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Abstrak 
Minyak kemangi dapat diperoleh dari daun kemangi dengan metode ekstraksi non-konvensional yaitu Microwave 
Assisted Hydrodistilation (MAHD). Tujuan penelitian ini adalah untuk mengetahui persentase rendemen, 
komposisi minyak kemangi dengan GC-MS, uji karakteristik fisik, dan aktivitas antibakteri pada minyak kemangi. 
Rendemen tertinggi 0,3076% diperoleh pada daya 300 W, waktu 90 menit, ukuran daun ± 1,75 cm, serta rasio F/S 
0,75 g/mL. Hasil analisis varian menyatakan bahwa semua parameter proses yang digunakan memiliki pengaruh 
yang signifikan terhadap rendemen yang dihasilkan. Minyak kemangi memiliki zona hambat lebih besar terhadap 
bakteri Escherichia coli (16,38 mm) yang cenderung lebih kuat dibandingkan Staphylococcus aureus (5,95 mm) 
yang tergolong sedang. Komponen utama yang terkandung dalam minyak kemangi yaitu E-Citral (46,79%) dan 
Z-Citral (38,17%). Uji karakteristik fisik menunjukkan bahwa minyak kemangi larut dengan etanol 96% saat 
perbandingan 1:9 yaitu 1 ml minyak kemangi dibandingkan 9 ml etanol. Densitas minyak kemangi 0,961 g/mL 
telah sesuai dengan standar nilai menurut Essential Oil Association (EOA) of Ocimum basilicum Essential Oil). 
Parameter analisis menggunakan hasil minyak pada kondisi operasi dengan nilai rendemen paling optimum. 
Kata kunci: antibakteri; MAHD; minyak kemangi; uji karakteristik fisik  
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Abstract 

Basil oil can be obtained from basil leaves by non-extraction methods, namely 
Microwave Assisted Hydrodistillation (MAHD). Therefore, this research aims to 
determine the yield percentage, essential oil composition by GC-MS, physical 
characteristics, and antibacterial activity of basil essential oil. The highest yield of 
0.3076% was obtained at the optimum condition, which included a microwave power 
of 300 W, a mass-to-volume solvent ratio (F/S) of 0.75 g/mL, a raw material size of 
± 1.75 cm, and an extraction time of 90 min. The results of the analysis of variance 
showed that all process parameters used had a significant effect on the yield obtained. 
Basil oil exhibited a larger inhibition zone against Escherichia coli bacteria (16.38 
mm) which tended to be stronger than Staphylococcus aureus (5.95 mm) and was 
classified as moderate. The main components contained in the basil oil were E-Citral 
(46.79%) and Z-Citral (38.17%). The physical characteristic test showed that the 
basil oil was soluble in 96% ethanol after a ratio of 1:9, with 1 ml of basil oil 
compared to 9 ml of ethanol. The density of basil oil at 0.961 g/mL also complied 
with the standard value according to the Essential Oil Association (EOA) of Ocimum 
basilicum Essential Oil. These results showed revealed that the parameter analyzed 
using oil yields at operating conditions produced the most optimum yield value. 

Keywords: antibacterial; Basil oil; MAHD; physical characteristics test  
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1. Introduction 
Basil is an indigenous vegetable that 

is quite dense, with a height of 100 cm [1] 
and is widely available across Indonesia, 
particularly in Jember, East Java. This 
vegetable belongs to the Ocimum genus, 
Ocimum basilicum L species, 
Magnoliopsida class, Lamiales orde, and 
Spermatophyta subdivision. Furthermore, 
basil is one of the indigenous products 
recognized by the Directorate General of 
Horticulture, according to the Decree of the 
Minister of Agriculture of Indonesia 
Number 511/Kpts/PD.310/9/2006. 

Basil leaves contain phenolic 
compounds, saponins, flavonoids, and 
essential oils. In the health sector, basil can 
be used as an antipyretic, analgesic, 
antifungal, antiseptic, hepatoprotector, and 
immunomodulator [2]. The composition of 
basil oil consists of alcohol compounds, 
phenol (1–19% eugenol, iso-eugenol), 
oxides, phenolic ethers (3–31% methyl 
clavicol, 1-9% methyl eugenol), 
hydrocarbons, ketones, and esters [3]. 
Furthermore, the main component is the 
aldehyde group, citral, which acts as an 
antibacterial pathogen [4]. 

Due to its antibacterial properties, 
basil oil has the potential to be developed as 
a source of active ingredients for 
antibacterial products [5]. Pathogenic 
bacteria such as Staphylococcus aureus, 
which is a gram-positive bacteria, and 
Escherichia coli, a gram-negative, usually 
attack humans [6]. Therefore, an 
antibacterial activity test is conducted to 
determine the various kinds of antibacterial 
activities contained in basil oil. 

The selection of the appropriate 
solvent for the extraction process is very 
important. In this research, water is used as 
the solvent because it has a high dielectric 

constant, which optimizes microwave 
absorption [7]. The use of water as a solvent 
has the benefit of being a "green solvent" 
because it is relatively cheap, 
environmentally friendly, non-flammable, 
non-toxic, and allows for clean processing 
and pollution prevention [8].  

The application of the "green 
technique" in essential oil extraction 
becomes more effective to overcome the 
drawbacks of conventional extraction 
methods, such as the long extraction time 
and increased energy consumption. The 
Microwave Assisted Hydrodistillation 
(MAHD) method is more effective because 
the process is short, produces a high yield, 
and minimizes the use of solvents [9]. 
According to Definiujemy [10], the use of 
MAHD with fresh basil and a 1 cm cut, 500 
W power, 1000 ml aquadest volume, and a 
5-7 hours time span produced a yield of 
0.2948%. This research aims to conduct 
antibacterial activity tests, process variable 
differences, GC-MS analysis, and 
optimization using the Response Surface 
Methodology (RSM). Microwaves are used 
to heat and evaporate water from cells, 
causing the cells to swell, stretch, burst, and 
release metabolic components for solvent 
extraction. [11].  

The extraction of basil leaves using a 
MAHD method was optimized with Box-
Behnken Design (BBD) - Response Surface 
Methodology (RSM). The RSM was used to 
minimize costs, shorten the number of runs, 
optimize response, reduce research time, 
and as an improvement from previous 
research [12]. This technique can also be 
used to evaluate the relative significance of 
several factors influencing complex 
interactions between independent variables 
[13].  

 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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2. Research Methods 
2.1 Tools and Materials  

This research used several pieces of 
equipment, namely the Electrolux EMM-
2007X type microwave, 20 L, 220 V, 
maximum power 800 W, wave frequency 
2450 MHz, 1000 mL round bottom flask, 
modified clavenger (Figure 1), and 
condenser. The PTFE-coated microwave 
cavity measures 46.1 x 28 x 37.3 cm. The 
materials used were water, 96% ethanol, 
and fresh basil (O. basilicum L.) leaves with 
a water content of 85.8% obtained from 
Tanjung Market, Jember, East Java, 
Indonesia.  

 

Figure 1. Modified Clavenger [14] 

2.2 Essential Oil Extraction Process 
Fresh basil leaves were weighed using 

an analytical balance and cut according to 
their sizes of 0.5 cm, 1.75 cm, and 3 cm. 
The feed-to-solvent (F/S) ratio used was 
0.25, 0.5, and 0.75 g/mL with a solvent 
volume of 200 mL. The extraction process 
was operated at a power of 150, 300, and 
450 W for 30, 60, and 90 minutes, 
respectively. The extract was separated 

using a separatory funnel on the clavenger 
and put into a 10 mL vial.  

2.3 Measurement of Essential Oil Yield 
  Yield is the ratio of the mass of oil 
produced to the mass of the raw material 
used (equation 1). The higher the yield 
obtained, the more basil oil is produced 
[15].  

 .......(1) 

2.4 Physical Properties Analysis 
The analysis of physical properties 

was carried out by analyzing the density of 
the sample using a pycnometer (equation 2).  

  .................(2) 

The second analysis was the 
evaluation of solubility in alcohol, which is 
carried out by dripping ethanol on the 
sample.  

2.5 Essential Oil Composition Analysis 
The GC-MS (Gas Chromatography 

and Mass Spectroscopy) test was used to 
determine the chemical content of basil oil. 
The compounds contained in the basil oil 
mixture were separated in the 
chromatography column. The advantages of 
this method included fast identification 
time, high sensitivity, good separation, and 
long-term use of tools [16].  

2.6 Antibacterial Activity Test 
The method used in the antibacterial 

test was agar diffusion [17]. In this method, 
the basil extract was placed in a petri dish, 
each of which had been added with E. coli 
ATCC 25933 and S. aureus ATCC 25923. 
Subsequently, the petri dish was placed in 
an incubator for 24 hours at 36°C, and 
antibacterial activity was observed based on 
the zone of inhibition (halo diameter). 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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2.7 Statistic Analysis 
The optimization analysis used the 

RSM method, aided by the Design Expert 
13 application. The RSM model used was 
the Box-Behnken Design with four process 
parameters, namely F/S ratio, microwave 
power, extraction time, and leaf size. A total 
of 29 experiments were carried out and the 
effect of the extraction parameters used on 
the extract yield was observed using 
analysis of variance (ANOVA) [18]. 

