolated from native raw materials. Following the
performance of biochemical tests and the application of the RT-PCR method, it was definitely
established that the isolated strain belonged to the Acetobacter genus. The strain Acetobacter aceti
CNMN-AcB-01 was deposited in the National Collection of Nonpathogenic Microorganisms within the
Institute of Microbiology and Biotechnology. Following the testing of the strain Acetobacter aceti
CNMN-AcB-01 in industrial conditions at the company "V. DEVELOP" SRL the practical interest of its
use in the production of domestic wine vinegar was found.

2. The possibility was studied obtaining vinegar from concentrated white grape juice and the
impact of nutrient addition on alcoholic and acetic fermentation. It was found that the addition of
nutrients in the acetic fermentation process in amounts of 0,135g/L-(NHa)2 SOs ; 0,005¢/L-K>CO3 and
2,79/L-C12H22011 contribute to the accumulation of acetic acid by 33%.

3. It was demonstrated the possibility of using sulfite wine (with the content of 80, 160, 240 and
320 mg/dm?® of SO,) for the manufacture of vinegar. It was established that the dose up to 160 mg/dm?
SO; allows the acetic fermentation process to take place in sulfite wine without deviations and the

accumulation of acetic acid in the minimum admissible amount of 60 g/L.
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4. The influence of different amounts (10, 20, 30, 40 and 50%) of vinegar-leaven obtained by
exploiting the isolated strain Acetobacter aceti CNMN-AcB-01 on the physico-chemical parameters of
the vinegar was investigated. It has been demonstrated that the amount of 30% vinegar-leaven ensures
the minimum value of acetic acid of 60 g/L is reached on the 14th day of fermentation.

5. It has been shown that the use of the substrate reduces the duration of the acetic fermentation
process by about 2 times and has an insignificant influence on the physico-chemical parameters of the
vinegar. At the same time, walnut shell significantly changes the color of the finished product. Thus
the Ic value increased from 0,69 to 20,70, at the same time AE*(26,90) demonstrates important color
changes.

6. It has been shown that the intensity of the clarification process of white wine vinegar is
maximum in the first 10 minutes, followed by an essential decrease in the rate of clarification. The
optimal conditions for clarifying white wine vinegar were determined as follows: clarifying agent dose
- 2 g/L; stirring time - 3 min.; contact time - 10 min.; separation of the clarifying agent by centrifugation
at 3000 min* for 3 min.

7. Based on the research, the IT MD 67-41184408-01:2021 technological instruction on the
manufacture of wine vinegar was developed; carried out tests of the culture of acetic bacteria
Acetobacter aceti CNMN-AcB-01; optimized block scheme for obtaining vinegar from white wine.
The obtained results allowed the process of obtaining vinegar from white wine to be patented.

8. Recipes and the technological scheme were developed for five non-alcoholic beverages with
the utilization of the obtained white wine vinegar. The energy value of the processed beverages has
been shown to be in the range of 45,93 to 47,98 kcal/100 mL and is close to that of commercial
beverages (from 42,00 to 75,60 kcal/100 mL). The advantage of elaborate drinks is argued by the use
of local natural raw materials and presents a healthy alternative to commercial drinks.

9. It was found that following the consumption of processed non-alcoholic beverages, they refer
to drinks with low GI (PrL-41 GI, PiS-36 GI, MV-49 GIl, ZM-47 GI, CB-49 Gl). It was confirmed that
the presence of natural vinegar in the amount of 10%/L was effective in reducing the postprandial level
of glucose and insulin, which confirms its effectiveness in improving glycemic control.

Important scientific problem solved. For the first time a new strain of acetic bacteria
Acetobacter aceti CNMN-AcB-01 was isolated, characterized, identified and passported, which led to
the optimization of the technology for obtaining vinegar from white wine with the utilization of walnut
shells as a substrate, a fact that allowed the efficiency of the vinegar manufacturing process and its

enrichment with mineral substances, chromatic and organoleptic indices.
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Based on the results obtained, the following recommendations were formulated:

The manufacture of white wine vinegar in industrial conditions using the amount of min. 30%
of the yeast obtained by utilizing the strain Acetobacter aceti CNMN-AcB-01 isolated from
native raw material.

