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A laboratory scale fermenter was used to produce wine vinegar in a submerged culture acetic
fermentation. The aim was to establish the optimal experimental conditions for three important
acetification factors in order to obtain high concentrations of acetic acid within the shortest
period of time. These factors were stirring speed, substrate loading and working volume. The
effect of each single factor taking part in the process and the effect of the possible interaction
among these was evaluated. For this purpose an experimental factorial design with a multiple
linear regression (MLR)model resolved with a CSS-Statistics programme was applied. The
results indicate that to obtain a high fermentation yield the stirring speed was the most
important factor and the loading proportion the most important factor to achieve a better rate

of acetification.
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INTRODUCTION

Wine vinegar is the product resulting from the
fermentation of wine by acetic acid bacteria. Although it
is a spontaneous process which takes place in wines and
musts in contact with air, vinegar is far from being the
simple spoilage of wine. From an industrial point of
view, the process must be controlled in order to obtain
the highest degree of acidity in the shortest time as
possible. Acetobacter species are the micro-organisms
involved in the process and it is clear that those
factors which allow better growing conditions for the
bacteria will increase the yield and the acetification
rate.

In the production of vinegar the concentrations of both
the substrate (ethanol) and the final metabolic product
(acetic acid) must be controlled and maintained within
certain limits as an excess in ethanol concentration will
inhibit bacterial growth!s. Moreover, the absence of
ethanol leads to the death of part of the culture? and
acetate peroxidation may occur when the bacteria use
acetic acid as a carbon source for leading to the
formation of CO, and H,O'. Oxygen supply must be
maintained between certain limits throughout the
process as Acetobacter species are a strict aerobic micro-
organisms and an interruption in oxygen supply may
result in the death of the culture!.6%15, In contrast an
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excess of air can affect volatile components of the
medium, especially the substrate, ethanol and this may
decrease the quality and the yield of the finished product!s.
Another interesting factor is temperature which was
optimized3 earlier to obtain maximum specific growth
rates, at 30.9°C .

To enhance the acetification process it must be
considered that the variables involved are related to one
another which presents difficulties in an optimization
study. For example, the bacterial tolerance to ethanol
is up to 12% if the pH is 3.4 but is lowered to 8.2%
when the pH is 3.0%. Nieto!® suggested that the
sensitivity of bacteria to oxygen deficiency increases
with a rise in temperature. It is not possible to optimize
a single variable while maintaining the others constant.
To resolve the question of the interdependence of
different variables involved in the process of
acetification it is necessary to introduce factorial
experimental design. This approach permits the
evaluation of the effects of each single variable and
the possible combination of them on the process of the
acetifications.

This work has been undertaken with the aim of
establishing the optimum values for the following
parameters: stirring speed, substrate loading and
working volume and to determine the extent to
which these factors affect the fermentation
process.

Journal of The Institute of Brewing

215



Volume 106, No. 4, 2000

Set up and Optimization of a Laboratory Scale Fermentor

MATERIALS AND METHODS

Experimental methods
Fermentor

The laboratory scale fermentor (B. Braun Biotech, S.A.)
employed was a cylindrical concave bottom glass culture
vessel of 5 litre capacity with a height-to-diameter ratio
of 2:1; an air supply system with air filters and inlet pipe
with sparger ring; a refrigeration system with cold water
to prevent loss of volatile components; electrical heater
jacket 230V and cooling system of the vessel with simple
water bath; stirrer with 6-bladed disc impellers; Pt-100
pH-electrode, pO,-electrode; sensor for temperature
measurement Pt-100; measurement and control system
micro-DCU 300; stirrer speed control MCU-200; and
dosing pump-300.

Prior to sterilization of the culture vessel, the pH
electrode was calibrated at two points (pH 4 or “zero
drift” and 7 or “slope”) as high temperature can
influence calibration. The pO, electrode was also
calibrated at two points (0% or absence of oxygen and
100% or saturation) by immersing it into the working
medium. In this way a relative scale for the continuous
measurement of partial pressure of oxygen was
established from the atmospheric air which was
supplied to the fermentor. This scale is equivalent to the
concentration of O, in the medium.

Substrate

A commercial white table wine with the following
characteristics was used: ethanol 10.5% v /v, total acidity
5.6% g/ litre tartaric acid, SO, total 94.4 mg/ litre.

To initiate the acetification process the substrate was
diluted to 10% v/v alcohol with distilled water and
inoculated with Acetobacter aceti (500 ml of inoculate for
5000 ml of the substrate). At the end of each cycle a
desired proportion of vinegar was removed and
substituted with the same proportion of the substrate.
pH, pO, temperature and agitation were recorded
throughout.

Analytical methods

Total acidity was measured as described in a
published method!3. The concentration of ethanol was
determined enzymically!2. Duplicate analyses were
carried out at three points (at the beginning, in the
middle and at the end) of a complete cycle.

From these results, the acetification process was
expressed by the following equation:

Total Concentration of Vmegarx 160 (1)

Fermentation Yield (%) =
Total Concentration of substrate

where total concentration can be defined as:

Total Concentration = (% of alcohol x 1.043) + Total acidity

The value of the acetification rate, P, was calculated
using the equation given below.

