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Abstract

Robusta coffee husk is one of the largest agricultural wastes and contains lignocellulose as a raw material for bioethanol
production. Lignin in Robusta coffee husk can interfere with the enzymatic hydrolysis process, so a delignification
process using NaOH solution is needed to remove it. This research aimed to determine the effect of adding NaOH and
fermentation time on the bioethanol production from Robusta coffee husks using the SSF (Simultaneous
Saccharification and Fermentation) method. Removal of lignin using NaOH with various concentrations of 6, 8, and 10%
and fermentation time for 24, 48, 72, 96, and 120 hours. The cellulose, hemicellulose, and lignin contents in the
delignification results were tested using the Chesson method. The saccharification and fermentation steps used cellulase
enzymes and Saccharomyces cerevisiae. Bioethanol levels were analyzed using GCMS. The results showed that the
optimal concentration of NaOH to remove lignin was 10% which generated 17.40% lignin content, 20.81% cellulose,
and 3.79% hemicellulose. The highest bioethanol content was 100% obtained with a fermentation time of 72 hours. The
data showed that adding of NaOH and fermentation time affected bioethanol production.
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1. Introduction

Currently, the dependence on fossil fuels in the world is very high. The world economy also depends on various fossil
energy sources [1]. Currently, there is a fossil fuel crisis due to the increasing use of fossil fuels. However, it is not
balanced with the supply of natural fossil fuels. Fossil fuels are not renewable, so their quantity is decreasing. Excessive
consumption of fossil fuels, especially in urban areas, causes high pollution and global warming [2]. Therefore,
renewable and environmentally friendly energy alternatives are needed. All petroleum-based fuels can be replaced with
renewable biomass fuels, one of which is bioethanol.

Bioethanol is ethanol produced by fermentation using vegetable raw materials. These raw materials include raw
materials for sugar sources, raw materials for starch sources, and raw materials for fiber sources (lignocellulose) [3].
Bioethanol can be used to reduce carbon dioxide emissions, and it is a promising alternative to fossil fuels because it is
derived from renewable biomass [4]. One of the natural ingredients used as bioethanol is Robusta coffee husk.

A coffee husk is a husk of the coffee that has been taken from the flesh. Coffee husk is the largest agricultural waste, and
is underutilized due to technical and economic factors. Some farmers use coffee husks as an alternative to animal feed
in the dry season because animal feed is difficult to obtain. The largest coffee husks are often a problem for farmers.
Usually, they cope by burning the coffee husk [5]. Robusta coffee husk contains 6,34% hemicellulose, 15,38% cellulose,
33,79% lignin, 32,38% crude fiber, 1,1% fat, 76,83% carbohydrates, 5,6% ash, and 8,4% water [6].
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The main component of lignocellulose is cellulose which consists of D-glucose monomer units bound by 3-1,4-glucosidic
bonds [7]. The long cellulose chains are connected by hydrogen bonds and Van der Waals forces. Cellulose forms
microfibrils through inter and intra-molecular bonds. There are two types of microfibrils, namely crystal and
amorphous [8]. Generally, cellulose fibrils are coated by hemicellulose [9]. Hemicellulose is a heterogeneous polymer
of pentoses, hexoses, and sugar acids. Hemicellulose is attached to lignin and forms cellulose with a very complex
structure. Lignin is an amorphous heteropolymer consisting of three different phenylpropane units, namely p-coumaryl,
coniferyl, and sinapyl alcohol. Lignin is in between cellulose and hemicellulose to bind them together [10]. Cellulose in
plants binds to lignin to form lignocellulose so that the cellulose processing process is inhibited. Therefore, a
preliminary step is required to degrade lignin from the cellulose structure using a delignification method [11].

Delignification is a process of removing lignin from complex lignocellulosic compounds [12]. The delignification process
is essential before hydrolyzing the cellulose material. That is because lignin can inhibit the penetration of acids or
enzymes before hydrolysis occurs. Delignification can be conducted biologically, physically, and chemically. Usually, the
chemical delignification process is undertaken by hydrolysis of acids, bases, oxidation, organosolv and ionic solutions.
Delignification with alkaline hydrolysis can use an alkaline solution, namely NaOH [13].

Sodium hydroxide (NaOH) is a kind of caustic metallic base of basic oxide Sodium oxide containing water. Researchers
have studied sodium hydroxide intensively for several years and showed that NaOH could break the lignin structure
bonds. OH- ions from NaOH will break the bonds of the basic lignin structure, while Na* ions will bind to lignin to form
sodium phenolate. This phenolic salt is soluble. Dissolved lignin is indicated by a black color in a solution called black
liquor. Therefore, NaOH solution is able to separate lignin from cellulose [14].