The use of nutrients in acetic fermentation in the optimal amount of: (NH4)2SO4— 0,135 g/L,
K2>CO3- 0,005 g/L and C12H22011— 2,7 g/L.

Manufacture of commercial wine vinegar with a maximum SO content of 160 mg/dm?.

The use of walnut shell (Juglans Regia L.) as a substrate for inoculation with the acetic bacteria
Acetobacter aceti CNMN-AcB-01 in a ratio of 1:4 (shell:wine).

The utilization of domestic white wine vinegar in a quantity of 10%/L, as a natural preservative

in the manufacture of non-alcoholic beverages.
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ADNOTARE
Boistean Alina: ”Optimizarea tehnologiei si caracterizarea calitatii otetului de vin
autohton”, teza de doctor in stiinte ingineresti, Chisiniau, 2022.

Teza constda din introducere, 5 capitole, concluzii si recomandari, bibliografie (204 titluri)
inserate in 110 pagini continut de baza, inclusiv 43 figuri, 39 tabele (cu exceptia celor indicate in
anexe), 13 anexe. Rezultatele au fost reflectate in 14 lucrari stiintifice si 2 brevete.

Cuvinte-cheie: otet, bacterii acetice, fermentare alcoolica, fermentare acetica, substrat, vin.

Scopul lucririi: constd in optimizarea tehnologiei de obtinere a otetului din vin cu utilizarea
tulpinii de bacterii acetice izolate din produsele vitivinicole autohtone, inoculate pe substrat din
materii prime locale si valorificarea acestuia pentru obtinerea bauturilor nealcoolice.

Obiectivele cercetarii: izolarea culturilor pure de bacterii acetice din produsele vitivinicole
autohtone si identificarea lor dupa caracteristicile morfologice, culturale, fiziologice, biochimice si
moleculare; studiul privind producatorii existenti si sortimentul de oteturi in RM; evaluarea influentei
diferitor factori asupra fermentarii acetice; optimizarea tehnologiei de obtinere a otetului din vin;
valorificarea otetului din vin pentru obtinerea unor bauturi nealcoolice.

Noutatea si originalitatea stiintifica. Pentru prima data a fost efectuata izolarea si identificarea
unei tulpini autohtone de bacterii acetice Acetobacter aceti CNMN-AcB-01 provenite din otet
artizanal din vin alb obtinut din soiul de vita-de-vie Noah. Au fost stabilite dozele-limita de dioxid sulf
si de cultura starter pentru asigurarea derularii eficiente a fermentarii acetice. In premiera a fost
utilizata coaja de nuci grecesti si alune in calitate de substrat pentru bacteriile acetice, astfel micsorand
perioada de fermentare si sporind calitatile organoleptice a otetului obtinut. A fost examinata evolutia
glicemiei dupa consumarea bauturilor nealcoolice elaborate si S-a constatat ca bauturile se clasifica in
grupa produselor cu indice glicemic scazut si pot fi recomandate ca alternativa sdnatoasa bauturilor
din comert.

Problema stiintificd solutionata: dezvoltarea si fundamentarea stiintifica a regimurilor
biotehnologice de obtinere a otetului din vin prin fermentarea naturala cu utilizarea tulpinii de bacterii
acetice izolate din materii prime autotone, dezvoltata pe substrat natural.

Semnificatia teoretici. Aplicarea tehnicilor de biologie molecularda pentru izolarea si
identificarea tulpinii studiate prin utilizarea metodei real-time PCR. A fost demonstratd posibilitatea
ameliorarii parametrilor cromatici ai otetului din vin alb prin utilizarea cojii de nuci ca substrat pentru
dezvoltarea bacteriilor acetice, marind suprafata de contact cu produsul, astfel eficientizand procesul
de fabricare a otetului.

Valoarea aplicativa: constd in stabilirea conditiilor optime de fermentare acetica a vinului
autohton si elaborarea instructiunilor tehnice pentru obtinerea otetului din vin. Procedeele tehnologice
recomandate in baza studiului pot fi aplicate la intreprinderile de profil, iar utilizarea cojii de nuci
solutioneaza problema deseurilor agroalimentare. Au fost obtinute 2 brevete de inventie.

