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A Simple Method to Determine Bioethanol Production
from Coffee Mucilage, Verified by HPLC
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This paper proposes a method to determine bioethanol concentration that
uses a pycnometer verified with a high performance liquid chromatography
(HPLC) technique; it is a simple tool to determine the density of liquids for
getting information about the ethanol concentration. The results showed
that the sugar concentration affected the bioethanol concentration. A lower
initial sugar concentration of 26.5 g/L generated higher yield of 45.3%
sugar to bioethanol and a fractional or relative yield of 88.74%.
Significance tests were used to compare the two experimental means,
revealing that the pycnometer method and HPLC provide the same
bioethanol concentration with joint variances of 2.269, 0.242, and 0.112
for 3 different tests with initial sugar concentrations of 26.486 g/L, 49.043
g/L, and 68.535 g/L, respectively. This study established and developed a
methodology to determine bioethanol concentration from coffee mucilage
by the proposed method.
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INTRODUCTION

Using renewable resources derived from biomass is beneficial when trying to
develop sustainable energy systems from different substrates (Cortright et al. 2002). The
conversion of biomass into biofuels can reduce the strategic vulnerability of petroleum-
based transportation systems. Bioethanol has received considerable attention over the last
few years as a fuel extender or even as a neat liquid fuel (Vucurovi¢ and Razmovski 2012).
Previous studies reference the determination of ethanol or bioethanol content by HPLC
(Liebmann et al. 2009) from polysaccharides (Huang et al. 2013), from steam-flaked
sorghum and maize (Chuck-Hernandez et al. 2009), rapeseed straw (Karagoz et al. 2013),
forestry residue (Ferreira et al. 2010), and others. Coffee mucilage is a waste product that
is thrown directly into waterways without treatment. This is because it has no alternative
use, which causes serious pollution problems.

Ethanol determination can be realized in several ways: densimetric methods
(Lachenmeier et al. 2010), potassium dichromate (Breisha 2010), biosensor potentiometry
(Rotariu et al. 2004), gas chromatography (GC) (Wang et al. 2003), capillary
electrophoresis (Oliver et al. 2014), high performance liquid chromatography (HPLC)
(Huang et al. 2013), Raman spectrometry (Shih and Smith 2009), near-infrared
spectroscopy (NIR) (Liemann et al. 2009), beer analyzer, and flow injection analysis
(Rangel and T6th 2000).
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For the dichromate oxidation spectrophotometry, the reagents used are highly toxic
and harmful. Low stability, reproducibility, and accuracy are the disadvantages for
enzymatic method, biosensor, and potentiometry. Raman spectrometry, capillary
electrophoresis, GC method, and HPLC require expensive equipment. The HPLC method
has a comparatively low sensitivity. NIR spectroscopy and analyzer have low accuracy.

A method proposed to determine bioethanol concentration in this paper using a
pycnometer method verified with the high-performance liquid chromatography (HPLC)
technique is like a simple tool to determine the density of liquids as a means for getting
information about ethanol concentration. This method helps to compare the densities of
two liquids, weighing the pycnometer with each liquid separately and comparing their
masses (Pratten 1981; Piccolo and Bezzo 2009). The entire process should be conducted at
a constant temperature to avoid errors due to slight variations in volume due to the
temperature. The pycnometer is very sensitive to changes in concentration of salts in the
water, so it is used to determine the salinity of the water and the density of biological liquids
in laboratories, among other applications. The pycnometer method is an alternative way to
guantify ethanol concentration in a fermentation medium when there is a lack of
sophisticated equipment.

EXPERIMENTAL

Materials
Substrate

The coffee mucilage was extracted mechanically and supplemented with salts: 0.02
g/L of magnesium sulfate (MgSO47H20) and 0.2 g/L of ammonium sulphate ((NH4)2SOa4)
(Mishima et al. 2008).

Microorganisms

The yeast Saccharomyces cerevisiae Y-2034 (Wang et al. 2012) was maintained in
a YPD medium (yeast extract 1%, peptone 2%, and dextrose 2%). The cells were incubated
to 30 °C over 48 h (Mishima et al. 2008; Mussato et al. 2011). The strain was cultured in
flasks of 250 mL under anaerobic conditions and stirred at 150 rpm at 30 °C over 24 h to
allow cell growth to the exponential phase, and the cells were suspended in the
fermentation medium.

