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ABSTRACT

Banana stem waste is a source of lignocellulose biomass with a high
cellulose content and abundant availability in Indonesia. In this work,
we investigated the effect of time and temperature on the decrease in
the rate of lignin in lignocellulose. Banana stem waste was pretreated
with alkaline and alkaline microwave-assisted so that the percentage of
lignin contained in lignocellulose biomass was reduced and the
percentage of cellulose was increased. In alkaline pretreatment, 6%
KOH is added to lignocellulose and heated to a hotplate during contact
time variation (10, 20, 30, 40, and 50 min) with temperature variations
(55, 65, 75, 85, and 95°C). In pretreatment, an alkaline microwave—
assisted 6% KOH solution was added to lignocellulose and heated for
20 min with temperature variations (55, 65, 75, 85, and 95°C), then was
put into a microwave that has a wave power of 360 Hz with variations

in contact time (55, 65, 75, 85 and 95 min). After pretreatment, the
sample was analyzed using the Chesson method to determine the
percentage of cellulose, hemicellulose, and lignin. Analysis showed that
alkaline and microwave-assisted alkaline pretreatments effectively
reduce the lignin percentage and increase the cellulose percentage in
lignocellulose. The most remarkable performance in both
pretreatments was obtained when working at 95°C with a contact time
of 50 min. Based on process optimization, it was concluded that
microwave-assisted alkaline pretreatment reduced the percentage of
lignin more and increased the percentage of cellulose compared to
alkaline KOH pretreatment, which decreased the rate of lignin by
43.26% and increased the rate of cellulose by 60.68%. For further
research, it can be continued to the next process, namely hydrolysis to
produce glucose as a raw material for the bioethanol production.

This is an open access article under the CC-BY-SA license.

1. Introduction

South Sumatra is one of the largest banana-producing provinces in Indonesia. Banana stems have
cellulose content of 50-60%, hemicellulose of 20% and lignin of 5%, so that banana stems can be used
as a source of lignocellulose biomass [1]. According to the Central Bureau of Statistics and the
Directorate General of Horticulture, in 2015-2019, the harvest area of banana plants in Indonesia
reached 105,801 ha [2]. In addition, based on data from the Central Statistics Agency in 2021, banana
plant production in Indonesia came to 8,741,147 tons, while South Sumatra Province itself got
354,143 tons, which is the 6th province that produces the most banana plants in Indonesia [3]. The
large area of banana crop harvest and production causes an abundance of banana stem waste, so it has
excellent potential to be used as raw material for various processes, one of which is the delignification
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process [4]. Delignification is decreasing/removing lignin levels because it can block cellulose
degradation carried out by microbes or chemicals [5].

The pretreatment method (delignification) can be done both conventionally and unconventionally.
One of the unconventional pretreatments is using a microwave. Pretreatment with microwave and
alkaline combination using various raw materials can result in higher glucose content and more
significant lignin removal from alkaline solutions [6]. Compared to conventional procedures, chemical
reactions carried out in microwaves are usually faster, more economical, and more environmentally
friendly [7].

Several previous studies reported on pretreatment methods (delignification) to lower lignin levels
and raise cellulose levels. Previous research examined microwave-alkali pretreatment of Tetraselmis
suecica biomass (microalgae). Their study found that the highest sugar concentration was 9.81 mg/mL
with the microwave-assisted alkaline (MAK) method and 9.98 mg/mL with the AK (alkaline) method,
which was processed for 72 hours. Although the sugar concentrations obtained from MAK and AK
were comparable, it was found that AK pretreatment took significantly longer (120 minutes) to get
conversion results similar to MAK pretreatment [8]. On the other hand, previous studies also
examined the effect of temperature and alkaline pretreatment time on cellulose isolation of banana
stem waste with temperature variations of 60, 70, and 80°C and variations in cooking time of 60, 90,
and 120 min. The highest cellulose content was 51.64% at the highest pretreatment temperature of
80°C and the shortest cooking time of 60 min. The result suggested that the length of pretreatment
time can cause an increase in cellulose levels as more hemicellulose and lignin chains are broken.
Still, if the pretreatment time is too long, it can cause the severed monomers to react with existing
polymers to produce new lignin chains [9], [10]. Furthermore, previous research also investigated the
delignification of corn weevils with the alkaline microwave method. According to their study,
cellulose levels were reduced in corn weevils in treatment with variations in NaOH 2N concentrations
and variations in the length of microwave exposure for 40 minutes, which was 69.937% [6].

