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Abstract  
 

The report examines the main factors influencing the process of acetic acid fermentation. An analysis is made 

which ones determine the process as a control object. Their importance is assessed for the purposes of control 

and optimizing the process of acetic acid fermentation. Concerning the composition of the nutrient medium, a 

passive experiment of 230 observations for two industrial acetators was carried out. In laboratory conditions the 

effect of fermentation temperature ф, aeration of the medium, amount of yeast and the way of supplementation 

of the acetate in the semi-continuous method of work on the basic technological and kinetic parameters were 

investigated. For example, for ф oxidative power  is high for all temperatures and depends heavily on it. We 

found a decrease at ф = 28С by over 40%. The maximum growth rate м rises to 28°C over two times and then 

almost does not change. With an increase of ф, the time tп constantly decreases, i.e. the process is intensifying. 

This reduction is over 22 %. There is a slight rise and then a sharp decrease, nearly four times, for  tлф to 28 °C. 
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Introduction 
 

Acetic acid fermentation is a specific 

biotechnological process in food processing. It is 

historically called fermentation, although it is an 

oxidation process. The acetic acid bacteria oxidize 

the alcohol in wine or other alcoholic liquids to acetic 

acid under suitable conditions. The process is aerobic 

and exothermic. Therefore, it takes place under 

intense aeration. In order to stabilize the fermentation 

temperature it is necessary to cool it. Industrial water 

is used. 

The vital activity of each microorganism depends to 

a large extent on external conditions. The study of the 

metabolism of acetic acid bacteria and the factors 

influencing this exchange is a matter of great 

theoretical and practical significance. This 

knowledge enables the activity of the bacteria to be 

guided by a corresponding change in the 

environment. The metabolism of acetic acid bacteria 

and the accumulation of acetic acid have a significant 

impact on (Karova, 1990; 2005): 

- composition of the media; 

- the fermentation temperature; 

- aeration of the medium; 

- physiological characteristics of the strain of acetic 

acid bacteria used; 

- pH of the medium and others. 

Purpose of the work: To analyze the main factors 

influencing the process of acetic acid fermentation, 

which of them can be used for control purposes and 

to assess their significance. 

 

Influence of the composition of the nutrient 

medium 
 

In their development, acetic acid bacteria need 

different sources of carbon, nitrogen, mineral salts 

and vitamins. They are satisfied by choosing the 

appropriate cultivation environment. Their 

knowledge is of great importance for controlling their 

vital activity. As a carbon source, acetic acid bacteria 

use carbohydrates, alcohols and organic acids 

(Karova, 1990). 

 

A. The content of ethanol in the nutrient medium 

An important differentiating feature of acetic acid 

bacteria is the use of ethanol as the only carbon 

source. Its concentration in the nutrient medium is of 

great importance for their development. The impact 

of ethanol reflects most of the initial phase of the 

development of acetic acid bacteria. Its initial content 

ranges from 2 to 10 vol.% depending on the method 

and raw material used, and the desired acidity of the 

vinegar to be produced. According to the founders of 

the Hromatka and Ebner deep-fat acetic acid 

fermentation (acetylation), industrial vintages should 

avoid initial concentrations above 6 vol.% as the 

specific rate of bacterial growth is reduced 

(Hromatka et al., 1951). 

 Our studies, based on a passive experiment, which 

processed 100 observations for the Vogelbusch 

acetate analyzer at Stamboliiski Vine Factory, 

showed that the initial ethanol concentration ranged 

between 2 to 3.71 vol.%, and for the acetate analyzer 

SIM - 32  in Delboki Vinegar factory, in a sample of 

130 industrial fermentations, the initial alcoholic 

strength is in the range of 1.06 2.3 vol. %. (Stoychev, 

2003; Stoychev et al., 2017). 

 

B. Effect of acetic acid content 

Another important component of the nutrient 

medium is the acetic acid concentration. Its initial 

value also varies widely - 2 to 10% depending on the 

purpose of the production. When acetic acid bacteria 

are found in a low acidity medium (1 to 3%), they are 

more likely to multiply and oxidize the alcohol. 

Higher initial concentrations adversely affect the 

course of the process. At higher concentrations of 

acetic acid in the culture medium bacterial 

multiplication and acetic acid formation (Dimitrov, 

1984) are maintained. 