Methods
Fermentation process

The fermentation process was carried out with three different reducing sugar
concentrations of 26.486 g/L, 49.043 g/L, and 68.535 g/L, according to one factor design
(Design Expert® Software Version 7.0.0, Stat-Ease, Inc. Minneapolis), by triplicate in a
flask of 250 mL, pH 5, and temperature of 30 °C (Reddy and Reddy 2011) with constant
stirring at 150 rpm over 16 h. The volume used for the fermentations was 150 mL, with an
initial cell concentration of 1.0 x 10° ufc/mL (Pratten 1981). Culture samples of 1 mL were
taken at the end of the fermentation process and centrifuged at 10,000 rpm for 10 min at 5
°C. The supernatant was filtered through a 0.22 m filter (Millipore, Bedford, MA, USA).
After it was filtered, it was stored at -20 °C for later analysis by HPLC.
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Analytic methods

During the fermentation, the reducing sugar concentration was determined by the
Miller method (Miller 1959). Viable cell counts were measured with a Neubauer chamber
adapted with optical microscopy (Pereira et al. 2010), and trypan blue dye was used on the
vital cells (Tolnai 1975). Bioethanol concentration was determined with a pycnometer
method through densities verified with HPLC, using a column (©Phenomenex, Inc. USA)
eluted at 60 °C with 0.0025 M H2SO4 at a flow rate of 0.5 mL/min and having a refractive-
index detector.

Pycnometer method

A clean dry pycnometer was used for the next step with a capacity of 50 mL and a
constant weight for each of the measurements. To prepare the medium used as a blank, it
was necessary to obtain a flask fermented with the features described above (fermentation
process). After the fermentation process, the alcohol formed in the fermentation medium
from coffee mucilage was evaporated at 78 °C, cooled to 20 °C, and centrifuged at 10,000
rpm for 15 min at 5 °C. The supernatant was used as blank. For the calibration curve (Fig.
1), ethyl alcohol (99.9%) was added in the blank to have concentrations of ethanol from 0
to 50 g/L; the weights and densities determined by an analytical balance and a pycnometer
were calculated at 20 °C.

To determine the concentration of ethanol in the fermentation, a sample of medium
was taken, and centrifuged at 10,000 rpm for 15 min at 5 °C. The supernatant was changed
to a new tube, and the precipitate was discarded. Each of the densities was determined at
20 °C, and the ethanol concentration was calculated from the calibration curve (AOAC
1990).

Density was calculated using the following equation:

p="Trm (1)

where is a density, m1 pycnometer + sample mass, mo is pycnometer mass, and v is
pycnometer volume.

Comparison of two experimental means

The results from a new analytical method can be contrasted by comparison with
those obtained using a second method. In this case we have two sample means. The null
hypothesis defines that the two methods provide the same result. In other words Ho: a1 =
L. It is necessary to test whether (y1 - y2) values differ significantly from zero. If the two
samples have standard deviations that are not significantly different, then a joint estimation
of the individual standard deviations s1 and sz is carried out (Miller and Miller 2002).

For one to decide if the differences between two samples means, y; y y, Is
significantly different i.e., for it to contrast the null hypothesis, Ho: 1 = 2, one has to
calculate the t statistic:

_ (F1-¥2)
L= S\FJFL @)
n,g np

where n is remarks and s calculated from:
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n,{—1)s2+(n,—1)s?
52:(1)1(2)2 (3)
n1+n2—2

And t has n1+ n2- 2 degrees of freedom.

RESULTS AND DISCUSSION
Determination of Bioethanol Concentration

In Fig. 1 the curve calibration is given with a coefficient of determination of 0.997.
This was used to determine the bioethanol concentration in the fermentation step.
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Fig. 1. Calibration curve using coffee mucilage as medium

Table 1 shows the values for initial and consumed sugar amounts, bioethanol
concentrations determined by the pycnometer method and HPLC technique, and their
respective standard deviations.

