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ASTRACT: Effect of initial sulfur dioxide content in must on the kinetics of wine
primary fermentation, using yeast immobilized in calcium alginate gel was examined. Initial
sulfur dioxide content in must was adjusted from 12ppm to 312ppm. Our experimental results
indicated that the maximum specific growth rate of the immobilized yeast was 1-2 times less
than that of the free yeast. On the contrary, the sugar uptake rate and ethanol production rate
of the immobilized yeast were 1.23-1.90 times and 1.22-1.81 times, respectively, more than
those of the free yeast. The volatile acid content and pH value of the final wine fermented by
immobilized yeast were lower. Thus, the organoleptic properties and biological stability of the
wine were ameliorated. In general, the yeast immobilized in calcium alginate gel was more
resistant to sulfur dioxide than the free yeast.
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1. INTRODUCTION

Cell immobilization in alcoholic fermentation is a rapidly expanding research area because
of its attractive technical and economic advantages compared to the free cell system such as
enhanced fermentation productivity, feasibility of continuous processing, cell stability and
lower costs of recovery and recycling processing as well as tolerance to disadvantage factors
[5,6.8].

Although many immobilization supports have been proposed for use in wine-making,
industrial application of the technology is still uncertain and should be investigated. This is
mainly due to difficulty in finding a low-cost material that is abundant, durable, of food-grade
purity and has the ability to be preserved for a long period [5].

Alginate has been considered as a potential support for cell immobilization because of
simple immobilization procedure, high cell density in the gel and non-toxic carrier [1,7].

The aim of this study is to investigate the effect of initial sulfur dioxide content in must on
the kinetics of wine primary fermentation, using yeast immobilized in calcium alginate gel.

2. MATERIALS AND METHODS

Yeast: A Saccharomyces cerevisiae strain of Food Microbiological Laboratory Collection
(Ho Chi Minh City University of Technology) was used in the present study. Grape juice was
used for yeast multiplication. Preculture was prepared by two successive inoculations: 1) in
250ml erlenmeyer shake flask containing 100ml of grape juice for 24 hours, and 2) in a 2000
ml erlenmeyer shake flask containing 500ml of grape juice. For both periods, the inoculum
was grown at 28°C and 250rpm.

Alginate: Sodium alginate was supplied by Biotechnology Center, Nha Trang University
of Fisheries. The viscosity (2% alginate solution, 25°C) was 423.6¢p.
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Must: Fermentation medium was prepared from Red Cardinal grape (Ninh Thuan
province, Vietnam). It was adjusted to 240g/L of glucose, 195ppm of ammonium nitrogen, pH
4.0. Initial sulfur dioxide content was alternatively adjusted to 12ppm, 112ppm, 212ppm,
216ppm and 312ppm.

Yeast immobilization: The immobilization procedure was carried out by the traditional
external gelation method [1]. Yeast concentration was 25x106 cells/ml of gel bead.

Fermentation: was conducted at 22-25°C in an erlenmeyer containing 500ml of grape
must. The inoculating rate was 5x10° cells/ml. Free yeast cells were used in the control
sample.

Analytical methods:

Yeast cell number was quantified by haemocytometry, using Thoma counting chamber.
For counting yeast cells inside the gel beads, the beads were dissolved in a 2%w/v Na-EDTA
solution [1].

Reducing sugar content was determined by spectrophotometric method, using 3,5-
disalycylic acid reagent [4].

Ethanol concentration was determined by a method based on distillation and density
quantification [4].

Volatile acid content was measured by the following method: Firstly, wine sample was
steam-distilled. Then the obtained distillate was titrated by the 0.1M NaOH solution [9].

Statistical treatment

The presented results were the average of three independent experiments. The obtained
results were subjected to analysis of variance (ANOVA), p<0.05 using Statgraphics plus,
version 3.2.

