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Abstract
Whey as a byproduct of cheese-making process should be used so as not cause environmental problems. Whey can be used by Kluyveromyces lactis as a raw material of ethanol production. The research was aimed to determine appropriate Kluyveromyces lactis concentration and whey types needed to get the best bioethanol production. Research was done experimentally by using Completely Randomized Design 3 x 3 with factorial patterns. Treatments consisted of two factors, namely the addition of different Kluyveromyces lactis concentrations (5%, 10% and 15% v/v) and combination of whey types (neufchatel whey, feta whey and  mixed neufchatel and feta whey 1:1), with three replications. The result showed that 5% concentration of Kluyveromyces lactis on neufchatel whey produce 1.79% bioethanol content as best ethanol content with total yeast population was 26.56 ( 105cfu/ml.
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INTRODUCTION
Whey is a byproduct of cheese making process. Whey is the watery portion or serum that separates from the curds during conventional cheese making (Roostita and Fleet, 1996a). Low pH and whey nutrition content will cause problems if it is disposed directly into environment. Whey should be used so as not to cause environmental problems. 
The composition of whey will be influenced by the types of cheese produced. Whey from feta cheese was high in protein and low fat. Whey produced from neufchatel cheese had higher levels of fat and protein are low enough. If compared, neufchatel whey has a higher fat but lower protein content from feta whey. In addition to fat and protein, whey still has important nutrients that can be utilized. The important nutrient is carbohydrates in the form of lactose as much as 4.8 to 5% (Ghaly, 2000). Several important nutrient contents of whey can still be used as a source of energy for living things such as microorganisms. 
Kluyveromyces lactis is a type of microorganisms that have a good lactose utilization activity. As mentioned by Ghaly, et al., (1993), and Maullu et al., (1999), lactose from whey widely used as a carbon source in bioprocess media for Kluyveromyces lactis. Lactose were hydrolyzed into glucose and galactose and then utilized in the later stages of growth and produce organic acid, ethanol and CO2 (Roostita and Fleet, 1996b).  Kluyveromyces lactis is used in many industrial activities because of its ability to produce the (-galactosidase which is higher than with other yeasts and have different metabolic stages after pyruvic acid produced (Rech et al., 1999; Moeini et al., 2004). 
Pyruvic acid, became the most important branching point in Kluyveromyces lactis metabolism. In limited oxygen condition, the oxidation of NADH can not be perfect so happens that ethanol fermentation were done through pyruvat decarboxylation into acetaldehyde which subsequently experienced reforms to ethanol (Breunig and Steensma, 2003). That is why this type of yeast can synthesize lactose into bioethanol. As revealed by Oreopoulo and Russ (2007), Kluyveromyces lactis is one of the best ethanol-producing yeasts that can produce bioethanol 0.5 g from 1 g lactose.
The use of starter concentration in the production of bioethanol varies greatly depending on the types of raw materials and fermentation conditions. The use of Kluyveromyces lactis as starter will needed 33 ºC fermentation temperature as the optimal temperature for growth (Breunig and Steensma, 2003). Appropriate Kluyveromyces lactis concentration and whey types needed to get the best bioethanol production.
MATERIAL AND METHODS
Research was done experimentally by using Completely Randomized Design (CRD) 3 x 3 factorial pattern, consisting of two factors: Kluyveromyces lactis concentration of 5, 10, 15% (v/v) and the combination of whey type : feta (pH 5.3), neufchatel (pH 5.8) and mix 1: 1 feta and neufchatel (pH 5.5), with three replications. Raw materials were prepared and heated at 90°C for 15 minutes, and then fermented with various concentrations K.lactis at a temperature of 33 °C for 24 hours on anaerobic container without agitation. After that, bioethanol content was calculated using brix method and total yeasts population were counted by spread inoculation of 0.1 ml of dilution over the surface of plates of Glucose Yeast Extract Agar (GYEA). The results were analyzed by analysis of variance followed by Duncan test.
RESULTS AND DISCUSSIONS

