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ABSTRACT 
 
The objective of this work was to study the production of biomass with copper bioaccumulation in submerged 
fermentation using sugarcane molasses. Candida pelliculosa BARU 05 isolated from Baru (Dipteryx alata) was 
selected for its good capacity to accumulate the copper. Fermentation was carried out using the medium composed 
by sugarcane molasses at 5 °Brix enriched with (g/L) CuSO4.5H2O 0.1; yeast extract, 10.0; (NH4)2SO4, 5.0 ; 
KH2PO4, 5.0 MgSO4, 0.5, inoculum 10 % of total volume (100 ml), pH 6.0, and incubation at  30 °C, 120 rpm for  
120 h. After three steps of optimization an uptake of 95.04% and 13.397 g/L biomass were obtained. The kinetics of 
copper bioaccumulation and biomass production was followed in a 10- liter bioreactor in a batch and fed-batch 
fermentation which showed copper accumulation of 91.98  and 100 %, respectively, and biomass production of 
38.85 g/L (24 h) and 57.54 g/L (48 h), respectively. 
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INTRODUCTION 
 
There are many economic benefits that are related 
to the discovery of potentially exploitable 
microorganisms in biotechnological processes, 
including the production of new therapeutic agents 
and antibiotics, probiotics, chemicals, enzymes 
and polymers for industrial applications (Celligoi, 
et al., 1997; Colwell, 1997; Hunter 1998; Angel, et 
al., 2000, Rodrigues, et al., 2009, Alberton et al., 
2009, Sella et al., 2009). Microelements, also 
called trace elements, are present in small amounts 
in the body and are expressed in mg/kg or ppm 
(parts per million) of body weight (Ortolani, 

2002). The interest of trace elements appears, 
mainly to replace, or at least reduce, the current 
indiscriminate use of antibiotics and 
chemotherapeutic agents used in the animals, 
which can be harmful to the consumers and the 
environment (Hisano et al., 2007).  
Copper is present in cellular respiration, bone 
formation, tissue development and pigmentation. It 
is also an essential component of several 
metalloenzymes (Macdowell, 1992; Vasquez et 
al., 2001; Ortolani, 2002; Marques et al., 2003). 
Moraes et al., (1999) and Sucupira et al., (2007) 
reported that the most common deficiencies of 
trace elements in sheep and cattle in Brazil were 
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related to the deficit in copper and cobalt. The role 
and importance of copper in animal metabolism 
are well known (Vasquez et al., 2001). The gain of 
weight in some ruminants is related to the 
presence of copper in the diet, which is essential 
for their development (Hauschild et al., 2008).  
Molasses is a co-product of sugar production, both 
from sugar beet and from sugar cane, and is the 
runoff syrup from the final stage of sugar 
crystallization process from which further 
recovery of sugar is uneconomical. Molasses could 
be used in different biotechnological processes as 
substrate since its composition favors the 
development of different microorganisms (Cazetta 
et al., 2007; Valduga et al., 2007, Roepecke et al., 
2011). The composition of sugarcane molasses is 
73-95% total sugars, 70-91% sucrose and 2-4% 
glucose (Mantellato, 2005). 
This work aimed to develop a bioprocess for yeast 
biomass production with copper bioaccumulation 
in submerged fermentation using sugarcane 
molasses as substrate. 

 
 

MATERIALS AND METHODS 
 
Microorganisms 
Eleven yeasts strains isolated from Baru (Dipteryx 
alata) were tested. One of them, identified as 
Candida pelliculosa Baru 05, showed good copper 
bioaccumulation capacity and was selected for 
biomass production.   
 