Implementarea rezultatelor stiintifice. A fost elaborata instructiunea tehnologica IT MD 67-
41184408-01:2021 privind fabricarea otetului din vin si efectuate testari a tulpinii de bacterii acetice
Acetobacter aceti CNMN-ACB-01 in cadrul intreprinderii SRL V.DEVELOP. Rezultatele obtinute au
fost reflectate in rapoartele proiectului nr. 18.80015.5007.222T si in 2 brevete de inventie. Brevetul de
inventie de scurta durata cu nr. MD 1517 Y a fost solicitat de catre SRL FERMENTED FRUTS care
a inchiat contract de licenta neexclusiva de folosire a acestuia, in scopul comercializarii produsului

obtinut in urma aplicarii procedeului descris.
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AHHOTALIUA
Boumrsan Anuna: ,,OnTuMH3aus TEXHOJOTMH U XapaKTEePUCTHKU Ka4ecTBa MECTHOIO
BHHHOI0 YKCyca”, IUCCePTANUA HA COUCKAHNE YUYEHOM CTeleHN JOKTOPAa TEXHUYEeCKUX HAYK,
Kummnes, 2022.

Juccepraiiysi COCTOUT U3 BBEACHUS, 5 IJ1aB, 3aKIIOYCHHUN U PEKOMEHIAI1il, CIIICKa JTUTepaTyphl
(204 ucTouHMKOB), OCHOBHO# TeKCT coaepHT 110 cTpanuIiibl, B TOM dncie 43 pucyHKOB U 39 Tabuuiy
(6e3 yueTa mpUBEICHHBIX B MPHIOKEHUX ), 13 mpunoxenuit. [lomydeHHbIe pe3yIbTaThl OTpaKeHbI B 14
HAy4HBIX pabOTax 1 B 2 MaTeHTax.

KiloueBble cj10Ba: YKCYC, YKCYCHOKHCIbIE OakTepuu, alKorojbHass (epmeHTalus,
YKCYCHOKHCTasi pepMeHTanus, cyocTpaT, BUHO.

Leanb padoThbl: 3aKiOYaeTCsl B ONTHMHU3AIMM TEXHOJOTMH TONyYeHHs YKCyca W3 BHHA C
UCIIOJIb30BAaHMUEM IITaMMa YKCYCHOKHUCIIBIX OaKTepuil, BBIIEIICHHOTO W3 MECTHOM BHHOIEIHUYECKOM
MPOJyKIIMU, UHOKYJIMPOBAHHOTO Ha CyOCTpaT U3 MECTHOTO ChIPbSl M €T0 UCIOJIb30BAHUE [T OTYYECHUS
0€3aJIKOr OJIbHBIX HAITUTKOB.

3agauun pa0oOTHI. BBIJCICHUE YUCTBIX KYJIBTYpP YKCYCHOKHCIBIX OaKTepuil M3 MECTHBIX
BUHOJIENIFYECKUX TPOAYKTOB M HUX HISHTH(UKAIUSA 1O MOP(OIOTHIECKUM, KYyJIbTYpalbHBIM,
buznoNnornuecKkuM, OMOXUMHUYECKHMM M MOJEKYJISPHBIM TMPU3HAKAM; H3yYEHHE CYIIECTBYIOIINX
IIPOU3BOJUTENIEH M acCCOPTUMEHTAa YKCycoB B PM; olleHKa BIMAHHSA pPA3IMYHBIX (PAKTOPOB Ha
YKCYCHOKHCIIO€ OpOKEHUE; ONTHUMH3AINS TEXHOJIOTUU MOTYUYSHHs] BUHHOTO YKCYCa; UCIIOJIb30BAHHE
BUHHOT'O YKCycCa ISl OJTYYEeHHUsI 0€3aJIKOTOIBHBIX HAITUTKOB.

