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Abstract- Fermentation is a biological process that occurs by 
the action of bacteria or fungi attached or not to solid supports 
by an immobilization process - ensuring higher cell density and 
enabling higher production. Several studies were performed 
using immobilization of Saccharomyces cerevisiae for ethanol 
production, but few of them used polyurethane foam as support 
(affordable, high porosity, low density, interconnected pores, 
and low-cost foam). Therefore, the objective of this research is 
to study the immobilization of Saccharomyces cerevisiae on 
polyurethane foam for the alcoholic fermentation and analyze 
the influence of the surface area of immobilization in 
production efficiency, concentration of non-volatile suspended 
solids and leaching of immobilized cells during the process. 
For this, an automated reactor was used to process the 
immobilization and subsequent fermentation. Solid tests, 
alcohol yield and scanning electron microscopy (SEM) were 
used to analyze the results, which showed that the ethanol 
production increases with growth of surface area of 
polyurethane foam (8.6, 9.0 and 11.0 mL of ethanol per liter of 
solution for the cultures at 480, 720 and 960 cm

2
 of foam, 

respectively). Additionally, treatment of the support (NaOH 
solution and high temperature) decreases the leaching of yeast 
during the process by 46 %. Thus, the ethanol production via 
fermentation with immobilization of Saccharomyces cerevisiae 
on pretreated polyurethane foam presented a good alternative 
in comparison of traditional systems - reducing the 
concentration of non-volatile suspended solids and facilitating 
the separation of final product. 

Keywords- Fermentation, Immobilization, Polyurethane, 
Saccharomyces Cerevisiae 

 

I. INTRODUCTION  

Fermentation is a biological process that occurs under 
action of bacteria or fungi to produce energy and ethanol or 
lactic acid in the oxygen absence. According to Lima et al.[1], 
the optimal temperatures for the industrial production of 
ethanol are between 26 °C and 35 °C. Inoculum concentration 
must be appropriate to the wort sugars, which can come from 

different raw materials, and high alcohol levels can 
compromise the viability of cells [2,3]. 

Since 1960, several techniques have been developed for the 
immobilization of microorganisms. Among these techniques is 
adsorption, which consists in fixing microorganisms on solid 
supports [4]. The purposes of the immobilization process are to 
ensure higher cell density allowing higher production rate [5], 
avoiding highly expensive separation and optimizing the 
production process [6]. At this stage, the compatibility between 
the support and the microorganism is fundamental to obtain the 
desired product [7], as well as easy access to the support, being 
preferred low cost and affordable materials [8, 9 10]. 

Kourkoutas et al. [11] studied the immobilization of 
Saccharomyces cerevisiae on apple pieces to produce wine, 
showing that on this support, the yeast is more resistant to 
temperature changes. Eiadpum, Limtong and Pisalaphong [12] 
studied other cases of temperature change. Kostov et al. [13] 
modeled the immobilization and fermentation process of 
Saccharomyces cerevisiae. Many authors [14 – 25] have 
studied the immobilization of Saccharomyces cerevisiae in 
inorganic substances as Y-alumina and calcium or sodium 
alginate. These studies presented good results for the 
fermentation, such as increased tolerance to inhibition by 
substrate. However, it was also observed the degradation of the 
gel, low mechanical strength, and leaching of yeast with loss of 
productivity [26]. 

The polyurethane foam is an example of support for this 
purpose because it presents low cost and good physical 
characteristics for the immobilization process, such as high 
porosity, low density and interconnected pores [27 – 30]. The 
Saccharomyces cerevisiae yeast can be immobilized on this 
support through its cultivation in aerobic medium with high 
concentration of glucose [31]. Moraes et al. [32] studied this 
process in different geometric shapes of this foam for alcoholic 
fermentation. The polyurethane foam in cube shape presented a 
yield comparable to production without immobilization and 
fewer quantities of non-volatile suspended solids in the 
product. The immobilization of Saccharomyces cerevisiae for 
the production of ethanol also presents challenges to be 
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overcome: leaching of yeast, low mass transfer rate, and low 
immobilization efficiency [33]. On the other hand, Singh et al., 
Singha et al., Yu et al. and Jeyaa et al.[34 – 36] showed that 
pretreatment with sodium hydroxide in concentrations of 0.5 to 
1.0 mol L

-1
 helped to increase the affinity of the support with 

the inoculum, reducing the leaching. In the same direction, a 
great challenge of the alcohol industry is to reduce the 
spending in separation processes at end of pipe [37]. 

