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ABSTRACT 
 

The production of value-added products could be a valuable option for cheese wastewater management. However, 

this kind of study cannot just focus alone on getting the final product. This also necessitates studies on the dynamics 

of bioprocesses. With these as background, the present investigation aimed at evaluating the buffering capacity of 

deproteinized whey and effect of temperature and nitrogen source on ethanol yields from it. The batch fermentation 

conditions used to evaluate ethanol production were temperatures 30, 35, 40°C and pH 4.5, 5.0, 5.5, 6.0. To study 

the influence of nitrogen source on ethanol yield, a design matrix was applied using yeast extract and 

(NH4)2SO4.The final pH was analyzed to evaluate the buffering capacity. The results showed that the 

Kluyveromyces marxianus was thermotolerance to produce ethanol at 35 and 40°C, which was not observed at 

30°C. Results also showed that the deproteinization procedure did not affect the buffering capacity of cheese whey. 

Finally, higher ethanol production was obtained using yeast extract (3% v/v). These results could be important for 

developing low-cost method for industrial production of ethanol from deproteinized whey. 
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INTRODUCTION 
 

The dairy industry generates significant amounts 

of wastewater, of which, cheese whey (CW) is the 

most important. It is the liquid resulting from the 

coagulation of milk and is generated from cheese 

manufacture (Prazeres et al. 2012; Carvalho et al. 

2013). CW management/disposal represents a 

complex issue from an environmental and 

engineering point of view due to the high organic 

load (biological oxygen demand: 35-45 kg/m
3
; 

chemical oxygen demand: 60-80 kg/m
3
), fats 

content, and due to high salinity and other 

suspended solids present in it. Some studies have 

reported that CW possessed buffering capacity 

due to whey proteins (Henriques et al. 2013; 

Champagne et al. 2014). On the other hand, 

deproteinized CW has been widely in order to 

avoid protein interferences (Rukas et al. 2007; 

Chatterjee and Guha 2014). Thus, considering that 

whey protein has a high-buffering capacity and 

the inclusion of deproteinization processes as an 

important step to CW management in order to 

avoid protein interferences, it could be interesting 

to evaluate the buffering capacity of deproteinized 

CW.  

The production of value-added products is an 

attractive option for cheese wastewater 
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management. Bioactive proteins, ribonucleotides, 

biodegradable plastics, biogas, hydrogen gas, 

organic acids, and ethanol have been produced by 

fermentative processes from cheese wastewater 

(Koushki et al. 2012; Sharma and Luzinov 2012; 

Hungaro et al. 2013; Madureira et al. 2013; 

Powell et al. 2013; Fernandez et al. 2014). Ethanol 

is an attractive alternative energy source 

considering the rising costs of fossil fuels in recent 

times. Moreover, it can play a critical role in 

reducing greenhouse gas emission (Song et al. 

2014). Edible food crops, lignocellulosic 

agricultural wastes and wastewaters from various 

industries have been used for ethanol production 

through fermentation (Isla et al. 2013; Kristensen 

et al. 2014; Osmani and Zhang 2014). Thus, CW 

fermentation could be an interesting alternative to 

produce ethanol because of its high lactose 

content (Hungaro et al. 2013; Song et al. 2013).  

Still on current published reports, K. marxianus 

remains the popular  inoculant agent utilized in 

ethanol fermentation of whey-based media (Table 

1) because it presents the thermotolerance, fastest 

growth rate among eukaryotic organisms, the 

capacity to assimilate a wide range of sugars 

(which is an important aspect since different 

substrates may be combined) and secretion of lytic 

enzymes (Lane and Morrissey 2010; Signori et al. 

2014). However, despite this described 

thermotolerance, there are lack of studies on 

evaluating the metabolic tolerance such as 

nitrogen source influence to obtain the product of 

interest (end product) at the region of maximum 

metabolic activity of yeast (RMMA; ≈ pH: 4.5-

6.0; T: 30-40°C), especially in fermentative 

systems focusing on ethanol production. 

