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Abstract: Vinegar production is a small industry in the general economy of industrialized countries, 

but no less important. It is important to emphasize that the raw materials used for the production of vinegar 

are also a very important part of the industrial economy. Within the framework of this study, the technology 

of obtaining vinegar from grape and apple concentrates was analyzed in order to unify production. As well 

as obtaining vinegar from concentrates with the same physical and chemical parameters all year round. 

The influence of nutrients and salts on the fermentation process has also been studied. In this study, 

considered the problem associated with obtaining vinegars from concentrated juices with the maximum 

identical physical and chemical parameters, obtained without deviations and unnecessary costs and with 

better organoleptic characteristics. And also, the study of the influence of nutrients on the processes of 

alcoholic and acetic fermentation.  
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Rezumat: Producția de oțet este o mică industrie în economia generală a țărilor industrializate, dar 
nu mai puțin însemnată. Este important de subliniat faptul că materiile prime utilizate pentru producerea 
oțetului reprezintă o parte foarte importantă a economiei industriale. În cadrul acestui studiu a fost 
analizată tehnologia de obținere a oțetului din concentrate de struguri și mere în vederea unificării 
producției. Precum și obținerea de oțet din concentrate cu aceiași parametri fizico-chimici pe tot parcursul 

anului. S-a studiat și influența nutrienților și a sărurilor asupra procesului de fermentație. În acest studiu 
s-a luat în considerare problema asociată obținerii oțeturilor din sucuri concentrate cu parametrii fizico-

chimici identici maximi, obținute fără abateri și costuri inutile și cu caracteristici organoleptice mai bune. 
Și, de asemenea, studiul influenței nutrienților asupra proceselor de fermentație alcoolică și acetică. 

Cuvinte cheie:: fermentație, oțet, concentrat de struguri, concentrat de mere, acid acetic 

 

Introduction 

Vinegar consumption dates at least from 5000 BC, when Babylonians used it as a condiment and as 

a preservative [1]. Before the advent of sulfuric acid, acetic acid was the strongest known acid, so vinegar 

was used as a preservative due to its antimicrobial activity. This antimicrobial activity was used to heal 

wounds and as a general antiseptic, and was even used for treating wounds during World War I. The 

preservative properties of vinegar laid the foundation for the development of the process of pickling 
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vegetables [2, 3]. 

Every year, large amounts of vegetables and fruits are produced and wasted since the excess cannot 

be consumed or because they are considered of a second or third quality category. According to the FAO 

21.6% of the fruit produced in the world is wasted, starting from the post-harvest stage until its distribution 

[4]. Very often, fruit is rejected simply because of its “imperfect” appearance or inadequate size, even if 

the fruit is perfectly edible. These actions lead to both ecological and economic problems; therefore, 

environmental pollution and rising prices can be the consequence of fruit and vegetables overproduction 

[5].  

Thus, the alternatives that these products can use are extremely valuable. One of the options for using 

these second-rate products may be processing them into purees, juices, concentrates, etc. And also, options 

are possible associated with the production of vinegar, its enrichment or use for the production of functional 

drinking vinegar drinks [6, 7]. 

In recent years, new vinegar varieties have been developed to diversify the offer and cover the new 

requirements from consumers.  Attending to its official definition, vinegar is a suitable for human intake 

liquid obtained from double fermentation (alcoholic and acetic) based on agricultural raw materials that 

contain starch and/or sugars (Codex Alimentarius). Therefore, any fruit juice could be susceptible to be 

transformed into vinegar [8-10]. The lasts research has focused on obtaining vinegar not only from fruits, 

for example, from guava and banana [11], kiwi [12], orange [13] or of cajá (Spondias mombin L.) [14] but 

also from vegetables, such as onion [15] or tomatos [16]. 

Figure 1 shows the number of scientific articles by Scopus on fruit vinegar published between 1990 

and 2020. As you can see, there has been an exponential growth in recent years, which will demonstrate 

the growing interest of the scientific community in these products [17]. 

 

 
Figure 1. Number of scientific articles on fruit vinegar published per year [16]. 