Optimization of process conditions 
For the optimization of biomass production with 
copper bioaccumulation, the chemical composition 
of the fermentation medium was studied in the 
first step. Factorial experimental designs were 

used for the screening and determination of the 
main significant components of the medium 
(Rodrigues and Iemma, 2005). Two responses 
were analyzed, which included biomass 
production (g/L) and copper bioaccumulation yield 
(%) using STATISTICA 7.1 software (StatSoft, 
Tulsa, OK, USA). 
Initial experiments were performed at laboratory 
scale in Erlenmeyer flasks of 250 mL. Candida 
pelliculosa BARU 05 was used for biomass 
production with copper accumulation. Inoculum 
was prepared in 250 ml Erlenmeyer flasks that 
were incubated at 30°C and 120 rpm till a cell 
concentration of 1 x 108 cells/mL was achieved. 
The medium comprised sugarcane molasses at 5 ° 
Brix and (g/L) yeast extract, 10; (NH4)2SO4, 5.0; 
KH2PO4, 5.0; MgSO4, 0.5 and copper sulphate 0.1 
(Stehlik-Thomas et al., 2004). Inoculum rate was 
10 % of total volume (100 mL). Physical biomass 
production was previously optimized (data not 
shown) and conditions were defined as follows: 
temperature, 30 °C; initial pH, 6.0; agitation, 120 
rpm; cultivation time; 120 h. 
Studies were carried out to select the best nitrogen 
source among urea, NH4Cl, NH4NO3, (NH4)2SO4 
and (NH4)2HPO4 at a concentration equivalent to 
the nitrogen content of 1 g/L of urea. 
Subsequently, a 27-4 incomplete factorial design 
was used in which seven components ((NH4)2SO4, 
(NH2)2CO, (NH4)2HPO4, KH2PO4, CaCl2, MgSO4 
and Fe2(SO4)3) were tested to determine their 
effect on biomass production (g/L) and copper 
bioaccumulation (%) as shown in Table 1. 
The next step of optimization employed a 24-1 
fractional factorial experimental design that was 
used to study the levels of significant variables 
(Table 2), including (NH4)2SO4, (NH4)2HPO4, 
CaCl2 and °Brix. 

 
Table 1 - 27-4 incomplete factorial design with 3 central points – variables and levels (g/L). 

Level (NH4)2SO4 Urea (NH4)2HPO4 KH 2PO4 CaCl2 MgSO4 Fe2(SO4)3 
-1 0 0 0 0 0 0 0 
0 1 0.5 1 1.25 0.065 0.25 0.05 

+1 2 1 2 2.5 0.13 0.5 0.1 
 
 
Table 2 - 24-1 incomplete factorial design – variables and levels. 

Level (NH4)2SO4, g/L (NH4)2HPO4, g/L CaCl2, g/L °Brix 
-1 2 2 0.13 5 
0 3 3 0.26 7.5 
+1 4 4 0.52 10 
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The third step of optimization tested the influence 
of °Brix and (NH4)2SO4 on copper uptake (%) and 
biomass production (g/L). In this case, a 
Rotational Central Composite Experimental 
Design was employed (Table 3). CaCl2 showed a 

positive influence for this process, however, it was 
tested separately at different concentrations to 
determine whether or not it was significant (data 
not shown). 

 
Table 3 - Rotational central composite experimental design – variables and levels. 

Level (NH4)2SO4, g/L Brix 
-1.41421 0.59 3.96 

-1 1 5 
0 2 7.5 
1 3 10 

1.41421 3.41 11.03 
 
 
Kinetics of biomass production with copper 
bioaccumulation in 10 liter bioreactor – Batch 
and Fed-Batch operation 
In these studies, a 10 liter Bioflo® 110 bioreactor 
was used with 5-L medium. Fermentation was 
carried out using the medium with initial pH 6, 
inoculum 7.5% (v/v) and incubation at 30°C for 
120 h for batch experiments. Agitation varied with 
the dissolved oxygen content at 30%, which was 
controlled automatically. All the experiments were 
performed in duplicate. Sugarcane molasses was 
supplemented with 2 g/L of (NH4)2SO4 and 3 g/L 
of (NH4)2HPO4. Fed-batch fermentation was 
conducted with the same conditions of the batch 
fermentation. However, according to the sugar 
consumption, the bioreactor was fed once with 
sugarcane molasses after 20 hof fermentation. 
After the fermentation, the medium was 
centrifuged at 4000 rpm for 10 minutes (Roepecke 
et al., 2011) and the analyses were carried out. 
 
