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ETHANOL FERMENTATION OF MOLASSES BY Saccharomyces cerevisiae
CELLS IMMOBILIZED ONTO SUGAR BEET PULP

Vesna M. Vucurovi¢* and Radojka N. Razmovski

University of Novi Sad, Faculty of Technology, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia

Natural adhesion of Saccharomyces cerevisiae onto sugar beet pulp (SBP) is a very
simple and cheap immobilization method for retaining high cells density in the ethanol
fermentation system. In the present study, yeast cells were immobilized by adhesion onto
SBP suspended in the synthetic culture media under different conditions such as: glucose
concentration (100, 120 and 150 g/l), inoculum concentration (5, 10 and 15 g/l dry mass)
and temperature (25, 30, 35 and 40 °C). In order to estimate the optimal immobilization
conditions the yeast cells retention (R), after each immobilization experiment was analy-
zed. The highest R value of 0.486 g dry mass yeast /g dry mass SBP was obtained at
30°C, glucose concentration of 150 g/l, and inoculum concentration of 15 g/l. The yeast
immobilized under these conditions was used for ethanol fermentation of sugar beet mo-
lasses containing 150.2 g/l of reducing sugar. Efficient ethanol fermentation (ethanol
concentration of 70.57 g/l, fermentation efficiency 93.98%) of sugar beet molasses was
achieved using S. cerevisiae immobilized by natural adhesion on SBP.

KEY WORDS: immobilization, bioethanol, sugar beet pulp, molasses, Saccharomyces
cerevisiae

INTRODUCTION

In the recent years, research on improving ethanol production has been accelerated
for both ecological and economic reasons, primarily for its use as an alternative to petro-
leum-based fuels (1). Currently, the global ethanol supply is originated mainly from sugar
and starch feedstocks (2). The development of a fermentation medium based on industrial
substrates is economically desirable (3). In the bioethanol production, the composition of
the medium affects the physiological state and, consequently, the fermentation perfor-
mance of the microorganism employed (4). Molasses from the sugar beet processing due
to the high content of fermentable sugars, which can be directly used for fermentation
without any modification, is a very good raw material which is traditionally used for
ethanol production (5). Among many microorganisms that have been exploited for etha-
nol production, Saccharomyces cerevisiae still remains as the prime species (2). Recent-
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ly, yeast cell immobilization techniques have become increasingly important and are
being successfully applied in production of ethanol as a method for improving the pro-
cess productivity (6). Among the different immobilization technologies, entrapment of
microbial cells within the polymeric matrices (calcium alginate, agar agar, gelatin, k-car-
rageenan, etc.) has been studied widely. However, technically it is less suitable for etha-
nol production because the growth of the yeast cells is restrained and also the slowly
growing yeast cells are difficult to be removed from the systems (2). However, the use of
yeast immobilized by natural adhesion onto low-cost plant materials such as wood chips
(7), apple peaces (8), orange peel (9), sugar cane bagasse (10), sugar cane pieces (11),
corn cobs and grape pomace (12) and maize stem ground tissue (13), can effectively
overcome these drawbacks. Yeast cells immobilization by adhesion onto the solid sup-
ports is attractive in ethanol fermentation, due to the operational easiness and high etha-
nol productivity, thanking to the effective retention of cells within the bioreactor. Besi-
des, the possibility of recycling cells for inoculum permits the fermentation to be profi-
tably carried out in continuous or repeated-batch mode (14). The sugar beet pulp (SBP)
was found to be efficient support for immobilization of S. cerevisiae in the ethanol
production because of its heterogeneous structure, high porosity, biocompatibility, high
water swelling capacity, good mechanical properties, and high cells retention capacity.
This immobilization method is cheap, simple and easy (15).

The novelity of this work lies in the investigation of the optimal conditions (inoculum
concentration, glucose concentration and temperature) for the S. cerevisiae immobiliza-
tion onto SBP. Further, the efficiency of immobilized yeast for batch ethanol fermenta-
tion of sugar beet molasses was investigated with the aim to achieve efficient ethanol
production.