 
3. Results and Discussion 
3.1 Effect of Process Parameters on Basil 

Oil Yield 
3.1.1 Effect of Microwave Power and Time 

on the Yield of Basil Oil 
Microwave power in the extraction 

process functioned as a controller for the 
capacity of heat energy to be received by the 
material. The greater the power used, the 
higher the system temperature during 
extraction, thereby reducing the time 
needed to reach the boiling point of water 
[19]. In the research (Figure 2), using an F/S 
ratio of 0.75 g/mL, leaf size 1.75 cm, power 
300 W, and time 90 minutes, produced a 
yield of 0.3076%. Meanwhile, with an F/S 
ratio of 0.75 g/mL, leaf size 1.75 cm, power 
450 W, and time of 60 minutes, a yield of 
0.247% was obtained. This indicated that 
longer extraction time and moderate 
microwave power produced higher yields 
[20]. This showed that the higher the power 
used, the greater the yield of oil obtained. 
However, the thermal degradation of the 
basil oil components and the materials used 
caused a decrease in the yield from 300 W 
to 450 W. An increase in extraction 
temperature also occurred at high power, 
which reduced solvent effectiveness in the 
absorption of the essential oil compounds in 
basil [21]. The time parameters used range 

from 30 to 90 min, showing an increase in 
yield gain. The best yield was obtained at an 
F/S ratio of 0.75 g/mL, leaf size 1.75 cm, 
300 W power, and 90 minutes of 0.3076%. 
This occurred because the longer extraction 
time caused the cell walls of basil leaves to 
break down, taking a long time for the 
solvent to extract the compound content in 
the leaves [22]. 

3.1.2 Effect of F/S Ratio and Leaf Size on 
Basil Oil Yield 
The F/S ratio was one of the important 

parameters in the extraction process. In this 
research (Figure 3), the basil oil extraction 
process that the greater mass of the material 
used produced a higher yield obtained. The 
use of an F/S ratio of 0.75 g/mL, leaf 
size 1.75 cm, power 300 W, and time of 90 
minutes, obtained a yield of 0.3076%. 
Meanwhile, with an F/S ratio of 0.5 g/mL, 
leaf size 3 cm, power 300 W, and time 90 
minutes, a yield of 0.237% was obtained. 
This showed that a greater F/S ratio and 
smaller leaf size produced a higher yield. In 
a previous research, a greater mass of the 
material, oil yield, and smaller leaf size 
produced a higher leaf surface area 
compared to the whole size [23]. 

 
Figure 2. Effect of power and time on the 

yield of basil oil 
 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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3.1.3 Effect of Time and F/S Ratio on Basil 
Oil Yield 

 The parameters of time and F/S ratio 
showed a significant effect on the yield of 
basil oil produced. Increasing the extraction 
time also improved the extraction yield, 
while a higher F/S ratio produced more basil 
oil. The effect of time and ratio was proven 
by increasing the yield from 0.29% at an F/S 
ratio of 0.5 g/mL, with a time of 60 minutes 
to 0.3076% at an F/S ratio of 0.75 g/mL at 
90 minutes, with all other parameters being 
kept constant. These values were the 
highest yield obtained from the 
experimental results (Figure 4). The ratio 
used was related to the density of the raw 
material when included in the distiller flask 
for optimal oil extraction and evaporation 
processes [14].  
 
3.1.4 Effect of Time and Leaf Size on Basil 

Oil Yield 
 The content of essential oils in plants 
was found in the sac vessels, glandular 
hairs, and oil glands [5]. In this research, the 
variation in leaf size was carried out to open 
the oil glands and facilitate the evaporation 
of essential oils. Therefore, as the leaf size 
became smaller, the surface area increased, 
making it easier to come into contact with 
moisture [24]. The effect of time and leaf 
size (Figure 5) was proven by decreasing 
the yield at 90 minutes with a leaf size of ± 
1.75 cm from 0.3076% to 0.2525% 
obtained at 60 minutes with a leaf size of ± 
0.5 cm using the parameters and processes. 
This was caused by the shorter time and the 
leaf enumeration factor, which was 
excessively small. Factors that caused a 
decrease in this yield were the release of oil 
during the enumeration process, oil left in 
the equipment, and the evaporation process 
[25]. Therefore, the longer the extraction 

time and leaf size, the greater the yield of 
basil oil. 

 
Figure 3. Effect of F/S ratio and leaf size on 

basil oil yield 

 
Figure 4. Effect of time and F/S ratio on basil 

oil yield 

 
Figure 5. Effect of time and leaf size on basil 

oil yield 
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3.2 Basil Oil Analysis 
3.2.1 Basil Oil Yield 
 The process of extracting basil oil 
using the MAHD method produced the 
smallest and largest yield of 0.1257% and 
0.3076%, respectively, with clear yellow oil 
color. The diversity of yield values obtained 
was based on the existence of several 
different treatments between process 
variables. However, the variation in the 
yield of basil oil showed a significant 
difference. Table 1 showed a comparison of 
the largest and smallest basil oil yields with 
different parameters. 

Table 1. The yield of the largest and smallest 
basil oil 

Power 
(W) 

Time 
(min) 

F/S 
Ratio 

(g/mL) 

Leaf 
Size 
(cm) 

Yield 
(%) 

300 30 0.5 ± 3 0.1257 
300 90 0.75 ± 1.75 0.3076 

3.2.2 GC-MS Analysis 
 The components contained in basil oil 
were identified by Gas Chromatography–

Mass Spectrometry (GC–MS) analysis. The 
results of basil oil analysis at 300 W, 90 
minutes, 1.75 cm leaf size, and 0.75 g/mL 
F/S ratio were shown in Table 3, indicating 
that the basil oil contained 20 chemical 
constituents.  
 Based on GC-MS analysis (Figure 6), 
the components contained in basil oil 
consisted of five groups of compounds, 
namely monoterpenes 0.34%, 
sesquiterpenes 6.9%, oxygenated 
monoterpenes 91.56%, oxygenated 
sesquiterpenes 0.69%, and other 
oxygenated compounds 0.52%.  
 Oxygenated compounds had more 
influence on the aroma of essential oils than 
other components. The highest levels of 
basil oil were obtained in E-citral at 46.79% 
and Z-citral at 38.17%, which were the 

constituent of the aldehyde group of citral. 
According to Putri and Rahmawati [24], the 
majority of the composition of the basil oil 
contained citral compounds, including E-
Citral at 33.7 and Z-Citral at 27.9%. 
 
3.2.3 Antibacterial Activity 

The inhibition activity of bacteria was 
determined by measuring the diameter of 
the inhibition zone formed. Based on the 
inhibition activity criteria of Lingga et 
al [26], inhibition zones formed between ≥ 

20 mm were considered to have very strong 
inhibition, 10-20 mm as strong, 5-10 mm as 
moderate, and ≤ 5 mm as weak. 

 
Table 2. Bacterial inhibition zone 

Isolate Inhibition Zone (mm) 
E. coli 16.38 

S. aureus 5.95 

 
The inhibition zone values (Table 2) 

showed that the basil oil had a larger 
inhibition zone against E. coli bacteria, 
namely 16.38 mm. This indicated a stronger 
effect compared to S. aureus, which was 
only 5.95 mm and was classified as 
moderate. In this research, citral content 
was the main component of basil oil, which 
acted as a pathogenic antibacterial, thereby 
inhibiting the test bacteria. Aldehyde 
compounds can activate proteins by 
forming covalent cross-links with groups of 
functional organic matter in proteins [27].  

Basil oil also contained flavonoids 
and phenolic compounds, which have 
different mechanisms of action against 
bacteria. The flavonoid compounds can 
damage bacterial membranes by forming 
complex compounds that dissolve with 
extracellular proteins. Meanwhile, phenol 
compounds can break peptidoglycan bonds 
when passing through the cell wall [28]. 
The variation in their mechanism also 
occurred due to differences in the sensitivity 
of the bacteria used.  

http://creativecommons.org/licenses/by-nc-sa/4.0/
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E. coli bacteria are gram-negative, 
while S. aureus bacteria are gram-positive. 
Gram-negative bacteria have a hydrophilic 
side, namely amino acids, hydroxyls, and 
carboxyls, which caused them to be 
sensitive to polar compounds [29]. 
Hydrophilic molecules such as flavonoids 
and alkaloids more easily pass through 
lipopolysaccharides compared to 
hydrophobic [5]. Therefore, the use of water 
as a polar solvent for extraction caused E. 
coli bacteria to have a larger inhibition zone 
diameter than S. aureus. 

In gram-negative bacteria, the 
peptidoglycan layer on the cell membrane 

was thinner compared to gram-positive 
bacteria. The outer membrane of gram-
negative bacteria was composed of 
phospholipids and lipopolysaccharides for 
antibacterial substances that interfered with 
the integrity of the cell membrane to easily 
affect gram-negative bacteria by dissolving 
the phospholipids. Phospholipids break 
down into glycerol, carboxylic acids, and 
phosphoric acids, causing the membrane to 
lose its shape and allowing uncontrollable 
entrance and exit of the cell, leading to 
disruption of metabolism by bacterial lysis 
[30].   