Few studies have been developed and others need to be 
performed to completely evaluate the ethanol production 
process via fermentation of immobilized Saccharomyces 
cerevisiae on polyurethane. Thus, the objective of this research 
is to study the immobilization of Saccharomyces cerevisiae on 
polyurethane foam in cubes format for the alcoholic 
fermentation, analyzing the influence of the surface area of 
immobilization on the following parameters: production yields, 
concentration of non-volatile suspended solids and leaching of 
immobilized cells during the process. 

 

II. MATERIAL AND METHODS 

A. Immobilization Process 

At the beginning, Saccharomyces cerevisiae (Fleischmann, 
Petropolis, Brazil) was activated by the contact of 15 g of this 
yeast with 50 mL of distilled water (10 g L

-1
 of yeast during 

fermentation) at 30 °C in an incubator (LUCA 223, Lucadema, 
São Paulo, Brazil) during 10 min. Then, this solution was 
disposed in a CSTR reactor (UPcontrol, automatic control, 
Porto Alegre Brazil) with the defined number of polyurethane 
cubes (Tiete Espumas, São Paulo, Brazil) for immobilization. 
During this step, 950 mL of solution containing 50 g of glucose 
(Quimisul®, Joinville, Brazil) was added to the reactor and air 
was fed through a compressor in a rate of 6 L min

-1
 (Boyu Sc-

7500, Ouro Branco Brazil) (1.1 W). This process lasted for 1h 
under agitation (0.33 g-force). 

B. Fermentation Process 

After the immobilization, the solution was completely 
drained from the reactor and 1.5   L of glucose solution 50 g L

-1
 

was added, the air supply was interrupted, and the stirring (100 
rpm) was kept, initiating the fermentation process. At time 
zero, the initial sample was taken and 1 mL of this solution was 
used for the non-volatile suspended solids test (section 2.3). 
During this step, samples were collected following the time of 
reaction. Ethanol concentration was calculated with support of 
a pycnometer (PlenaLab, 25 mL, São Paulo, Brazil), according 
to Equation 1, in which   is the specific mass of the solution 
(first sample collected), the sample (collected following the 
time of reaction), and pure ethanol. After 4 hours of reaction, a 
second 1 mL sample was collected and submitted to non-
volatile suspended solids test.   

ρsample = ρsolution * (1 -x) + ρethanol * x                                     (1) 

C. Test of solids 

Before the experiment, the mass of four sets of five 
randomly selected cubes was measured. After the experiment, 

other four random sets of five cubes were selected and 
disposed in the kiln (Sterilinger, São Paulo, Brazil) for 1 h at 
80 °C and their respective masses were measured to verify the 
efficiency of the immobilization process. 

The non-volatile suspended solids test was performed by 
the disposal of 1 mL of the first and last samples during the 
fermentation process on watch glasses and its insertion in the 
kiln (1 h, 105 °C). The concentration of non-volatile suspended 
solids and leaching of yeast from the foam during the 
fermentation process were determined. The procedure was 
repeated with 480, 720 and 960 cm

2
 of polyurethane foam 

external area in cube shapes of 1 cm each side. 

D. Pretreatment of the Support 

After determining the amount of foam presenting better 
fermentation conditions according to the previously discussed 
parameters, a new experiment with the best amount of foam 
was conducted by the pretreatment of this foam in aqueous 
solution of sodium hydroxide (1 mol L

-1
 and 2 mol L

-1
) for 3 

min at room temperature and 5 min at 60 °C before the 
immobilization and fermentation processes (as presented 
before). 

E. Scanning Electron Microscopy (SEM) 

For morphological studies in microscopic level, the 
scanning electron microscopy (SEM) (FEI Inspect S50™, 
Hillsboro, Oregon) was used to analyze some samples of 
polyurethane in different stages of the process. For the 
preparation of samples, polyurethane cubes, after 
immobilization and after fermentation were disposed in an 
incubator (33 °C, 2 h). To make SEM readings, the cubes were 
placed on a metallic surface, attached by two carbon strips, and 
submitted to low vacuum and tension. 

F. Fermentation for 48 hours 

The procedure described in items 2.1 and 2.2 were repeated 
for a period of 48 h to analyze the fermentation by similar time 
to those addressed in most references. Likewise, the procedure 
involving pretreatment of the support (section 2.4) was also 
applied for the 48 h experiment. The analytical methods were 
the same as described previously (sections 2.2 and 2.3). 

