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High alcohol production by repeated batch fermentation using
an immobilized osmotolerant Saccharomyces cerevisiae
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A repeated batch fermentation system was used to produce ethanol using an osmotolerant Saccharomyces cerevis-
iae (VS3) immobilized in calcium alginate beads. For comparison free cells were also used to produce ethanol by
repeated batch fermentation. Fermentation was carried for six cycles with 125, 250 or 500 beads using 150, 200 or
250 g glucose L −1 at 30°C. The maximum amount of ethanol produced by immobilized VS 3 using 150 g L −1 glucose
was only 44 g L −1 after 48 h, while the amount of ethanol produced by free cells in the first cycle was 72 g L −1.
However in subsequent fed batch cultures more ethanol was produced by immobilized cells compared to free cells.
The amount of ethanol produced by free cells decreased from 72 g L −1 to 25 g L −1 after the fourth cycle, while that
of immobilized cells increased from 44 to 72 g L −1. The maximum amount of ethanol produced by immobilized VS 3

cells using 150, 200 and 250 g glucose L −1 was 72.5, 93 and 87 g ethanol L −1 at 30°C. Journal of Industrial Microbiology &
Biotechnology (2000) 24, 222–226.

Keywords: immobilization; osmotolerance; Saccharomyces cerevisiae; ethanol production; batch fermentation

Introduction

Because of the increasing demand for ethanol, there is a
need to search for high-yielding strains and less expensive
technology for production of ethanol, so that it can be made
available at a cheaper rate [13,14]. One such process is
yeast cell immobilization which facilitates faster fermen-
tation rates by providing higher cell densities per unit fer-
mentation volume, thein situ removal of cells reduces the
cost of recovery [2]. It also helps in increasing ethanol tol-
erance and thereby ethanol yield and reduces the costs
required for inoculum development [6]. Immobilization of
microbial cells in alginate systems provides an ideal means
of biocatalyst recycling for use in fermentation systems
concerned with conversion of soluble substrates to ethanol
[3–5,11].

Yeast strains normally used in industrial processes have
limited osmotolerance. For this reason alcohol fermen-
tations are carried out at comparatively low sugar concen-
trations (usually<20% w/v). High initial sugar concen-
tration results in loss of sugar transport activity, producing
less ethanol [12]. It is desirable to obtain a high ethanol
concentration during fermentation which helps in decreas-
ing distillation costs [1]. We have reported the production
of ethanol by solid substrate fermentation by the VS3 strain
of Saccharomyces cerevisiaeisolated in our laboratory
[7,8].

In view of the need to produce high ethanol using inex-
pensive technology and the potential advantages of osmo-
tolerance and immobilization in increasing ethanol yields,
we have investigated the suitability of immobilizedS. cere-
visiae VS3 for production of ethanol.
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Materials and methods
Microorganism
S. cerevisiaeVS3 was isolated from soil samples collected
within the hot regions near the Kothagudem Thermal Power
Plant located in Khammam Dist, AP India. The organism
was identified asS. cerevisiaeby Mayen Ex Hansen. It
was maintained on yeast extract peptone dextrose medium
(YEPD) and was transfered to two 500-ml conical flasks
with 250 ml medium containing peptone 2%, yeast extract
1%, and dextrose 2% at pH 5.5. After incubation for 48 h
on a shaker at 30°C, the cells were centrifuged at 500× g
for 15 min.

Immobilization in alginate
The pellet obtained after centrifugation was washed in
phosphate buffer and recentrifuged. About 3 g of cells (wet
weight) were added to 100 ml of 3% (w/v) sodium alginate.
About 1200 beads of 5-mm diameter were obtained for
every 100 ml of 3% sodium alginate. The suspension after
mixing was taken up in a 10-ml syringe without a needle
and added dropwise to 4% cold calcium chloride solution.
After overnight incubation in calcium chloride, the beads
were transferred to YEPD medium for activation. After
incubation for 16 h in YEPD medium, about 125 beads
(0.3125 g of yeast cells) were transferred to 100 ml yeast
fermentation medium (YFM) containing 150, 200 or 250 g
glucose L−1 at 30°C. Control experiments consisted of an
equivalent amount of free cells inoculated into fermentation
medium. In subsequent cycles immobilized cells were sep-
arated from the exhausted medium and replaced in fresh
medium containing 150, 200 or 250 g glucose L−1. For
comparison the free cells after the first cycle of fermen-
tation were recovered by centrifugation and re-fed with
fresh medium containing 150 g glucose L−1.