 
Figure 6. GC-MS analysis result 

 
Table 3. GC-MS test result 

 Peak Compound Class Retention Time % Area 

1 Methyl heptanone OOM 4.548 0.18 

2 β-Ocimene M 5.322 0.34 

3 LINALOOL-L OM 6.087 2.67 

4 Geranial OM 6.718 0.50 

5 Cyclohexene S 6.854 0.54 

6 Isogeraniol OM 6.997 1.33 

7 α-Sicositral OM 7.259 1.77 

8 α-Terpineol OM 7.517 0.33 

9 Z-Citral OM 8.204 38.17 

10 E-Citral OM 8.635 46.79 

11 trans-Myrtanyl acetate OOC 8.985 0.15 

12 Neryl acetate  OOC 9.839 0.19 

13 β-Bisabolene OS 10.140 0.55 

14 trans-Caryophyllene S 10.793 1.47 

15 α-Bergamotene S 10.902 0.67 

16 α-Caryophyllen S 11.258 0.42 

17 Germacrene-D S 11.610 1.26 

18 Bicyclogermacrene S 11.818 0.27 

19 α-Humulene S 12.275 2.27 

20 (-)-Caryophyllene oxide OS 12.994 0.14 
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Gram-positive bacteria have a thicker 
peptidoglycan layer than gram-negative 
bacteria, which results in lower cell wall 
permeability. The sensitivity of bacteria to 
antibiotics also depends on differences in 
the arrangement of the cell wall. Therefore, 
it is more difficult for the active substance 
of essential oils to penetrate the cell 
membrane of gram-positive bacteria, 
leading to a less optimal antibacterial effect 
[31].  

3.2.4 Physical Properties Analysis 
 Analysis of physical properties was 
carried out through visual observation or 
testing. According to the Essential Oil 
Association of O. basilicum Essential Oil, 
the average density of basil oil ranged from 
0.952 to 0.973 g/mL. From the calculation 
results, the density of basil oil was 0.961 
g/mL, which was in line with the standard 
value. 
 The thermogravimetric method was 
used for the alcohol solubility analysis of 
basil oil, with a ratio of 1:1, 1:5, and 1:9. To 

achieve a ratio of 1:1, 1 mL of basil oil and 
1 mL of 96% ethanol was mixed and the 
solubility was observed when pure basil oil 
dissolved, as described by a change in color 
to yellowish white. When the ratio was 
increased to 1:5, the color of the basil oil 
was still cloudy due to the presence of 
undissolved oil (Figure 7). Subsequently, 
the ratio was increased to 1:9, and the 
resulting color was getting clearer, 
indicating that the oil was perfectly mixed 
with alcohol. This showed that the better the 
oil quality, the more difficult the solubility. 
Generally, basil oil containing oxygenated 
monoterpenes was more soluble in alcohol 
compared to non-oxygenated monoterpenes 
[28]. 
 
3.2.5 Analysis of Variance (ANOVA) 

Statistical analysis was used to prove 
that the process parameters employed in the 
extraction of basil affected the resulting 
yield. In Table 4, significant parameters 
were obtained when the p-value of the 
ANOVA method had a value less than 0.05.  

 

   
Ratio 1:1         Ratio 1:5   Ratio 1:9 

Figure 7. Comparison of the solubility of essential oils in alcohol 
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 The regression equation of the model 
given was used to predict the actual results 
of the research. This indicated that the effect 
of process parameters, namely extraction 
time, microwave power, F/S ratio, and leaf 
size affected the yield of basil oil produced. 
However, the interaction of power and time 
did not significantly affect the yield.  
 

Yield = 0.2916 + 0.0184A + 0.0433B + 
0.0092C – 0.0135D + 0.0397AC 
+ 0.0222AD + 0.0434BC + 
0.0127BD – 0.0317CD – 
0.0315A2 – 0.0412B2 – 0.0408C2 
– 0.0532D2 ...............................(3) 

  
 The equation 3 indicated that time 
was directly proportional to the yield 
response. The ratio parameter also showed 
the same relationship because the constant 
was positive. Meanwhile, the yield response 
was inversely proportional to the power and 
leaf size because the constants were 
negative [5]. This indicated that the yield 

reduced as the size of the leaves decreased 
and more energy was used. 

Table 5 showed that an R2 value of 
0.9992 was obtained. Since the value 
obtained was close to 1, the model was 
considered perfect and in line with the 
research results. The predicted R2 value was 
0.9958, which corresponded to the adjusted 
R2 value of 0.9984, which showed a 
difference of less than 0.2. In the Figure 8, 
experimental data values spread around the 
line, indicating that there was a 
concordance between the models and the 
experimental data. Therefore, the 
regression model was considered suitable 
for use.  

 
Table 5. Fit statistics ANOVA 

Std. Dev. 0.0021   R² 0.9992 

Mean 0.2226   Adjusted R² 0.9984 

C.V. % 0.9523   Predicted R² 0.9958 

    Adeq 
Precision 

116.6345 

Table 4. ANOVA results 

Source Sum of 
Squares df Mean 

Square F-value p-value  

Model 0.0809 14 0.0058 1285.63 < 0.0001 significant 
A 0.0040 1 0.0040 899.28 < 0.0001  
B 0.0225 1 0.0225 4999.55 < 0.0001  
C 0.0010 1 0.0010 227.69 < 0.0001  
D 0.0022 1 0.0022 487.94  < 0.0001  
AB 0.0000 1 0.0000 3.56     0.0801 not significant 
AC 0.0063 1 0.0063 1401.32 < 0.0001  
AD 0.0020 1 0.0020 437.75 < 0.0001  
BC 0.0075 1 0.0075 1676.80 < 0.0001  
BD 0.0007 1 0.0007 144.72 < 0.0001  
CD 0.0040 1 0.0040 893.17 < 0.0001  
A2 0.0064 1 0.0064 1431.29 < 0.0001  
B2 0.0110 1 0.0110 2454.92 < 0.0001  
C2 0.0108 1 0.0108 2407.52 < 0.0001  
D2 0.0184 1 0.0184 4087.71 < 0.0001  
Residual 0.0001 14 4.493E-06    
Lack of Fit 0.0001 10 5.770E-06 4.44 0.0819 not significant 
Pure Error 5.200E-06 4 1.300E-06    
Cor Total 0.0809 28     

A = Power; B = Time; C = F/S Ratio; D = Leaf Size 
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         Figure 8. Predicted vs actual ANOVA 

 
4. Conclusion 

The optimum yield of basil oil was 
0.3076% at 300 W power, 90 minutes, 1.75 
cm leaf size, and an F/S ratio of 0.75 g/mL. 
The quality of basil oil was good, as 
indicated by its low solubility in 96% 
ethanol and a density value of 0.961 g/mL, 

which was in line with the standard value 
according to the Essential Oil Association 
(EOA). The main components of basil oil 
extracted using the MAHD method were E-
citral at 46.79% and Z-citral at 38.17%. The 
basil oil obtained was more effective 
against E. coli bacteria because it had a 
larger inhibition zone than S. aureus. 
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Abstrak 
Bioetanol merupakan bentuk energi terbarukan yang digunakan dalam mengurangi ketergantungan terhadap 
penggunaan bahan bakar fosil yang menimbulkan berbagai dampak negatif terhadap lingkungan. Ulva sp. 
mengandung karbohidrat yang tinggi sehingga berpotensi sebagai bahan baku produksi bioetanol. Penelitian ini 
bertujuan untuk mengidentifikasi konsentrasi asam, waktu hidrolisis, dan daya microwave untuk mendapatkan 
proses dekomposisi yang optimal menggunakan metode microwave-assisted hydrolysis dengan pelarut asam 
(H2SO4). Optimasi dilakukan dengan menggunakan beberapa parameter seperti waktu hidrolisis, daya 
microwave, dan rasio massa bahan baku terhadap volume pelarut. Hasil uji ANOVA menunjukkan bahwa 
parameter waktu, daya, serta rasio bahan dan pelarut pada proses hidrolisis berpengaruh signifikan terhadap 
kadar gula pereduksi yang diperoleh, yang didukung oleh nilai R2 sebesar 0,9892. Kadar gula pereduksi 
tertinggi pada penelitian ini yaitu sebesar 19,71 mg/mL pada parameter kondisi operasi berupa waktu hidrolisis 
selama 15 menit, daya microwave 450 W, dan rasio massa bahan baku terhadap volume pelarut 0,065 g/mL. 
Kata kunci: bioetanol; gula pereduksi; hidrolisis; microwave-assisted hydrolysis; Ulva sp. 
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Abstract 

Bioethanol is a renewable energy used to reduce dependence on fossil fuels, 
which have negative impacts on the environment. Furthermore, Ulva sp. contains 
high levels of carbohydrates, making it potentially suitable as a raw material for 
bioethanol production. Therefore, this study aims to determine the optimal 
decomposition process using the microwave-assisted hydrolysis method with an 
acid solvent (H2SO4), by examining the effects of acid concentration, hydrolysis 
time, and microwave power. Optimization was carried out using several 
parameters such as hydrolysis time, microwave power, and the ratio of raw 
materials to solvents. The ANOVA test results showed that the hydrolysis variable 
parameter had a significant effect on the reducing sugar content obtained, 
evidenced by the R2 value of 0.9892. The highest reducing sugar content of 19.71 
mg/mL was produced under the operating conditions of 15 min hydrolysis time, 
450 W microwave power, and 0.065 g/mL ratio of raw material to solvents. 

Keywords:  bioethanol; hydrolysis; microwave-assisted hydrolysis;  reducing 

sugar; Ulva sp.  
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1. Introduction 
As Indonesia continues to witness 

advancements and progress in multiple 
areas, including population growth, 
transportation sector expansion, and 
technological developments, the demand 
for fuel energy in the country has 
experienced a consistent rise year after 
year [1,2]. According to the World Energy 
Agency, the world's demand for energy 
will increase by up to 45% or 
approximately 1.6% annually by 2030. 
However, the primary energy supply is still 
dominated by the use of fossil fuel energy 
which contributes to increased carbon 
dioxide gas emissions and significant 
changes to climate instability [3-5]. Carbon 
emissions originating from the burning of 
carbon compounds such as carbon dioxide 
(CO2), diesel, and other fuels are the 
biggest contributors to climate change, 
leading to a rise in the earth's temperature 
[6]. To reduce dependence on fossil fuels, 
efforts must be made to develop biomass 
conversion into bioethanol [7-9].  

