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Abstract - The synthesis of acetoin in YM medium and under aerobic conditions by Hanseniaspora
guilliermondii was studied. Experimental design and surface response analysis were employed to evaluate the
influence of glucose concentration, temperature and pH on the process. The experiments were carried out in
shaking flasks under controlled temperature. Five different levels of initial concentration of glucose,
temperature and pH were used with variations from 17 to 81 g/L, from 24 to 36°C and from 4.0 to 6.0,
respectively. The maximum concentration of acetoin was the response obtained. The parameters which
affected acetoin production most were initial concentration of glucose and temperature. An empirical model
that showed statistically significant and predictive capacity was constructed. The optimum values of glucose
concentration and temperature obtained for acetoin production were 63 g/L and 28°C, respectively.
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INTRODUCTION

Flavors are present in all foods and can be formed
during processing or by activity of microorganisms.
Frequently, to reinforce or mask the taste of foods, it
is necessary to add chemical substances to make the
product more attractive to the consumer. In this way,
flavorings have become indispensable additives for
the food industries. The presence of flavor increases
the value of the product, thereby decreasing the
importance of bioprocessing costs in the price of the
final product (Gatfield, 1995).

The role of biotechnology in the synthesis of
flavors is increasing. Synthetic flavorings derived
from chemical or petrochemical industries have
gradually been substituted for flavors of enzymatic
or fermentative origin. Biotechnological processes
are less aggressive to the environment; in addition,
the food laws of many countries recognize the fact
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that natural flavors can be obtained via
biotechnology (Christen and Lopez-Munguia, 1994).

Due to the growing demand on the consumer
market for utilization of natural products and also the
high costs of purification and extraction processes,
many research groups have sought to study
bioprocesses capable of producing natural
compounds that may be of commercial interest.

In 1996, the worldwide flavor and fragrance
business was valued at an estimated $10 billion,
representing a 7.5% compounded yearly growth
since 1992. Growth in consumption of these products
is projected to continue at an average of 4-5% per
year through 2002 (Somogyi et al., 1998).

Acetoin, the subject of this study, can be
produced chemically by partial reduction of diacetyl
or by microbial activity in a sugar source. This
ketone is an aromatic compound in many dairy
products, in particular butter.
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According to Romano and Suzzi (1996), high
concentrations of acetoin are produced by
Hanseniaspora guilliermondii, an apiculate yeast
that is found during the earlier stages of wine
fermentation.

In order to study acetoin production by
Hanseniaspora  guilliermondii, we  employed
experimental design and surface response analysis to
evaluate the influence of initial concentration of
glucose, temperature and pH on the process. In
addition, we identified the optimum conditions to
obtain a maximum concentration of acetoin.

MATERIAL AND METHODS
Experimental Design

This work studied how acetoin production by
Hanseniaspora guilliermondii 1is affected by three
independent variables (Xj): initial concentration of
glucose (X;), temperature (X;) and pH (X3).
Maximum concentration of acetoin was the
dependent output variable. A 2* factorial design with
six axial center points (0) and two replicates at the
center point was employed.

The a value can be calculated according to
Equation (1):

0(24\1/271( (1)

where k is the number of independent variables.

According to this design, the total number of
treatment combinations is 25 + 2k + n,, where n, is
the number of repetitions at the center point.
Therefore, a total number of sixteen experiments was
employed. All of the experiments were performed at
random. For statistical calculations, the variables X;
were coded as x; according to Table 1.

The behavior of the system is explained by the
following quadratic equation:
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where Y is the predicted response and b,, b, bj;, bjj
the regression coefficient related to average, linear,
quadratic and interaction effects, respectively.

The fit between the model and the experimental
data was evaluated by ANOVA (Analysis of
Variance). The F-test was applied to verify whether
the model could predict a significant variation in the

experimental data. The statistical analysis was
performed using Statistica® 5.0 software.

Optimization of Process Conditions

The optimum conditions for acetoin production
were determined from the dimensionless coded
values, which maximize the response of the function
(model). This optimization is obtained by Equation (3).

aY(Xl,Xz,X3) =0

0x; 3)

Where Y is the studied function, Xx;, X,, X3 are the
dimensionless coded variables andi=1, 2, 3.

