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INTRODUCTION
At present, large cities that do not have a solid waste separation system
and subsequent use are facing the rapid use of their sanitary landfills and
a decrease in their environmental quality due to this problem.
One of the possible solutions is to take advantage of the organic matter
discarded in homes since they contain cellulose, a compound that can be
used to generate fertilizers or can also be included in the production of
clean energy such as bioethanol. The objectives in the present study are:
Quantify the yield to bioethanol from orange and lemon residues, and
analyze the effect of cellulolytic enzymes during the fermentation process
of orange and lemon.

METHODOLOGY
In the present work, lemon and orange residues have been
used, with a characterization of samples with the following
parameters: moisture (%), ash (%), fat (%w/v), protein (%w/v),
reducing sugars (RS) (%w/w), and carbohydrates (%w/w).
Since the residues have a significant amount of cellulose,
hemicellulose and lignin, a controlled process was applied
through the use of treatments such as thermal hydrolysis (TH),
by using were the autoclave with a temperature of 121°C, at a
pressure of 1 atm for 20 min, and enzymatic hydrolysis (EH),
with cellulase enzyme of the Aspergillus sp. species (Sigma
Aldrich), which release reducing sugars (RS), and the
subsequent measurement of ethanol obtained by using a gas
chromatography with flame ionization detection (GC-FID).

RESULTS AND DISCUSSION
Table 1 shows that the lemon and orange controls obtained an increase in
reducing sugars, the lemon increased the amount of reducing sugars from
3.99 g / L of the dry substrate to 7.45 g / L, contrary to what was expected in
the orange which presented an increase from 2.45 g / L to 4.90 g / L,
therefore, these increases are only due to pretreatment by thermal
hydrolysis, since there was no other process that could influence the
production of reducing sugars.
At the end of the enzymatic hydrolysis treatment, a significant increase in
reducing sugars of 7.65 g / L for lemon and 8.05 g / L for orange was
observed.

In Figure 1 it is observed that the ethanol production, from 50 g of Dry
substrate (Ds), for the lemon was 1.65 g / L, and presents the highest
amount of ethanol compared to that of the orange 0.4 g / L. While the
lemon control produced 0.8 g / L, which presents a higher production than
the orange control with 0.25 g / L.

In Table 2, in the present study, lemon residues present the highest ethanol
production with an average value of 0.033 g Ethanol / g Ds, a value that is
higher than that reported by Boluda (2013) and Tejada et al. (2014). On the
other hand, he results of the study show that the orange residues present
the lowest ethanol production, with a concentration of 0.008 gEthanol / g
Ds, in comparison with the two mentioned authors.

CONCLUSIONS
The orange residues present an ethanol production of 0.40 g / L while
their respective control presents a production of 0.25 g / l which have
a difference of 0.15 g / L.
Regarding the ethanol production of lemon residues, these present a
production of 1.65 g / L, which turns out to be higher than that of its
control (0.80 g / L) with a significant difference of 0.85 g / L.
Lemon residues present the highest ethanol production, exceeding
by 1.25 g / L that produced by orange residues, despite the fact that
the latter has a significant amount of reducing sugars at the end of
the enzymatic treatment.
The production of ethanol from the residues were affected since in
the fermentation there could be a yeast inhibition process, mainly in
the orange residues, due to the high content of essential oils such as
limonene and pinene in addition to flavonoids especially hesperidin,
elements that could be formed during the thermal hydrolysis and
enzymatic hydrolysis processes.
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Figure 1. Comparison of the ethanol production of lemon and orange
with their respective controls.

Table 1. Reducing Sugar Concentration (RS) of the dry Substrate (Ds),
Thermal hydrolysis (TH), and Enzyme Hydrolysis (EH).

Variety RS Ds (g/L) in 50 g* RS TH (g/L)* ++ RS HE (g/L)*

Lemon

3.99±0.07A 7.45±0.21B 
7.65±0.64A

Lemon control++

Orange

2.45±0.04B 4.90±1.56A
8.05±0.64A

Orange control++

Mean (n = 2) with its standard deviation. Numbers with the same letter in common are not
significantly different from (p> 0.05) according to Tukey's test.
* mean
± standard deviation
++ No addition of Cellulase.
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Research Lemon Lemon control Orange Orange control

This study 0.033 0.016 0.008 0.005

Boluda, 2013 0.027 - 0.023 -

Tejeda et al., 2014 0.015 - 0.014 -

Table 2. Ethanol production in g Ethanol / g Ds compared to other
authors.

Mean (n = 2) with its standard deviation. Numbers with the same letter in common are not
significantly different from (p> 0.05) according to Tukey's test.
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