Bioethanol is a form of renewable 
energy that has various advantages, such as 
a high octane rating, easy-to-obtain raw 
materials, and environmental friendliness 
[10, 11]. Meanwhile, macroalgae have 
been considered the 3rd generation of 
biomass for the production of bioethanol 
and other forms of biofuels due to their 
high carbohydrate content of up to 60% 
[12-14]. This innovation certainly supports 
government programs related to 
accelerating the development of new 
renewable energy with targets of fulfilling 
23% and 31% of the total national energy 
demand in 2025 and 2050 respectively 
[15].  

 Ulva sp. commonly known as sea 
lettuce is a type of macroalgae commonly 
found in Indonesian waters [7, 16]. It has a 

morphology consisting of small cells 
which are colonies in the form of branched 
filaments and its vegetative cell division 
occurs in more than one area. Furthermore, 
Ulva sp. belongs to the Chlorophyta 
division because it contains high 
chlorophyll content, evidenced by its green 
leaves [17,18]. It also contains 
carbohydrates, protein, lipids, and ash of 
up to 50.34%, 25.69%, 2.31%, and 21.66% 
respectively [19]. The high carbohydrate 
content has the potential to be used as a 
raw material for bioethanol through the 
role of bacterial and yeast microorganisms 
[20-22]. Several species of Ulva sp. with a 
high carbohydrate content include Ulva 
fasciata (43.0%), Ulva lactuca (54.3%), 
Ulva pertusa (52.3%), and Ulva rigrida 
(53%) [23]. Bioethanol yields based on 
various biomass sources are presented in 
Table 1 [24].  

Table 1. Bioethanol yield from various 
biomass sources 

Biomass Yield (L/ha) 
Sorghum 3.050 - 4.070 

Corn 3.460 - 4.020 
Beet sugar 5.010 - 6.680 
Cassava 3.310 
Corncob 3.460 - 4.020 

Algae 46.760 - 140.290 
 

One of the main steps in the 
conversion of macroalgal biomass into 
chemicals and biofuels is the 
deconstruction of complex carbohydrates 
into sugars [25, 26]. Reducing sugars 
include monosaccharides such as fructose, 
glucose, and galactose, as well as 
disaccharides namely maltose and lactose. 
However, they do not include 
polysaccharides such as starch and sucrose 
[27]. Hydrolysis is a step used to break 
down the algae cell wall and convert 
complex carbohydrates into simple sugars, 
which will then be fermented to produce 
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ethanol [28]. Conventional hydrolysis 
processes generally use concentrated 
strong acids [29, 30]. These strong acids, 
such as hydrochloric acid (HCl) or sulfuric 
acid (H2SO4), have several drawbacks, 
including negative impacts on the 
environment, long reflux times, and low 
yields due to very fast decomposition. [29, 
31].  

The relatively slow hydrolysis 
process can be overcome by using 
microwave assistance [32, 33]. The use of 
microwave irradiation can increase the rate 
of carbohydrate hydrolysis into glucose by 
50-80% [34, 35]. Furthermore, microwave 
heating shortens the hydrolysis time and 
reduces energy consumption, making it 
effective in preventing the formation of 
other unwanted products [11, 31, 36]. 
Pretreatment of algae biomass using a 

microwave at a power of 360 W for a 
relatively short time of 5-10 min exhibited 
optimal conditions for the release of 
organic compounds [37, 38]. Various 
previous studies regarding the hydrolysis 
of Ulva sp. are shown in Table 2. 

Based on the background in Table 2, 
further study is needed on the production 
of biomass-based bioethanol raw material 
in the form of Ulva sp. commonly found in 
Indonesian waters. Therefore, this study 
aims to determine the optimal 
decomposition process of Ulva sp. with the 
Microwave-Assisted Hydrolysis (MAH) 
method using an acid solvent (H2SO4). 
Optimization was performed with 
parameters of hydrolysis time, microwave 
power, as well as the ratio of materials to 
solvents. 

  

Table 2. Studies on Hydrolysis of Ulva sp.  
Raw Materials Methods and Results Ref 
Ulva reticulata Acid hydrolysis with 2% H2SO4 (150°C, 50 min) yielded a reducing sugar 

content of 27.30 g/L 
[39] 

Ulva reticulata Acid hydrolysis with H2SO4 2% v/v (75−150°C, 30 min) yielded a 
reducing sugar content of 2.3−23.7 g/L 

[21] 

Ulva lactuca  Hydrothermal hydrolysis by autoclaving (121°C, 30 min) yielded a 
reducing sugar content of 2.9% 

[40] 

Ulva lactuca  Acid hydrolysis using H2SO4 ( with concentrations of 2, 3,5, and 5%; for 
60, 90, and 120 min, at 121°C) yielded a reducing sugar content of 29,050 
mg/L 

[41] 

Ulva rigrida  Acid hydrolysis using H2SO4 and HCl (0-10% v/v, autoclaved for 30, 45, 
and 60 min) yielded a reducing sugar content of 342 mg/g 

[12] 

Ulva fasciata  Enzymatic hydrolysis with cellulase 2% v/v in a volume of 20 mL of 
sodium acetate buffer (36 h incubation, 45°C, 150 rpm) yielded a reducing 
sugar yield of 206.82 ± 14.96 mg/g 

[42] 

Ulva lactuca Acid hydrolysis with 4% H2SO4 (80°C, 120 min) yielded a sugar yield of 
155 mg/g 

[43] 

Ulva sp. Acid hydrolysis with 2% H2SO4 (autoclaved 121°C, 30 min) yielded a 
sugar yield of 225 mg/g 

[26] 

Ulva sp.  Acid hydrolysis with 4% H2SO4 (121°C, 20 min) yielded a reducing sugar 
content of 21.1% 

[19] 

Ulva sp.   Hydrolysis with the addition of polyoxometalate (POM) in the microwave 
(4-10 min, 140°C) yielded a sugar content of 349-435 mg/g 

[44] 

Ulva prolifera Enzymatic hydrolysis using S. cerevisiae at pH 4.8, temperature 50°C, 48 
h, yielded reducing a sugar content of 0.42 g/g 

[45] 

Ulva fasciata  Enzymatic hydrolysis with cellulase (sodium acetate buffer pH 4.8, 45°C, 
36 h) yielded a reducing sugar content of 20.6 g/L 

[46] 

   

http://creativecommons.org/licenses/by-nc-sa/4.0/


Bekti Palupi*), Muhammad Rizalluddin, Kiki Septianti, Istiqomah Rahmawati, Boy Arief Fachri, Meta Fitri 
Rizkiana, Helda Wika Amini 
 
Optimization of Ulva sp. Decomposition using H2SO4 with Microwave-Assisted Hydrolysis Method as 
Feedstock of Bioethanol  

 CHEESA, 6(1), pp 13-25, 2023 | 16   
This work is licensed under the CC BY-NC-SA  
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )  

2. Research Methods 
2.1 Tools and Materials 

The tools used in this study were a 
blender (Philips-HR2115), 100 mesh sieve 
(CBN), container, analytical balance 
(OHAUS-PX224), measuring cup (Pyrex), 
Erlenmeyer (Pyrex), round bottom flask 
(DURAN), condenser, microwave 
(Electrolux-EMM2308X), model 752AP 
UV-Vis spectrophotometer, metal spatula, 
dropping pipette, measuring pipette, vials, 
micropipette and tip, test tube and rack, 
cuvette. Meanwhile, the materials used 
were Ulva sp. (from the Cemara Indah 
Beach area, Situbondo, East Java), 
aquadest, sulfuric acid (H2SO4) 98% p.a 
(Smartlab), 3,5-dinitrosalicylic acid p.a 
98% (Sigma Aldrich), anhydrous glucose 
p.a (Merck), potassium sodium tartrate 
(Kna-Tartrate) p.a (Pudak), and technical 
2M NaOH solution (ROFA). 

 
2.2 Methods 

The procedures followed included 
the pretreatment, the hydrolysis, and the 
analysis stage for reducing sugar levels, as 
well as statistical analysis using the 
Response Surface Methodology (RSM) as 
shown in Figure 1.  

Ulva sp. pretreatment stage began 
with a washing process to remove sand and 

other impurities. Subsequently, it was 
conventionally dried in direct sunlight for 
2-3 days, until the mass reached a constant 
value and obtained a texture that could be 
easily crushed [47]. The water content used 
was 10%, then Ulva sp. was reduced in 
size by grinding using a blender. The 
sample was filtered using a 100 mesh sieve 
[41], yielding a powder with a uniform size 
of 0.147 mm.  

Furthermore, the hydrolysis process 
was conducted using sulfuric acid (H2SO4). 
The series of tools used during the process 
included a microwave as shown in Figure 
2. Ulva sp. powder was weighed with 
variations in the ratio of the mass to the 
volume of solvent between 0.03-0.1 [19, 
21]. An analytical balance was used to 
measure the powder, and 100 mL of 2% 
(v/v) sulfuric acid solution (H2SO4) was 
added [39][21]. The hydrolysis process 
was carried out using a microwave with a 
power of 150-450 W [37] over a period of 
5-15 min [38]. Afterward, the hydrolyzate 
results were cooled in the beaker glass 
until room temperature was reached. The 
hydrolyzate was then filtered using filter 
paper to separate the filtrate from the 
residue. The filtrate obtained was placed 
into a vial for further testing of reducing 
sugar levels. 