The raw material employed for vinegar production plays an important role in the final characteristics 

of the developed product. This is why the production of fruit vinegar has its own problems. Firstly, for the 

production of fruit vinegar, quality raw materials are needed, and fruit is one of the most perishable products 

[18]. Therefore, the production of vinegar must be close to the place of fruit collection or have special 

refrigerated chambers for their proper storage, these costs affect the cost of the final product. Secondly, the 

quality of raw materials varies from year to year, which makes it difficult to obtain a standard product or 

requires additional steps to fit the standard. All these problems can be solved by using a stabilized juice 

concentrate as a raw material, which can be stored and used more conveniently in the production of both 

juices and vinegar [19]. 

The Republic of Moldova has a high potential for the production of apples (about 300 thousand tons 

per year) and grapes for industrial processing (over 350 thousand tons). For fresh consumption, no more 

than 50% of the fruit harvest is harvested and exported, so over 150 thousand tons of apples are directed to 

industrial processing [20, 21]. Given that the market of the Republic of Moldova is saturated with apple 

juice and concentrate, and their export prices decrease from year to year, due to high competition with 

producers in Ukraine, China and the European Union, it is appropriate that part of the juice apples and 
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grapes should be directed to the production of a new biologically active product such as natural vinegar 

[22, 23]. 

 

Research Methodology 

The research was carried out in two stages: the first stage consists of alcoholic fermentation and the 

second stage acetic fermentation. In this study, two types of fruit concentrates were used: apple and wine, 

which were purchased from the local manufacturer S.A. "ALFA-NISTRU" with the provision of all sanitary 

documents [23]. The physico-chemical characteristics of the juice concentrates are presented in table 1. 

 

Table 1. Characteristic of concentrates 

Quality indices Grape concentrate Apple concentrate 

Composition: basic 

ingredients 
100% white grape juice 100% white apple juice 

Physical description Viscous, yellow Viscous, dark yellow 

Physico-chemical 

characteristics 

Brix0 55 ± 0.5 at T 20± 1℃ 

pH 2.57± 0.2 at T 20± 1℃ 

Density = 1260± 0.5 kg/m3 

Brix0 70 ± 0.3 at T 20± 1℃ 

pH 2,93 ± 0.5 at T 20± 1℃ 

Density = 1 370± 0.1 kg/m3 

Organoleptic 

characteristic 
Taste, aroma specific to grape juice Taste, aroma specific to apple juice 

Period of storage 12 months at T=10-15± 1℃ 18 months at T= max +15℃ 

 

To carry out the first stage of the study, that is, obtaining wine and cider by alcoholic fermentation, 

the yeast ENARTIS FERM SC was used. Parameters of yeast ENARTIS FERM SC (Esseco Srl - Enology 

Division, Italia) are presented in Table 2. 

 

Table 2. Parameters yeast ENARTIS FERM SC 

Parameters Value 

Fermentation temperature  15-30°C 

Fermentation speed  high 

Alcohol tolerance  ≤ 13% 

SO2 resistance  50 mg 

Sugar / alcohol ratio  16.5 g of sugar to 1% alcohol  

 

Two types of nutrients were used to accelerate the fermentation process investigate the significance 

of their influence: NUTRIFERM SPECIAL (diammonium phosphate (DAP) 50%, autolyzed yeast 49.9%, 

thiamine-0.1%) and NUTRIFERM ADVANCE (inactive yeast 50%, DAP 40 %, cellulose 10%), also 

produced by the company Esseco s.r.l. – Enartis Division, Italia. To obtain vinegar from the intermediate, 

we used vinegar mother-culture (Brouwland bv, Belgium) for starting up acetic fermentation. 

In both fermentation periods, the quality parameters were monitored: pH-using pH meter Hanna HI 

9124; total soluble solids (oBrix)-using ATC refractometer, model RHB-32; density by densitometer, 

temperature, alcohol concentration and sugar concentration (for alcoholic fermentation), total acidity and 

alcohol concentration (for acetic fermentation) [24]. 

Vinegar is produced through a two-stage fermentation process, the first being the conversion of 

fermentable sugars into ethanol by yeasts- Saccharomyces, and the second being the oxidation of ethanol 

by bacteria- Acetobacter. Fermentation process is importance in the production of vinegars, during which 

many volatile compounds, polyphenols, and organic acids, are modified through chemical and microbial 

actions. 

