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Abstract

Ethanol production from non-food substrate is strongly recommended to avoid competition with food production.
Whey, which is rich in nutrients, is one of the non-food substrate for ethanol production by Kluyveromyces spp. The pur-
pose of this study was to optimize ethanol from different crude (non-deproteinized, non-pH adjusted, and non-diluted)
whey using K. marxianus ETP87 which was isolated from traditional yoghurt. The sterilized and non-sterilized whey
were employed for K. marxianus ETP87 substrate to evaluate the yeast competition potential with lactic acid and other
microflora in whey. The effect of pH and temperature on ethanol productivity from whey was also investigated. Peptone,
yeast extract, ammonium sulfate ((NH,),SO,), and urea were supplemented to whey in order to investigate the require-
ment of additional nutrient for ethanol optimization. The ethanol obtained from non-sterilized whey was slightly and
statistically lower than sterilized whey. The whey storage at 4 °C didn’t guarantee the constant lactose presence at longer
preservation time. Significantly high amount of ethanol was attained from whey without pH adjustment (3.9) even if it
was lower than pH controlled (5.0) whey. The thermophilic yeast, K. marxianus ETP87, yielded high ethanol between 30
and 35 °C, and the yeast was able to produce high ethanol until 45 °C, and significantly lower ethanol was recorded at
50 °C. The ammonium sulfate and peptone enhanced ethanol productivity, whereas yeast extract and urea depressed
the yeast ethanol fermentation capability. The K. marxianus ETP87, the yeast isolated from traditional yoghurt, is capable
of producing ethanol from non-sterilized and non-deproteinized substrates.
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1 Introduction

Cheese whey is the liquid remaining after the precipitation
and removal of milk casein during cheese-making. In 2015,
180 million tons of milk whey was generated globally [1],
increasing at a rate of 3% per year [2]. More than half (50%)
of the whey produced worldwide is disposed to rivers,
lakes, and other water bodies which represents a signifi-
cant loss of resource and serious pollution problems [3, 4]
since it contains high chemical oxygen demand (50-80 g
COD L") and high biological oxygen demand (BOD, due

to the occurrence of lactose and hardly biodegradable
proteins) [5]. Cheese whey can be 100 times more pollut-
ing than domestic sewage [6]. Consequently, treatment
of whey seems to be a major problem for medium and
small-scale cheese-making plants.

Cheese whey has been used for production of etha-
nol since it contains lactose and other nutrients required
for microbial growth [7]. It contains about 7% solids
comprising of 10-12% proteins, lactose (74%), minerals
(8%), and fat (3%) [8]. Thus, exploitation of microorgan-
isms and whey for production of bioethanol and other
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valuable products offers best alternative to tackle pollu-
tion problems.

The fermentation of lactose in crude whey is ineffective
from an economic view point due to high dilution and low
concentrations of ethanol (25 g/L) achieved, requiring high
energy inputs for distillation [9]. The production cost of
ethanol would be economical when the lactose concentra-
tion raised to 100 g/L [10]. However, this process by itself is
energy demanding process. The simple method to elevate
the low sugar concentration is supplementation of cheap
carbon sources [10].

Ethanol production from whey is mediated mainly by
yeasts that are capable of fermenting lactose in whey.
Most of Saccharomyces species can’t ferment lactose
because they lack the 3-galactosidase enzyme system
that degrades lactose into glucose and galactose. Nev-
ertheless, most of the Kluyveromyces species are able to
ferment lactose to ethanol of which K. marxianus and K.
lactis are extensively studied for this purpose [11]. Gener-
ally, Kluyveromyces species has a number of advantages
over Saccharomyces species. For example, unlike Saccha-
romyces, Kluyveromyces can produce ethanol at higher
temperature (even at 52 °C); Kluyveromyces species is able
to ferment a variety of carbon sources (including inulin,
xylose, and lactose), which cannot be fermented by Sac-
charomyces [12].