Determination of copper and produced biomass 
The concentration of copper in the supernatant was 
determined after digestion with nitric acid and 
oxygen peroxide, according to the AOAC method 
(1997). Copper concentration in the solution was 
performed in an atomic absorption spectrometry, 
Varian Model AA spectrae 100-200 (Eaton et al., 
1995). Copper that was in the supernatant and the 
amount of copper in the biomass were determined 
by the indirect method, by subtracting the copper 
concentration of the supernatant (CSOB) from its 
initial concentration in the fermentation medium 
(C0) (Dönmez and Asku, 1999).  
Cell biomass produced during the fermentation 
was determined by drying the material and 
determination of the dry weight (Roepecke et al.,, 
2011). The content of reducing and total sugars 

was determined by the methods of Phenol-Sulfuric 
and Somogyi-Nelson (Nelson, 1944). 
 
 
RESULTS AND DISCUSSION 
 
Effect of nitrogen source on copper 
bioaccumulation  
The effect of different nitrogen sources (urea, 
yeast extract, ammonium sulfate, ammonium 
citrate and ammonium nitrate) on biomass 
production of Candida pelliculosa BARU 05 and 
copper bioaccumulation was studied. Best results 
were found with urea (1 g/L), which showed 
84.92% bioaccumulation of copper. This source of 
nitrogen also contributed for good biomass 
production (7.55 g/L), followed by yeast extract 
(6.61 g/L). 
However, control with no nitrogen source 
provided a biomass production of only 0.225 g/L. 
This showed that the, molasses, which was diluted 
to 5 Brix, needed supplementation of nitrogen, 
since the aim of this work was to increase the 
biomass production by yeast with high copper 
bioaccumulation. 
 
Selection of copper concentration  
Before starting the optimization of medium 
composition, the toxic concentration of copper on 
C. pelliculosa BARU05 was tested by varying the 
concentration of CuSO4.5H2O in the medium (0.1 
to 1 g/L). The increasing concentration of copper 
sulphate influenced significantly the biomass 
production and yield of bioaccumulation of 
copper. With 1 g/L of copper sulphate, the 
biomass production decreased by 45.5% and 
bioaccumulation of copper was 92.65%. This 
showed that the concentration of copper sulphate 
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should be fixed at low values (0.1 g/L). Gönen and 
Aksu (2008) and Stehlik-Thomas et al., (2004) 
found that high levels of copper sulfate in the 
fermentation process resulted in the decrease in 
copper bioaccumulation due to the toxicity effect. 
Thus, the concentration of 0.1 g/L copper sulfate 
was chosen for further studies. 
 
First step of optimization of chemical 
composition of the medium – Incomplete 
factorial design 27-4 with three central points 
Table 4 presents the results of the study of the 
effect of seven variables (concentration of 

different components) on biomass production with 
copper bioaccumulation, which were (NH4)2SO4, 
urea, (NH4)2HPO4, KH2PO4, CaCl2, MgSO4 and 
Fe2(SO4)3. The highest yield of copper 
bioaccumulation by C. pelliculosa BARU05 was 
99.31% with a biomass production of 6.18 g/L 
(experiment 6). In this experiment, (NH4)2SO4, 
(NH4)2HPO4 and CaCl2 were present in the 
middle. 
Pareto chart (Fig. 1) showed that the CaCl2 was the 
only significant variable on copper 
bioaccumulation by C. pelliculosa BARU05. 

 
Table 4- Copper bioaccumulation and biomass production during optimization of chemical factors – 27-4 incomplete 
factorial design with 3 central points. 