It has been found that high acetic acid concentrations 

inhibit the key enzyme in the process - 

ethanoldehydrogenase. This action should be 

considered in conjunction with the concentration of 

ethyl alcohol and the intensity of aeration (Malesevic, 

1992). 

Our passive experimental studies quoted in the 

previous section showed that the initial acetic acid 

concentration for the Vogelbusch acetate was in the 

range of 3.55 to 7.94% and for the SIM-32 acetate 

was 5.32 to 7.32%. 

 

C. Impact of total concentration 

Even in the creation of deep technology in acetic 

production, the concept of total concentration (TC) 

was introduced. This is the sum of the concentration 

of acetic acid in % and ethyl alcohol in volume %. In 

terms of magnitude, it changes slightly at the 

beginning, during the process and at the end. The 

change between the concentration of ethyl alcohol 
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and acetic acid is essential. During the process, the 

first declines and the second increases. The initial 

total substrate and product concentration above 9 to 

9.5% has a negative impact on the a process of acetic 

acid fermentation. 

 

D. Other nutrients 

As nitrogen sources, acetic acid bacteria use different 

ammonium salts. Beneficial for their development as 

sources of growth factors and inorganic components 

are yeast extract or autolysate, maize and malt 

extract, etc. 

Wine is a good nutrient medium for the development 

of acetic acid bacteria and no additional nutrients, 

vitamins and trace elements are required. Wines 

intended for the industrial production of vinegar must 

be clear, sound, free from any side-effects, contain no 

residual sugar, total sulfur dioxide of not more than 

150 mg / dm3, free - not more than 15mg.dm-3 and 

other preservatives, total phenolic substances not 

more than 1.7g.dm-3, iron not more than 8 mg.dm-3 

and total extract not less than 12 g.dm-3 (Dimitrov, 

1984). 

 

Influence of the fermentation temperature 
 

Temperature has a very significant impact on the 

reproduction and oxidative activity of acetic acid 

bacteria. It determines above all the speed of 

biochemical reactions. The temperature range 

depends on both the particular strain of micro-

organisms and the fermentation conditions. The 

Acetobacter genus is grown at temperatures of 5 to 

42°C. At low temperatures 5 to 10°C with their 

multiplication delayed and the growth of the bacteria 

is negligible. Between 15 to 35°C, acetic acid 

bacteria develop normally, i.e., they rapidly multiply 

and have high oxidative activity. Higher temperatu-

res 30 to 35°C stimulate reproduction and oxidation. 

The lower limit of this favorable temperature range 

(15 to 25°C) is a prolongation of the process, but the 

obtained vinegar is of very good quality. The most 

favorable fermentation temperature in the deep 

method is in the range of 25 to 35°C. 

For industrial production of vinegar with pure 

cultures of acetic acid bacteria a fermentation 

temperature of 26 to 32°C is recommended, for 

concentrated vinegar 28 - 30 to 35°C and for spirited 

wine 27 to 32°C. 

Therefore, in the case of deep acetic acid 

fermentation, the fermentation temperature is the 

main determinant of the process. The significant 

influence of fermentation temperature on the 

development of acetic acid bacteria, and in particular 

on their propagation and oxidative activity, 

determines the need to find the most favorable 

temperatures in the industrial production of vinegar. 

With its change, it is possible to purposefully 

influence the course of the process, i.e. to control, 

intensify and optimize. 

We have undergone laboratory testing to determine 

how the temperature of the acetic acid fermentation 

is affected by the main technological parameters and 

kinetic factors determining the process. The air flow 

rate Qав= 4dm3.h-1 is stabilized. Five temperature 

values ф are set from 24 to 32°C at 2°C. The 

dependence of some technological and kinetic 

coefficients of ф is given in Table 1. For this 

purpose the experimental results were processed with 

a computer program. The Mono model is used. 

Change of basic kinetic and technological 

coefficients depending on the fermentation 

temperature at Qав= 4dm3.h-1. 

where:  is the oxidizing power (the acetic acid 

formed for 24h); м is the maximum growth rate; tп 

is the length of the process; tлф is the lag phase 

duration and  is the transform coefficient of the 

substrate in the product, i.e. of the alcohol in acetic 

acid. 