To study the effect of bead number (inoculum size) on
production of ethanol, in subsequent experiments the num-
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ber of beads was increased to 250 (0.625 g of yeast cells)
in a sugar concentration of 150 or 200 g glucose L−1.
Repeated batch fermentations were carried out for six
cycles except for 500-bead (1.25 g of yeast cells) experi-
ments, which were conducted for only three cycles. All
experiments were replicated twice and the average values
are presented. A variation of about 5% was seen between
the two experiments.

Analytical methods
Samples were withdrawn from the fermentation broth after
24 and 48 h of incubation for estimation of ethanol. Ethanol
was estimated by High Pressure Gas Chromatography
(HPGC, Hewlett Packard HP 4890D, Poropak Q, mesh size
80–100mm) using nitrogen as carrier gas and hydrogen gas
in the flame detectors, both at a flow rate of 32 ml min−1.
The amount of residual sugar was estimated by the DNS
method [9] for calculating the theoretical yield.

Statistical analysis
Data obtained from all the experiments was subjected to
statistical analysis using ANOVA to compare the signifi-
cance of differences between cycles, time points, bead num-
bers and glucose concentrations.

Results and discussion

In the immobilization process productivity depends on such
factors as size of inoculum, type of microorganisms, nature
of the substrate and the type of carrier material used for
immobilization. Alginate carriers enhance activities of
yeasts compared to other carriers and hence alginate immo-
bilization was used to study the production of ethanol by
repeated batch fermentation [3].

S. cerevisiaeVS3 is thermotolerant and was found to be
suitable for production of ethanol by solid substrate fermen-
tation at a higher temperature [7,8]. When this strain was
immobilized and used for ethanol production at higher tem-
peratures it gave a lower ethanol yield (45 g ethanol L−1)
hence immobilization experiments were conducted at 30°C.

The amounts of ethanol present in 150, 200 or 250 g
glucose L−1 after repeated batch fermentation for six cycles
after 24 and 48 h using 125 beads are shown in Tables 1,

Table 1 Ethanol production using alginate-immobilized cells using 150 g L−1 sugar and 125 beads by repeated batch fermentation

No. of cycles Yield after

24 h 48 h

Practical yield Theoretical yield Fermentation Practical yield Theoretical yield Fermentation
efficiency % efficiency %

1 28 56.65 50 34 60.77 56
2 59 66.9 89 62 66.95 93
3 54 65.40 83 62 69.01 90
4 58 66.43 88 60 67.98 89
5 58 66.40 87 62 69.01 90
6 58 66.43 88 52 69.01 76
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2 and 3. The time shown in the tables is for each cycle.
These results show that less ethanol was produced during
the first cycle using 125 beads. The maximum amount of
ethanol produced in the first cycle after 48 h of incubation
using 150, 200 or 250 g glucose L−1 was 34, 36 and 40 g
ethanol L−1, respectively.

This might be due to the decreased accessibility of sub-
strate to the biocatalyst and lower substrate concentrations
toward the center of the bead as opposed to any change in
the metabolic rate of immobilized cells [11]. The amount
of ethanol produced in subsequent cycles was greater than
that produced in the first cycle. The maximum amount of
ethanol produced after the sixth cycle was 62, 92 and 87 g
ethanol L−1 from 150, 200 and 250 g glucose L−1, respect-
ively. Compared to immobilized cells the amount of ethanol
produced by free cells in the first cycle was greater but
decreased subsequently as shown in Figure 1. The amount
of ethanol produced in the sixth cycle using 150 g L−1 glu-
cose with 125 beads decreased from 62 g to 52 g which
might be due to loss of vigour of the yeast cells because
of aging and due to leakage of cells from beads.

