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1. Introduction 

the natural potential based on green bio and biodegradable material is the focus of exploitation and exploration to 

preserve nature [1]. many of these nature-based studies use lignocelulosic waste as a biomass source with 

consideration of abundance and sustainability [2-3]. in addition, rapid reproduction can keep the fulfillment of 

waste requirements stable so that researchers utilize waste that has large production such as crop waste [4]. 

Bananas are the 4th largest abundant crop in the world [5] which amounts to metric tons [6-7]. In 

Indonesia, the number of banana production is 7,162,678 tons (in 2017) and is expected to increase every year [8-

9]. based on high production quantities, the utilization of waste from bananas has the potential to be a source of 

biomass. 

Banana waste in the form of lignocellulose residues such as pseudo stems [10]. Pseudo-banana stems are 

parts that resemble stems and are composed of leaf midribs that wrap around each other. This pseudo-stem banana 

is known as the banana stem midrib in Indonesia [11]. Based on observations, many banana residues were left to 

rot, causing unpleasant odors, and contaminating ground water. Therefore, banana stem stem waste has the 

potential to be used as a biomass source that leads to renewable energy sources [12]. 

The potential of banana residues (Banana stem midrib) in Indonesia is seen from the composition of 

compounds containing about 63% cellulose, 5-10% starch, and other residual substances [13 zulaikha 2018] where 

the lignoselulosic content can potentially be further processed. many researchers use cellulose to be converted to 

glucose because it shows glucose production that does not compete with food [7;14]. hence, glucose production 

can be increased for the needs of current renewable energy sources. 

As for the use of glucose, it can be used as an ethanol-making material besides as a biodegradable plastic 

material [15]. this shows that the importance of glucose needs for ethanol needs as renewable energy [16]. for this 

reason, the method of glucose production is by hydrolyzing waste cellulose. Some methods used in the process of 

converting cellulose into glucose are acid hydrolysis, solid catalyst, and enzymatic (microorganism). Hydrolysis 
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is a reaction (first order) between reactants with water (H2O) which produce compounds that are damaged or 

decomposed [17-18], as the following reaction in Figure 1 [19-20]. 
 

 
Figure 1: Hydrolysis of Cellulose to Glucose  

  

The method of hydrolysis with acid catalyst 2% (not environmentally friendly) produces a percentage of 

glucose yield of 5.0675% [21]. Then, the enzymatic hydrolysis method is more environmentally friendly than the 

acid catalyst, but the price is more expensive [22]. A good catalyst is zeolite (a solid acid catalyst that is more 

environmentally friendly) [23-24]. Synthetic zeolite is superior to natural zeolite which has a lot of impurities 

[25]. Mostly, zeolite used in industry is Zeolite-Y which has high performance and low production costs. Large 

porous zeolite [26], Y zeolite, has high active acid concentration, high thermal stability, and high size selectivity 

[19]. Therefore, research on zeolite Y catalyst is needed in the cellulose hydrolysis reaction. 

In this study, an ultrasonic-influenced catalyst was used. Ultrasonication without a catalyst can cause 

cellulose hydrolysis with a lower yield than ultrasonication with a catalyst [27]. Ultrasonication separates 

impurities, increases the surface area and radius of the pore [28]. So, in this study, the hydrolysis process using 

zeolite-Y catalyst was activated in temperature variations of 30 oC, 45 oC, and 55 oC and sonication time, 1 hour 

to 6 hours to determine the effect of sonication temperature and time to percent glucose yield was obtained. The 

benefit of this study is that the glucose produced can be fermented into bioethanol [16; 29] 

2. Material and Methods 
2.1. Time and Place 

This study take place in May 2019 on Chemistry Research Laboratory, Faculty of Mathematics and Science, 

State University of Malang. 

 

2.2. Instruments and Materials 

Instruments: tube, thermometer, Beaker glass, ultrasonic, measuring cylinder, Erlenmeyer flask, shaker, filter 

funnel, filter paper, oven, and blender. Materials: banana stem midribs, Y-zeolite, purified water and 1M NH4Cl. 

 

2.3. Sample Preparation 

Banana species in East Java are Musa Accuminata [30]. Banana stem midribs are obtained from private gardens 

in Malang, Indonesia. The clean banana stem midrib is dried under the sun. Then, mashed with a blender. After 

that, sifted until the banana stem midrib flour was obtained. 

 

2.4. Catalyst Activation 

Y-Zeolite was weighed as much as 5 grams and then immersed in 50 mL of 1 M NH4Cl solution with 250 rpm 

shaker for 60 minutes, filtered with filter paper, residue (HY-Zeolite) was washed, ovened at 100 oC for 6 hours. 