Bioethanol Contents
The influence of Kluyveromyces lactis concentrations and whey types on bioethanol content showed in Figure 1. Figure 1 showed that whey type giving significant effect on bioethanol contents. It is caused by the difference of nutritional composition on each types of whey which is lactose as main nutrients on bioethanol production (Ghaly, et al., 1993; Roostita and Fleet, 1996b; Maullu, et al., 1999). High amount of lactose in substrates does not always give high production of bioethanol. Bioethanol production were not affected by high amount of lactose, but more influenced by the amount of glucose and galactose derived from lactose hydrolysis Listen
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(Kargi, et al., 2006).  
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K1 = K.lactis concentration of 5 %, K2= K.lactis concentration of 10 %, K3 = K.lactis concentration of 15 %, W1 = feta whey, W2 = neufchatel whey, W3= Mixed 1 : 1 feta and neufchatel whey, different letters on bars indicate significantly different.

Figure 1. 
The Influence of K.Lactis Concentrations and Whey Types on Bioethanol Contents
The research proved that whey feta which has a higher amount of lactose than whey neufchatel, were produce lowest bioethanol. In contrast, neufchatel whey which has a lower initial amount of lactose, resulting in a higher bioethanol. The low production of bioethanol is not only due to the nutritional composition of the substrate but is also influenced by pH, incubation time, and also the amount of glucose and galactose that available on the substrates (Ramakrishnan and Hartley, 1993; Kargi, et al., 2006; Dagbagli and Goksungur, 2008). As revealed by Sansonetti, et al. (2010), bioethanol contents and yeasts growth were more influenced by the pH of whey.  
Kargi, et al., (2006) states that pH 5-6 is the optimum pH to produce bioethanol with whey as raw material. As mentioned by Neri, et al. (2008) at pH 5.0 to 5.5 (-galactosidase produced by K.lactis through an adaptation phase and has a low activity. The (-galactosidase activity increased as the increasing of pH and then through the exponential phase at pH 5.5 to 6.0 and reached a peak at pH 6.5. Thus the amount of glucose and galactose which can be hydrolyzed in the feta and mixed whey (pH < 5.5) to be not optimal, so at 24 h there will be a shortage of glucose and the production of bioethanol will be low. In line with Ramakrishnan and Hartley (1993) that showed in the first 24 hours K.lactis only utilize glucose and then will break down galactose to produce bioethanol. However, whey neufchatel which has a pH of 5.7 which is the pH where             (-galactosidase activity experiencing exponential phase as described Neri, et al. (2008). Therefore, the amount of glucose and galactose which can be hydrolyzed would be better than whey feta and thus produced higher bioethanol contents.
In addition to differences in types of whey, the K.lactis concentration level at different types of whey provides significant effects on bioethanol contents. Bioethanol produced from each type of whey has increased along with increasing levels of K.lactis concentration. However, the addition of 15% concentration K.lactis in whey feta (K3W1), produce lower bioethanol contents than the addition of 10% K.lactis concentration (K2W1). This allegedly caused by the low amount of glucose which can be hydrolyzed from lactose. The high number of K.lactis were added resulted in higher competition for the available glucose so that glucose will be depleted and used only for respiration , so the shortage of glucose lead to the low amount of bioethanol contents.