The amount of ethanol produced by free cells in the first
cycle using 150 g glucose L−1 was 72 g ethanol L−1 whereas
immobilized cells gave only 34 g of ethanol L−1 using 125
beads. The amount of ethanol produced by free cells after
the fourth cycle decreased to 25 g while in immobilized
cells it increased to 62 g ethanol L−1. This might be due to
the fact that immobilized cells contain significantly higher
percentages of saturated fatty acids compared to free cells
and this increased saturation gradually leads to greater etha-
nol tolerance in the immobilized cells and hence greater
survival and productivity in subsequent cycles compared to
free cells [6].

Ethanol produced by immobilized cells using 250 g glu-
cose was slightly less (87 g) compared to 200 g glucose
(92 g). This might be due to a decreased rate of sugar trans-
port activity at high sugar concentrations [12]. Hence in
subsequent studies only 200 g glucose was used. In order
to study the effect of inoculum size in repeated batch fer-
mentations using immobilized cells, the number of beads
was increased from 125 to 250 (0.3125 g of yeast cells to
0.625 g).

The amount of ethanol in the medium containing 150
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Table 2 Ethanol production using alginate-immobilized cells using 200 g L−1 sugar and 125 beads by repeated batch fermentation

No. of cycles Yield after

24 h 48 h

Practical yield Theoretical yield Fermentation Practical yield Theoretical yield Fermentation
efficiency % efficiency %

1 26 97.90 28.04 36 81.37 44.20
2 63 92.70 67.96 69 95.79 72.0
3 57 92.18 61.83 66 93.73 70.40
4 68 95.27 71.37 78 99.90 78.0
5 80 97.85 81.75 92 100 90.1
6 80 97.85 81.75 92 102 90.1

Table 3 Ethanol production using Alginate-immobilized cells using 250 g L−1 sugar and 125 beads by repeated batch fermentation

No. of cycles Yield after

24 h 48 h

Practical yield Theoretical yield Fermentation Practical yield Theoretical yield Fermentation
efficiency % efficiency

1 35 103.0 40.0 40 104.0 39.40
2 66 108.15 62.0 87 115.0 76.0
3 65 107.12 61.0 83 114.8 73.0
4 76 109.0 70.0 85 115.3 74.0
5 78 112.0 70.0 86 115.0 74.7
6 79 113.0 70.0 85 115.0 74.0

Figure 1 Comparison of ethanol production by immobilized and free
cells by repeated batch fermentation using 150 g glucose L−1 after 48 h
at 30°C.

and 200 g glucose after 24 and 48 h using 250 beads for
six cycles is shown in Table 4. These results also indicate
that the amount of ethanol produced in the first cycle was
less compared to subsequent cycles. More ethanol was pro-
duced with 250 beads than 125 beads. The amount of etha-
nol produced with 150 g L−1 glucose using 125 beads in the
first cycle after 24 h of fermentation was only 28 g com-
pared to 38 g produced from 250 beads. The maximum
amount of ethanol produced from 150 and 200 g glucose
L−1 using 250 beads was 72 and 93 g after 48 h. About 90%

of the ethanol was produced in 24 h of fermentation by
increasing the bead number to 250. The amount of ethanol
produced after 24 h from 150 and 200 g glucose L−1 using
125 beads was 59 and 80 g respectively compared to 63
and 88 g ethanol with 250 beads. This might be due to an
increase in cell density which resulted in faster fermen-
tation.