 

2.5. Hydrolysis 

The banana stem midrib is put in the reactor/reflux with a mass ratio (cellulose: water of 1:20), zeolite catalyst 

(active) is included in 7.5% cellulose mass, regulated reactor temperature according to temperature variables from 

30, 45, 55 oC until it reaches the set point, sonicated with variations of time 1, 2, 3, 4, 6 hour(s). 
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                     (a)     (b) 

Figure 2: a. Banana (Musa acuminata) from Indonesia, b. Banana Stem Midrib 

 

2.6. Glucose Content Test 

Testing of reducing sugar content was carried out by the Nelson-Somogyi method. 

 

3. Results and discussion 

This hydrolysis reaction occurs between water and reactant (carbohydrate) that produce glucose. Because of this 

reaction takes place very slowly, then to accelerate the reaction, additional catalysts are needed (activated Y-

Zeolite). The addition of a catalyst aims to increase the activity of water, so that the hydrolysis reaction runs faster. 

At the 30 oC of hydrolysis temperature and variations in the sonication time of 1, 2, 3, 4, and 6 hour(s) obtained 

glucose levels are shown in Figure 1. 

Based on the graph, it can be seen that the increase in sonication time will increase the glucose level 

produced. After added activated zeolite, glucose level increase. The highest glucose level is at 6-hour sonication 

with glucose yield percent of 0.697%. 

The hydrolysis process at a temperature of 45 oC and the variation of sonication time 1, 2, 3, 4, and 6 hour(s) 

can be seen in Figure 2. Based on the graph, indicating that the temperature increases, it will increase the glucose 

level produced. After zeolite was added activated with a hydrolysis temperature of 45 oC glucose level increased. 

The highest glucose level is at 6-hour sonication time with percent yield of 0.682%. There is a decrease in glucose 

yield at 2 hours sonication time of 0.422%. However, this decrease was not significant when compared with the 

yield of glucose at 1hour sonication time. 
 

 
Figure 3: Graph of glucose level test with variation of sonication time at hydrolysis temperature 30 oC 
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Figure 4: Graph of glucose level test with variation of sonication time at hydrolysis temperature 45 oC 

 

This decrease is possible because the mass of the catalyst is not evenly distributed per tube, thus affecting 

the amount of catalyst concentration. The hydrolysis process is affected by several factors namely pH, 

temperature, and catalyst concentration [18]. In the hydrolysis process the temperature of 55 oC produces more 

glucose yield than the hydrolysis process at temperatures of 30 oC and 45 oC. According to the theory and research 

conducted by Sylvia [31] that glucose yields are affected by time. Corresponding to the increase of operating time, 

the glucose yield obtained increased. This is because of more glucose is hydrolyzed by the catalyst to produce 

more glucose levels. 

In Figure 3 shows that glucose level continue to increase with variations in the time of sonication 1, 2, 3, 

4, and 6 hour(s) at the hydrolysis temperature of 55 oC. This study shows that after activated zeolite is added and 

the hydrolysis temperature is 55 oC, glucose level increase. The highest glucose level is at 6-hour sonication time 

with glucose yield of 0.849%.Compared to all the data of this study, the hydrolysis time for 6 hours with the 

hydrolysis temperature of 55 oC is the best condition in this research when compared with the hydrolysis 

temperature of 30 oC and 45 o. Then, glucose yields are affected by the temperature according to Budiyati & Bandi 

research [32]. This study shows that glucose levels are increasing with increasing hydrolysis temperature and the 

length of time hydrolysis. Corresponding to the increase of hydrolysis time, the process of breaking the cellulose 

bonds that occurs on the banana stem midrib increased. 
 

 
Figure 5: Graph of glucose level test with variation of sonication time at hydrolysis temperature 55 oC 

 

The hydrolysis process using activated Y-zeolite catalyst can produce higher glucose level with an 

increase in hydrolysis temperature and sonication time. Data of research results on banana stem midrib for glucose 

yield are showed in Table 1. 
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Table1: Glucose Yield at Banana Stem Midrib 

Hydrolysis Temperature (oC) Sonication Time (h) Glucose Level (ppm) Yield Percent (%) 

30 

1 163.235 0.343 

2 177.353 0.372 

3 221.471 0.465 

4 236.471 0.497 

6 331.765 0.697 

45 

1 225 0.473 

2 201.176 0.422 

3 286.765 0.602 

4 300.882 0.632 

6 324.706 .682 

55 

1 269.118 0.565 

2 317.647 0.667 

3 324.706 0.682 

4  378.529 0.795 

6 404.118 0.849 
 

 

Conclusion 

Based on the results of this study, it can be concluded that: 

1. Banana stem midrib can produce glucose in hydrolysis process using activated Y-zeolite catalyst 

2. Increasing hydrolysis temperature and sonication time is directly proportional to the glucose level produced 

3. The highest glucose produced is 404.118 ppm at hydrolysis temperature 55 oC and sonication time for 6 

hours with yield percentage 0.849% 
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