G. Free Fermentation and Sterilization 

For comparison, the general procedure was performed in a 
free culture system (non-immobilized).  

All equipment and solutions involved in the procedure 
described in section II were subjected to sterilization with 
sodium hypochlorite or steam autoclave (121 °C, 20 min) 
before and after use. 

 

III. RESULTS AND DISCUSSION 

A. Fermentation Yield 

Fig. 1 shows the curves of ethanol production in non-
immobilized and immobilized systems for 480, 720 and 960 
cm

2
 of external surface area of polyurethane foam. 

 

https://pt.wikipedia.org/w/index.php?title=Hillsboro,_Oregon&action=edit&redlink=1
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Figure 1.  Ethanol production as a function of time for free cultures of 

Saccharomyces cerevisiae and immobilized on 480, 720 and 960 cm2 of 
external surface area of polyurethane foam. 

 

By analyzing the curves shown in Fig. 1, it can be verified 
that during the fermentation process time (4 h), the non-
immobilized experiment showed the highest production of 
ethanol. This result is not consistent with what was observed 
by Singh et al. [15], who obtained the highest yield for fixed 
systems. However, the short time for the immobilization (1 h), 
does not allow the maximum potential support immobilizer to 
be reached. Consequently, there is less concentration of cells in 
this procedure than those systems with greater immobilization 
time or free cells [34]. In this case, the production of ethanol in 
immobilized systems is muddled by the low cell density. In this 
study, the immobilization time was the same for all examined 
immobilized systems, so they can be compared among 
themselves. It is observed that there is an increase in the 
ethanol production from immobilized cultures with increased 
foam external surface area available for immobilization. The 
experiments presented final concentrations of approximately 
8.7, 9.0, and 11.0 mL of ethanol per liter of solution for the 
immobilizations in 480, 720 and 960 cm

2
, respectively. 

By using the polyurethane foam, the mass transfer rate 
between the solution and the interior foam portion interferes 
with the kinetics of the fermentation process, decreasing the 
processing capacity of the culture medium in a short 
fermentation time [32, 33]. Therefore, it is another reason for 
the low ethanol production rate by the fixed systems under 
study. 

B. Leaching 
 

 NON - VOLATILE SUSPENDED SOLIDS CONCENTRATIONS AT THE TABLE I. 
BEGINNING AND THE END OF THE FERMENTATION PROCESS. 

Polyure-thane 
surface 

(cm2) 

Solids at the 

beginning of 

fermentation 
(g L-1) 

Solids at the 

end of 

fermentation 
(g L-1) 

Variation 

during the 

fermenta-
tion (g L-1) 

Solids by 

external area of 

immobi-lization 
(mg cm-2) 

480 38.8 44.7 5.9 18.44 

720 33.6 41.1 7.5 15.63 

960 40.3 49.5 9.2 14.38 

From the data in Table 1, it can be inferred that in all three 
experiments using polyurethane foam to immobilize 
Saccharomyces cerevisiae, the process of increasing the mass 
of suspended solids occurred. This increase happens due to the 
leaching of part of the cells that were originally immobilized 
on the support. This result is similar to the observed by 
Mishara et. al and Singh et. al. [14, 15]. The main cause of 
leaching is the mechanical shaker. However, it is necessary for 
the homogenization of temperature and inoculum 
concentrations of substrate and product of the culture medium 
[38]. 

Many studies have been conducted with the immobilization 
of Saccharomyces cerevisiae in calcium alginate [14 – 22]. In 
this support, the total leached quantity (0.125 g L

-1
) was lower 

than that observed in the present study for all tests with 
polyurethane foam [15]. Therefore, it can be stated that 
although the affinity of the polyurethane foam toward the yeast 
is lesser than that observed in calcium alginate, this affinity is 
enough to allow the immobilization for the alcoholic 
fermentation, as observed by the result of scanning electron 
microscopy (SEM) of the polyurethane foam during different 
stages of the process under study, shown in Fig. 2. 

 

 

(a)                                   (b)                               (c) 

Figure 2.  Scanning electron microscopy of the polyurethane foam: (a) before 
the immobilization, (b) after immobilization and (c) after fermentation. 