EXPERIMENTAL

Dried sugar beet pulp (SBP) kindly provide by a sugar factory near the city of Senta
(Vojvodina province, Serbia) was used as the support for yeast cells. The SBP hydration
was carried out by placing an amount of 15 g of dry SBP into 1 1 Erlenmeyer flasks
containing 500 ml of synthetic culture medium containing different amounts of glucose
(100, 120 and 150 g/1) and the same amount of the following constituents: (NH4),SO, (1
g/l), KH,PO, (1 g/l), MgSO, (5 g/l) and yeast extract (4 g/) at the pH 5.5, and was ste-
rilized by autoclaving at 121°C for 30 min. After the sterilization, the flasks were kept at
room temperature for 24 h. The working microorganism was a commercial S. cerevisiae
strain (Alltech-Fermin, Senta, Serbia), commonly used in Serbian baking industry, in the
form of pressed blocks (70 % w/w moisture). To immobilize cells onto hydrated SBP, the
flasks were inoculated with 5 g/, 10 g/l and 15 g/I of yeast on dry basis, and placed on a
rotary shaker (120 rpm) in a thermostat and kept at 30 °C for 24 h. After the immobiliza-
tion of the yeast, the mass of cells immobilized onto the support was quantified gravimet-
rically according to Santos et al. (10). Cell retention onto the support (R, g/g) was cal-
culated as the ratio of dry matter of cells immobilized in the support (g) to the support dry
mass (g). Carl Zeiss optical microscope connected to a Cannon S50 camera was used to
capture yeast cells immobilized onto SBP. After the immobilization of the cells, the me-
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dium was decanted using sterilized gauze. The support without extra medium was then
dried at 105°C to constant weight. The identical procedure was conducted by using
support particles recovered from the cell-free medium, as a control, in order to avoid any
interference in weighing measurements. The selected support containing immobilized
yeast, with highest cells retention (R), was used for the batch fermentation of 500 ml of
the sugar beet molasses in 1 1 Erlenmeyer flasks. The reducing sugar content of molasses
was 150.2 g/l, the pH was adjusted to 5.5 by addition of 10% (v/v) H,SO,4 and it was
sterilized by autoclaving at 121°C for 30 min. The fermentation kinetics was monitored
by measuring the weight loss due to CO, release at various time intervals from the be-
ginning of the fermentation batch until to its end (24 h). Samples of fermented liquids
were analyzed for ethanol and reducing sugar. The fermented liquid was centrifuged at
3000 rpm for 15 min. The sample of supernatant was hydrolyzed in 33% HCI at 100°C
for 10 min and neutralized with NaOH solution, and reducing sugar content was determi-
ned using the 3,5-dinitrosalicylic acid (DNS) method (16). The ethanol concentration in
the distillate was determined based on the density of the alcohol distillate at 20°C, by
pycnometer method (17). Reducing sugar conversion (S, %) was calculated as the ratio of
utilized reducing sugar to the initial and multiplying by 100. The ethanol yield (Y, g/g)
was calculated as grams of ethanol produced per gram of utilized reducing sugar. The fer-
mentation efficiency was calculated as the percentage of the maximal theoretical ethanol
yield (E,, %). The volumetric ethanol productivity (Q,, g/lh) was calculated as grams of
ethanol produced per liter per hour.

RESULTS AND DISCUSSION

The cell immobilization and ethanol productivity of immobilized yeast cells depends
on the surface characteristics of the support, such as pore size, water content, hydrophilic
properties and magnetism (18). The S. cerevisiae was found to be immobilized by natural
adhesion onto SBP due to the electrostatic interactions between support and the yeast
cells surface and due to the capillary forces which hold cells inside the SBP cavities (15).
The process of cell adhesion to solid supports by biosorption is believed to occur due to
electrostatic or van der Waals interactions between the cell membrane and the support.
These adhesion forces are affected by variations in the medium composition and compo-
nent concentrations, because they can strongly influence the surface energy of the immo-
bilization support (14).