HayyHasi HOBU3HA U OPMIMHAJIBHOCTB. BriepBbie MPOBENEHO BBIICTICHUE U HIICHTH()HUKAIINS
MECTHOTO ITaMMa YKCYCHOKHCIbIX Oaktepuii Acetobacter aceti CNMN-ACB-01 u3 ceiporo 6enoro
BHHHOT'O YKCYyCa, [TOJy4eHHOro 13 BUHOTpaaa copra Noah. YcraHoBIeHbI peieibHbIC 035l THOKCHIA
ceppl M 3aKBACOYHOW KyJbTYphl, obecneunBaroniyie 3(pQGEKTHBHOE MPOTEKaHUE YKCYCHOKHCIIOTO
Opo>xeHus. BriepBble B kauecTBe cyOcTpaTa JUisl yKCYCHOKHCIBIX OakTepuii ObLIa HCIIOb30BaHa CKOPIIya
TpeuKkoro opexa W (QyHAyKa, YTO TO3BOJHMJIO COKPaTHTh TIepuoj]] OpOKEHHS U  TIOBBICHUTH
OpraHoJIENITHYECKUE KauecTBa MOJIy4EeHHOT0 YKCyca. bblio n3yueHo n3MeHeHre ypoBHs IITI0OKO3bI B KPOBH
nocje yrnoTpeOsieHus] pa3paboTaHHBIX 0€3aIKOTOJIbHBIX HAIMUTKOB, U OBLJIO YCTAHOBJICHO, YTO HAIUTKU
OTHOCSTCSI K TPYIIIE MPOIYKTOB ¢ HU3KUM ITIMKEMHUYECKUM MHAEKCOM M MOTYT OBITh PEKOMEHIOBAaHbI B
KaueCTBE 37I0POBOH aJIbTEPHATUBH KOMMEPYECKHM HAITUTKAM.

Hayuynasi mpo0uema: 3aKrodaercss B pa3spaboTKe M HaydHOM OOOCHOBAaHMM OMOTEXHOJIOTMUYECKUX
PEXUMOB TOJY4YEHUs] YKCyca M3 BHMHA IIyT€M €CTECTBEHHOIO OpOXKEHMS C HCIHOJb30BaHHEM IITaMMa
YKCYCHOKHUCITBIX OAaKTEepHiA, BBIIETIEHHBIX 3 MECTHOT'O CBIPbS1, 3aKPEIICHHOTO HA HAaTypallbHOM CyOCTpare.

Teoperndeckasi 3HauUMMOCTb. [IprMeHeHHE METONOB MOJIEKYJSPHOM OWOTOrMM YIS BBUIETICHUS U
UIeHTU(hHKALIMK HCCIeyeMoro Iramma ¢ romortibio Meroza [P B peanmsiom Bpemen. [IpoaemoctprupoBana
BO3MOKHOCTb YJIYHIIIEHHS! XPOMAaTHUCEKUX MapaMeTpoB OE0ro BUHHOIO YKCyca 3a CUET HCIIOIb30BaHUS
CKOPJIYTIbI TPELKOro opexa B KadecTBe CyOcTpara JUI Pa3sBUTHUsI YKCYCHOKHMCIIBIX OaKTepuii, yBEIUUEeHHE
MOBEPXHOCTH KOHTAKTA C TIPOYKTOM, UTO JeJaeT MPOIECC MPOU3BOJICTBA YKCyca Ooliee 2pheKTHBHBIM.

IIpakTHYecKkasi IEHHOCTb PadOThI: 3aKIIOYACTCS B YCTAHOBJIEHMH ONTHMAIbHBIX YCIOBUH
YKCYCHOKHCIIOTO OpOXXEHHsSI MECTHOTO BHHA M Pa3pabOTKe TEXHWYECKUX WHCTPYKIMH TIO TTOTYYSHHUIO
BHHHOTO YKCyca. TeXHOIOrHYecKHe MpoLecchl, PEKOMEH/I0BAaHHBIE HA OCHOBE MCCIIE/JOBAHMS, MOTYT OBITh
NPYIMEHEHBI Ha CTICIMATM3UPOBAHHBIX MIPEIPHUATHSIX, & HCTIOIb30BaHHUE CKOPITYITHI TPEIIKOTO OpeXa PEeIHT
npobsIeMy arpoIrpo0BOJILCTBEHHBIX 0TX00B. [lomyyeHo 2 matenTa Ha U300peTeH .