The low bioethanol contents allegedly due to the Crabtree negative properties owned K.lactis. Breunig and Steensma (2003) mentions that K.lactis Crabtree negative occur when the substrate has a low glucose and oxygen were limited, this causes the respiration dominates K.lactis metabolic pathway and resulted in low bioethanol contents.
The research has shown that whey neufchatel (W2) with 5% level of K.lactis concentration (K1W2) can be summed up as the best treatment in producing bioethanol. This treatment is taken as the best treatment because the lowest concentration of 5% K.lactis can produce bioethanol content of 1.79% which was not significantly different compared to other treatments that use a higher K.lactis concentration.
The Yeast Populations
[image: image2.png]x 105cfu/ml

30

25

20

15

10

26.56 26.70

2287 2336 270 =% 2313
2128| |2i3| | | ||

KIW1 K1W2 KIW3 K2W1 K2W2 K2W3 K3W1l K3W2 K3w3





K1 = K.lactis concentration of 5 %, K2= K.lactis concentration of 10 %, K3 = K.lactis concentration of 15 %, W1 = feta whey, W2 = neufchatel whey, W3= Mixed 1 : 1 feta and neufchatel whey
Figure 2. 
The Influence of K.Lactis Concentrations and Whey Types on Yeast Populations

The results (Figure 2) showed that whey neufchatel (W2) fermented with 10% level of K.lactis concentration (K2W2) give the highest yeast population (26.70 x 105 cfu/ml). Whey neufchatel (W2) shown as the better raw material with highest yeasts population of 24.46 – 26.70 x 105 cfu/ml.

Kluyveromyces lactis utilized lactose that found in whey as an energy source for grow and cleave (Roostita and Fleet, 1996b). Optimum temperature which followed by the optimum pH will supporting Kluyveromyces lactis to growth fast (Bylund, 1995). The temperature of the incubation were 33oC which is the temperature where kluyveromyces lactis growth fast, as revealed by Breunig and Steensma (2003), Kluyveromyces lactis experiencing exponential growth at 8h till 16h at a temperature of 30-35 ºC. Meanwhile the pH of whey give different effects on yeast populations. Feta and mixed whey which has pH < 5.5 give lower yeast populations, while neufchatel whey which has a pH of 5.7 give a higher yeast populations. This is alleged to be caused by the amount of glucose and galactose which can be hydrolyzed from lactose that can be utilized as an energy source for growth and cleave. As revelaed by Neri, et al. (2008), the activity of (-galactosidase was low on pH under 5.5. Therefore, the amount of hydrolyzed glucose and galactose which can utilize would be better on neufchatel whey (pH 5.7) and thus yeast populations were higher. 
Kluyveromyces lactis concentrations were also affect the total population of yeast that growth on whey. The increase of Kluyveromyces lactis concentrations until 10% followed by the increasing of yeast populations, while the increase of concentration until 15% caused population decrease. In line with Phowchinda, et al., (2010) that revealed the increase of inoculum level was decreased the viability of yeast population at the end of fermentation, using too high concentration of inoculum may reduce the viability of selected strain.
pH
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K1 = K.lactis concentration of 5 %, K2= K.lactis concentration of 10 %, K3 = K.lactis concentration of 15 %, W1 = feta whey, W2 = neufchatel whey, W3= Mixed 1 : 1 feta and neufchatel whey
Figure 3. 
The Influence of K.Lactis Concentrations and Whey Types on pH
Low pH will limit yeasts growth (Fleet, 1998), so that Kluyveromyces lactis takes more time to utilize lactose on lower pH (5.3-5.4). Figure 3 shown on the first 12h the pH of neufchatel whey were decrease, different with pH of mixed and feta whey which decrease at 15h and 18h. High amount of hydrolyzed glucose that utilized into organic acid, will cause rapid pH decrease on first 12h at neufchatel whey. While on mixed and feta whey, lower pH cause slower activity of (-galactosidase. It will cause a lower hydrolized glucose and slower production of organic acid, moreover the decrease of pH will occure slowly.
CONCLUSIONS

Kluyveromyces lactis concentration of 5% which added on whey neufchatel give the best bioethanol content of 1.79% with the total yeast population was 26.56 ( 105cfu/ml. The increase of K.lactis concentration until 10% caused bioethanol contents and total yeast population increase, but 15% Kluyveromyces lactis concentration will caused decrease of bioethanol contents and total yeast population. Optimalisation of pH and lactose addition were need to increase bioethanol contents. 
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