Microorganism

Hanseniaspora guilliermondii CCT 3800 was
obtained from the Fundagao Tropical de Pesquisa e
Tecnologia “André Tosello” (Campinas - SP,
Brazil). The yeast was maintained on yeast malt
(YM) agar slants containing (per liter of water):
glucose (10.0 g), yeast extract (3.0 g), malt extract
(3.0 g), peptone (5.0 g) and agar (20.0 g). The pH of
the medium was adjusted to 5.0. The culture was
incubated at 28°C for 24 hours and then maintained
at 4°C.

Assays

The assays were carried out in yeast malt
medium, in which the glucose concentration was
varied according to Table 1. Batch cultures were
carried out in Erlenmeyer flasks under agitation (100
min™) and controlled temperature. The experiments
ran for 24 hours and samples were taken at regular
time intervals for acetoin analysis.

Determination of Acetoin Concentration

Samples were centrifuged at 15000 min™ for five
minutes. Then the acetoin was quantitatively
analyzed by gas chromatograph equipped with a
flame ionization detector using a Supercowax —10
fused silica capillary column (30m x 0.53 mm).
Nitrogen was used as carrier gas (7 mL/min), air
(300 mL/min) and hydrogen (75 mL/min) as flame
gases. The temperatures of injector, column and
detector were 185, 80 and 230°C, respectively.
Quantitative data were obtained by peak integration
using  Microquimica  software  (Microquimica
Industria e Comércio Ltda).

Brazilian Journal of Chemical Engineering



Optimization of Acetoin Production 183

RESULTS AND DISCUSSION
Experimental Design

Three independent variables that exert an influence on
the acetoin production by Hanseniaspora guilliermondii
were chosen: initial concentration of glucose, temperature
and pH. The matrix for the factorial design is shown in
Table 2 together with the experimental results.

The amplitude of response values varied from
108 to 367 mg/L of acetoin. Romano et al. (1993)
studied 48 strains of Hanseniaspora guilliermondii
that produced approximately 200 mg/L of acetoin
using grape must as substrate. In this work, the
maximum value (367 mg/L) is almost 84% higher
than previously cited.

Table 3 shows the estimation of main and
interaction effects of independent variables on
maximum concentration of acetoin (response).
According to these results, only the initial
concentration of glucose and temperature are
significant with a confidence level of 95% using the
quadratic approximative (without the interaction
term).

An empirical model was fitted to the
experimental results, for which the regression
coefficients are shown in Table 4. It is important to
emphasize that the model parameters were obtained
from dimensionless variables.

Using the significant effects, the equation relating to
the maximum concentration of acetoin is given below:

Cacetoin =332.70 +70.50x -

~26.09x5 —49.10x7 —24.44x3 @

where Cenin 1S the maximum concentration of
acetoin (mg/L) and x; and x, are dimensionless
variables, the initial concentration of glucose and
temperature, respectively.

The statistical significance of this model was
evaluated by ANOVA (Analysis of Variance) and
the results are shown in Table 5. The F-test revealed
that this regression was statistically significant at a
confidence level of 95%.

The correlation coefficient (R* = 0.9114)

indicates that a 91.14% variability can be explained
by the model. According to Barros Neto et al.
(1995), when the F value is at least four times greater
than F tabulated the empirical model can be
considered predictive. Therefore, this model, in
addition to its statistical significance, has clear
predictive value.

Figure 1 shows the surface response relating to the
model for the maximum concentration of acetoin. The
plotted variables are those that had significant effects and
the unplotted variable (pH) is fixed at the center point.

Analyzing the surface responses (Figure 1), it is
notable that high concentrations of glucose favor
acetoin production. This fact can be attributed to
greater availability of pyruvate from glycolysis.
According to Chuang and Collins (1968), high
concentrations of pyruvate enable greater production
of secondary metabolites.