 

The series of scanning electron microscopy images in Fig. 
2 shows the structure and porosity of the polyurethane foam, as 
well as endorses the immobilization process. Fig. 2a shows the 
morphology of the support raw material – without use or 
treatments. The surface and structure of the polyurethane are 
built with many holes and cavities suggesting that this support 
is porous enough to allow the entry of Saccharomyces 
cerevisiae during the immobilization process. These spaces 
found in the support provide a favorable environment for the 
growth of yeasts and allow the transference between the 
substrate (glucose) and the product (ethanol) produced by the 
yeast [10]. Analyzing Fig. 2 (b) and (c), it can be clearly noted 
that some yeasts were firmly adsorbed on the surface of the 
support, infiltrated in the various pores and then, multiplied. As 
can be seen by analyzing the white areas in the figures, the 
amount of yeasts present in Fig. 2 (c) is considerably larger 
than in Fig. 2 (b). 

From the previously presented data, the parameter of non-
volatile suspended solids was calculated by a rate with the 
external area of immobilization, as shown in Table 1, to assist 
in determining the most productive immobilization assay. The 
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experiment carried out with Saccharomyces cerevisiae 
immobilized in 960 cm

2
 polyurethane external area showed the 

best results with the least amount of yeast leached by 
immobilized area.  

Other solid tests (Section 2.C), along with the SEM, show 
the efficiency of immobilization with quantification of the 
mass of polyurethane foam cubes before procedure (49.2 mg 
cube

-1
) and after it (90.2 mg cube

-1
). Throughout these tests, 

there was an increase in mass of the cubes during the procedure 
demonstrating the retention of yeast in the polyurethane 
structure during the process. 

C. Pretreatment of the Support  

As noted by Singh et al. [15], the treatment of sugar cane 
bagasse as support with NaOH could increase the attractiveness 
of the support–inoculum for the Saccharomyces cerevisiae 
immobilization [39]. Thus, the procedure with 960 cm

2
 

polyurethane foam was repeated by adding the chemical 
treatment stage with NaOH as presented in Section 2.4, prior to 
the immobilizing step. Table 2 shows the final results in the 
fermentation for 960 cm

2 
of polyurethane foam with two types 

of pretreatment of the support and without it. 

 

  RESULTS OBTAINED FOR AN IMMOBILIZED FERMENTATION IN TABLE II. 
960 CM² OF EXTERNAL AREA OF POLYURETHANE FOAM WITH AND WITHOUT 

PRETREATMENT OF THE SUPPORT 

 

Concentration of 
Ethanol (mL of 
ethanol per L of 

solution) 

Leaching (g 
L-1) 

Leaching per 
surface area of 

immobilizati-on 
(mg cm-2) 

No pretreated foam 11.00 9.2 14.38 

Pretreated foam 
with NaOH at 1 mol 

L-1 and 60 oC 
10.58 5.0 7.81 

Pretreated foam 
with NaOH at 2 mol 

L-1 and 60 oC 
11.24 5.2 8.13 

 

From Table 2, it is observed that the pretreatment is very 
efficient because it inhibited the leaching process, in addition 
to not interfering with the productivity of alcoholic 
fermentation – tests show low variation in the production of 
ethanol. The total leaching system was reduced by 
approximately 46 % with the use of pretreatment with NaOH 
1.0 mol L

-1
 and 60 °C. Another experiment was performed 

with 2.0 mol L
-1

 sodium hydroxide, with a 44 % reduction in 
leaching compared to the no pretreatment system, and increase 
of 4.0 % in the leaching compared with the pretreated system 
with 1.0 mol L

-1
 NaOH. Consequently, the increase of 

concentration of NaOH showed no improvement in reducing 
leaching. 

Therefore, it is viable to use the polyurethane foam treated 
with NaOH (1 mol L

-1
) and 60 °C as a support for the 

immobilization of Saccharomyces cerevisiae in order to reduce 
the leaching of the yeast during the fermentation process. At 
the same time, this pretreatment enables the reuse of 
immobilized cubes in future production runs with lower losses 
of cellular material. 

Stability fermentation tests. The Fig. 3 shows the obtained 
results for the fermentation during a 48 hours’ period. 

 

 

Figure 3.  Ethanol production as a function of time for: no pretreatment and 

with pretreated foam. 