 

 
Figure 1. Study procedure 

 
Figure 2. MAH process toolset 
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2.3 Analysis of Reducing Sugar Levels 
The analysis of reducing sugar levels 

was carried out using a reagent in the form 
of 3,5-dinitrosalicylic acid (DNSA) and a 
spectrophotometer. Absorbance as a 
quantitative analysis was assessed based on 
the Lambert-Beer Law [48] which states 
that "The amount of visible light radiation 
(ultraviolet, infrared, etc.) absorbed or 
transmitted by a solution is an exponential 
function of the concentration of the 
substance and the thickness of the 
solution" [49]. The absorbance obtained 
showed the ratio of the absorbed light to 
the incident light intensity. The resulting 
absorbance value was directly proportional 
to the concentration of the substance 
contained in the sample [50].  

DNSA is an aromatic compound that 
reacts with reducing sugar to form 3-amino 
5-nitrosalicylic acid characterized by a 
reddish-orange color change [31]. The 
testing stages included sample preparation, 
preparing DNSA reagents, creation of 
glucose standard solutions and curves, as 
well as determining reducing sugar levels. 
The hydrolyzed sample was filtered using 
filter paper to separate it from the residue. 

To prepare the DNSA reagent, 1 g of 
DNSA was added to 20 mL of 2M NaOH 
and then homogenized. Separately, 30 g of 
KNa Tartrate was dissolved in distilled 
water and the two solutions were 
homogenized using a hotplate with a 
magnetic stirrer. The solution was placed 
in a 100 mL volumetric flask and added 
with distilled water to the limit and further 
homogenized. The homogeneous solution 
was then placed in a 100 mL reagent bottle 
[51].  

Standard glucose solutions were 
made in concentrations of 200, 300, 400, 
500, 600, and 1000 ppm. A total of 0.5 mL 
of glucose solution was added to 0.5 mL of 

DNSA reagent and 1 mL of distilled water 
in a test tube. The glucose solution was 
homogenized and heated in a water bath 
(boiling water) for 5 min. It was then 
cooled to room temperature, added with 
distilled water to a final volume of 5 mL, 
and homogenized. Absorbance values were 
measured using UV-Vis spectrophotometry 
at a wavelength (λ) of 540 nm. Afterward, 
a standard curve was made to determine 
the linear regression equation which was 
used in determining the sample 
concentration [51].  

The reducing sugar levels were 
tested by taking 3 mL of the sample 
solution into a test tube and adding 0.5 mL 
of DNSA reagent along with 1 mL of 
distilled water. The mixture was 
homogenized and heated in a water bath 
(boiling water) for 5 min. It was then 
cooled at room temperature, added with 
distilled water to a final volume of 5 mL, 
and then homogenized. Absorbance 
measurements were carried out using UV-
Vis spectrophotometry at a wavelength (λ) 

of 540 nm [39, 52]. 

Table 3. Variation of Ulva sp. hydrolysis data 

No. A  
(mins) 

B  
(W) 

C 
(g/mL) 

1 10 150 0.1 
2 5 150 0.065 
3 10 450 0.1 
4 15 150 0.065 
5 5 300 0.03 
6 15 450 0.065 
7 10 300 0.065 
8 10 300 0.065 
9 10 150 0.03 
10 5 300 0.1 
11 15 300 0.1 
12 15 300 0.03 
13 10 300 0.065 
14 10 450 0.03 
15 5 450 0.065 
16 10 300 0.065 
17 10 300 0.065 
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2.4 Data analysis 
Data analysis used the Design Expert 

software version 13, adapted to the 
Response Surface Methodology (RSM) 
approach and the Box-Behnken Design 
(BBD) model [53] for 17 runs. Table 3 
shows that A is the hydrolysis time (min), 
B is the microwave power (W), and C is 
the ratio of the mass of the raw material to 
the volume of solvent (g/mL). 
 
3. Results and Discussion 
3.1 Results of Reducing Sugar Levels 

To determine the reducing sugar 
levels, the standard glucose curve was 
initially derived to ascertain the most 
suitable linear regression equation. This 
curve was obtained by measuring the 
absorbance of standard solutions at various 
concentrations of 200, 300, 400, 500, 600, 
and 1000 ppm. Based on the curve in 
Figure 3, a linear regression equation was 
obtained for y = 0.0004x - 0.0117, with an 
R2 value of 0.9937. 

The results of reducing sugar levels 
obtained from the hydrolysis of Ulva sp. 
using the MAH method are presented in 
Table 4. As shown in the table A, B, and C 
represent the hydrolysis time, the 
microwave power, and the ratio of the 
mass of the raw material to the volume of 
the solvent. The highest reducing sugar 
content of 19.71 mg/mL was obtained at 
operating conditions of 15 min hydrolysis 
time, 450 W microwave power, and 0.065 
g/mL ratio of raw material mass to solvent 
volume. Meanwhile, the lowest value of 
1.67 mg/mL was obtained at similar 
operating conditions of 5 min, 300 W, and 
0.1 g/mL respectively. Kolo et al. [21] 
produced a lower reducing sugar content 
compared to this study, with a value of 2.3 
g/L or equivalent to 2.3 mg/mL when 
hydrolyzed using H2SO4 at 75°C. This 

variation was probably due to differences 
in operating conditions used in the 
hydrolysis process. 

 
Figure 3. Glucose standard solution curve 

Table 4. Reducing sugar levels in the filtrate 
hydrolyzed by Ulva sp. 

No. A 
(min) 

B  
(W) 

C 
(g/mL) 

Reducing 
sugar 
levels 

(mg/mL) 
1 10 150 0.100 3.31 
2 5 150 0.065 4.37 
3 10 450 0.100 5.04 
4 15 150 0.065 7.3 
5 5 300 0.030 4.73 
6 15 450 0.065 19.71 
7 10 300 0.065 5.24 
8 10 300 0.065 5.37 
9 10 150 0.030 3.68 

10 5 300 0.100 1.67 
11 15 300 0.100 7.74 
12 15 300 0.030 18.81 
13 10 300 0.065 5.24 
14 10 450 0.030 19.23 
15 5 450 0.065 4.16 
16 10 300 0.065 6.89 
17 10 300 0.065 6.22 

 
3.2 The Effect of Parameters on Reducing 

Sugar Levels 
Figure 4 is a graph showing the 

effect of each variable used in the 
hydrolysis process of Ulva sp. including 
hydrolysis time, microwave power, and 
mass ratio of raw materials to solvent 
volume on the reducing sugar content. 
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Based on the results, the concentration of 
reducing sugars was strongly influenced by 
hydrolysis time, as shown in Figures 4(a) 
and 4(b). There was an increase in the 
reducing sugar from 4.37 mg/mL to 7.3 
mg/mL along with an extended hydrolysis 
time from 5 to 15 min, at similar 
microwave power and the ratio of material 
to solvent conditions. 

Figure 4(a) shows that the highest 
reducing sugar yield was obtained after 15 
min of hydrolysis time. This was consistent 
with Ngamput & Herrani [54] which used 
variations of hydrolysis time namely 15, 
30, 45, and 60 min. The results obtained 
showed an increase in ethanol content. 
This was because the longer the hydrolysis 

process, the more carbohydrates were 
degraded into reducing sugars (glucose) 
[41].  

Figures 4(a) and 4(c) also show that 
the higher the microwave power, the 
greater the reducing sugar content 
produced. This was in accordance with the 
studies conducted by Kumar et al. [37] and 
Kavitha et al. [55] with varying microwave 
power of 90−630 W. The results showed 
that 2 phases of organic release occurred, 
namely in the range of 90-270 W (minor 
phase) and 360-630 W (major phase). In 
the major phase, there was a significant 
increase in the release of organic matter 
[37, 55]. 

 
(a) 

 

 
(b) 

 
(c) 

Figure 4. Variable relationship to reducing sugar content between (a) hydrolysis time (min) and 
microwave power (W); (b) raw material mass ratio to solvent volume (g/mL) and hydrolysis 
time (min); (c) raw material mass ratio to solvent volume (g/mL) and microwave power (W) 
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Based on Figures 4(b) and 4(c), the 
ratio of the raw material in the form of 
Ulva sp. to solvent (H2SO4) indicated that 
the higher the ratio, the lower the reducing 
sugar content produced. Hydrolysis 
treatment with a ratio of 0.03 g/mL (3 g 
Ulva sp. in 100 mL H2SO4) for 5 min 
yielded a reducing sugar content of 4.73 
mg/mL. Meanwhile, in the treatment with 
a ratio of 0.1 g/mL solvent (10 g Ulva sp. 
in 100 mL H2SO4), the reducing sugar 
level was reduced to 1.67 mg/mL. This 
was attributed to the high ratio of 
ingredients which reduced the 
homogeneity of Ulva sp. powder in the 
MAH process. The insufficient amount of 
liquid and high viscosity caused by the 
high ratio of ingredients posed a challenge 
to the decomposition reaction, leading to a 
decrease in the yield of reducing sugars. 
These results were in line with Dave et al. 
[56] stating that a higher dose of 
macroalgae reduced its homogeneity with 
the solvent, thereby prolonging the 
hydrolysis time [57]. 