For the first stage of the study, we used concentrated juice diluted with distilled water to a sugar 

content of 25%. Before the beginning of alcoholic fermentation, the diluted juice was brought to a boil, to 

reduce microbiological contamination, the level of sulfur dioxide, which suppresses the activity of yeast to 

achieve alcoholic fermentation and for the purity of the experiment. Further, the study proceeded according 



„Perspectivele și Problemele Integrării în Spațiul European al Cercetării și Educației”,  

Volumul IX, Partea 1. Cahul: USC, 2022 

 

384 

 

to scheme 2a and b for two samples, with and without the addition of nutrients, at a temperature of 22 ± 

1℃, isolated from sunlight and without oxygen. 

 

 

 
Figure 2a. Technological scheme for obtaining 

wine/cider from concentrated juice. 

Figure 2b. Technological scheme for obtaining 

wine/cider from concentrated juice with the addition 

of nutrients. 

 

Once the sugar has been transformed into ethanol, the next fermentation that takes place in the 

process to elaborate fruit vinegars is the acetic fermentation, which consists of the oxidation of the alcohol 

into acetic acid. This is an oxygen-dependent reaction, and, therefore, the oxygen concentration must be 

increased for the acetic fermentation to take place. Despite the fact that the metabolism of acetic acid 

bacteria is aerobic, aeration is not used for research.  However, they can survive under anaerobic conditions 

or with very low oxygen concentrations since they have the possibility to use quinones instead of oxygen 

as the final electron acceptor [18]. To speed up the process, the following substances were used as nutrients: 

ammonium sulfate (NH4)2SO4-0,135 g/L, sucrose C12H22O11-2,7 g/L, potassium carbonate K2CO3-0,005 

g/L. 

 

Discussions  

Results of alcoholic fermentation of grape juice 

The results obtained show that the alcohol concentration of the juice from grapes increased from 0 

g/L to 8,5 g/L and the sugar content decreased from 25 g/L to 7 g/L reflected in Figure 3a, so it was observed 

that alcoholic fermentation of the juice from grapes without nutrients for 11 days, a wine with an alcoholic 

concentration of 8.50% was obtained. 
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Fig.3a Evolution of sugar and alcohol concentration during alcoholic fermentation of grape juice 

 

The results of samples with nutrients are shown in the figures 3b. As you can see, the alcohol concentration 

increased from 0 g/L to 9 g/L, which is 1.3 times more than in the samples without nutrients. The sugar 

content accordingly decreased from 25 g/L to 6 g/L, therefore, as a result of alcoholic fermentation of juice 

from grapes with nutrients for 11 days, a wine with an alcohol concentration of 9% was obtained. 

 

 
Fig.3b Evolution of sugar and alcohol concentration during alcoholic fermentation of grape juice with 

nutrients 

 

Based on the results for grape juice with and without nutriments, it can be concluded that the influence of 

nutrients is not so important in alcoholic fermentation, since the difference between the samples is only 

0.5% alcohol. It can be assumed that the juice contains all the nutrients for the fermentation process and 

the yeast does not need additional feeding. 

 

Results of alcoholic fermentation of apple juice. 

The results obtained in the process of alcoholic fermentation of apple juice without nutriments are presented 

in figure 4a, and show an increase in alcohol concentration from 0 g/L to 8.5 g/L, and a decrease in sugar 

from 25 g/L to 7 g/L. That is, after fermentation of apple juice without nutrients for 11 days, a cider with 

an alcohol concentration of 8.50% was obtained. 
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Fig.4a Evolution of sugar and alcohol concentration during alcoholic fermentation of apple juice 

 

The results of the nutrient-rich apple juice samples are shown in figure 4b. As seen from the diagram, the 

alcohol concentration increased from 0 g/L to 9 g/L, which is 1.3 times more than in the samples without 

nutrients, as well as for grape juice. The sugar content decreased from 25 g/L to 7 g/L, and as a result of 

alcoholic fermentation of apple juice with nutrients for 11 days, a cider with an alcohol concentration of 

9% was obtained, identical to that of the sample from grape juice.  