3. RESULTS AND DICUSSION

3.1.Effect of initial SO, content in must on yeast growth

Figure 1 showed that when the sulfur dioxide content in must increased from 12 to
112ppm, the maximum specific growth rate of the free and immobilized yeasts increased
slightly, the maximum cell density of the free and immobilized yeasts augmented aproximately
19% and 5%, respectively. In wine fermentation, sulfur dioxide has been used for controlling
oxidation reactions and restricting the growth of indigenous micro flora in must [2]. According
to Fleet (1993), increase in sulfur dioxide content in must reduced the multiplication of wild
yeasts and bacteria [2]. The growth of the wine yeast was therefore improved.

However, when the initial sulfur dioxide content in must increased from 112 to 312ppm,
the maximum specific growth rate of the free and immobilized cells decreased aproximately
14 times and 7 times, respectively; the maximum cell density of the free and immobilized
yeasts reduced aproximately 1.35 times and 1.24 times, respectively. It can be explained that
when the initial sulfur dioxide content in must was high enough, the wine yeast was also
inhibited.

When the initial sulfur dioxide content in must varied from 12 to 112ppm, the maximum
specific growth rate and maximum cell density of the free yeast were higher than those of the
immobilized yeast. On the contrary, when the initial sulfur dioxide content varied from 212 to
312ppm, the difference in maximum specific growth rate and maximum cell density in both
free and immobilized yeast cultures were nearly similar. Therefore, the immobilized cells were
more resistant to sulfur dioxide than the free cells. It was due to protection role of alginate gel
for the immobilized yeast.
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Figure 1. Effect of initial SO, content of must on maximum specific growth rate and maximum cell
density. Symbol: (CIM), maximum specific growth rate, (/.4) maximum cell density. Opened symbol:
free yeast, filled symbol: immobilized yeast

3.2.Effect of initial SO, content in must on the fermentation time

In this experiment, the fermentation was considered as completed when the fermentation
productivity reached approximately 97%. Fermentation productivity was the ratio between the
reducing sugar content consumed by yeast during the fermentation and the initial reducing
sugar content in the medium. Our results showed that the higher the sulfur dioxide content in
must, the longer the fermentation time (Table 1). When the sulfur dioxide content in must
increased from 12 to 112ppm, the change in fermentation time was insignificant. However,
when the content of sulfur dioxide augmented from 112 to 312ppm, the fermentation time of
the free and immobilized yeasts increased. It should be noted that the fermentation time of the
immobilized yeast was always shorter than that of the free yeast in all cases. Therefore, yeast
immobilization in calcium alginate gel improved its fermentation activity.

Table 1.Effect of initial SO, content of must on the fermentation time

SO2 (ppm) Fermentation time (h)
Immobilized yeast Free yeast
12 84 +3,6la 112,8 £231c¢
112 84,5+ 3,04a 117,6 +3,33¢
212 100,8 £2,97b 132 +3,61d
262 100,3 + 3,54b 196,8 + 3,54f
312 184,8 +3,70e 228 + 4,36¢
Various superscripts indicate significant
differences (p < 0.05)

3.3.Effect of initial SO, content in must on the fermentation rate

The fermentation rate was evaluated by the average sugar uptake rate and average ethanol
production rate of yeasts. Figure 2 and 3 presented the obtained results. Analysis of variances
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showed that when the sulfur dioxide content in must increased from 12 to 112ppm, both sugar
uptake rate and ethanol production rate of the immobilized and free yeasts changed
insignificantly. On the contrary, when the sulfur dioxide content augmented from 112 to
312ppm, the fermentation rate of the immobilized and free cells decreased approximately 50%
of initial value. In all cases, the average sugar uptake rate and average ethanol production rate
of the immobilized yeast were always higher than those of the free yeast.
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Figure 2. Effect of initial SO, content of must on average sugar uptake rate. Symbol: (iIm) immobilized
yeast, (O) free yeast.

N -
N »
| |

-
1

o o©
N N
| |

o
|

Average ethand produdtion rate (g/'L/h)
o o
o [o¢]

12 112 212 262 312
SO, content (ppm)

Figure 3. Effect of initial SO, content of must on average sugar uptake rate. Symbol: (im) immobilized
yeast, (O) free yeast.

