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Preliminary Study of Continuous Fermentation for Kaew Mango Wine

Production in a Packed Bed Bioreactor with Immobilized Yeasts
v
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ABSTRACT
The cells of Saccharomyces cerevisiae strain Sweden were immobilized in calcium alginate beads.

The optimum immobilization conditions for Kaew mango wine production in batch process was at 2%

sodium alginate and 0.1 M CaCl . The immobilized yeasts were packed in a glass column bioreactor with
2

the working volume of 740 ml and the process was operated at 20°C. The effect of bead volume packed

in the column (20, 35 and 50% of the working volume) and dilution rate of Kaew mango juice fed in the

column (25, 50 and 75% of maximum specific growth rate, Il ) were studied for Kaew mango winemax

production. The results showed that the bead volume at 35% and the dilution rate at 25% Il were suitablemax

for continuous Kaew mango wine production in terms of ethanol production and stability of bead

morphology. At the optimum operating condition, however, the ethanol concentration was only

4.42 ± 0.41% (v/v).
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4. Cell immobilization and batch fermentation

The yeast cells were grown in YM

medium at 200 rpm, 30 ·C for 18 hours. The cells

were harvested by centrifugation at 6,000 rpm for

10 min. The pellets were suspended in 0.85%

NaCl. An appropriate volume of the cell suspension

was mixed with sterile sodium alginate at desired

concentrations (1.0, 1.5 and 2.0%) to obtain the

initial cell concentration 0.8x108 cells mrl.

The mixer was added dropwise to gently stirred

CaCI solution of desired concentrations (0.1 and
2

0.2 M). The beads were stored at 4 ·C in the fresh

CaCl2 solution for 24 hours before use.

The immobilized yeasts at each condition

grown on the ethanol production medium for 24

hours were added into a 500 rnl-airlock erlenmayer

flask containing 350 ml of the mango juice.

The volume of the immobilized yeast in the flask

was 20% of the working volume. The batch

fermentation was carried out at 20 'c.
5. Packed bed bioreactor and continuous

operating conditions
The bioreactor is shown in Fig 1.

The immobilized cells at optimum Na-alginate and

CaCI concentrations were packed in the columns.
2

The mango juice was fed into the bottom part of the

columns. The bioreactor was operated as a batch

system for 24 hours before starting a continuous

process. The operating conditions were as follows:

6. Analytical methods
The samples from 4) and 5) were taken

everyday to determine total soluble solids with a

hand refractometer. Ethanol concentration in the

samples was detected with a gas chromatography

(Shimadzu Model 14B) equipped with flame

ionization detector (FlO) and GC packed column

Working volume (per column)

: 740 ml

Dilution rate (D)

: 0.25, 0.50 and 0.75 ~
.

max

Retention time

: 16, 8 and 5.3 min.

Bead volume in the bioreactor

: 20, 35 and 50% of working

volume

Fermentation temperature

: 20 ·C

~ of the yeasts grown in the mango juice at
max

30·C was 0.25 h-1.

Fig 1 Continuous fermentation of Kaew mango

wine production by packed bed bioreactor

with immobilized yeasts.

(Shimadzu, Japan). The oven, injector and

detector temperatures were 150, 180 and 250·C

respectively. Nitrogen gas was used as a carrier gas.

Bead morphology before and after

fermentation was also observed by visual

observation.
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RESULTS AND DISCUSSION
1. Effect of sodium alginate and calcium chloride

concentrations

CaCI at 0.1 M was more suitable for cell
2

immobilization than 0.2 M due to shorter

fermentation time (Fig 2). At the same CaCI
2

concentration, changes in sugar in terms of total

soluble solids and and ethanol concentration

during fermentation were not significantly different

when the yeasts were immobilized at the various

Na-alginate concentrations (Fig 2A and B).

However, the bead shape at 1 and 1.5% Na-algi­

nate was changed after fermentation (Fig 3A and

B) while the beads at 2.0% Na-alginate were still

spherical (Fig 3C). The change was possibly due

to the fact that the beads did not have enough strength

to withstand the rigor during the fermentation.

Therefore, the cells immobilized on 2%

Na-alginate and 0.1 M CaCI were prepared for
2

continuous fermentation.

2. Continuous fermentation in a packed bed

bioreactor

The bead volume at 50 % and the dilution

rate at 25% Jl gave the best results in terms of
max

sugar utilization and ethanol production (Table 1).

However, the bead morphology at 500/0 bead

volume was changed after the fermentation (Fig 4).

Therefore, the bead volume at 35% and

the dilution rate at 25% Jl were more suitable
max

for continuous Kaew mango wine production in

terms of ethanol production and stability of bead

morphology

At the optimum operating conditions,

the ethanol concentration was only 4.42 ± 0.41 %

(v IV) which was too low for traditional wine

production. Further studies should be carried out to

33

achieve higher ethanol level at least to the normal

level in wine. This could be done by increasing the

retention time of the juice in the bioreactor through

the use of a larger bioreactor or using more

columns.

CONCLUSIONS
1) The optimum immobilization

conditions for Kaewmango wine production in batch

processwas at 2% sodiumalginateand 0.1 MCaCI .
2

2) The bead volume at 35% and the

dilution rate at 25% Jl were suitable for
max

continuous Kaew mango wine production in terms

of ethanol production and stability of bead

morphology.
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Fig 2 Kaew mango wine production in batch fermentation by S. cerevisiae immobilized on different

Na-alginate (%) and CaCI (M) concentrations. (A) Total soluble solids (B) Ethanol concentration.
2

(.) 1% and 0.2 M; (T) 1.5% and 0.2 M; (.) 2% and 0.2 M; (0) 1% and G.1 M; ('1)

1.5% and 0.1 M; (D) 2% and 0.1M

A-I A-II

C-I

B-1 B-II

C-II

Fig 3 Bead morphology at 1 (A), 1.5 (B) and 2.0% (C) Na-alginate and 0.1 M CaCl2 before (1)

and after (II) the fermentations.
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Table 1 Total soluble solids and ethanol concentration during continuous fermentation for Kaew mango

wine production by a packed bed bioreactor with immobilized yeasts at different operating
conditions.

Composition 20% bead volume at D 35% bead volume at D 50% bead volume at D
0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
Jl max J.l max f.lmax ~ max Jlrnax Jl max Jlmax J..lmax J..lmax

Total soluble solid 19.75 20.23 19.92 18.48 19.68 19.37 17.04 18.60 18.04
(oBrix) ±0.23 ±0.24 ±0.24 ±0.34 ±0.30 ±0.41 ±0.44 ±0.32 ±0.34
Ethanol 3.36 3.12 3.09 4.42 3.42 3.31 5.89 4.46 4.67

concentration(%v IV) ±0.32 ±0.17 ±0.28 ±0.41 ±0.22 ±0.37 ±0.34 ±0.27 ±0.31

: The results were expressed as mean and standard deviation for at least 5 values during steady state
fermentation.

(A) (B) (C) (D)

Fig 4 Bead morphologybefore (A) and after fermentationat beadvolumesof 20 (B), 35 (C) and 50% (D).