Furthermore, there is still no absolute consensus 

about its thermotolerance since previous studies 

have shown that the final ethanol concentration 

using free K. marxianus could be stable at 30-

40°C (Le et al. 2013); other studies have shown 

that ethanol production through fed-batch 

fermentation using K. marxianus at 30-40°C has 

been highest at 30°C (Hadiyanto et al. 2014). In 

the study developed by Húngaro et al. (2013), the 

authors aimed at evaluating the effect of 

temperature (30-40°C) and pH (5.0-7.0) on the 

production of ribonucleotides from whey using K. 

marxianus. They found that evaluated 

temperature/pH range belonging to RMMA (30-

40°C; pH 5.0-7.0) presented altered 

ribonucleotides yields. These studies showed the 

necessity to study the effects of temperature and 

pH at RMMA on ethanol yields in whey-based 

medium. Thus, the aim of the present study was to 

evaluate the buffering capacity of deproteinized 

CW (with different initial pHs belonging to 

RMMA), effect of temperature and the nitrogen 

source influence (considering its role in protein 

metabolism) on ethanol yields in whey-based 

media using K. marxianus. 

 

Table 1- Inoculant agents utilized in ethanol fermentation of whey-based media 

Inoculant agent Main fermentation conditions/ 

Experimental design 

Ethanol yield Reference 

Lactococcus lactis Hydrogen production from CW with 

ethanol-type fermentation 

1.22 mol ethanol  

mol
-1

 lactose 

(Rosa et al. 2014) 

Saccharomyces 

cerevisiae 

Industrial whey deproteinized + 

Sucrose 

% conversion of substrate 

to ethanol of 76.14 % 

(Florencio et al. 2013) 

S. cerevisiae Co-immobilization (Saccharomyces 

cerevisiae and β-galactosidase 

60 kg/m
3 

(Staniszewski et al. 

2007) 

Engineered 

Escherichia coli 

Whey powder) Enhanced ethanol 

production (17-362%) 

(Akbas et al. 2014) 

K. marxianus or  

K. fragilis  

Whey permeate supernatant 2.8 % (v/v) (Koushki et al. 2012) 

Candida kefyr Cheese whey powder (44 h of 

fermentation 

Whey permeate supernatant 

80.95 kg/m
3 

 

2.5 % (v/v) 

(Dragone et al. 2011) 
 

(Koushki et al. 2012) 

Intergeneric yeast 

fusants (K. marxianus 

and S.cerevisiae 

Cheese whey powder solution 3.8 % (v/v) (Guo et al. 2012) 
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MATERIAL AND METHODS 
 

Microorganism and growth 

Kluyveromyces marxianus was obtained from the 

Centre for Postgraduate Studies and Research –

University of Northern Paraná. It was cultured on 

a potato dextrose agar (PDA) medium (30°C, pH 

5.5). The colonies were inoculated into 100 mL of 

nutrient broth and incubated in a 250 mL 

Erlenmeyer flask at 30°C for 24 h with shaking at 

150 rpm (seed culture). All the reagents used were 

of the highest grade available unless indicated 

otherwise. All the media were autoclaved at 

121°C for 15 min. The cultures were kept at 4°C 

and renewed once in four weeks.  
 

Media and culture conditions 

Kluyveromyces marxianus was inoculated (5% 

v/v) into 100 mL of whey supplemented with 

yeast extract (12 g/L), (NH4)2SO4 (6.0 g/L), 

KH2PO4 (5.0 g/L) and MgSO4.7H2O (0.6 g/L) in a 

250 mL Erlenmeyer flask and then incubated at 

batch fermentation conditions (24 h) (Fig. 1). The 

whey was obtained from experimental dairy farm 

of University of Northern Paraná in Tamarana-PR, 

Brazil. It was deproteinized under the following 
 

conditions: pH 4.8 (adjusted with lactic acid) at 

95°C followed by centrifugation to remove the 

protein fraction. All whey-based media were 

pasteurized (80°C, 30 min). 
 

Batch culture 

The batch fermentation conditions used to 

evaluate ethanol production at RMMA were 

temperatures 30, 35, 40°C and pH 4.5, 5.0, 5.5, 

6.0. To study the influence of nitrogen source on 

ethanol yield, a design matrix was used (Table 2). 

The final pH was analyzed to evaluate the 

buffering capacity. 