3.3 Analysis of Variance (ANOVA) 
Analysis of variance was used to 

determine the effect of a combination of 
process variables on the resulting response 
[58]. The results obtained from the analysis 
are shown in Table 4. The parameters were 
considered significant when the p-value 
(probability) was <0.05 or α=5% according 
to a predetermined level of significance 
[58]. In this study, the p-value for the 
model was <0.001 indicating that the 
variable hydrolysis time, microwave 
power, and the ratio of raw material mass 
to solvent volume had an effect on the 
reducing sugar content obtained. 
Furthermore, the lack of fit demonstrated 
the level of deviation or inaccuracy of the 
model. The p-value for the lack of fit was> 
0.05 indicating not significant results [59]. 
The p-value obtained for the lack of fit was 
0.2483 (not significant) implying the 
suitability of the response to the model. 

 

Table 5. ANOVA test results 

Source Sum of 
Squares df Mean 

square F-value p-value  

Model  526.41 9 58.49 70.91 < 0.0001 significant 
A- Hydrolysis time 186.53 1 186.53 226.15 < 0.0001  
B- Microwave power 108.63 1 108.63 131.70 < 0.0001  
C-Ratio of raw 
materials to solvents  

102.89 1 102.89 124.74 < 0.0001  

AB 39.82 1 39.82 48.27 0.0002  
AC 16.04 1 16.04 19.45 0.0031  
BC 47.75 1 47.75 57.89 0.0001  
A2 13.01 1 13.01 15.77 0.0054  
B2 7.51 1 7.51 9.10 0.0195  
C2 1.99 1 1.99 2.41 0.1642  
Residual  5.77 7 0.8248    
Lack of Fit  3.60 3 1.20 2.20 0.2301 not significant 
Pure Error  2.18 4 0.5441    
Cor Total  532.18 16     

A = hydrolysis time; B = microwave power; C = raw material mass ratio to solvent volume 
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The R2 value obtained was greater or 
closer to 1 indicating a better model [59]. 
The results of the ANOVA analysis 
presented in Table 5 show that R2 was 
0.9892, implying a significant relationship 
between hydrolysis time, microwave 
power, and the ratio of the mass of the raw 
material to the volume of solvent with the 
reducing sugar content obtained. The 
Adjusted R2 and Predicted R2 values were 
considered reasonable because the 
difference was <0.2. 

 
Table 6. Fit Statistic  

R2 Adjusted 
R2 

Predicted 
R2 

Adeq 
precision 

0.9892 0.9752 0.8855 26.8875 
 
Mathematically, the equation model 

for determining reducing sugar content is 
shown in Equation (1). A positive 
parameter coefficient indicated an increase 
in the value of the reducing sugar content, 
and vice versa. Based on the results, the 
ratio of the mass of the raw material to the 
volume of solvent did not significantly 
affect the reducing sugar content, as 
indicated by the negative equation 
coefficient. 

The suitability between the 
experimental data and the model is 
demonstrated based on the porosity plot 
graph in Figure 5. 
Y = 5.79 + 4.83A + 3.69B – 3.59C + 

3.15AB – 2.00AC – 3.46BC + 1.76A2 
+ 1.34B2 + 0.6878C2 ..............................(1) 

where, 
Y = reducing sugar content (mg/mL) 
A = hydrolysis time (min) 
B = microwave power (W) 
C = raw material mass ratio to solvent volume 
(g/mL) 

 
Figure 5. Comparison of model data with 

experimental data 

4. Conclusion 

In conclusion, the optimization of the 
hydrolysis process of Ulva sp. using the 
MAH method, with the Response Surface 
Methodology (RSM) model of the Box-
Behnken Design (BBD), has demonstrated 
the significant impact of hydrolysis time 
(min), microwave power (W), and the ratio 
of the mass of the raw material to the 
volume of solvent (g/mL) on reducing 
sugar levels. This conclusion is further 
supported by the ANOVA test, which 
yielded an R2 value of 0.9892. The highest 
reducing sugar content of 19.71 mg/mL 
was achieved by employing a hydrolysis 
time of 15 min, microwave power of 450 
W, and a ratio of raw material mass to 
solvent volume of 0.065 g/mL. 
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Abstrak 
Salah satu langkah terpenting dalam proses pulping adalah proses pemasakan. Tujuan dari proses pemasakan 
ini adalah untuk memisahkan selulosa dan hemiselulosa dari lignin dan produk sampingan lainnya. Dalam 
proses pemasakan pada digester, banyak faktor yang harus diperhatikan untuk menciptakan kualitas pulp yang 
baik, yaitu H-Factor, karena sangat mempengaruhi bilangan kappa dan viskositas dalam proses pulping. H-
Factor yang tinggi akan merusak kekuatan pulp. Penggunaan alkali aktif harus sesuai dengan tujuan produksi 
yang ingin dicapai. Ketika alkali aktif ini terlalu rendah maka yield pulp akan rendah. Kualitas pulp pada 
industri Pulp and Paper meliputi beberapa standar antara lain bilangan kappa adalah 12-18 pada proses 
digester, viskositas sekitar 23 mPa.s, dan H-Factor yang digunakan bergantung pada target produksi.  
Kata kunci: alkali aktif; bilangan kappa; H-Factor; proses pemasakan; viskositas 
 
 
1. Introduction 

A major part of the pulp production 
process is the digester [1]. The digester has 
several parameters such as temperature and 
time, which are expressed in H-Factor 
during the cooking process. This H-Factor 
has a significant effect on pulp quality, 
namely the kappa number, and viscosity. 
The kappa number is used to express the 

amount of lignin remaining in the pulp and 
the viscosity determines the strength of the 
pulp produced [2]. In this unit, temperature 
and residence time during cooking are 
among the parameters that determine pulp 
quality as well as the amount of time and 
chemicals consumed. 

In the pulp production process, one 
important factor to be considered is the
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Abstract 

One of the most important steps in pulping is the cooking process, which serves 
to separate the cellulose and hemicellulose from lignin and other by-products. 
During the cooking process in the digester, various factors must be considered to 
create high-quality pulp. Among these factors, the H-Factor plays a significant 
role due to its impact on the kappa number and viscosity in the pulping process. 
A high H-Factor can also damage the strength of the pulp. Therefore, this 
research aims to investigate the effect of the H-Factor and active alkali on pulp 
yield and quality. The active alkali used was in line with the desired production 
objectives, as insufficient levels of active alkali can lead to a low yield of pulp. 
Meanwhile, pulp quality standards in the Pulp and Paper Industry included 
kappa number of 12-18 in the digester process, an approximate viscosity of 23 
mPa.s, and the selection of H-Factor based on the desired production target.  

Keywords:  active alkali; cooking process; H-Factor; kappa number; viscosity  
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relationship between time and temperature, 
which is expressed in the H-Factor [3]. 
When the H-Factor is excessively high, it 
can cause the chips to overcook, resulting 
in the reduction of the lignin content due to 
maximum degradation. This will bereave 
more cellulose fibers due to the 
degradation process that causes a decrease 
in pulp quality. However, a low H-Factor 
has a negative impact, as it indicates that 
the wood chips are not cooked well and 
need to be reprocessed, resulting in 
increased consumption of time and 
chemicals.  

Several parameters including the H-
Factor need to be considered to obtain 
high-quality pulp [4]. The H-Factor is one 
of the cooking variables that should be 
considered when processing wood chips in 
the digester unit due to its relationship with 
the strength of the pulp (viscosity) and the 
amount of lignin remaining in the chips 
(kappa number). Therefore, this research 
aims to examine the kappa number and 
viscosity values of the pulp obtained from 
the blow tank with varying H-Factor.  

2. Research Methods  
Several steps were taken to 

determine the effect of the H-Factor on the 
kappa number and viscosity of pulp in 
continuous digesters. These included 
literature research, data collecting, data 
processing, calculation of white liquor 
composition, and analysis of the effect of 
the H-Factor on kappa number and 
viscosity. The representation of the 
research steps is shown in Figure 1. 

The required data for this research 
were obtained from observations made at 
the Digital Control System (DCS) in the 
Pulp and Paper industry. The data were 
collected based on the production results 
from May to July 2022 at PT. Tanjung 

Enim Lestari Industry Pulp and Paper, 
Tanjung Enim, South Sumatera. 

Data collecting (production rate, H-Factor) 

 
Data processing and Calculation of white 
liquor composition 

 
Analysis of the effect of H-Factor on kappa 
number and viscosity 

Figure 1. Flow chart of research 

3. Result and Discussion 
The two factors that influence chip 

maturity in solvents are time and 
temperature during cooking, which 
significantly affect pulp quality. Moreover, 
the H-factor represented the relationship 
between cooking time and temperature. 
This H-Factor aims to achieve a pulp 
viscosity standard of 23 mPa.s and a kappa 
number ranging from 12 to 18. These two 
parameters must meet the standards 
because when the viscosity is too high, it 
will create a pulp that is prone to breakage. 
For example, excessively high kappa 
numbers cause yellow spots in the pulp 
produced, while lower values result in the 
easy breakdown of cellulose fibers. [5]. In 
a Pulp and Paper Industry, the primary 
objective is to ensure pulp quality and meet 
production targets. To achieve this, the 
pulp digester unit must optimize the 
production rate that meets the kappa 
number with minimum chemical and 
energy inputs through the arrangement of 
the H-Factor [6]. 

3.1 Effect of H-Factor on Production Rate 
In this research, the H-Factor used in 

the digester unit was determined by the 
production rate. It ensured the attainment 
of effective temperature and residence time 
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during chip cooking and produced optimal 
pulp quality. Table 1 provided the data on 
production levels with their respective H-
Factors. 