Kluyveromyces marxianus has useful physiological fea-
tures for ethanol production. It is a thermotolerant yeast
with high growth rate [12, 13]. It has the capability to fer-
ment different substrates and many strains have already
been recognized as GRAS (Generally Recognized As Safe)
[12, 14]. However, it has a Crabtree-negative character, and
the fermentative metabolism is linked to the limitation of
oxygen and cannot grow under anaerobic conditions. This
study was performed to evaluate ethanol production by K.
marxianus ETP87 from non-sterilized or non-pasteurized,
non-deproteinized, and non-diluted crude whey at differ-
ent conditions.

Ethiopian cattle number is estimated to be 54,000,000
that contributes 3.68% of world cattle population, and this
makes Ethiopia to rank 5th in the world and 1st in Africa
(FAOSTAT 2013); however, the country is less benefiting
from the cattle and livestock production. In Ethiopia, there
are more than 32 dairy industries with a projected capac-
ity of 20,000 tons of whey [15]. The potential of using the
ever-increasing whey waste to produce bioethanol and
biomass from yeast and other microbes is all the more
important for a dual function of commodity production
and environmental protection. Ethiopia started exporting
whey and whey products since 2007; however, the foreign
currency earned is very low [16]; this can be improved by
producing highly valuable products like bioethanol. On
the other hand, the Ethiopian bioethanol production for
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benzene blending is dependent only on molasses, and
it needs to look for other cheap substrates for bioetha-
nol production. Cheese whey can be considered as best
alternative in this regards since the expansion of the dairy
industries is getting attention by the government this
days, and hence, the volume of liquid milk is increasing
[17]. The aim of this study was to evaluate ethanol produc-
tion capability of K. marxianus ETP87 from crude cheese
whey.

2 Materials and methods
2.1 Whey

The crude whey was obtained from Shola Dairy Farm
(Addis Ababa), Tigist Mini Dairy Processing Unit (Debre
Berhan), Amanual Dairy (Debre Berhan), and different rural
households near Debre Berhan. The pH of the whey was
measured within 2 h of sampling.

The ethanol content of the whey was measured
according to Patricia [18] before it was used for ethanol
production.

2.2 Molasses

The molasses, which was produced by Wonji Shoa Sugar
Factory, was obtained from commercial market at Addis
Ababa, Ethiopia. The molasses was boiled for 30 min
and cooled to sediment the insoluble materials, and fur-
ther sedimentation was carried out by centrifugation at
5000x g for 10 min. In order to determine total sugar of the
supernatant soluble molasses, the molasses was hydro-
lyzed by 6 M HCl for 10 min in water bath, cooled, and
neutralized by 6 M NaOH, and then, the sugar was deter-
mined by 3, 5-dinitrosalycylic acid (DNS) method [19, 20].
The total and the reducing sugar of the crude molasses
were found to be 40.33% and 9.62%.

2.3 Yeast

The bioconversion of lactose present in crude whey into
ethanol was performed by the yeast, K. marxianus ETP87,
isolated from traditional yoghurt, maintained in cul-
ture collection at Addis Ababa University. This yeast was
selected since it fermented lactose as efficient as galac-
tose and glucose. The strain was maintained on agar slant
composed of lactose 20 g/L, yeast extract 10 g/L, peptone
20 g/L, and agar 20 g/L. Then K. marxianus ETP87 was acti-
vated in LYP (lactose yeast extract peptone) media com-
posed of lactose 20 g/L, yeast extract 10 g/L, and peptone
20 g/L at 30 °C for 24 h when needs arose throughout the
investigation and the 24-h-old yeast with LYP medium
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was added to the whey during the whole study unless
explained.

2.4 Experimental conditions

The whey was directly used for ethanol production with-
out deproteinizing and defatting, and it was compared
with deproteinized by simple heating [2]. However; clear
filtrate was obtained by filtering boiled crude whey though
muslin cloth and Whatman paper Ne 1; it was autoclaved
at 121 °C for 15 min. Ethanol production from autoclaved
one was compared with un-autoclaved whey to assess the
competition of the yeast with lactic acid bacteria.