 
Table 2 - Design matrix of different nitrogen sources to 

investigate the effects of the yeast extract/(NH4)2SO4 

rates on ethanol production, total nitrogen and total 

sugars consumption. 

Runs Yeast 

extract (g/L) 

(NH4)2SO4 

(g/L) 

Total 

nitrogen (%) 

1 0 11.03 2.34 

2 6 8.53 2.34 

3 12 6 2.34 

4 18 3.49 2.34 

5 26.29 0 2.34 

 

 

 
 

Figure 1 - General experimental design.  

 
 

Analytical Methods 

Ethanol was determined by potassium dichromate 

method after isolating from the fermented broth by 

a microdistillery (Model TE-012, Tecnal
®
, Brazil) 

(Fig. 1) (Nair and Zuhara 2008). Cell count as 

colony  forming units (CFU) was done following 

ISO 6611:2004 - Milk and milk products: 

Enumeration of colony-forming units of yeasts 

and/or moulds (ISO 2004). The pH of the whey-

based media was determined at 20°C by a 

potentiometer (Model TEC-2, Tecnal
®
, Brazil). 

Total sugars were quantified according to the 

phenol-sulfuric acid method (Dubois et al. 1956). 

Nitrogen content of whey-based media was 

measured using Kjeldahl method (ISO 2001). 
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RESULTS 
 

Figure 2 shows the profiles of fermentation 

(percent ethanol and CFU) using temperatures and 

pH values relative to RMMA. Results showed 

similar ethanol yields were for temperatures and 

pH used (median ethanol yield 2.78 ± 0.15 v/v) at 

35 and 40°C. Thus, temperature and pH variation 

through RMMA did not affect expressively 

ethanol yields.  However, a rough estimate of the 

number of viable yeast cells, or CFU values, was 

strongly influenced by pH variation through 

RMMA at 30°C (3.4 10
9 

to 0.4 10
9 

CFU/mL at pH 

4.5 and 6.0, respectively): ethanol production was 

tightly coupled with the growth of yeast cells at 

this temperature. CFU values at 35 and 40°C 

showed a plateau (0.20 10
9 

±0.07 CFU/mL). 

During the fermentation period, a discrete 

variation of initial and final pH values were 

observed at 30, 35 and 40°C (Fig. 3 A-D). Total 

sugars were reduced substantially (94.3% in 

general) (Fig. 3E). Therefore, a 35°C model at pH 

5.5 was chosen to evaluate the effect of different 

nitrogen sources (yeast extract and (NH4)2SO4 – 

(Table 2) on ethanol production (Fig. 4).  

 

 
 

Figure 2 - Ethanol production for the different temperatures (30, 35 and 40°C) and pH (4.5; 5.0; 5.5 

and 6.0) from K. marxianus. Dashed lines represent data of the cell growth (CFU/mL). 

Data are reported as mean ± standard error of the mean (SEM) values of triplicates. 
 

 

 
 

Figure 3 – A-D - Temperature course on pH variation (after 24 h at selected temperatures) in basal medium 

under shake-flask culture conditions. E-Total sugars consumption for the different pH (4.5; 5.0; 

5.5 and 6.0) from K. marxianus. Dashed lines represent a percent total sugars consumption 

(based on medians). Data are reported as mean ± SEM values of triplicates. 
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Figure 4 – Ethanol production for the different yeast 

extract/(NH4)2SO4 rates according to the 

Table 1. Dashed lines represent data of the 

cell growth (CFU/mL). Data are reported as 

mean ± SEM values of triplicates. 
 
 

The results obtained in this experimental design 

showed that nitrogen sources did not influence 

CFU values but ethanol production was better at 

run 5 (26.29 g/L yeast extract alone) (3% v/v 

ethanol yield). The lowest income was observed at 

run 1 (11.03 g/L (NH4)2SO4 alone) (1.75% v/v 

ethanol yield).  

Figure 5 shows the total nitrogen consumption for 

the design matrix of different nitrogen sources 

evaluated.  The lowest income regarding ethanol 

yield (Fig. 5, run 1) consumed only 48% of total 

nitrogen while 92% of total nitrogen was 

consumed at run 3. Total sugars consumption  

for the different yeast extract/(NH4)2SO4 

concentrations also demonstrated differences (Fig. 