 Oxidation power  is high for all temperatures and 

depends heavily on it. We found a decrease at ф = 

28С by over 40%. The maximum growth rate м 

increases to 28°C more than twice and then almost 

does not change. As the temperature ф increases, 

time tп decreases continuously, i.e. the process is 

intensifying. This reduction is over 22%. There is a 

slight increase and a sharp decrease of nearly four 

times for tлф to 28°C. 

Higher favorable temperatures, therefore, contribute 

to the faster adaptation of acetic acid bacteria to the 

rapid change in the concentration of ethyl alcohol in 

the semi-continuous process. The coefficient  has 

the highest value (=1.21) at a temperature 

ф=32С. Therefore, from the point of view of 

intensification of the process ф, close to 32°C are 

favorable. Here will be the least cost of cooling. 

 

Influence of the aeration on the cultural 

environment 
 

The successful course of the assay process is 

conditioned by the presence of sufficient free oxygen. 

As its source, atmospheric air is used in all vinegar 

production methods. The need for microorganisms 

from oxygen depends on a number of factors such as: 
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production method, strain and stage of development 

of acetic acid bacteria, OK, fermentation 

temperature, etc. 

Since the first deep-field cultivation studies, 

Hromatka and Ebner have shown that they require 

significantly larger amounts of oxygen and therefore 

aeration air than with other methods. These studies 

by the creators of the deep assay show that there is an 

optimum concentration of dissolved oxygen in the 

fermentation medium. They drew attention to the 

effect of complete braking of aeration in ethylene 

alcohol oxidation in depth conditions. Suspending it 

for 10min, 80 or 60s at OK 9.4% resulted in the 

discontinuation of acetic acid, i.e., to 100% 

inactivation of bacteria (Hromatka et al., 1951). 

The amount of air supplied must be 3.2 times the 

theoretical calculated for the ethanol oxidation. The 

concentration of dissolved oxygen should be 

maintained at levels significantly above the minimum 

admissible values. 

In the deep production method, the flow rate of the 

aeration air can be controlled and programably 

altered depending on the bacterial growth phase and 

the process conditions. 

Bulgarian acetylators type SIM - 32 work with high 

dispersion of air in the wine and vigorous stirring of 

the fermenting medium. The working volume of air 

for aeration at a volume of wine of 25 m3 is 82m3.h-1, 

and in the production of high acidity vinegar - 75-

80m3.h-1. According to the (Dimitrov, 1984), it is 

recommended to use 60% of the required volume 

when charging the acetate. Increasing the acetic acid 

concentration by about 0.2 to 0.3% for 6h indicates 

that active acetic acid fermentation begins. Then the 

recirculated air is switched off and the working air is 

supplied with fresh air. 

We investigated the effect of aeration intensity on the 

main technological and kinetic parameters determi-

ning the process of acetylation, by changing the air 

flow rate Qав. The experiments were performed at a 

temperature of ф = 28С and five values of the Qав 

flow rate - from 4 to 44 at 10dm3.h-1. In Table 2 shows 

some essential acetic acid fermentation indicators. 

For this purpose the experimental results were 

processed with a computer program. The Mono 

model is used. 

Main technological and kinetic indicators depending 

on aeration intensity at temperature ф = 28 С. It is 

obvious that the aeration intensity affects the 

development of acetic acid bacteria and the 

productivity . Oxidative power  has a maximum at 

Qав = 24dm3.h-1, with a near 50% increase compared 

to both ends of the interval. The maximum growth 

velocity м is high for all five values, also with a peak 

maximum in the middle. The increase is over 66%. 

The influence of the flow Qав on the duration of the 

process tп and the tлф lag phase is low, with a 

pronounced minimum in the center. For process 

length tп is less than 10 % and lag phase tлф is less 

than 15%. The value of  is low for all five flows. Its 

change to the middle (24dm3.h-1) is negligible and for 

the next two values it is sharply decreasing. This is 

probably due to a certain inhibition of the oxidative 

activity of the acetic acid bacteria and, above all, to 

the losses of high aeration. 