A series of optical microscopic images (Fig. 1) were taken to visually explore the
yeast immobilization onto SBP. As is shown in Fig. 1, in the immobilization process, the
yeast cells penetrate into the interior of bibulous sugar beet tissue, enabling adsorption
onto the surface of the carrier, and meanwhile the SBP cavities are also filled with yeast
cells.
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Figure 1. Optical micrphoograph of a) SBP and b) Saccharomyces cerevisiae cells
(400x) immobilized onto the SBP

Cells retention capacities obtained after 24 h of yeast immobilization at temperatures
of 25, 30, 35, 40°C are shown in Figures 2-5.
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Figure 2. Retention of S. cerevisiae cells onto SBP after immobilization at 25°C
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Figure 3. Retention of S. cerevisiae cells onto SBP after immobilization at 30°C
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Figure 4. Retention of S. cerevisiae cells onto SBP after immobilization at 35°C
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Figure 5. Retention of S. cerevisiae cells onto SBP after immobilization at 40°C

By comparing retention capacities obtained for the different yeast concentrations and
glucose concentration obtained at each immobilization temperature (25, 30, 35, 40°C)
(Fig. 2-5) it can be concluded that the cells retention increased along with the increase of
the initial yeast concentration from 5 g/l to 15 g/l, and with the increase of glucose con-
centration in the medium from 100 g/l to 150 g/l. Maximum cells retention capacity of
0.407 g/g, 0.486 g/g, 0.441 g/g and 0.312 g/g for the respective immobilization tempera-
tures of 25, 30, 35, 40°C, were obtained at the yeast concentration of 15 g/l and glucose
concentration of 150 g/I. On the basis of the yeast immobilization results it can be conclu-
ded that for all inoculums and glucose concentrations, maximal values of cells retention
capacity (R) were obtained at the immobilization temperature of 30°C. After 24 h of yeast
immobilization at 30 °C the cells retention capacity ranged from 0.213 g/g for yeast con-
centration of 5 g/l and glucose concentration of 100 g/l to 0.486 g/g for yeast concen-
tration of 15 g/l and glucose concentration of 150 g/l. These results imply that the most
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appropriate temperature for yeast cells growth and, consequently, for immobilization is
30°C, while the temperatures of 25, 35 and 40°C were less effective. These results are in
accordance with the influence of temperature on yeast growth. Considering firstly tempe-
rature, this is one of the most important physical parameters which influence yeast
growth. In most laboratories and industries, yeast is generally grown in the range of 20-
30°C (19).

Due to the highest yeast retention capacity of 0.486 g/g, the yeast immobilized onto
the support by natural cell adhesion at 30 °C, glucose concentration of 150 g/ and inocu-
lum concentration of 15 g/l was used for sugar beet molasses fermentation. Table 1 sum-
marizes the fermentation parameters such as reducing sugar utilization, ethanol producti-
vity, ethanol yield and fermentation efficiency obtained at the end of the fermentation
batch of sugar beet molasses by immobilized S. cerevisiae obtained at 30°C. Since,
146.93 g/l reducing sugar was utilized, the fermentation efficiency was 97.83 %. This in-
dicates that the cells immobilized onto SBP utilized almost all available reducing sugar
from the molasses, suggesting efficient exploitation of this raw material for ethanol pro-
duction. The final ethanol concentration of 70.57 g/l and ethanol productivity of 1.47 g/lh
were achieved in the batch fermentation of molasses. The ethanol yield per consumed re-
ducing sugar of 0.480 g/g was achieved, equal to 93.98% of its theoretical value expres-
sed as the fermentation efficiency, indicating that almost all utilized reducing sugar was
converted to ethanol. On the basis of these results it can be concluded that yeast cells
immobilized onto SBP showed high fermentative activity and may be recommended for
the further use in repeated batch or continuous process.