2.5 Supplementation of whey with molasses
and nitrogen sources

Effect of molasses fortification on ethanol yield was con-
ducted to optimize ethanol yield on-five-fold diluted
molasses where the pH was adjusted to 5.0. Each medium
was separately prepared in 250-mL flasks containing 100%
molasses alone; 25% whey and 75% molasses; 50% whey
and 50% molasses; 75% whey and 25% molasses; and
100% whey to examine the effects of molasses supple-
mentation as carbon source. All combinations and con-
trols were supplemented with yeast extract (0.1%, w/v)
and peptone (0.5%, w/v) and inoculated with 5.6 x 106 K.
marxianus ETP87 cells and incubated on a bath shaker
(Clifton, England) at 28 °C and 100 strokes per minutes
for 36 h.

In order to analyze effects of nitrogen supplementation,
the whey substrate was also supplemented with yeast
extract (0.55%), peptone (1%), and ammonium sulfate
(0.33%) and inoculated with 5.6 x 10° K. marxianus ETP87
cells and incubated on a bath shaker (Clifton, England)
at 28 °C and 100 strokes per minutes for 36 h. The etha-
nol released was determined [18], and the biomass was
quantified by viable count methods that correspond to
specific dry weight from YPD control medium containing
yeast extract 1%, peptone 2%, and lactose 4%.

2.6 Effect of pH and temperature

The effect of whey pH (pH 3.9) on ethanol production was
evaluated against the control where the medium pH was
adjusted to 5.0 with sodium hydroxide [3], and it was incu-
bated at 30 °C for 36 h. Likewise, the effect of temperature
on the same was evaluated on the medium (adjusted to
pH 5 and fortified with peptone) by incubating at 25, 30,
35,40, 45, and 50 °C for 36 h. The K. marxianus ETP87 inoc-
ulum size was 5.6 X10° yeast cells. The number of yeasts
was counted by viable count.

2.7 Ethanolic fermentation

Whey fermentation was conducted in 250-ml flask con-
taining 100 ml crude whey in which its pH was 3.9. The
media in the flasks were inoculated with 5.6 x 10 K. marxi-
anus ETP87 seed cultures which was aerobically grown in
broth media (lactose, 20 g/L; peptone, 20 g/L; and yeast
extract, 10 g/L) for 24 h at 30 °C. The flasks were covered
by cotton rolled with aluminum foil. The fermentation was
carried at 30 °C on water bath shaker at 100 rpm, and sam-
ples were taken for ethanol, reducing sugar, and biomass
determinations at different time intervals.

2.8 Biomass determination

One mL of overnight grew yeast that had different OD
readings was transferred to 2-mL Eppendorf tubes and
centrifuged at 10,000 x g. The yeast cells were washed
three times with distilled water. After centrifugation,
the biomass in 1 mL of the yeast was transferred to pre-
weighed aluminum foil (area, 4 cm X 4 cm) and dried at
80 °C until the weight got constant. Dry yeast biomass (g/L)
was determined by standard curve, Y = 3.2748X — 1.1474
where Y was yeast dry weight (g/L) and X was optical read-
ing at 600 nm. The direct dry weight measurement was
not employed since the precipitated protein during boil-
ing contributed in weight increment.

2.9 Lactose determination

The lactose content of whey was determined as reducing
sugar using lactose as a standard according to Ariyanti
et al. [2]. The whey was boiled to precipitate proteins and
filtered with Whatman N1 using vacuum suction in order
to prevent precipitate formation during whey-DNS mix-
ture boiling. Lactose instead of glucose was used to formu-
late the standard curve. A standard curve of lactose was
prepared by using 2.3, 2.7, 3, 3.5, and 4 mg/L. Finally, the
lactose content was determined by Y = 1.5368X — 0.0709
where Y was the lactose concentration (mg/L) and X was
the optical density at 540 nm.