Table 1 showed the best data for 
each production target based on the quality 
parameters of viscosity, brightness, and 
kappa number, which were close to the 
standardized values. The higher the 
production rate, the greater the H-Factor 
used and the more optimal the pulp quality. 
Based on the observation data in Table 1, 
the best pulp production was obtained at 
the target of 1500 ADT/d with an H-Factor 
of 1175. This resulted in a kappa number 
of 15.8, a viscosity of 20.5 mPa.s, and a 
brightness value of 29.5% ISO. These 
values fulfilled the required pulp quality 
standards in the Pulp and Paper industry. 
Moreover, the use of a higher or optimal 
H-Factor used caused a greater degradation 
of lignin, yielding a higher brightness 
value, with optimum kappa number, and 
viscosity [7]. 

The use of a low H-Factor in high 
production resulted in a non-optimal kappa 
number and pulp viscosity which required 
higher active alkali consumption and 
production cost [7]. 

3.2 Effect of H-Factor on Kappa Number 
and Viscosity  

The H-Factor used in the cooking 
stage played crucial in determining the 
value of the kappa number and viscosity of 
the pulp. Based on previous research, a 

higher or optimized H-Factor used will 
result in greater lignin degradation, 
indicating more effective temperature and 
residence time during chip cooking [8]. 

Figures 2 (a) and (b) showed the 
contrasting relationship between H-Factor 
and both the kappa number and viscosity. 
The results revealed that as the H-Factor 
increased, there was a corresponding 
decrease in the value of kappa number and 
viscosity, indicating a significant 
degradation in lignin. Kappa numbers 
standard obtained ranged from 12 to 18 
and no statistically significant differences 
were observed.  

 
(a) 

 
(b) 

Figure 2. (a) Relationship between H-Factor 
and Kappa Number, (b) 
Relationship between H-Factor and 
Viscosity at a Production rate of 
1200 ADT/d  

 
Table 1. H-Factor at each production level 

Date Production Rate 
(ADT/d) H-Factor 

Viscosity 
(mPa.s) 

Kappa Number Brightness 
(%ISO) 

09/05/22 1200 1125 19.7 14.9 27.7 
03/07/22 1300 1145 19.4 15.7 29.4 
02/06/22 1400 1175 20.4 15.8 29.4 
04/05/22 1500 1175 20.5 15.8 29.5 
26/06/22 1600 1150 19.1 15.0 29.0 
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The kappa number increased at an H-
Factor of 1150 and decreased at the highest 
H-Factor. These results showed that H-
Factor served as a useful tool to predict 
and control the rate of delignification, even 
when employing different combinations of 
pulping time and temperature. The 
viscosity increased with H-Factor due to 
the removal of hemicellulose and the 
weakening of cellulose in the extractive 
step. However, the viscosity decreased due 
to cooking treatments [9]. 

Figures 3 (a) and (b) showed the 
inversely proportional relationship between 
H-Factor and both the kappa number, and 
viscosity. Based on the results, the higher 
the H-Factor used, the lower the value of 

the kappa number. This indicated that more 
lignin was degraded during the cooking 
process.  

The kappa number was influenced by 
the cooking liquid ratio and control 
parameters such as H-Factor or increased 
cooking time. When using a low active 
alkali with a long cooking time or vice 
versa, the factor was influenced by the 
moisture content of the wood.  

In this production, a decrease in 
viscosity was observed at the H-Factor of 
1600. The initial increase in viscosity was 
due to a decrease in hemicellulose content 
or a high degree of polymerization (DP) of 
the pulp in the remaining cellulose 
fraction.  

 

 

 

 
Figure 3. (a) Relationship between H-Factor and Kappa Number, (b) Relationship between H-Factor 

and Viscosity at a Production rate of 1300 ADT/d  

 

  
Figure 4. (a) Relationship of H-Factor and Kappa Number, (b) Relationship of H-Factor and Viscosity 

at a Production rate of 1400 ADT/d 
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The maximum viscosity with 
extraction severity indicated that the use of 
a high H-Factor resulted in fiber breakage 
due to increased accessibility of cooking 
liquor to crystalline cellulose. Therefore, to 
maintain fiber strength and crystallinity at 
this level of extraction, the cooking liquor 
should be weaker [9].  

Figures 4 (a) and (b) showed that the 
relationship between H-Factor and both 
kappa number and viscosity was inversely 
proportional. This indicated that the higher 
the H-Factor used, the lower the value of 
the kappa number. However, in the H-
Factor of 1250, the kappa number had 
increased slightly. This was not in line 
with the theory, where a higher H-Factor 
caused a decrease in the kappa number. 
For the H-Factor of 1250 that contrast with 
theory, high kappa numbers occurred due 
to the low active alkali charge used in the 
cooking process [9], as indicated by the 
large number of rejects produced. The low 
active alkali charge made the kappa 
number still significantly high. The use of 
excessively low active alkali charge also 
produced more rejects of undesired pulp 
[10]. This rejection was caused by 
uncooked wood chips in the digester 
because the incomplete delignification 
process decreased pulp quality. Therefore, 

the use of active alkali loading should be 
considered to obtain the best pulp quality 
[9]. In this research, the viscosity value 
increased at H-Factor 1250.  

Most of the increase in viscosity 
increase can be traced to the removal of 
hemicellulose and high cellulose content. 
The removal of the hemicellulose 
increased the crystallinity index of pulp 
fibers in the softwood fibers [9]. 

Figure 5 (a) showed that there was 
no continuity between the theory of the H-
Factor and the kappa number. Furthermore, 
the relationship between H-Factor and 
kappa number was directly proportional. 

Pascoal, et al stated that variations in 
time during cooking with a constant 
temperature affected the value of the kappa 
number. This was because a longer 
cooking time caused a reduction in the 
value of the kappa number and vice versa 
[11]. The cooking time was also directly 
proportional to H-Factor. Therefore, it can 
be concluded that the increase in kappa 
number in Figure 5 (a) was caused by high 
cooking temperature with low time. A 
decrease in kappa value was in line with 
the increasing H-Factor and cooking 
temperature, leading to more degradation 
of lignin. 
 

 

 

 

 
Figure 5. (a) Relationship of H-Factor and Kappa Number, (b) Relationship of H-Factor and Viscosity 

at a Production rate of 1500 ADT/d  
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The main objective of cooking is to 
reduce the lignin content, as measured by 
the kappa number as a standard. An 
increase in active alkali content leads to a 
decrease in pulp yield. Therefore, the 
higher the active alkali content used during 
the cooking process, the lower the pulp 
yield. Every 1% increase in active alkali 
content will also reduce pulp yield by 
0.15% due to the high degree of 
delignification [12]. 

The relationship between H-Factor 
and viscosity shown in Figure 5 (b) was 
inversely proportional. The results showed 
that the higher the H-Factor used, the 
lower the viscosity value achieved. This 
result was in line with related research 
data, where the H-Factor value was 
inversely proportional to the viscosity 
value [7]. However, at lower H-Factor 
variations of 1100, 1120, and 1145 there 
was a high viscosity value. Viscosity was a 
function of cellulose fiber degradation in 
the pulping process (Tappi T-230). In this 
context, temperature ranging from 150 to 
170oC was the main driving force for 
degrading the cellulose pulp structure by 
the associated viscosity decrease. The 
viscosity increased with H-Factor due to 
the removal of hemicellulose and short-
chain cellulose in the extractive step, 

which further decreased as a result of more 
severe cooking treatments.  

The high viscosity at low white 
liquor ratios can be attributed to good 
interfiber connections. Meanwhile, a 
limited amount of white liquor weakened 
the cellulose bond. [13]. The high pulp 
viscosity was expected to improve pulp 
quality, pulp strength, tensile strength, and 
ease of treatment. 

Figures 6 (a) and (b) showed that the 
relationship between H-Factor and kappa 
number was inversely proportional. This 
indicated that the higher the H-Factor used, 
the lower the kappa number. Similarly, 
previous research stated that the H-Factor 
value was inversely proportional to the 
viscosity value and kappa number [7].  

The H-Factor in the cooking process 
affected the kappa number and viscosity of 
the pulp. Based on the data, a higher 
production rate led to an increase in the H-
factor used. However, excessively high 
temperatures and cooking time can damage 
cellulose, leading to low pulp yield [14]. 
To ensure the desired chip maturity, the 
relationship between temperature and time 
must be maintained, as shown in the H-
Factor. This balance is necessary to 
achieve the desired kappa number and pulp 
viscosity.  

 

 

 

 
Figure 6. (a) Relationship of H-Factor and Kappa Number, (b) Relationship of H-Factor and Viscosity 

at a Production rate of 1600 ADT/d  

http://creativecommons.org/licenses/by-nc-sa/4.0/


 
Rizka Wulandari Putri*), Rahmatullah, Faisal Siagian 

 

The Effect of H-Factor on Kappa Number and Viscosity in Continuous Digester  
 

 CHEESA, 6(1), pp 26-33, 2023 | 32   
This work is licensed under the CC BY-NC-SA  
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )  

The H-Factor is a variable that needs 
to be controlled to obtain the kappa 
number of the pulp produced. When the 
kappa number value exceeds the 
standardization, it can increase the H-
Factor and vice versa [15]. 

In a cooking process system 
(digestion), many parameters must be 
considered to obtain the best results, with 
temperatures ranging from 150 to 170oC. A 
good quality pulp with a high white liquor 
content can be obtained by controlling the 
H-Factor with a short cooking time. 
However, this approach requires a high 
price for chemicals. The H-Factor is used 
as a variation of time and temperature to 
describe the cooking conditions and 
optimize the process without any wasted 
energy. The equal distribution of the white 
liquor throughout the cooking section 
enables the chips to cook at the appropriate 
temperature and time. 