6). In particular, run 1 consumed 38.6%, while run 

3 reached 86.6%. It was noteworthy to note that 

both nitrogen and sugar consumption had similar 

behaviors in the runs that had the best and worst 

results.  
 

 
 

Figure 5 – Total nitrogen consumption for the different 

yeast extract/(NH4)2SO4 rates according to the 

Table 1. Dashed lines represent a percent total 

nitrogen consumption (based on medians). 

Data are reported as mean ± SEM values of 

triplicates. 

 
 

Figure 6 - Total sugars consumption for the different yeast 

extract/(NH4)2SO4 rates according to the Table 

1. Dashed lines represent a percent total sugars 

consumption (based on medians). Data are 

reported as mean ± SEM values of triplicates. 
 

 

DISCUSSION 
 

The main objective of this study was to evaluate 

the buffering capacity of deproteinized CW, effect 

of temperature and the nitrogen source influence 

on ethanol yields in whey-based media in 

submerged fermentation at RMMA. Current 

interest in this specific experimental design was 

based on previous studies, which showed higher 

buffering activity of whey proteins. However, 

deproteinized CW has been preferred in design of 

experiments. Thus, how would be the buffering 

capacity in these media? Moreover, studies also 

have shown that the final ethanol concentration 

using free K. marxianus could be stable at 30-40°C 

(Le et al. 2013). However, Hadiyanto et al. (2014) 

reported that ethanol production through fed-batch 

fermentation using K. marxianus in a temperature 

range of 30-40°C was highest at 30°C. Therefore, 

the thermotolerance could be considered a 

consensus? Table 1 shows the most popular 

inoculant agents utilized in bioethanol 

fermentation of whey-based media and ethanol 

yields. 

Initial results showed that growing yeast cells at 

35 and 40°C (pH 4.5-6.0) had no expressive effect 

on the rate of ethanol production (Fig. 2), which 

showed a thermotolerance to produce ethanol (end 

product) in these conditions. Thermotolerance has 

already been described to produce ethanol using K. 

marxianus (Lane and Morrissey 2010; Signori et 

al. 2014). However, ethanol and biomass 

productions were influenced at 30°C by the 

changes in pH (Fig. 2). At this temperature, 
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bioethanol was a typical primary metabolite whose 

production was tightly coupled with the growth of 

yeast cells (Bai et al. 2008). These results 

corroborated those demonstrating that the final 

ethanol concentration, using free K. marxianus 

could be stable at 35-40°C yet the system showed 

instability at 30°C (Le et al. 2013; Hadiyanto et al. 

2014). Although highest ethanol yield was at 

30°C, this should not be considered due to lack of 

pH tolerance and high biomass obtained. It is 

known that thermotolerance in yeasts is activated 

not only by high temperatures but also mild heat 

treatments (Canamas et al. 2008). However, 30°C 

seemed a low temperature to induce 

thermotolerance, which occurs at 35 and 40°C. 

Based on overall results, the strain was relatively 

“robust”. Robustness focuses on what 

properties/parameters allow organisms to exhibit 

and sustain behaviors (in the present case the 

ethanol production) despite perturbations 

(behavioral robustness), allowing a greater stress 

tolerance (Zotta et al. 2013; Leon 2014). This 

robustness could be due to “metabolic plasticity” 

(MP). Usually, MP has been used in the studies 

that address stem cells (Folmes et al. 2012). 

However, it could be transposed  to fermentation 

dynamics. Thus, MP in fermentation dynamics 

allows yeast to match its divergent metabolic 

demands from its end products. In addition, the 

redox status is greatly influenced by growing yeast 

cells in distinct carbon sources, which can induce 

respiratory (ethanol/glycerol) or fermentative 

(glucose) metabolism. With this in mind, keeping 

high ethanol levels could have an effect on the 

intracellular redox, as well as it acts as inductor of 

respiratory metabolism (RM). RM plays a better 

role in the energetic metabolism of aerobic 

organisms (Demasi et al. 2014).  