2.10 Ethanol quantification

In order to determine the ethanol, the fermentation sam-
ples were centrifuged at 14,000 X g for 5 min. The superna-
tant was analyzed by gas chromatography (Agilent 6890 N)
coupled with a mass spectrometer (MS) with headspace
autosampler (Agilent 7694E). The GC-MS was equipped
with mass selective detector (Agilent 5973 Network) and
a polar polyethylene glycol (PEG) phase DB-wax122-7032
capillary column. Helium was used as a carrier gas. The
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flow rate for the column was 1T mL/min. The column tem-
perature was held at 40 °C for 4 min and then raised to
240 °C at 40 °C/min; the inlet temperature was 220 °C. The
GC was operated with 20:1 split injection of the headspace.

The mass-to-charge ratios (m/z) for ethanol was in
31-45 m/z range with the retention time of 3.36 min and
for furfural 32-95 m/z range with the retention time of
7.64 min. The MS Quadrupole, MS source, and transfer line
temperature were 150 °C, 230 °C, and 250 °C, respectively.
The conditions of the headspace autosampler were 25 min
for the GC cycle time, 10 min for the vial equilibration time,
0.5 min for the pressurization time, 1 min for the injection
time, and a constant vial pressure of 14.0 psi. The tempera-
tures were set at 110 °C for the transfer line to the column
and at 90 °C for the loop. The equilibration temperature
was 80 °C for 10 min. Fermentation samples (200uL) were
put in 10-mL headspace vials.

3 Results and discussion
3.1 Ethanol production from different whey sources

In this study, attempt was made to optimize ethanol pro-
duction from whey using local non-Saccharomyces yeast,
K. marxianus ETP87 (Table 1). The pH of whey was variable
from 3.1 to 4.5 which was very acidic; however, the acidity
of whey in other studies was in the range of pH 4.3 and pH
5.0 depending upon the composition of milk, the variety
of cheese made, the storage and handling mechanism of
the milk, and the cheese-making process employed [4, 8].

The lactose content of the whey was between 18.7 and
34.4 g/L (Table 1) which was lower than other reports (34.5
to 48.0 g/L) [2, 21]. In addition, high lactose continent in
whey (50-60 g/L) was also reported by Ozmihci, Kargi [22].

After keeping the whey in refrigerator for 2 weeks, the
lactose content of the whey samples was reduced by 6%
in whey from Shola dairy and by 21-25% in whey from
other whey samples which might be due to the consump-
tion of lactose and production of ethanol by lactic acid
microflora and natural ethanologenic yeasts, respectively.

The lower reduction of lactose content was attained from
whey under industrial scale cheese-making process in
Shola Dairy that was free from direct human hand con-
tact, whereas all others involved household cottage-scale
processing at Amanual dairy and Tigist dairy. According
to [3], lactose content can be low (19.3 g/L) depending
upon storage room temperature and the load of lactose-
consuming lactic acid bacteria in whey.

The highest ethanol production of 12.49 g/L with
88.09% efficiency was obtained from whey provided by
Shola dairy. The ethanol produced by K. marxianus ETP87
from the three dairies was almost twice as much ethanol
as from whey collected from households. In rural areas, the
milk is stored for at least 3 days (data not shown) to make
cheese, and hence, this would promote the growth of lac-
tic acid bacteria and competent yeasts which lower the pH
and produced ethanol (up to 2.3 g/L) in the whey, respec-
tively (Table 1). The Amanual whey also contained small
amount of ethanol (0.6 g/L). No ethanol was detected in
Tigist mini-dairy and Shola dairy within 2 h after sampling.

Table 1 shows that the yeast dry weight obtained from
Tigist (7.67 g/L) and Shola (7.12 g/L) dairies upon 36 h incu-
bation was significantly higher than the yeast biomass in
whey collected from house hold (5.48 g/L) showing 18%
difference in ethanol production between the industrially
processed whey and the household whey. This was slightly
lower than the 8.9 g/L biomass obtained from whey by
K. marxianus MTCC 1288 after 22 h of incubation [21]. In
other studies, the application of fed batch fermentation
process using K. marxianus at 30 °C resulted in 13.4 g/L
dry weight [2] and 4.43 g/L biomass [4] indicating process
conditions affect ethanol production from whey.