 

Physiological state of the culture, pH of the 

medium and quantity of the seed crop 
 

A. Physiological condition 

The physiological state of acetic acid bacteria when 

used for acetylation is an important factor in 

industrial production, especially in the continuous 

process. Acetic acid is a primary metabolite of their 

vital activity. It is known that the maximum 

biochemical activity associated with the synthesis of 

primary metabolites is observed in the exponential 

growth phase of the culture. 

For the various stages of the development of acetic 

acid bacteria, the specific rate of growth and 

oxidation activity is altered in the deep acetylation 

method. The maximum growth rate and oxidative 

activity is reached in the exponential phase. 

One way to increase the concentration of acetic acid 

in the fermentation medium in the deep acetylation 

method is by adding ethyl alcohol to the exponential 

phase. 

 

B. Acidity (pH) of the medium 

Acetic acid bacteria tolerate high acidity of the 

medium and can also develop at pH 2.8 to 3.0. The 

beneficial acidity for their propagation is at pH 5.4 to 

6.3. As a factor it cannot be used to control the 

process of acetylation. 

 

C. Quantity of seed (yeast) 

The amount of sown material in the semi-continuous 

method of operation has a significant impact on the 

kinetics of the acetylation process and the 

productivity of the apparatus. For industrial acetators 

its magnitude ranges from 50% to 70% of the volume 

of the fermenting liquid. 

Consideration should also be given to the way the 

fermenter is supplemented with an acetylation 

material. A number of kinetic and technological 

indicators depend directly on it. According to 



НАУЧНИ ТРУДОВЕ НА 

УНИВЕРСИТЕТ ПО ХРАНИТЕЛНИ 

ТЕХНОЛОГИИ - ПЛОВДИВ 

2017г. 
ТОМ 64, КНИЖКА 1 

 SCIENTIFIC WORKS OF 

UNIVERSITY OF FOOD  

TECHNOLOGIES 

2017 

VOLUME 64 ISSUE 1 

 

244 

 

(Dimitrov, 1984), the addition of the acetate with new 

wine should be done in the shortest possible time to 

avoid reoxidation. Experts of Frings and Vogelbusch 

recommend that this be done in a thin stream for a 

longer time, by monitoring the fermentation 

temperature (Stoychev et al., 2017). 

These two factors - the amount of yeast and the 

method of supplementation of the acetate in the semi-

continuous method of work provide additional 

opportunity for control and intensification of the 

acetylation process. 

We conducted a study to investigate the impact of the 

amount of the withdrawn prepared vinegar volume 

and correspondingly added wine on some technolo-

gical indicators. It significantly influences the initial 

content of ethanol, acetic acid and the biomass 

concentration in the apparatus. 

Based on the results, we recommend that the cast 

volume of ready-to-use vinegar in the semi-

continuous depth method of operation is within the 

range of 40 to 60%. Here are high technological and 

kinetic indicators received. Average productivity is 

nearly 40% higher than for the Vogelbusch acetate 

after processing a sample of 100 industrial ferments 

(Stoychev, 2003). 

We have done research and when the filling is done 

at the fermentation temperature ф. We have proven 

that the technological and microbiological indicators 

are significantly improved. This is an opportunity to 

significantly intensify the process. Technically, this 

algorithm for the loading of the acetate can be 

realized with the inexpensive technique offered by 

our companies. 

 

Conclusion 
 

The report discusses the main factors influencing the 

process of acetic acid fermentation, such as the 

composition of the nutrient medium, the fermentation 

temperature, aeration of the medium, the 

physiological characteristics of the acetic acid 

bacterial strain used, the pH of the medium, the 

amount of the yeast and the manner of 

supplementation of the acetate at the semicontinuous 

method. An analysis is made which determines the 

process as a controlled object. Their importance is 

assessed for the purposes of controlling and 

optimizing the process of acetic acid fermentation. 

Concerning the composition of the nutrient medium, 

a passive experiment of 230 observations for two 

industrial acetators was carried out. In laboratory 

conditions the influence of fermentation temperature, 

aeration of the medium, amount of yeast and the way 

of supplementation of the acetate in the semi-

continuous method of work on the basic techno-

logical and kinetic indicators were investigated. 
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Table 1. The dependence of some technological and kinetic coefficients of Θф 

 

 
 

 

 

 

Table 2. Some essential acetic acid fermentation indicators 
 

 
 