 

The results presented in Fig. 3 show that the yield after 48 h 
of fermentation in cases with and without pretreatment are 
close. These results are similar to those obtained by De Bari et 
al. [24]. Despite the proximity, the process without the 
pretreatment had a slightly lower yield than the process with 
pretreatment, 97.26 % and 99.79 %, respectively. It is also 
noted that the yield after 48 h of the process with pretreatment 
was very close to the ideal value for the total conversion of 
glucose into ethanol. Similar results were obtained by other 
authors [14, 18, 34 – 40]. 

Duarte et al. [16] observed that after 10 h of fermentation in 
similar conditions, but supported in calcium alginate, the yield 
was approximately 61 %. For this study, after 10 h of 
fermentation, the yield was approximately 73.53 % in the 
system without pretreatment, and 81.78 % in the pretreated 
system. These results show that despite the increased leaching 
in the immobilization of Saccharomyces cerevisiae in 
polyurethane compared to immobilization in alginate of 
calcium or sodium, there is also an increase in the reaction 
speed - achieving a yield 34 % greater in the polyurethane 
foam than in the alginate systems during the first 10 hours of 
fermentation for the system with pretreated support. 

From the analysis of Fig. 3, it is observed that the reaction 
rate of the pretreated system is greater than that one without 
pretreatment. Thus, these experiments can be used to estimate 
the time necessary to reach a yield approximately equal to that 
achieved by the end of 48 h. The pretreatment system presents 
a yield of about 99.36 % for a 22 h fermentation. 
Consequently, this system takes more than twice this time to 
increase the yield of 0.43 % – demonstrating the possibility to 
shut the fermentation down after 22 h to obtain savings in the 
process performance. Likewise, the system without 
pretreatment presents a yield of 96.19 % after 30 h procedure, 
taking over 18 h to rise the yield of 1.10 %. 



International Journal of Science and Engineering Investigations, Volume 7, Issue 83, December 2018 8 

www.IJSEI.com           Paper ID: 78318-02 ISSN: 2251-8843 

Both processes represented in Fig. 3 showed considerable 
leaching – greater than that observed for the respective 
processes lasting only 4 h. However, as discussed in Section 
3.3, the process involving pretreatment of the support showed 
lower leaching. The leaching values were 13.00 g L

-1
 for the 

case without pretreatment (20.31 mg cm
-2

) and 8.030 g L
-1

 for 
the pretreatment process (12.55 mg cm

-2
). Finally, Table 3 

summarizes the discussion regarding the long runs. 

 

 RESULTS FOR STABILITY FERMENTATION TESTS IN 48H OF TABLE III. 
REACTION 

 
No pretreated 

foam 
NaOH (1 mol L-1) and 60 oC 

pretreated foam 

Ethanol production (g) 37.25 38.22 

Yield at 48 h (%) 97.26 99.79 

Yield at 10 h (%) 73.53 81.78 

Reaction time for yield close 
to the maximum (h) 

30.00 22.00 

Leaching (g L-1) 13.00 8.030 

Leaching per surface area of 
immobilization (mg cm-2) 

20.31 12.59 

 

IV. CONCLUSION 

The results presented for immobilization of Saccharomyces 
cerevisiae in polyurethane foam in the shape of cubes of 1 cm 
per side confirm that the system is preferable when compared 
to the immobilization in calcium alginate performed 
previously. However, the leaching rate, despite having been 
reduced by 46 % by pretreatment with NaOH at high 
temperature (60 

o
C), is still higher than the showed with this 

other support. In polyurethane, it was possible to prove the 
multiplication and growth of yeast in the process, using the 
scanning electron microscopy. From an economic point of 
view, using polyurethane as support is more advantageous then 
other common supports, once it is cheaper, more affordable 
and can be reused to prevent its disposal in the environment, 
through the upholstered furniture. 

The main function of immobilization for the alcoholic 
fermentation is to reduce spending on end of pipe separation 
processes. Thus, experiments have shown that it is possible to 
reduce the mass of non-volatile solids suspended in ethanol 
production by non-immobilized system of 60.0 g L

-1
 to 45.0 g 

L
-1

 (Table2) using immobilization in 960 cm
2
 pretreated 

polyurethane foam with sodium hydroxide at 1.0 mol L 
-1

 and 
60

o
C. 

It is suggested to perform other tests with larger time of 
fermentation for the selected system: immobilization in 960 
cm

2
 varying the time and temperature, since the variation of the 

sodium hydroxide concentration did not show significant 
changes in the leaching rate or production system. 
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