Based on the explanation above, the pretreatment process (delignification) dramatically affects the
amount of lignin level reduction and the increase in cellulose levels produced. Very few studies have
used combined pretreatment between KOH and microwave to reduce lignin content in banana stems.
Therefore, the research contribution is on the delignification of banana stems using the microwave-
assisted alkaline pretreatment method. Banana stem waste will be more optimally utilized to reduce
environmental pollution.

2. Research Methodology

2.1. Materials

Banana stems are obtained from banana plantations in Lahat Regency, South Sumatra Province,
Indonesia. Potassium Hydroxide (KOH) (>85%) Pro Analysis is purchased from the brands E. Merck,
Germany and Sulphuric Acid (H2SO.) (98%) Pro Analysis purchased search brand SmartLab. All
chemicals are used without further processing.

2.2.Procedures

1) Preparation of Raw Materials

Banana stems are cut with a knife to a small size of about 5 cm and dried using an oven at 80°C
for 2-3 days [11]. The dried banana stems are then mashed using a grinder until close to smooth (size:
30 mesh). The Chesson method tested Fine banana stems to determine the composition of lignin,
hemicellulose and cellulose before the pretreatment process [12].

2) Pretreatment

The alkaline pretreatment and the alkaline microwave-assisted pretreatment were carried out. The
alkaline pretreatment uses KOH with a concentration of 6% at temperature variations (55, 65, 75, 85
and 95°C) and reaction contact time variations (10, 20, 30, 40, and 50 min) with a solid to liquid ratio
of 1:10. The pretreatment process was carried out by adding 75 g of samples with 750 mL of KOH
solution (6% wi/v). In alkaline pretreatment, the biomass and KOH solution were mixed ina 1 L beaker
and stirred at (55-95°C) for (10-50 min). Then, the sample was neutralized by aquadest, filtered and
dried in the oven at 100-110°C temperature. The sample is stored and then analyzed by the Chesson
method.
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In the microwave-assisted alkaline pretreatment process, the process and KOH concentration
variation are the same as the first method, with a reaction time of 20 minutes. The sample reacted with
the KOH solution and was then put into a microwave with 360 Hz and time variations (10-50 min).
Then, the slurry was neutralized by aquadest, filtered and dried in the oven at a temperature of 100-
110°C. The sample was stored and then analyzed by the Chesson method. The pretreatment flow
diagram in this study data can be seen in Fig. 1.
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Fig. 1. Research Procedure Flow Diagram

3) Analysis of Banana Stem Composition with the Chesson Method (Datta, 1981)

1 g (a) of dry sample was refluxed for 1 h using 150 mL H,O at 100°C, then dried using an oven
and weighed mass (b). The sample was followed by a second reflux for 1 h using 150 mL of H,SO, 1
N at 100°C, and then the sample was filtered and neutralized with aquadest and dried and weighed by
mass (c). Next, the sample was soaked with 10 mL of H.SO, 72% for 4 h at room temperature, and
then 150 ml H2SO4 1 N and refluxed at 100°C for 1 h. Then, the sample was filtered, neutralized with
aqua dest, dried, and weighed by mass (d). Finally, the sample was opened in a furnace with a
temperature of 550°C for 1 h and then weighed the mass (e). To calculate the levels of lignin, cellulose,
and hemicellulose (%) in the sample as follows:

Hemicellulose = (b-c)/a X 100% 1)
Cellulose = (c-d)/a X 100% (2
Lignin = (d-e)/a X 100% 3

where

a: ODW (Oven Dry Weight) initial sample of cellulose biomass.

: ODW residue in reflux with hot water.

: ODW sample residue after reflux with 1 N H,SO,

: ODW sample residue after being treated with 72% H,SO, and refluxed with 1 NH,SO..
: Ash from sample residue.