 

 
Fig.4b Evolution of sugar and alcohol concentration during alcoholic fermentation of apple juice with 

nutrients 

As in the case of grape juice, a difference of only 0.5% alcohol between the samples was obtained. In this 

case, it can also be concluded that the introduction of additional nutrients is not so important, since apple 

juice contains all the nutrients for the fermentation process and perhaps the yeast does not need such an 

amount of nutrients. 

 

Results of acetic fermentation of grape juice 

The results of acidity and pH obtained in the process of acetic fermentation of samples from grape juice 

without and with nutrients are shown in the figures 5a and 5b. In figures, we can observe the period of 

adaptation of acetic bacteria to the environment and conditions, this adaptation lasted for 3-5 days. 
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Fig.5a Evolution of pH and titratable acidity during acetic fermentation of grape juice 

 

The acidity values for the sample without nutrients show a rapid increase from 2.18 to 3.53 in the first 15 

days after the lag phase. Then, in the remaining 15 days, there is a less rapid increase from 3.53 to 4.91. 

After 40 days of acetic fermentation, an acidity accumulation of 4.91 g/L is observed. For pH, there is a 

linear decrease of 12% with a maximum value of 3.41 and a minimum of 3.01. 

 

 
Fig.5b Evolution of pH and titratable acidity during acetic fermentation of grape juice with nutrients 

 

The acidity parameter for the sample with added nutrients in the amount specified in paragraph “Materials 
and methods-Acetic fermentation” also shows a rapid increase from 2.18 to 3.42 in the first 15 days after 
the lag phase. But in the remaining 15 days, there is a faster growth from 3.42 to 6.5 g/L. That is, after 40 

days of vinegar fermentation for samples with nutrients, there is an accumulation of acidity 33% more than 

in the sample without nutrients. 

 

Results of acetic fermentation of apple juice 

The results of acidity and pH obtained in the process of acetic fermentation of samples from apple juice 

without and with nutrients are shown in the figures 6a and 6b. 
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Fig.6a Evolution of pH and titratable acidity during acetic fermentation of apple juice 

 

The acidity values for the sample without nutrients show a rapid increase from 2.5 to 3.17 in the first 15 

days after the lag phase. Then, in the remaining 15 days, there is a less rapid increase from 3.17 to 5.36. 

After 40 days of vinegar fermentation, an acidity accumulation of 5.36 g/L is observed. For pH, there is a 

linear decrease of 24% with a maximum value of 3.38 and a minimum of 2.84. 

 

 
Fig.6b Evolution of pH and titratable acidity during acetic fermentation of apple juice with nutrients 

The acidity parameter for the sample with added nutrients also shows a rapid increase from 2.5 to 

4.32 in the first 15 days after the lag phase. But in the remaining 15 days, there is a faster growth from 4.32 

to 7.2 g/L. That is, after 40 days of vinegar fermentation for samples with nutrients, there is an accumulation 

of acidity 35% more than in the sample without nutrients. 

 

Conclusions  
In the field of food technology, many methods and techniques have been described for obtaining a 

wide variety of vinegars from various types of raw materials. This article addressed two issues. The first 

problem is related to obtaining vinegar from concentrated grape and apple juices. In production, it is 

important to achieve the maximum identity of the physical and chemical indicators of the finished products 
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obtained without deviations and unnecessary costs. And also obtaining fruit vinegar with newer 

organoleptic characteristics. The second question is related to the assessment of the influence of nutrients 

on fermentation processes: alcoholic and vinegar. Based on the data obtained, we can conclude that for the 

first stage, for alcoholic fermentation, the use of nutrients is not necessary, since the difference between the 

alcohol content in the obtained samples is only 0.5%. This value is insignificant; accordingly, we do not 

recommend using the studied nutrients and increasing the cost of the finished product. As for the second 

stage, vinegar fermentation, in this case we recommend the use of nutrients, since the amount used is small, 

but the effectiveness is much greater. The difference between samples without and with nutrients was about 

35% in both types of juice. Therefore, we recommend the use of nutrients in the vinegar fermentation 

process to shorten the time to make the vinegar. From an economic point of view, the cost of the finished 

product will increase slightly because very few nutrients are used. 
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