One method of producing bioethanol is the simultaneous saccharificatian and fermentation (SSF) process or known as
the simultaneous saccharification fermentation (SSF) process. The SSF process is a combination of hydrolysis using
cellulase enzymes and yeast Saccharomyces cerevisiae to ferment sugar into ethanol simultaneously. In fact, the SSF
process is almost similar to the separation process between hydrolysis with enzymes and the fermentation process.
However, the SSF hydrolysis processes and fermentation are done in one reactor [15]. The advantages of the SSF method
are that monosaccharides from polysaccharide conversion do not return to polysaccharides because the
monosaccharides are directly fermented into ethanol, speed of hydrolysis, reduce enzyme requirements, increase
product yield, and shorter process [16].

The levels of bioethanol produced by saccharification and fermentation are influenced by many factors, including the
fermentation time. Fermentation time is required for Saccharomyces cerevisiae microorganisms to convert glucose into
bioethanol. The role of microorganisms in the fermentation process is relatively time consuming, so optimization of the
role of microorganisms is required. Microorganisms undergo several phases, from adaptation to enzyme release and
substrate production [11]. The best bioethanol yield can be seen at the highest bioethanol content with the optimum
fermentation time so that the fermentation time affects the result of bioethanol concentration [17].

2. Material and methods

2.1. Material and tools

2.1.1. Material

Robusta coffee husk from Jatiarjo Pasuruan coffee plantation, NaOH (Merck), distilled water, H2S04 (Merck), cellulase
enzyme (Novoenzym), and Saccharomyces cerevisiae (Turbo yeast).

2.1.2. Tools

Blender (Philips), 40 mesh sieve, digital balance (Ohaus), oven (Kirin), pH meter, hotplate stirrer, shaker (DLAB),
autoclave (Hirayama), centrifuge (Eppendorf), GCMS and glassware.

2.2. Procedures

2.2.1. Robusta coffee husk preparation

Robusta coffee is dried for 20 days and separated from the husk. The coffee husk was mashed with a blender and sieved
with a 40-mesh size.
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2.2.2. Delignification step

The sample was put into an erlenmeyer and added NaOH solution with concentrations of 6, 8, and 10% in a ratio of 1:
10. The mixture was allowed to stand for 24 hours, then heated at 160°C and stirred at 100 rpm. The solution was
filtered, and the residue was washed with distilled water to a neutral pH. The residue was baked at 105°C for 2 hours.

2.2.3. Lignin, cellulose and hemicellulose analysis steps

Lignin, cellulose, and hemicellulose were analyzed using the Chesson method. One gram of delignified sample was
refluxed for 2 hours with 150 mL H20 at 100°C. The result was filtered and washed. The residue was dried to a constant
weight. The sample residue was refluxed with 150 mL of 0.5 M H2S0sat 100°C. The result was filtered and dried. The
dried sample residue was added with 10 mL of 72% H2S04 (v/v) and kept at room temperature for 4 hours. The mixture
was diluted to 0.5 M H2S04 and refluxed at 100°C for 2 hours. The residue was dried and then turned into ash. Calculation
using the formula:

b—c
Hemicellulose (%) = x 100%
c—d
Cellulose (%) = x 100%
—e
Lignin (%) = x 100%

Description:

a = Initial dry weight of Robusta coffee husk sample

b = The dry weight of the sample residue refluxed with H20

¢ = Residual weight of the sample after refluxing with H2504

d = Residual weight of samples after treatment with 72% H2S04
e = Ash from sample residue

2.2.4. Saccharification and fermentation steps

20 grams of the sample with the highest cellulose content and the lowest lignin content was added with 100 mL of
distilled water. The solution was heated in an autoclave at 121°C, cooled to room temperature, and 10 mL of cellulase
enzyme added. Then it was tightly closed and shaken at 170 rpm for 24 hours. The solution was added with 4 grams of
Saccharomyces cerevisiae and stirred until homogeneous. The saccharification process was conducted for 24, 48, 72, 96,
and 120 hours. The SSF results were separated between residue and filtrate. The filtrate was distilled at 80°C, and the
obtained ethanol distillate was measured for bioethanol content using GCMS.

3. Results and discussion

3.1. The effect of adding NaOH
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Figure 1 Lignocellulose degradation mechanism
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The delignification process aims to destroy the lignocellulosic structure so that the cellulase enzyme easily hydrolyzes
cellulose. NaOH was used as a delignifikator because NaOH can destroy the lignin structure in the crystalline and
amorphous parts. In addition, NaOH could extract cellulose and hemicellulose in coffee husks [18]. The mechanism of
breaking bonds between lignin and cellulose using NaOH is shown in Figure 1.

Lignin degradation was initiated by the offensive of the H atom bound to the phenolic OH group by hydroxide ions (OH)
of NaOH. That H atom was acidic because it is bonded to an O atom with high electronegativity. The more
electronegativity O atom will attract electrons to the H atom so that the H atom is partially positively charged and easily
released into H* ions. lons (OH-) from NaOH will also break the bonds of the basic structure of lignin, while sodium ions
(Na*) will bind to lignin to form sodium phenolate. This phenolate salt was easily soluble in distilled water. A black color
indicated dissolved lignin in a solution called black liquor [11], shown in Figure 2.