O O O T
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3. Results and Discussion

3.1. Effect of Time on KOH Alkaline Pretreatment on Banana Stem Composition

In alkaline pretreatment, KOH compounds were used because they are relatively affordable, use
mild reaction conditions, alkaline chemicals can be recovered, have high selectivity for lignin
separation and less react in degrading cellulose and hemicellulose [13], [14]. The percentage of lignin,
cellulose and hemicellulose in banana stems before and after alkaline KOH pretreatment that has been
analyzed using the Chesson method can be seen in Fig. 2.
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Fig. 2. Percentage of Biomass using 6% KOH Pretreatment (a) at 55°C, (b) at 65°C, (c) at 75°C, (d) at 85°C, (f)

at 95°C
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The percentage of banana stem composition before pretreatment is lignin by 17.40%, cellulose by
47.66%, and hemicellulose by 20.17%. The lowest lignin percentage and the highest cellulose
percentage at (10, 20, 30, 40, and 50) minutes can be seen in Fig. 2., respectively (8.95; 8.62; 8.42;
8.26; and 8.13)% for the lowest lignin percentage and (62.01; 62.71; 63.73; 64.18; and 64.38)% for
the highest percentage of cellulose obtained at 95°C. The longer contact time in pretreatment leads to
a decrease in the percentage of lignin and a significant increase in the percentage of cellulose.

The composition of banana stems obtained from each increase in contact time during pretreatment
shows a downward trend in lignin percentage and an upward trend in cellulose percentage in each
temperature variation. The longer the delignification contact time used, the lower the percentage of
lignin obtained, this is due to the amount of lignin that is degraded or lignin is lost with the length of
reaction contact time [15]. This is of course also influenced by the concentration of KOH used, where
this alkaline solution acts as a chemical bond-breaking agent and damages the lignin structure in the
amorphous crystal and separates some hemicellulose so that it can change its structure and properties
to be more soluble in water [16]. As the percentage of lignin decreases, the percentage of cellulose
will actually increase. This is due to the breaking of cellulose and lignin bonds and the release of lignin
into the water phase during pretreatment using KOH [11], [17]. Based on the results of the analysis,
the most optimal KOH alkaline pretreatment operation conditions in reducing the percentage of lignin
and increasing the percentage of cellulose are heating at a contact time of 50 minutes.

3.2. Effect of Temperature on Alkaline Pretreatment on Banana Stem Composition

In addition to time, alkaline pretreatment is also influenced by temperature. The overall percentage of
the composition of banana stems after pretreatment can be seen in Fig. 2. Furthermore, the effect of
temperature on lignin and cellulose levels at the optimum contact time of 50 minutes can be seen in
Fig. 3.
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Fig. 3. Effect of Temperature on The Rate of Lignin and Cellulose during 50 Minutes of Alkaline
Pretreatment

The percentage of banana stem composition before pretreatment is lignin by 17.40%, cellulose by
47.66%, and hemicellulose by 20.17%. The lowest lignin percentage and highest cellulose percentage
at Temperature (55, 65, 75, 85, and 95)°C can be seen in Fig 7, i.e. (12.48; 11.04; 10.54; 8.15; 8.13)%
for the lowest lignin percentage and (55.65; 56.59; 57.91; 62.37; 64.38)% for the highest cellulose
percentage obtained at 50-min contact time. The increase in temperature in pretreatment causes a
decrease in the percentage of lignin and a significant increase in the percentage of cellulose.

The increase in temperature during pretreatment shows a downward trend in lignin percentage and
an upward trend in cellulose percentage in each variation in contact time. The higher the operating
temperature used, the percentage of lignin contained in the sample will decrease, this is due to the
amount of lignin that is degraded or lignin is lost as the temperature increases in addition to the
breaking of cellulose and lignin bonds and the release of lignin into the water phase so that cellulose
levels will increase [15]. The KOH solution used acts as a destroyer of the lignin structure in the
amorphous part of the crystal and separates some of the hemicellulose so that it can change the
structure and properties to become more soluble in air [16]. This can be shown by lignin decreases of
(28.26; 36.54; 39.42; 53.15 and 53.26)% at each temperature variation with a contact time of 50
minutes. As the percentage of lignin decreases, the percentage of cellulose will actually increase. This
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is due to the breaking of cellulose and lignin bonds and the release of lignin into the water phase
during pretreatment using KOH [11], [17].

Based on the results of the analysis, the most optimal KOH alkaline pretreatment operation
conditions in reducing the percentage of lignin and increasing the percentage of cellulose are heating
at a temperature of 95°C with a contact time of 50 minutes.