3.2 Ethanol production from non-sterilized
and sterilized whey

The effect of sterilization of whey for ethanol production
is shown in Table 2. Accordingly, the ethanol concentra-
tion reduced after the whey was preserved for 4 days and
longer in refrigerator under both sterilized and non-steri-
lized conditions. However, the sterilized whey resulted in

Table 1 Ethanol and biomass produced by K. marxianus ETP87 from different whey incubated at 30 °C for 36 h

Whey samples pH  Lactose (g/L) Ethanol (g/L) by Efficiency (%) Biomass (g/L)

Sampling 2 week later  Microflora on Microflora Ethanol by

time of sampling 2 weeks in refrig- K. marxianus
erator ETP87

Tigist dairy 45 344x13 273%1.1 0 1.2+0.09 11.62+0.7
Amanual dairy 3.8 286+1.2 21.5+0.9 0.6+0.08 1.7+0.08 10.54+0.8 72.26 6.20£0.4
Household 3.1 18.7+0.8 14.4x0.7 23%0.1 1.4+0.07 6.43+0.5 67.42 548+04
Shola dairy 42 278%x12 26.1«£1.1 0 0.8+0.08 1249+0.9 88.09 7.12+0.7
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Table 2 Ethanol produced from non-sterilized and sterilized whey

Refrigerator
days

Non-sterilized whey Sterilized whey

Ethanol % ofreduc-  Ethanol % of reduction

pro- tion pro-

duced duced
0 11.71 0 11.68 0
1 11.46 2.13 11.69 +0.09
2 10.34 1.7 11.48 1.71
3 10.97 6.3 10.77 7.79
4 10.01 14.51 11.12 4.79
5 9.22 21.26 10.56 9.59
6 8.61 26.47 10.21 12.59
7 8.18 30.15 9.63 17.55
8 7.54 35.61 9.44 19.18
14 5.67 51.58 8.37 28.34
Average 9.11 10.36

higher ethanol yield than non-sterilized whey. This might
be due to whey contamination by microflora and the
microflora might cause competition with the ethanolo-
genic yeasts during incubation at 30 °C for lactose and
other nutrients. The ethanol reduction percentage was
very significant, especially in non-sterilized whey when
the whey was preserved for 4 days and longer in refrig-
erator at4 °C.

At the 14th day preservation, 51.58% and 28.34% of
ethanol produced from non-sterilized and sterilized whey
were reduced due to preservation and contamination
showing an almost 50% reduction between sterilized and
non-sterilized whey. However, the pattern of reduction
was abrupt for the first 4-5 days in the non-sterilized whey
compared to the steady decrease from the sterilized whey.

Fig. 1 Ethanol produced from
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Zoppellari and Bardi [14] recommended that whey has to
be stored at 4 °C for no more than 3 days.

In general, storage condition potentially mattered a lot
to control the lactic acid bacteria. As a result, cold storage
condition helps to keep the lactose concentration maxi-
mum (greater than 4.5 g/L). Therefore, it is advantageous
to properly store whey without pasteurization or steriliza-
tion before ethanol fermentation in order to reduce the
production cost.

The highest ethanol production (11.7 g/L) was attained
on both crude non-sterilized and non-refrigerated whey
by the yeast. Kluyveromyces marxianus was able to ferment
the lactose present in untreated crude whey with ethanol
concentration of 7.9626 g/L in agitated culture [2]. On the
other study, 8.64 g/L ethanol was attained by K. marxianus
from non-sterilized crude whey within 16 h of fermenta-
tion in agitated culture [4]. Therefore, it could be possible
to produce ethanol from crude and non-sterilized whey
using K. marxianus and hence the production cost could
be reduced.