Deproteinized whey medium demonstrated a good 

buffering capacity when fermented by Rhizopus 

oryzae to produce chitosan (Chatterjee and Guha 

2014). Present study showed no significant 

differences between the initial and final pHs (Fig. 

3A-D). Despite deproteinization procedure, the 

medium contained phosphate salts and residual 

whey protein that imparted good buffering activity 

to the whey medium (data not shown): these 

considerations have been made by Chatterjee and 

Guha 2014. Interestingly, buffer substances can be 

used in cattle nutrition to help animals cope with 

the adverse effects of high level of dietary 

carbohydrates, which in turn worsens the ruminal 

environment (Valdez et al. 2013). This study 

proved that K. marxianus was able to significantly 

decrease lactose content under all temperature and 

pH conditions, which certainly would provide low 

chemical oxygen demand (COD) and biochemical 

oxygen demand (BOD) rates (Fig. 3E). 

Nitrogen source plays an important role in protein 

metabolism, which denotes the various 

biochemical processes responsible for the 

synthesis of proteins and amino acids, and the 

breakdown of proteins. A 35°C model at pH 5.5 

was chosen to evaluate the effect of different 

forms of nitrogen (yeast extract and (NH4)2SO4 – 

Table 2) on ethanol production. K. marxianus 

behaved differently under various conditions of 

nitrogen supply. Higher ethanol production using 

organic source (run 5, Fig. 4, Table 2) seemed to 

be due to inherent characteristics of yeast extract 

(YE), which contained thiamine (Tomaszewska et 

al. 2014). Interestingly, thiamine has been 

described as a key component of a fermentation 

medium that affected ethanol production, and 

maximized ethanol production in an optimized 

medium (Dong et al. 2012). Similarly, when 

compared to total nitrogen consumption (Fig. 5), 

YE was also among the highest rates of 

consumption.  Results showed that the total 

nitrogen consumption rate improved using YE 

plus (NH4)2SO4 until 6 g/L (Fig. 5). To understand 

this behavior, it was hypothesized that organic N 

could be an additional N source for the growth and 

reproduction of microorganism, which was stored 

in the form of nitrogen compounds (nitrogen 

storage) (Mauricio et al. 2001). Thus, K. 

marxianus could increase the total nitrogen 

consumption in this condition (Fig. 5, run 3) to 

satisfy its demands for nitrogen readily available - 

(NH4)2SO4 - and for nitrogen storage, which 

should remain at constant levels in yeasts.  

Biological dynamics of carbon and nitrogen in the 

process demonstrated that total sugars 

consumption profile for the different yeast 

extract/(NH4)2SO4 concentrations matches with 

total nitrogen consumption profile (Fig. 5 and 6, 

run 3). Therefore, there was a harmonic balance 

between carbohydrate metabolism and protein 

metabolism –inferred by the proper assimilation of 

sugar and organic/inorganic N. Certainly the 

enzymatic machinery of carbohydrate metabolism 

would be more adequate and efficient with 

appropriate assimilation of N (Fig. 6, run 3). In 

addition, thiamine administration derived from YE 

could optimize carbohydrate metabolism 

(Cardenas et al. 2014). 
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CONCLUSIONS 
 

The production of value-added products is an 

interesting option for cheese wastewater 

management. Among these value-added products, 

ethanol has been recognized as a strategic product 

considering the rising costs of fossil fuels and 

greenhouse gas emission. The results of this study 

suggested that K. marxianus possessed 

thermotolerance to produce ethanol at 35 and 

40°C. However, a high amount of biomass was 

obtained at 30°C, showing that 30°C was not 

enough to induce thermotolerance, which did not 

occur at 35 and 40°C. Results showed that the 

deproteinization procedure applied to CW in order 

to avoid protein interferences did not affect its 

buffering capacity, possibly due to the residual 

whey protein and phosphate salts that also could 

impart good buffering activity to the medium. This 

buffering capacity, besides being good to the 

ethanol production, could generate byproducts, 

which could be applied in cattle nutrition.  K. 

marxianus behaved differently under various 

conditions of nitrogen supply. Higher ethanol 

production was obtained using YE, which 

contained thiamine (beneficial effect on ethanol 

production).  
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