In the later experiments the bead number was increased
from 250 to 500 (0.625 g of yeast cells to 1.25 g). Samples
were collected after 8, 16, 24 and 48 h for estimation of
ethanol for three cycles. The rate of fermentation increased
but the amount of ethanol produced almost remained the
same (as that of 250 beads) as shown in Table 5. Thus the
maximum amount of ethanol produced from 150 g glucose
using 500 beads was 35, 60, 68 and 72.5 g after 8, 16, 24
and 48 h. About 80% of ethanol was produced within 16 h
using 500 beads.

The results of statistical analyses are shown in Table 6.
These results indicate that ethanol production was signifi-
cantly different with increasing cycles, time points, beads
and sugar concentrations. The magnitude of differences for
ethanol production between time and fermentation (beads
and sugar concentrations) were more significant compared
to cycles and fermentation. The differences in interactions
between cycles and time points were not significant.

The results of statistical analyses of production by immo-
bilization using 500 beads with 150 g L−1 glucose concen-
tration at different time intervals are shown in Table 7.
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No. of Yield at sugar concentration (g L−1)
cycles

150 200

24 h 48 h 24 h 48 h

PY TY FE PY TY FE PY TY FE PY TY FE

1 38 60.7 63 44 63.3 70 54 82.4 66 60 86.5 70
2 60 71.0 85 68 74.1 92 85 98 87 90 100 90
3 62 71.5 87 68 73.6 93 88 99 89 92 101 91
4 60 70.5 85 70 75.1 94 87 99.3 88 93 102 91
5 62 71 88 72 76 95 88 99.6 89 93 102 91
6 63 72.1 88 72 76 95 88 99.3 89 93 102 91

PY = Practical yield. TY= Theoretical yield. FE= Fermentation efficiency %.

Table 5 Ethanol production by immobilized cells from 150 g glucose
L−1 using 500 beads at 30°C

No. cycles Practical yield after

8 h 16 h 24 h 48 h

1 30.0 36.0 42.0 50.0
2 35.0 59.5 64.0 70.5
3 35.0 60.0 68.0 72.5

Table 6 Anova table for ethanol production using 125 and 250 beads
with different glucose concentrations

Source of variation F ratios Degrees Significance
(variance of of F

ratios) freedom

Main effects
Cycles 606.0 5, 60 0.001
Time 265.2 1, 60 0.002
Fermentation (Beads+ sugar 466.9 4, 60 0.003
concentrations)
2-way interactions
Cycle vs time 1.59 5, 60 0.17
Cycle vs fermentation 17.8 20, 60 0.001
Time vs fermentation 8.39 4, 60 0.0001
3-way interactions
Cycle, time & fermentation 2.77 20, 60 0.001

There was a significant difference in ethanol production
with increasing cycles, time points and beads. The differ-
ences between beads was greater than the difference
between time points and cycles. Interactions between cycles
and time points, cycles and beads, time and beads as well as
among the three (cycles, time and beads) are not significant.

Nigam et al [10] reported maximum alcohol production
of about 40.9, 63.4 and 68.6 g L−1 from 100, 150 and 200 g
glucose L−1, respectively, usingKluyveromyces marxianus
IMB3 immobilized in mineral kissiris. But our strain gave
maxima of 72 and 93 g ethanol L−1. Though ethanol pro-
duction by calcium alginate immobilization is frequently
used, the high ethanol yield produced byS. cerevisiaeVS3
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Table 7 Anova table for ethanol production using 500 beads with
150 g L−1 glucose at different time intervals

Source of variation F ratios Degrees of Significance
(variance freedom of F

ratios)

Main effects
Cycles 761.3 2, 12 0.0001
Time 131.8 1, 12 0.0001
Beads 62.5 1, 12 0.0001
2-way interactions
Cycle vs time 1.1 2, 12 0.36
Cycle vs beads 1.6 2, 12 0.23
Time vs beads 0.2 1, 12 0.66
3-way interactions
Cycle, time & beads 1.2 2, 12 0.31

and viability of the system for more than 450 h makes the
process novel and economical for ethanol production.
These results indicate thatS. cerevisiaeVS3 is suitable for
producing high ethanol by alginate immobilization with
less expensive technology.
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