Table 1. Bioethanol Production from Coffee Mucilage

y1 (pycnometer)
x1 (g/L) X2 (g/L) (g/L) y2 (HPLC) (g/L)
Test1 26.486 23.969 12.010 | +1.268 11.147 | £1.712
Test 2 49.043 45.889 18.243 | +0.510 17.570 | +0.474
Test3 68.535 65.051 25.822 | +0.609 24.777 | +1.775

X1: reducing sugar concentration, X2: sugar consumption, y:1: bioethanol concentration by
pychometer method, y2: bioethanol concentration by HPLC

The sugar consumption was higher than 90%, and the yields of sugar in bioethanol
were 45.345%, 37.198%, and 37.677% grams of bioethanol per grams of initial sugar. The
fractional or relative yields were 88.740%, 72.794%, and 73.731% with initial sugar
concentrations of 26.486 g/L, 49.043 g/L, and 68.535 g/L respectively. So a lower initial
sugar concentration resulted in a higher yield (Fig. 2).
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Fig. 2. Initial sugar concentrations (o), yields (A), and fractional yields (o), Pycnometer method

The results from the study of a new analytical method can be contrasted by
comparison with those obtained using a second method as a reference. There are 4 degrees
of freedom for all cases, so that the critical value is ts = 3.36 (P=0.05). The observed values
weret (= 1.130, 1.532, and 1.418) which were less than the critical value, thereby accepting
the null hypothesis. The two methods provided the same result. It was also shown that P
(t>1.130) = 0.322, P (t>1.532) = 0.200, and P (t>1.418) = 0.229. Since these probabilities
are greater than 0.05, the result was not significant at the 5% level; in other words, (x1 - x2)
was not different from zero.

The F contrast for comparison of standard deviations was used to determine
whether the methods differed in their precision, resulting in F2,2= 19. The calculated value
was less than this (Table 2), so there was no significant difference between the two
variances at a level of 5%.

Table 2. F Contrast: Two Samples Supposing Same Variances

. . Test 1 Test 2 Test 3

Bioethanol Concentration
PM HPLC PM HPLC PM HPLC

Mean 12.010 11.147 18.243 17.570 | 25.822 24.777
Variance 1.608 2.931 0.51 0.474 0.609 1.775
Remarks 3 3 3 3 3 3
Joint variance 2.269 0.242 0.112
Degree of freedom 4 4 4
Statistic t 1.130 1.532 1.418
F-value 1.823 1.158 8.495
PM: Pycnometer method
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The equation describing the relationship shown in Fig. 3 is as follows:

y, = 7.42e — 02x? — 2.675e — 02x, + 8.16 (3)
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Fig. 3. Function describing equation 1 for the sugar concentration against the bioethanol
concentration (Design Expert 7.0.0)

The analysis model to one factor design was significant. There was only a 0.01%

chance that a model F-value this large could occur due to noise. Values of P > F less than
0.0500 indicate that the model terms are significant. In this case, x12 and x1 were significant
model terms. The adequacy of the models was expressed by the coefficient of
determination (R?), which was very close to 1.0 for determination of bioethanol
concentration.

CONCLUSIONS

1.

This study established and developed a methodology to determine bioethanol
concentration from coffee mucilage by a pycnometer method that was verified with
HPLC.

Initial sugar concentrations of 26.486 g/L., 49.043 g/L, and 68.535 g/L generated yields
of 0.453, 0.371, and 0.376 grams of bioethanol per gram of initial sugar and fractional
or relative yields of 88.740%, 72.794%, and 73.731%, respectively.

According to significance tests comparing the two experimental means, the pycnometer
method and HPLC provided the same bioethanol concentration (pycnometer method:
12.010 g/L, 18.242 g/L, and 25.821 g/L; HPLC: 11.146 g/L, 17.570 g/L, and 24.776
g/L) with joint variances of 2.269, 0.242, and 0.112 to three different tests with initial
sugar concentrations of 26.486 g/L, 49.043 g/L, and 68.535 g/L, respectively.

The pycnometer method proposed here is an alternative way to quantify bioethanol
concentration in a fermentation medium when there is a lack of sophisticated
equipment, such as is needed for HPLC.
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