_Ca-Cau
t -1

P (2)

where C,, and C,, were values of total acidity (g Acetic
acid/100 ml) for the time t, and t, respectively!l.

RESULTS AND DISCUSSION

The optimization of the acetification process was carried
out using the experimental factorial design in which all
variables were evaluated at the same time; in this way
the effect of each single variable and also the possible
combination of the following variables were observed.
This is an efficient way of evaluating experimental
results.

Stirring speed (rpm), total loading time (ml) and substrate
loading (ratio wine:vinegar) were chosen for the
optimization of the acetification process. Air supply and
temperature were maintained constant with values of
100-200 litre/h or 0.33-0.98 volume of air volume of
working medium-1.min-!(vvm) and 30°C respectively3.

Stirring plays an important role in the acetification
process, as it breaks large bubbles formed at the entrance
of air in the fermentor and transforms them into smaller
ones. As a result the oxygen transfer from the gas phase
to the liquid phase increases. Small bubbles are
projected in all directions to prevent coalescence.
Furthermore, it establishes the homogeneous distribution
of the biomass and substrate throughout the liquid to be
acetified”.10,

The hydroalcoholic nature of the acetifying liquid, the
accumulation of dead bacteria and the continuous
introduction of air facilitate the formation of foam. When
the fermenter was filled to the total working volume (5
litre) the formation of the foam was excessive which
made the acetification process difficult to achieve. For
this reason a lower loading volume was chosen (3400 mL).

The substrate loading proportion is directly related to
the concentration of alcohol, acetic acid and the sum of
both. A high concentration of alcohol had a negative
influence on bacterial growth515, For this reason, it is
very difficult to produce vinegar with a high concentration
of acetic acid that is a metabolic by-product of the acetic
acid bacteria. On the other hand, at the end of each cycle
the concentration of alcohol (substrate) was minimal.
Thus, if the loading of the substrate was not carried on
at an appropriate time and proportion the process of
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acetification was influenced. Loading of the substrate
was therefore required when the concentration of the
ethanol was 0.1% at the end of each cycle.

Two substrate loading proportions 1:1 and 2:1 (wine/
vinegar) were studied. Once the process of fermentation
started half of the finished product was removed and
substituted with the same amount of the substrate (1:1
wine/ vinegar proportion) and 2/3 of the finished product
was removed and refilled with the same amount for the
loading proportion 2:1 wine/ vinegar.

In this work a two level factorial experimental design
was used to study the effects of the following three
factors [agitation speed (x,), loading volume (x,) and
loading proportion (x3)] on the acetification process.
They were considered at two levels (Table I) that is two

Table I. Representation of three factors at two levels

possible values and are coded as (-1) and (+1). There are
eight possible combinations (23, Table II). Fourteen
experiments were performed randomly to obtain a
certain degree of freedom (Table III). The acetification
rate and the fermentative yield were calculated for each
experiment and the global results were evaluated in
terms of acetification rate and fermentation yield.

Table Il. Design matrix for three factors at two levels

X3 X2 X3
-1 -1 -1
1 -1 -1
-1 -1
1 -1
-1 -1 1
1 -1 1
-1 1 1
1 1 1

FACTORS LEVELS
Uncoded | Coded | Uncoded | Coded A multiple line.ar regression Q/I.LR) model was employed
and resolved with a CSS-Statistics programmes.
Agitaction | 250 rpm -1 450 rpm +1
(x1) Fermentation yield
Loading | 3400 mL -1 5000 mL +1 Model: The complete MLR model equation for 3
Vol.(x;) factors is:
Loading 1:1. wine/ -1 2:1. wine/ + Yeryic=DotbxH0yx o tbsxsbbox X, bysx xskbpsx X s th 333035
Prop.(x3) | vinegar vinegar : 3)
Table IlIl. Experiments realized for the possible combination of the three factors at two levels
Exp. X X2 X3 Fer. Acetif. Factors
Yield Rate (rpm; mi;
% °acetic/h wine/ vinegar)
1 -1 -1 -1 75.8 0.06 250; 3400; 1:1
2 1 -1 -1 84.3 0.21 450; 3400; 1:1
3 -1 1 -1 71.7 0.06 250; 5000; 1:1
4 1 1 -1 78.8 0.05 450; 5000; 1:1
5 -1 -1 1 514 0.05 250; 3400; 2:1
6 1 -1 1 53.3 0.02 450; 3400; 2:1
7 -1 1 1 52.2 0.03 250; 5000; 2:1
8 1 1 1 87.7 0.15 450; 5000; 2:1
9 -1 -1 -1 753 0.07 250; 3400; 1:1
10 1 -1 -1 909 0.15 450; 3400; 1:1
11 -1 1 -1 84.7 0.04 250; 5000; 1:1
12 1 1 -1 69.8 0.12 450; 5000; 1:1
13 -1 -1 1 30.6 0.004 250; 3400; 2:1
14 1 1 1 68.9 0.04 450; 5000; 2:1
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