3.3 Effect of whey pH

The effect of untreated whey (pH 3.8-4.5) and pH-con-
trolled (pH 5.0) whey was investigated to evaluate the
capability of the yeast to ethanol production from crude
whey. Figure 1 illustrates that the pH-controlled whey (pH
5) yielded higher ethanol than whey without pH control.
Accordingly, the increase in ethanol production due to pH
adjustment in Tigist, Amanual, and Shola whey was 13,
16, and 15%, respectively, which was significantly differ-
ent from untreated acidic crude whey. The lower ethanol
production from untreated whey is due to the effect of
lower pH on sugar utilization rate by yeasts [7]. However,

% Crude (pH 4.5, 3.8, and 4.2
for Tigist, Amanual and
Shola dairies, respectively)

Treated (pH 5.00)
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the result suggests that K. marxianus ETP87 is capable of
producing ethanol from crude whey without controlling
its pH.

In this study, ethanol production by K. marxianus
(10-12 g/L from untreated whey) was significantly higher
than the amount produced (7.96 g/L ethanol) from non-
pH-adjusted acidic whey using fed batch mechanisms [2]
and 8.64 g/L of ethanol produced from fermentation of
crude whey without pH control [4] under 20 h incubation.
The higher concentration in this study may be due to the
longer incubation time (36 h) that could enable the yeast
to adapt to the acidity in whey. Likewise, Mohd Azhar et al.
[23] concluded that longer incubation period is required
to achieve sufficient amount of ethanol production when
the pH is lower (particularly, less than 4.0).

3.4 Molasses supplementation to whey

In this study, molasses was added to cheese whey in order
to enhance ethanol production. The data showed that cells
of K. marxianus ETP87 gave higher yield (17 g/L, 76% of the
theoretical yield of total sugar) in a combination of 75%
whey and 25% molasses than the control (100%) whey and
other formulations (Fig. 2). The reduction in the theoretical
yield might be due the inability of the yeast to utilize the
five carbon compounds available in molasses as reducing
sugar. However, the yield was much lower than optimal
ethanol (99 g/L) production with a combined sugar beet
juice (21%) and molasses (79%) medium using K. marxi-
anus KD-15 [10]. The higher ethanol might be related to
higher sucrose (162 g/I) and lactose (38 g/L) with longer
incubation period (80 h), the strain insensitivity to catabo-
lite repression, and the oxygen controlled fermentation
conditions (continuous with automated fermenter) [10].
However, in this study, the sugar content were lower than

BN
o O

17.28
I

5 o

12.49 12.84 12.38

N

10.02

=

o

Ethanol concentration (g/L)

o N B OO

100% molasses 75% molasses 50% molasses 25% molasses
+25% whey +50% whey  +75% whey
Composition of whey and cane molasses (percentage, v/v)

100% whey

Fig.2 Ethanol production from whey supplemented with molasses
at30°Cfor36h
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Oda et al. [10] study and the catabolite insensitivity of K.
marxianus ETP87 was not studied.

The presence of high glucose concentration in molas-
ses will down-regulate and inhibit enzyme synthesis for
assimilation of other sugars present in medium, and then,
simple sugars will be consumed before lactose utiliza-
tion by yeast [24, 25]. Therefore, the presence of glucose
in molasses and whey mixtures might contribute to the
lower ethanol production since lag phase is created after
the glucose is consumed before ethanol is produced from
other sugars. Similarly, Beniwal et al. [25] studied the physi-
ological growth and lactose utilization by K. marxianus in
mixed sugars (glucose, galactose, and lactose), and they
found that the yeast preference was glucose, lactose, and
galactose in descending order. When galactose and lac-
tose is present together in fermenting broth of K. marxi-
anus, both sugars are simultaneously metabolized, but
the rate of lactose utilization is preferentially higher over
galactose. Similarly, the yeast utilized galactose and fruc-
tose at a similar rate and this might be due to the separate
transporter for fructose and galactose [25]. On the other
study, fructose exerted repression on the consumption
of lactose and two independent growth phases were
observed, with a diauxic shift between them [26].