\ﬁ
v -
e — - ,

Figure 2 Black liquor

Physically, the difference in the color of the biomass before and after the delignification process can be observed, as
shown in Figure 3. The coffee skin powder before the delignification stage is light brown. Meanwhile, after the
delignification stage, it looks more faded. This shows that lignocellulose is degraded by NaOH solvent.

(4) (B)
Figure 3 Before delignification (A) and after delignification (B)

The delignification analysis results of robusta coffee husks using the chesson method with variations in NaOH
concentrations could be seen in Table 1.
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Table 1 Analysis of the lignocellulosic content of robusta coffee husks before and after delignification

Sample condition Hemicellulose Cellulose Lignin
content (%) content (%) content (%)
Before delignification 4.97 13.43 37.60
Delignification NaOH 6% 4.52 13.58 30.80
Delignification NaOH 8% 4.20 17.60 23.10
Delignification NaOH 10% | 3.79 20.81 17.40

Table 1 showed that the lignin content decreased with increasing NaOH concentration. The lowest lignin content
occurred in samples with 10% NaOH delignification, which equals 17.40%. This is because the large concentration of
NaOH in the delignification process will add NaOH molecules which destroy the lignin structure so that the lignin
content is greatly reduced. The higher of the reduction in lignin content will cause reactive cellulose content for the
hydrolysis process [14]. Samples containing a lot of cellulose were found in samples delignified with 10% NaOH
concentration, of 20.81%. In addition, the increase in cellulose content was due to some dissolved lignin and
hemicellulose in the delignification process so that the cellulose content increased [19]. Meanwhile, the hemicellulose
content decreased along with the high concentration of NaOH. The smallest hemicellulose content in the sample with
10% NaOH delignification was 3.79%. It showed that the number of NaOH in the solution system will destroy the bonds
that connect hemicellulose with cellulose and lignin, namely hydrogen, ester and ether bonds [20]. Arnata [13], said that
sago delignification and 10% NaOH solution were very effective in reducing lignin levels. This is because the high
concentration of NaOH, will increase the ability to dissolve lignin and destroy the structure of cellulose, resulting in
loose cellulose fibers and high enzyme activity.

3.2. Effect of fermentation time

The ethanol content of robusta coffee husks from the simultaneous saccharification and fermentation (SSF) process
with variations in fermentation time was analysed quantitatively using GCMS and the data were shown in Figure 4 and
Table 2.
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Figure 4 Chromatogram of ethanol GCMS based on the length of fermentation time (1) 24 hours, (2) 48 hours, (3) 72
hours. (4) 96 hours, (5) 120 hours

Table 2 The ethanol content of robusta coffee rind variations in fermentation time

Fermentation | Retention Area (pA*) x 10° | Ethanol
time (Hour) | time (mm) content (%)
24 1.44 54.23 28.94

48 1.42 82.80 42.49

72 1.40 18.06 100,00

96 1.41 89.81 48.82

120 1.43 43.50 30.41

The results showed that the fermentation time from 24 hours to 72 hours would produce high levels of bioethanol.
However, at 96 hours to 120 hours of fermentation, there was a decrease in bioethanol levels. It showed that the optimal
fermentation time was 72 hours with 100% bioethanol content. Bioethanol levels at the fermentation time of 96 hours
decreased when the fermentation time of 120 hours decreased. It was because substrate conversio to the product by
microorganism Saccharomyces cerevisiae has been exhausted. The decrease in bioethanol content was due to ethanol
turning into organic acids such as acetic acid or esters [21]. Acetic acid can be produced from C2HsOH compounds
(bioethanol) or fruits containing these compounds by biological oxidation processes using microorganisms. Bioethanol
was oxidized to acetaldehyde and water. Then, the hydrated acetaldehyde was oxidized to acetic acid and water [22].
According to Novia [14], the fermentation time also affected the number of CO2 gas produced. The longer fermentation
time would produce higher COz gas. This increase in gas production decreased in the pH value. This condition distruotes
Saccharomyces cerevisiae’s growth, producing less bioethanol. The lowest level of bioethanol was found in the 24-hour
fermentation, which was 28.94%. This is because Saccharomyces cerevisiae was less than optimal. It was still adapting
to the environment and utilizing glucose to grow and reproduce [23].

Febriana [24] investigated the bioethanol content of coffee husk by fermentation for 72 hours to obtain 1.46%, and
Harsono [25] explained that the optimal bioethanol fermentation time of coffee husk was 48 hours with 60.2%
bioethanol content. The delignification process in robusta coffee husks affected the bioethanol content of robusta coffee
husks. The optimal time for fermentatio was 72 hours, and the bioethanol content was 100%.

4., Conclusion

Based on the research results above, it can be concluded that the optimal concentration of NaOH to remove lignin with
10% NaOH delignification generated lignin content, hemicellulose content decreased, and cellulose content in robusta
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coffee husk increased. The variation of the fermentation time, which is 24-72 hours, shows an increase in ethanol
conteny but decrease after passing through 72 hours.
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