Table 1. Parameters of sugar beet molasses fermentation by S. cerevisiae immobilized on

SBP
Parameter Value
Initial reducing sugar, S, (g/1) 150.20 £ 0.36
Utilized reducing sugar, S, (g/1) 146.93 £ 0.65
Reducing sugar utilization, S, (%) 97.83 +0.63
Ethanol concentration, P (g/1) 70.57 £ 0.83
Ethanol productivity, O, (g/lh) 1.47 £0.02
Ethanol yield, Y, (g/g) 0.480 + 0.004
Fermentation efficiency, E,,(%) 93.98 + 0.84
CONCLUSION

The work demonstrated the potential use of SBP as a support for S.cerevisiae immo-
bilization under different immobilization conditions such as: glucose (100, 120 and 150
g/1), inoculum concentration (5, 10 and 15 g/l dry mass) and temperature (25, 30, 35 and
40°C). Efficient cells immobilization was confirmed by optical microscopy. The support
was effective for yeast immobilization for each examined combination of conditions. Pre-
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sented results show that the cells retention increases along with the increase of initial
yeast concentration from 5 g/l to 15 g/, and with the increase of glucose concentration in
the medium from 100 g/l to 150 g/I. Also, it was found that the most appropriate tempera-
ture for yeast cells growth and consequently immobilization is 30°C. The highest yeast
cells retention (0.486 g dry mass yeast /g dry mass SBP) was obtained at 30°C, glucose
concentration of 150 g/l, and inoculum concentration of 15 g/l. Efficient bioethanol pro-
duction from the molasses containing 150.2 g/l of reducing sugar, was achieved using
thus immobilized yeast (ethanol concentration of 70.57 g/l, fermentation efficiency
93.98%).
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AJIKOXOJIHA ®PEPMEHTAILIMJA MEJIACE IOMOTRY REJIMNJA
Saccharomyces cerevisise IMOBUJINCAHUX HA PESAHIIUMA HIEREPHE
PEIIE

Becna M. Byuyposuh* u Padojxka H. Pasmoscku
Vuusepsurer y HoBom Cany, Texunomnouiku daxynret, 21000 Hosu Can, Bynesap Llapa Jlazapa 1, Cpouja

[puponna agxesuja Saccharomyces cerevisiae Ha pe3annnMa mehepae pere (SBP) je
JEeIHOCTaBaH U jepTHH METO MMOOMIM3aIHje KOjiM ce OJlp>KaBa BUCOKA T'YCTHHA KBacIa
y (pepMEHTAIHOHOM CHUCTEMY. Y OBOM paiy cy henmje kBacra IMOOMIHCAHE aXe3UjOM Y
CHHTETCKOM MEIHjyMy IIOJl pa3IMYUTHM YCIOBUMA MMOOWIN3aLHje: KOHIEHTpanyja riy-
ko3e (100, 120 u 150 g/l), koHuenTpauuja unokyinyma (5, 10 u 15 g/l) u remneparypa
(25, 30, 35 u 40°C). YV umby nporieHe ONTUMAIHUX yCJIOBAa MMOOMIM3AIIMj€ HAKOH CBa-
KOI' MTOCTyIKa MMOOWIM3alMje aHAJTU3UpaH je OCTBapeHH crereH uMobOmnmmsanuje (R).
Hajsumra BpemHoCT creneHa mMoOmim3anuje Ouokartamusaropa ox 0,486 g cyBe mace
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KBacia 1o g cyse mMace SBP je octapena npu temreparypu 30°C, KOHIIEHTPAIMjH TIIy-
ko3e of 150 g/l u koHueHrpauuju uHOKynyma 15 g/l. OBako MMOOMIKCaHU KBacall je
NpUMemeH 3a epMeHTalujy Menace niehepHe pere MoueTHe KOHIIGHTpALUje PeayKyjy-
hux mehepa 150,2 g/l. Y oBom pany je npuka3aHa eukacHa ajKoxoiiHa (epMeHTaluja
Menace (koHueHTpanuja eraHona ox 70.57 g/l, epuxacunoct dhepmenranmje ox 93.98%)
npumMeHoM henuja S. cerevisiae MMOOWITHCAHUX TIPUPOTHOM ajaxe3ujoM Ha SBP.

Kmbyune peun: nmobunmsanyja, 6noeranon, pesanuu mehephe pene, menaca, Saccharo-
myces cerevisiae
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