3.5 Effects of external nutrient additions to whey

Similarly, the effect of nitrogen additives (peptone, yeast
extract, urea, and ammonium sulfate) on ethanol yield
from crude whey was assessed, and the results are shown
in Fig. 3. The highest ethanol content (15.9 g/L) was
recorded from supplementation of peptone followed by
15.4 g/L ethanol produced from (yeast extract and pep-
tone) and 13.6 g/L ethanol produced from whey supple-
mented with ammonium phosphate. On the contrary,

[
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o
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Fig.3 Nitrogen source supplementation on ethanol productivity
incubated at 30 °C for 36 h
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Fig.4 Ethanol and biomass production from crude whey fortified
with peptone incubated at different temperature for 36 h

yeast extract (9.4 g/L) and urea (10.2) supplement showed
the lowest ethanol yield that did not show any difference
from the control treatment. This indicates that K. marxi-
anus ETP87 showed best ethanol yield when whey was
fortified with peptone, followed by ammonium sulfate.

However, some studies showed conflicting results in
that fortification of growth supplements such as ammo-
nium hydroxide (NH,OH, 0.07%) and mono ammonium
phosphate (NH,H,PO,, 0.25%) to crude whey resulted in
increased ethanol concentrations (by 13%) by K. marxianus
[8]. On the contrary, Kargi and Ozmihci [7] indicated that
highest ethanol yield was obtained in whey without any
external N and P sources indicating that the whey con-
tained sufficient nutrients for bioethanol production by
the yeasts. In Murari et al. [27] study, the addition of yeasts
extract alone to whey increased the ethanol production
but the ethanol concentration was lower when yeast
extract and minerals ((NH,),SO,; K;PO,, MgSO,; ZnSO,)
together was added to whey.

3.6 Effect of temperature

The effect of temperature (25-50 °C) on ethanol and bio-
mass production was evaluated, and the result is shown
in Fig. 4. The maximum ethanol (11.86 g/L) and biomass
production (8.16 g/L) was obtained under incubation tem-
peratures of (30-35 °C). This was much lower than biomass
yield (17 g/L) and similar to ethanol yield (8.1 g/L) under
30 °C by K. marxianus [2].

The ethanol production decreased by 35.9% from 35
to 45 °C and followed by a sharp decline by 81.9% at 50 °C
but biomass productivity reduced slowly (by 4.7, 18.2,
and 36.3%) when the temperature rose from 35 to 50 °C
(Fig. 4). The biomass produced in this study was higher
than Sansonetti et al. [28]; however, lower ethanol yield
was obtained compared to Sansonetti et al. [28] study,
and the lower lactose content might contribute for yield
reduction.

Kourkoutas et al. [29] found optimal ethanol (6.5 g/L)
at 45 °C using immobilized K. marxianus, but with a sig-
nificantly lower (1.8 g/L) ethanol concentration at 50 °C
that might be related to ethanol loss due to evaporation.
However, the boiling point of ethanol is near 78 °C which
is higher than the incubation temperature (50 °C). On
the other study, ethanol production sharply declined at
50 °C due to greater ethanol inhibitory effect of ethanol
at higher temperature [30].

Generally, the ability of K. marxianus ETP87 to ferment
lactose at higher temperature (40 °C and higher) makes it
to be good candidate for industrial application. Among
the known yeast species used in fermentation processes,
K. marxianus is thought to have the best performance for
ethanol production at higher temperature [23].

4 Conclusions

The data showed keeping the non-sterilized whey in refrig-
erator at 4 °C for 5 and more days significantly reduced
the ethanol titer when non-sterilized whey was fermented
by K. marxianus ETP87. This might be due to competition
from lactic acid bacteria present in the whey. The fact that
ethanol production was equally effective in both the non-
pH adjusted and pH adjusted whey is promising to pro-
duce ethanol from whey in which its pH is not adjusted
even if the yeast was able to produce higher ethanol in
whey whose pH was adjusted to 5.0 than non-treated
whey. The addition of molasses (25% molasses and 75%
whey), yeast extract and peptone together, peptone, and
ammonium sulfate increased ethanol production by K.
marxianus ETP87.The ability of K. marxianus ETP87 to pro-
duce ethanol from whey at 45 °C confirms that the yeast
is thermophilic. This is, therefore, promising to apply the
yeast for ethanol production from warm whey before it is
dominated by lactic acid bacteria.
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