3.4.Effect of initial SO, content in must on pH and volatile acid content in the
product

Figure 4 showed that increase in sulfur dioxide content in must augmented the pH value at
the end of the primary fermentation. In addition, the pH value of wine fermented by the
immobilized yeast was always lower than that in the control sample.
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Figure 4: Change in pH value during must fermentation. The initial sulfur dioxide content in must was
varied: 12ppm (OM), 112ppm (&), 212ppm (£.d), 262ppm (< #), 312ppm (+x). Opened symbol and
(+): free yeast, filled symbol and (x): immobilized yeast.
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Figure 5. Change in volatile acid content during must fermentation. The initial sulfur dioxide content in
must was varied: 12ppm (Om), 112ppm (Z®), 212ppm (2.4), 262ppm (#), 312ppm (+x). Opened
symbol and (+): free yeast, filled symbol and (x): immobilized yeast.

Figure 5 indicated that volatile acid content augmented during the fermentation. When the
initial sulfur dioxide in must was 112ppm, the volatile acid content in the produced wine was
the lowest. It can be explained that in must with low sulfur dioxide content, the growth of non-
Saccharomyces yeasts and bacteria that produced volatile acid was ameliorated. Thus the
volatile acid content in the final product increased. In addition, some genera if wild yeasts such
as Kloeckera, Candida were resistant to sulfur dioxide. According to Heard G.M. et al,,
(1993), the growth of these wild yeasts was not inhibited by total SO, concentrations of 100-
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150ppm or higher [3]. So in some cases, high sulfur dioxide content in must did not
completely inhibit the wild yeasts and this phenomenon increased the volatile acid content in
the culture.

It can be noted that the volatile acid content of the produced wine fermented by the
immobilized yeast was always lower than that in the control sample. Thus the application of
immobilized yeast in wine making improved the sensory properties of the product.

4. CONCLUSION

Yeast immobilization in calcium alginate gel increased the fermentation activity of cells as
well as their resistance to sulfur dioxide. In wine making, the immobilized yeast had higher
fermentation activity than the free yeast, especially when must contains high initial sulfur
dioxide content. So the application of immobilized yeast in wine fermentation was very
potential when initial must needs to be processed with high sulfur dioxide content for
inhibiting wild yeast and bacteria.

ANH HUOGNG HAM LUQONG SULFUR DIOXIDE BAN PAU TRONG DICH
NHO PEN PONG HQC QUA TRINH LEN MEN CHINH TRONG SAN XUAT
RUQU VANG, SUDUNG NAM MEN CO PINH TRONG GEL ALGINATE
CALCIUM

Tén Nir Minh Nguyét, L& Ngoc Liéu, Nguyén Thi Hién Lwong, Lé Vin Viét Man
Truong Pai hoc Bach khoa, PHQG-HCM

TOM TAT: Bai bdo nay khdo sdt sw anh hwéng cia ham lwong sulfur dioxide ban dau
trong dich nho dén déng hoc qud trinh lén men chinh trong san xudt rieou vang, su dung nam
men cé dinh trong gel calcium alginate. Ham lrong sulfur dioxide ban ddu trong dich nho
dwoc hiéu chinh trong khodng tir 12 dén 312ppm. Két qua thie nghiém cho thdy téc dé sinh
truong riéng cuc dai cua ném men cé dinh thdp hon tir 1-2 lan so véi nam men tw do. Nguoc
lai, toc dd sir dung duong va téc dé sinh Z(fng hop ethanol cua nam men ¢é dinh lan luot cao
hon tir 1.23-1.90 lan va 1.22-1.81 ldn so véi ndm men tw do. Ham lwong acid bay hoi va gid tri
pH ciia rieou vang dige 1én men bang nam men cé dinh thi thdp hon. Do d6, cdc tinh chat cam
quan va do bén sinh hoc cia ruwou vang duoc cdi thién. Nhin chung, nam men cé dinh trong
gel calcium alginate bén véi tic nhan sulfur dioxide hon so véi nam men tir do.
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