In Figure 1 it can be seen that the intermediate
temperatures (around 30°C) stimulated acetoin
production. According to Romano and Suzzi (1992),
the quantity of acetoin produced increases when
fermentation is carried out at 30°C, as compared to
12, 18 and 24°C, because this increases the rate of -
acetolactate decomposition.

Acetoin

Optimization of Conditions for

Production

To evaluate the optimum conditions for acetoin
production, the maximum point of Equation 4 was
determined for each statistically significant variable
in the model. The dimensionless values obtained
were 0.718 and —0.534 for the initial concentration of
glucose and temperature, respectively. The real
values were 63 g/L of glucose and 28°C, which are
shown in contour lines in Figure 2. These conditions
correspond to 365 mg/L of acetoin. It is important to
emphasize that pH was not optimized, because it did
not show statistical significance in the production of
acetoin. Therefore, this variable can be fixed at any
value in the range studied (4.0 to 6.0).

The acetoin concentration obtained from the
model was near to the experimental values in assays
13 to 16 (Table 2). Conditions in the culture were
similar to those obtained from the optimization.

Table 1: Coded and real values of independent variables

Variables Symbol -a -1 0 +1 +a
Initial concentration of glucose (g/L) X| 17 30 49 68 81
Temperature (°C) Xo 24 26 30 34 36
pH X3 4.0 4.4 5.0 5.6 6.0
*a=1.68
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Table 2: A 2° full-factorial matrix with six axial
points and experimental results

Run X4 X3 X3 Cacetoin (mg/L)
1 a | ] 140
2 1 -1 -1 342
3 -1 1 -1 186
4 1 1 -1 300
5 -1 -1 1 229
6 1 -1 1 338
7 -1 1 1 115
8 1 1 1 272
9 -1.68 0 0 108
10 1.68 0 0 334
11 0 -1.68 0 344
12 0 1.68 0 237
13 0 0 -1.68 367
14 0 0 1.68 338
15 0 0 0 317
16 0 0 0 354

*Runs performed at random

Table 3: Effects of independent variables on the response
maximum concentration of acetoin (Cjcetoin)

Process variables Effect Standard deviation
X 141.00% 18.67
(x1)? -98.21%* 20.56
Xs -52.17% 18.67
(x2) -48.87* 20.56
X1#X3 -12.62 24.39
X2¥X3 -46.03 24.39

*Significant effects with a confidence level of 95%;
X,: initial concentration of glucose;

Xp: temperature;

x3: pH
Table 4: Regression coefficients for the model fitted
to maximum concentration of acetoin (C,cetoin)
Regression coefficients Standard deviation

Mean 332.70* 16.55

X4 70.50* 9.33
(x1)? -49.10* 10.28

Xy -26.09* 9.33
(%) -24.44% 10.28
X1#X3 -6.31 12.20
XX3 -23.02 12.20

*Significant effects with a confidence level of 95%;

X;: initial concentration of glucose;

Xp: temperature;
x3: pH
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Table 5: Analysis of variance of the regression

S;rlil;f;gi Sum of squares Dfiifi?n?f Mean square F. F,
Regression 110107.22 6 18351.20 15.42 3.37
Residue 10709.66 9 1189.96
Total 120816.88 15

* R?=0.9114; confidence level: 95%; F.: F-calculated; F,: F-tabulated
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Figure 1: Surface response to maximum concentration of acetoin described by
initial concentration of glucose and temperature (pH=5.0)
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Figure 2: Contour lines for maximum concentration of acetoin and optimum
conditions for initial concentration of glucose and temperature
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CONCLUSIONS

The results obtained permit us to conclude that
from three studied variables (initial concentration of
glucose, temperature and pH) only the effects of
initial concentration of glucose and pH showed
statistical significance (with a confidence level of
95%) within the evaluated range. The empirical
model showed statistical significance and predictive
ability. The optimum conditions for acetoin
production were 63 g/L and 28°C for the initial
concentration of glucose and temperature,
respectively. Varying the pH between 4.0 and 6.0 did
not show any significant effect, and therefore, pH
can be fixed at any value within this range. The
maximum concentration of acetoin obtained from the
model was 365 mg/L. This value is close to
experimental results obtained under similar
conditions.
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