Independent Variables Response 
Variables Experiment 

(NH4)2SO4 Urea (NH4)2HPO4 KH 2PO4 CaCl2 MgSO4 Fe2(SO4)3 
Biomass 

(g/L) 
Uptake 

(%) 
1 -1 -1 -1 1 1 1 -1 5.019 76.558 
2 -1 -1 1 1 -1 -1 1 4.629 41.278 
3 -1 1 -1 -1 1 -1 1 4.322 50.474 
4 -1 1 1 -1 -1 1 -1 4.844 51.979 
5 1 -1 -1 -1 -1 1 1 4.357 21.214 
6 1 -1 1 -1 1 -1 -1 6.180 99.307 
7 1 1 -1 1 -1 -1 -1 5.738 67.529 
8 1 1 1 1 1 1 1 4.438 94.616 
9 0 0 0 0 0 0 0 4.747 50.474 
10 0 0 0 0 0 0 0 4.742 50.976 
11 0 0 0 0 0 0 0 4.747 50. 475 

 

 
 

Figure 1 - Pareto chart of biomass production (A; R2 = 0, 98142) and copper bioaccumulation (B; 
R2 = 0,95507) on 27-4 incomplete factorial design with 3 central points. 

 
 
For biomass production, Fe2(SO4)3 and MgSO4 
were significant (Fig. 1A) at 5% (p<005). 
According to the Pareto chart, the concentrations 
of the two significant variables should be lowered 
in the next step of optimization. However, the 
concentrations of the two significant factors were 

low and they were fixed at these levels. Therefore, 
the choice of variables used in the next step of 
optimization was performed based on the best 
results of experiment 6 (Table 4). The variables 
(NH4)2SO4, (NH4)2HPO4 and CaCl2 were chosen 

A B 
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for the next optimization step with the inclusion of 
molasses concentration (°Brix). 
 
Second step of optimization of chemical 
conditions - Incomplete factorial design type  
24-1 with three central points 
A second incomplete factorial design of type 24-1 
with three central points was applied in order to 
study the influence of four variables ((NH4)2SO4, 
(NH4)2HPO4 ,CaCl2 and °Brix) on biomass 
production with copper accumulation. The highest 
copper bioaccumulation occurred with (NH4)2SO4, 

which was the main significant factor (p<0.05) 
presenting a negative effect (Fig. 2). For biomass 
production, the concentration of molasses was 
significant (p<0.05) with a positive effect. The 
highest copper bioaccumulation occurred in 
experiment 1 (99.3%) with a biomass production 
of 7.9 g/L (data not shown). Thus, for the next step 
of optimization, levels of both the sinificant 
factors, (NH4)2SO4 and molasses concentration 
(°Brix), were tested in order to find the best results 
for the two responses (biomass production and 
bioaccumulation of copper). 

 

 

 
 

Figure 2 - Pareto chart of biomass production (A; R2 = 0, 98338) and copper bioaccumulation (B; 
R2 = 90621) of 24-1 incomplete factorial design. 

 
 
Third step of the optimization of chemical 
conditions - Rotational Central Composite 
Experimental Design – DCCR 
The two factors, (NH4)2SO4 and °Brix were 
studied at five levels in a rotational central 
composite experimental planning – DCCR with 

eight assays and three central points. The best 
results (Table 5) were obtained in the central point. 
In these conditions, the biomass yield was 13.4 
g/L and copper bioaccumulation on average was 
95.03%. 

 
 

Table 5 - Copper bioaccumulation and biomass production during optimization of chemical factors – 
rotational central composite experimental design (DCCR). 

Independent Variables Response Variables 
Experiment 

(NH4)2SO4 ºBRIX Biomass (g/L) Uptake (%) 
1 -1 -1 6,666 60,022 
2 1 -1 6,106 59,558 
3 -1 1 5,944 45,326 
4 1 1 6,956 52,287 
5 -1,41421 0 6,618 47,956 
6 1,41421 0 6,050 49,658 
7 0 -1,41421 6,886 58,320 
8 0 1,41421 6,962 60,796 
9 0 0 13,628 95,293 
10 0 0 13,132 95,757 
11 0 0 13,432 94,055 

 
 

A B 
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The squared terms of the factors (NH4)2SO4 and 
°Brix were significant at p<0.05. The interaction 
between the two linear terms was also significant. 
These observations were valid for biomass 
production (Fig. not shown) and for copper 
bioaccumulation according to Figure 3A. Figure 

3B shows the optimal region for copper 
bioaccumulation by C. pelliculosa BARU05 
(R2=0.9888). This region corresponded to 2 g/L of 
(NH4)2SO4 and 7.5 °Brix (concentration of 
molasses).