BHenpenne Hay4dHbIX pe3yJbTaToB. Paspaborana TtexHonormdeckas wHCTpykmus IT MD 67-
41184408-01:2021 o mpor3BOACTBY BUHHOTO YKCyCa M MPOBEIEHBI UCIIBITAHUS IITaMMa YKCYCHOKHUCIBIX
oaxrepuii Acetobacter aceti CNMN-AcB-01 na npemnpusituin SRL V.DEVELOP. [onydeHHbie pe3ybTaThl
ObUIM OoTpaXkeHb!I B otyeTax mpoekta Ne. 18.80015.5007.222T u B 2 marenrtax. KparkocpouHblii maTeHT Ha
mobperenrie No. MD 1517 Y Obi1 3ampomen SRL FERMENTED FRUTS, kortopas 3axirounna
HEUCKITIOUUTENbHBIA JIMIIEH3UOHHBIM JIOrOBOP HAa €r0 MCHONBb30BAaHHE C LEIbI0 MapKeTHMHIa HpOIYKTa,
MOJTyYEHHOTO B pe3yJIbTaTe MPUMEHEHHsI OIIMCAHHOTO MPOLIECCa.
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ABSTRACT
Boistean Alina: ""Optimizing the technology and quality characteristics of local wine
vinegar"', doctoral thesis in engineering sciences. Chisinau, 2022.

The thesis consists of introduction, 5 chapters, general conclusion and recommendations,
references (204 bibliographic sources), the basic text contains 110 pages, including 43 figures and 39
tables (except those indicated in the annexes), 13 annexes. The results are reflected in 14 scientific
papers and 2 patents.

Keywords: vinegar, acetic bacteria, alcoholic fermentation, acetic fermentation, substratum, wine.

Purpose: consists in optimizing the technology for obtaining vinegar from wine using a strain
of acetic acid bacteria isolated from local wine products, inoculated on a substrate from local raw
materials and using it to produce soft drinks.

Objectives: isolation of pure cultures of acetic acid bacteria from local wine products and their
identification by morphological, cultural, physiological, biochemical and molecular features; study of
existing producers and range of vinegars in the Republic of Moldova; assessment of the influence of
various factors on acetic acid fermentation; optimization of wine vinegar production technology; using
wine vinegar to produce soft drinks.

Scientific novelty and originality. For the first time, a local strain of acetic acid bacteria Acetobacter
aceti CNMN-AcB-01 was isolated and identified from raw white wine vinegar obtained from Noah grapes.
The limiting doses of sulfur dioxide and starter culture have been established, which ensure the effective flow
of acetic acid fermentation. For the first time, walnut and hazelnut shells were used as a substrate for acetic
acid bacteria, which made it possible to shorten the fermentation period and increase the organoleptic qualities
of the resulting vinegar. The change in blood glucose levels after consumption of developed soft drinks was
studied, and it was found that the drinks belong to the group of products with a low glycemic index and
can be recommended as a healthy alternative to commercial drinks.

Solved scientific problem: consists in the development and scientific substantiation of
biotechnological regimes for obtaining vinegar from wine by natural fermentation using a strain of
acetic acid bacteria isolated from local raw materials, fixed on a natural substrate.

Theoretical significance. Application of molecular biology methods for the isolation and
identification of the studied strain using the real-time PCR method. The possibility of improving the
chromatic parameters of white wine vinegar by using walnut shell as a substrate for the development
of acetic acid bacteria, increasing the contact surface with the product, which makes the vinegar
production process more efficient, has been demonstrated.

Applicative value: consists in establishing the optimal conditions for the acetic fermentation of local
wine and developing technical instructions for obtaining vinegar from wine. The technological procedures
recommended on the basis of the study can be applied in specialized enterprises, and the use of walnut
shells will solve the problem of agri-food waste. Received 2 patents for inventions.

Implementation of scientific results. The IT MD 67-41184408-01:2021 technological
instruction on the manufacture of wine vinegar was developed and testing of the acetic bacteria strain
Acetobacter aceti CNMN-AcB-01 was carried out within the company SRL V.DEVELOP. The results
obtained were reflected in the project reports no. 18.80015.5007.222T and in 2 patents. Short-term
invention patent with no. MD 1517 Y was requested by SRL FERMENTED FRUTS, which concluded
anon-exclusive license contract for its use, for the purpose of marketing the product obtained following
the application of the described process.
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