3.3. Effect of Time on Alkaline Microwave-Assisted Pretreatment on Banana Stem
Composition

In this study, the alkaline microwave—assisted pretreatment method is a combination of
pretreatment methods that use KOH compounds and microwave tools. Pretreatment using a
microwave is done because it produces irradiation, which helps reduce the process time and activation
energy of pretreatment to accelerate the destruction of lignin structures [18]. The levels of lignin,
cellulose and hemicellulose in banana stems before and after alkaline microwave-assisted
pretreatment that have been analyzed using the Chesson method can be seen in Fig. 4.
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Fig. 4. Percentage of Biomass using Microwave — Assisted Alkaline Pretreatment (a) at 55°C, (f) at 95°C, (b)
using Pretreatment Alkaline Microwave — Assist at 65°C, using Alkaline Microwave — Assisted
Pretreatment (c) at 75°C, (d) at 85°C
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The percentage of banana stem composition before pretreatment is lignin by 17.40%, cellulose by
47.66%, and hemicellulose by 20.17%. In this alkaline microwave-assisted pretreatment the lowest
lignin percentages and the highest cellulose percentages at (10, 20, 30, 40, and 50) minutes can be
seen in Fig. 4. i.e. (8.71; 8.02; 7.74; 7.18; and 6.84)% for the lowest lignin percentage and (65.57;
66.31; 67.05; 67.82; and 68.27)% for the highest percentage of cellulose obtained at 95°C. The longer
contact time in pretreatment leads to a decrease in the percentage of lignin and a significant increase
in the percentage of cellulose.

The composition of banana stems obtained from each increase in contact time in the pretreatment
process showed a downward trend in lignin percentage and an upward trend in cellulose percentage
at each variation in contact time in the microwave. The longer the contact time of delignification in
the microwave used, the percentage of lignin contained in the sample will decrease while the
percentage of cellulose will increase [15]. This is due to the longer the contact time in the microwave,
will cause structural damage to the cell wall and accelerate chemical reactions so that lignin and
hemicellulose decomposition occur [19]. A decrease in the percentage of lignin will certainly affect
the increase in the percentage of cellulose. Based on the results of the analysis, the optimum contact
time condition in alkaline microwave-assisted pretreatment is 50 minutes.

3.4. Effect of Temperature on Alkaline Microwave-Assisted Pretreatment on Banana Stem
Composition
In addition to time, alkaline microwave-assisted pretreatment is also affected by temperature. The
overall percentage of the composition of banana stems after pretreatment can be seen in Fig. 4.
Furthermore, the effect of temperature on lignin and cellulose levels at the optimum contact time of
50 minutes can be seen in Fig. 5.
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Fig. 5. Effect of Temperature on The Rate of Lignin and Cellulose during 50 Minutes of Alkaline Microwave-
Assisted Pretreatment

The lowest percentage of lignin and the highest percentage of cellulose at temperature (55, 65, 75,
85, and 95) °C can be seen in Fig. 5., respectively (11.27; 10.13; 9.01; 8.17; and 6.84))% for the lowest
percentage of lignin and (59.91; 62.20; 62.74; 65.76; and 68.27)% for the highest percentage of
cellulose obtained at an optimum contact time of 50 minutes in the microwave. The increase in
temperature in pretreatment causes a decrease in the percentage of lignin and a significant increase in
the percentage of cellulose.

The composition of banana stems obtained from each increase in temperature during pretreatment
showed a downward trend in lignin percentage and an upward trend in cellulose percentage at each
variation in microwave contact time. The higher the operating temperature and the longer the contact
time in the microwave used, the percentage of lignin contained in the sample will decrease while the
percentage of cellulose will increase [15]. This is due to the longer the contact time in the microwave,
will cause structural damage to the cell wall and accelerate chemical reactions so that lignin and
hemicellulose decomposition occur [19]. Pretreatment using microwave assistance is more effective
than using alkali, this can be seen from the decrease in lignin by (35.21; 41.76; 48.20; 53.03; and
60.68)% at each temperature variation with a contact time in the microwave for 50 minutes. A decrease
in the percentage of lignin will undoubtedly affect the increase in cellulose. It is caused by microwave-
generated microwaves penetrating the lignocellulose wall and directly vibrating molecules, causing
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an increase in temperature and destroying the lignocellulose structure. These resulting vibrations break
inter- and intra-molecular hydrogen bonds, which refers to an increase in the percentage of cellulose
[8], [14]. Based on the results of the analysis, the optimum condition in alkaline microwave assisted
pretreatment is heating at 95°C with a contact time in the microwave for 50 minutes.