 

 
 

Figure 3 - Pareto chart (A) and response surface (B) of copper bioaccumulation generated by the 
rotational central composite experimental design (DCCR). 

 
 
It has been reported that the metal biosorption 
capacity by some microorganisms can be 
optimized by the choice of factors such as 
chemical and physical experimental conditions, 
which will influence the formation of biomass and, 
consequently, its accumulation (Gadd, 1993; 
Brady et al., 1994). 
After all the steps of optimization, the copper 
accumulation was 95.04% and the biomass 
produced was13.397 g/L, representing an increase 
of 8.17% of copper bioaccumulation and 34.67% 
of biomass production compared to the process 
performed before the optimization. Finally, the 
optimal conditions for copper bioaccumulation 
were as pH 6, inoculums 7.5%, and incubation at 
30°C. The best chemical conditions were 10ºBrix 
cane molasses supplemented with 2 g/L 
(NH4)2SO4 and 3 g/L (NH4)2HPO4. 

Kinetics of biomass production with copper 
bioaccumulation in a STR bioreactor  
Batch fermentation 
Figure 4 shows the kinetic study of biomass 
production with copper bioaccumulation in the10 
–L bioreactor in the batch operation. The 
production of biomass reached 38.85 g/L and 
copper accumulation was 91.98% in 24 h of 
fermentation. An increase of 190% of biomass 
production was obtained which was probably due 
to the better control of process variables and, 
mainly due to a more intensive aeration which 
stimulated the growth. Similar results were 
reported by Rajoka et al., (2006) who attested the 
importance of intensive aeration (30% dissolved 
oxygen) to increase the biomass production. 
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Figure 4 - Copper accumulation (Cu Acc.) and copper uptake (A) and biomass production and 
consumption of total (TS) and reducing (RS) sugars (B) during batch fermentation. 
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Fed-batch fermentation  
After the batch process, the kinetics of biomass 
production with copper bioaccumulation was 
conducted in fed-batch in order to verify the 
influence of the supplementation of the medium on 
biomass production. The production of biomass 
reached 57.54 g/L and bioaccumulation yield 
reached 100% (Fig. 5) after almost 48 h of 

fermentation that represented a gain of 48% on 
biomass production. In this case, it would be 
interesting to make further tests with higher 
concentrations of copper in the medium, so as to 
study if C. pelliculosa BARU 05 could 
bioaccumulate higher levels of the metal, after a 
significant adaptation to copper in the medium. 
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Figure 5 - Copper accumulation (Cu Acc.) and copper uptake (A) and biomass production and 
consumption of total (TS) and reducing (RS) sugars (B) during the kinetic in fed-batch 
fermentation. 

 
 
Furthermore, high concentrations of biomass 
represent high concentrations of protein. In this 
case, biomass had 49% protein. Menezes and 
Salles (1976) obtained 48.6% protein and 
comparable result to the present study. One of the 
quality requirements in the specification of dry 
yeast for animal feed is the minimum percentage 
of crude protein (35-40%) (Leimer, 2005). Thus, 
the biomass produced by C. pellliculosa BARU05 
could be considered suitable and within the range 
of quality requirements. 
 
 
CONCLUSIONS 
 
C. pelliculosa BARU 05 demonstrated good 
capacity to grow in sugar cane molasses and 
accumulated copper. The batch process resulted 
38.85 g/L of biomass and 91.98% copper 
accumulation in 24 h of fermentation. The fed-
batch process resulted 57.54 g/L of biomass and 
100% of copper bioaccumulation. The process for 
biomass production with copper bioaccumulation 
by C. pelliculosa BARU05 presents a number of 
advantages, including the low cost of raw material 
(sugarcane molasses). The use of agro-industrial 
residues such as soybean molasses, cane molasses, 
among others, in fermentation helps the 
development of an environmentally-friendly and 
attractive process in terms of cost-benefit. The 

obtained product could be used as an additive in 
feed for monogastric animals.  
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