Comparing the two pretreatment methods from the observed data, it can be said that alkaline
microwave-assisted pretreatment is more effective than pretreatment using alkaline KOH alone.
Microwave-assisted alkaline pretreatment resulted in a decrease in lignin percentage and a higher
increase in cellulose percentage compared to KOH alkaline pretreatment. Under optimum conditions,
alkaline pretreatment produces the highest cellulose content of 64.38% and the smallest lingnin
content of 8.13%, while alkaline microwave-assisted pretreatment produces the highest cellulose
content of 68.27% and the smallest lingnin content of 6.84%. In addition, according to Kassim et al
[8], the delignification process using alkaline pretreatment requires a longer time than alkaline
microwave pretreatment — assisted in producing the same cellulose concentration at a fixed alkaline
concentration [8], [20].

4. Conclusion

Based on the results of research and alteration, it can be concluded that both pretreatment methods
are effective in reducing the percentage of lignin and increasing the rate of cellulose in banana stem
biomass. The temperature and contact time during pretreatment significantly affect the banana stem
composition. The higher the temperature and the longer the contact time, the better the composition
of the banana stem biomass produced. In both pretreatment methods, namely alkaline KOH
pretreatment and alkaline microwave-assisted pretreatment, the most optimal results were obtained at
95°C with a contact time of 50 min. However, alkaline microwave-assisted pretreatment is more
effective than alkaline pretreatment because the effects of alkaline microwave-assisted pretreatment
analysis obtained an optimal lignin percentage of 6.84% and cellulose of 68.27%. In comparison,
alkaline pretreatment received an optimal lignin percentage of 8.13% and a cellulose percentage of
64.38%. Further research, it can be continued to the next process, namely hydrolysis to produce
glucose as raw material for the bioethanol production. In addition, alkaline pretreatment or alkaline
microwave-assisted pretreatment can also be done using other type of biomass.

Acknowledgment

The research/publication of this article was funded by DIPA of the Public Service Agency of
Universitas Sriwijaya 2023. Number SP DIPA-023.17.2.677515/2023, On November 30, 2022. Under
the Rector’s Decree Number: 0188/UN9.3.1/SK/2023, On April 18, 2023.

References

[1] Ancastami, E. Azwar, L. Lismeri, and R. Santoso, “Pengaruh Konsentrasi Asam Formiat dan Waktu
Reaksi pada Proses Delignifikasi Metode Organosolv dari Limbah Batang Pisang (Musa Parasidiaca),”
Inov. Pembang. J. Kelitbangan, vol. 8, no. 02, p. 147, Aug. 2020, doi: 10.35450/jip.v8i02.195.

[2] Badan Pusat Statistik dan Direktorat Jenderal Hortikultura, “Luas Panen Pisang Menurut Provinsi , Tahun
2015-2019,” 2019.

[3] Badan Pusat Statistik, “Produksi Tanaman Buah-Buahan,” 2021.

[4] Istigomah and D. E. Kusumawati, Buku Ajar Pertanian Terpadu Berbasis Bebas Limbah. Lamongan: Duta
Media Publising, 2022.

[5] J. Ralph, C. Lapierre, and W. Boerjan, “Lignin structure and its engineering,” Curr. Opin. Biotechnol.,
vol. 56, pp. 240-249, 2019, doi: 10.1016/j.copbio.2019.02.019.

[6] P.D. Sari, W. A. Puri, and D. Hanum, “Delignifikasi Bonggol Jagung dengan metode Microwave Alkali,”
Jurnal llmu-Iimu Pertanian ‘“AGRIKA, vol. 12, 2018, doi: 10.31328/ja.v12i2.767.

[71 A. Ditia et al., “Telaah Potensi Penerapan Teknologi Terkini pada Hidrolisis Selulosa dengan Sistem
Pengendalian Terintegrasi dalam Proses Bioetanol G2,” J. SELULOSA, vol. 11, no. 01, p. 21, 2021, doi:
10.25269/jsel.v11i01.320.

Ulfa Meila Anggraini et al. (Effect of temperature and time on alkaline pretreatment ... )



120 Chemica: Jurnal Teknik Kimia ISSN 2355-8776
Vol. 10, No. 3, December 2023, pp. 112-120

[8] M. A. Kassim, T. K. Meng, K. Y. Seng, and N. A. Serri, “Alkaline-assisted microwave pretreatment of
tetraselmis suecica biomass for fed-batch enzymatic hydrolysis,” J. Eng. Technol. Sci., vol. 51, no. 2, pp.
272-289, 2019, doi: 10.5614/j.eng.technol.sci.2019.51.2.8.

[9] D. M. Ihsan, “Optimasi Delignifikasi Tandan Kosong Kelapa Sawit menggunakan Batch lab-Scale dan
Ekstruksi pada Reaktor Kontinu untuk Produksi Bioetanol,” 2022.

[10] F. Junianti, “Produksi Hidrogen Dari Sabut Kelapa Melalui Pretreatment Air Subkritis Dan Hidrolisis
Enzimatik,” Institut Teknologi Sepuluh November, Surabaya, 2016.

[11] Sivanarutselvi, P. Poornima, Muthukumar, and M. Velan, “Studies on effect of alkali pretreatment of
banana pseudostem for fermentable sugar production for biobutanol production,” Journal of
Environmental Biology, vol. 40, no. May, p. 2019, doi: 10.22438/jeb/40/3/MRN-721.

[12]R. Datta, “Acidogenic fermentation of Lignocellulose—Acid Yield and Conversion of Components,”
Biotechnol. Bioeng., vol. 23, no. 9, pp. 2167-2170, 1981, doi: 10.1002/bit.260230921.

[13]J. S. Kim, Y. Y. Lee, and T. H. Kim, “A review on alkaline pretreatment technology for bioconversion of
lignocellulosic ~ biomass,”  Bioresour.  Technol., wvol. 199, pp. 42-48, 2016, doi:
10.1016/j.biortech.2015.08.085.

[14] P. Moodley and E. B. Gueguim Kana, “Development of a steam or microwave-assisted sequential salt-

alkali pretreatment for lignocellulosic waste: Effect on delignification and enzymatic hydrolysis,” Energy
Convers. Manag., vol. 148, pp. 801-808, 2017, doi: 10.1016/j.enconman.2017.06.056.

[15]J. C. Low et al., “Enhancing enzymatic digestibility of alkaline pretreated banana pseudostem for sugar
production,” BioResources, vol. 10, no. 1, pp. 1213-1223, 2015, doi: h10.15376/biores.10.1.1213-1223.

[16] D. A. Permata, A. Kasim, A. Asben, and Yusniwati, “Delignification of Lignocellulosic Biomass,” World
J. Adv. Res. Rev., vol. 12, no. 2, pp. 462-469, 2021, doi: 10.30574/wjarr.2021.12.2.0618.

[17] Zahoor et al., “Rice straw pretreatment with KOH/urea for enhancing sugar yield and ethanol production
at low temperature,” Ind. Crops Prod., vol. 170, no. June, p. 113776, 2021, doi:
10.1016/j.indcrop.2021.113776.

[18] S. Winarsih, “Pengaruh Konsentrasi NaOH dan Lama Pemaparan Microwave terhadap Kandungan
Selulosa, Hemiselulosa dan Lignin Tongkol Jagung,” Research Report, pp. 285-290, 2016.

[19] B. Susilo, R. Damayanti, and N. lzza, Teknik Bioenergi. Malang: UB Press, 2017.

[20] A. Kamalini, S. Muthusamy, R. Ramapriya, B. Muthusamy, and A. Pugazhendhi, “Optimization of sugar
recovery efficiency using microwave assisted alkaline pretreatment of cassava stem using response surface
methodology and its structural characterization,” J. Mol. Liqg., vol. 254, pp. 55-63, 2018, doi:
10.1016/j.mollig.2018.01.091.

Ulfa Meila Anggraini et al. (Effect of temperature and time on alkaline pretreatment ... )