 
 

4. Conclusion  
The best pulp production at the 

target of 1500 Adt/d was obtained at an H-
Factor value of 1175 with a kappa number 
parameter of 15.8, a viscosity of 20.5 
mpas, and a brightness value of 29.5% 
ISO. This indicated that higher production 
levels led to a greater H-Factor, thereby 
producing the optimal pulp quality. The 
results met the TAPPI standard such as 1-
100 of kappa number (TAPPI/ANSI T 236 
om-13) and viscosity of 7 – 27 mPa.s 
(TAPPI T 230 om-08). The H-Factor was 
also influenced by the active alkali charge 
of white liquor. The relationship between 
H-Factor and kappa number and viscosity 
was inversely proportional. This was 
shown by a decrease in viscosity and kappa 
number due to a higher H-Factor value. 
The H-Factor was used as a time 
adjustment at various cooking 
temperatures and condition estimation, in 
case of deviations from the operating 
standards. 
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Abstrak 
Tanaman Majapahit banyak ditemukan di Indonesia, tetapi kurang dapat dimanfaatkan oleh masyarakat 
Indonesia, karena kurangnya informasi mengenai potensi tanaman tersebut. Senyawa metabolit sekunder yang 
ditemukan salah satunya yaitu flavonoid. Tujuan penelitian ini adalah untuk mengetahui sebaran senyawa 
flavonoid ekstrak etanol daun tanaman majapahit yang berpotensi sebagai antikanker. Metode yang digunakan 
untuk ekstraksi daun tanaman majapahit yaitu maserasi, sedangkan identifikasi senyawa flavonoid pada ekstrak 
daun tanaman majapahit menggunakan LCMS (Shimadzu LCMS-8040 LC/MS). Identifikasi menggunakan 
LCMS (Shimadzu LCMS-8040 LC/MS) diketahui sekitar 97 senyawa yang terdeteksi, termasuk didalamnya 14 
senyawa flavonoid. Senyawa flavonoid yang ditemukan, yaitu; Quercetin, Chlorogenic acid, Kaempferol 3-O 
rhamnoside, Acacetin 7-rutinoside, Fortunellin, Kaempferol 3-[6”-(3-hydroxy-3-methyl glutaryl) glucoside], 
Didymin, Diosmin, Hesperidin, Rutin, Citrusoside C, Citrusoside D, Narirutin 4’-glucoside, dan Kaempferol 3-
[6”-(3-hydroxy-3-methylglutaryl)glucoside] -7-glucoside. Salah satu senyawa golongan flavonoid yang 
terdeteksi, senyawa Kaempferol 3-O rhamnoside yang memiliki komposisi tertinggi yaitu 3,90%.   
Kata kunci: daun tanaman majapahit; ekstrak etanol; flavonoid; LCMS 
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Abstract 

The Majapahit plant is commonly found in Indonesia but is rarely used due to 
a lack of information about its potential. One of the secondary metabolites 
commonly found in this plant are flavonoids. Therefore, this study aims to 
determine the distribution of flavonoid compounds in the Majapahit plant, 
particularly their potential as anticancer activty. Leaf material from Majapahit 
plants was extracted using the maceration technique, while the flavonoid 
compounds in the extract were identified using LCMS (Shimadzu LCMS-
8040 LC/MS). The identification results showed that about 97 compounds 
were detected, including 14 flavonoids. The flavonoid compounds found 
include Quercetin, Chlorogenic acid, Kaempferol 3-O rhamnoside, Acacetin 
7-rutinoside, Fortunellin, Kaempferol 3-[6”-(3-hydroxy-3-methyl glutarl) 
glucoside], Didymin, Diosmin, Hesperidin, Rutin, Citrusoside C, Citrusoside 
D, Narirutin 4'-glucoside, and Kaempferol 3-[6”-(3-hydroxy-3-
methylglutaryl)glucoside] -7-glucoside. The highest composition of the 
identified flavonoid compounds was found in Kaempferol 3-O rhamnoside, 
with a 3.90% 
 
Keywords: ethanol extract; flavonoids; Majapahit plant leaves; LCMS  
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1. Introduction  
Indonesia is renowned for its 

abundant natural resources, including a 
biodiversity of animal and plant species. 
This biodiversity produces numerous types 
and quantities of chemical compounds that 
play a crucial role in supporting life, 
particularly for humans, such as medicines 
and antibiotics. One of the chemical 
compounds that can serve this purpose is a 
group of secondary metabolites commonly 
found in plants, including Majapahit.  

Majapahit is a native plant to South 
America [1] but it can also be found in 
Indonesia. It is a member of the citrus 
family and is distinguished by enormous, 
bitter-tasting green fruits, which 
contributes to its underutilization by 
Indonesian people. Majapahit receives 
little attention and is mostly regarded as an 
ornamental plant. Therefore, it is crucial to 
conduct a study on the benefits of the 
plant, with a specific focus on the leaves 
and constituent compounds, such as 
flavonoids.  

Flavonoids are secondary 
metabolites abundantly produced in natural 
subtances. These compounds are 
concentrated in the leaves, particularly in 
full exposure sunlight area [2] because 
they function as UV radiation filters [3]. 
Flavonoids can be found in the lower and 
upper epidermis cells as well as the 
stomata of leaves.  

Within plants, flavonoids have 
various roles, including serving as 
secondary antioxidants in tissue defense 
against abiotic and biotic stressors [4], 
promoting growth, such as auxins [1], and 
providing color to plants, which can 
indicate their stress level [5]. 

The maceration method (soaking) 
was used to extract Majapahit plant leaves 
because it requires relatively simple 

equipment and is a straightforward 
process. Compounds in the extract were 
identified using LCMS (Shimadzu LCMS-
8040 LC/MS), which provided information 
about their structure [6]. Previous studies 
have been conducted on various parts of 
the Majapahit plant, including toxicity 
analysis and anticancer potential of the 
leaves using maceration with methanol 
solvent of BSLT [7], identification of 
potential anticancer compounds and in 
silico prediction on the stem bark [8], as 
well as detection and identification of 
flavonoid compounds in the ethanol extract 
of the bark using LCMS [9]. The novelty 
of this study is predicated on the 
identification and classification of 
flavonoid compounds, which are secondary 
metabolites in the ethanol extract of 
Majapahit plant leaves. Furthermore, it 
aimed to examine the fragmentation 
patterns of the flavonoid compounds with 
the highest composition.   
 
2. Research Methods 
2.1 Tools and Materials 

The main materials used were 
Majapahit plant leaves, 96% ethanol, 
methanol, and water, while the materials 
for the phytochemical test included an 
alkaline reagent. 

The tools used included a maceration 
tube, a Buchi brand rotary evaporator, and 
an LCMS (Liquid Chromatography Mass 
Spectrometry) device, specifically the 
Shimadzu LCMS-8040 LC/MS model, 
which was conducted at the 
Muhammadiyah University of Malang. 

 
2.2 Extraction of Majapahit Plant Leaves  
  Fresh Majapahit plant leaves were 
washed thoroughly with running water and 
then dried. Drying was carried out without 
direct exposure to sunlight. Subsequently, 
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The leaves were then sieved through an 80-
mesh sieve after being coarsely crushed in 
a blender. Around 100 grams. sieved 
material was then macerated with 600 ml 
of 96% ethanol. This process was carried 
out in a maceration tube and left for 3 
days. The extraction process result was 
filtered using filter paper and yielded the 
extract of Majapahit plant leaves. The 
extract was concentrated using a rotary 
evaporator. 
 
2.3 Qualitative Test for the Extract of 

Majapahit Plant Leaves 
About 1 mL of the ethanol extract 

from Majapahit plant leaves was taken and 
placed into a test tube. Furthermore, 3-5 
drops of the alkaline reagent were added 
and the result was observed. A positive 
result would produce a yellow color in the 
sample. 

 
2.4 Identification of Compounds with 

LCMS  
The concentrated extract obtained 

from the extraction process was dissolved 
in methanol at a concentration of 20 ppm 
with a ratio of 2 mg concentrated extract to 
10 mL of methanol. Furthermore, 1 µL of 
the sample was taken and injected into the 
LCMS-8040 instrument equipped with a 
binary pump. The eluents used in this 
process were water and 90% methanol. 
The LC (Liquid Chromatography) eluent 
connected to the Quadrupole Time-of-
Flight (QTOF) mass spectrometer was set 
at a total flow rate of 0.5 mL/minute. The 
mass spectrometry (MS) used was the 
QTOF system with positive ionization 
mode.  

 

 

3. Results and Discussion  
3.1 Extraction of Majapahit Plant Leaves  

The extraction process of Majapahit 
plant leaves was conducted using the 
soaking or maceration method. This 
extraction employed a semi-polar solvent 
of 96% ethanol to extract both non-polar 
and polar compounds. The 96% ethanol 
was used to inhibit the growth of yeast and 
mold during the maceration process due to 
its lower toxicity compared to other 
organic solvents [10].  

In the maceration method, re-
maceration was carried out to obtain a 
higher yield of the extract, ensuring that 
the compounds present in the simplicia 
were fully extracted. The obtained extract 
shown in Figure 1 was then concentrated 
using a rotary evaporator. This process 
aimed to reduce direct contact between the 
extract and continuous heat, preventing the 
degradation or alteration of the constituent 
compounds. 

 
Figure 1. Concentrated Extract of Majapahit 

Plant Leaves 
 
3.2 Qualitative Test for the Extract of 

Majapahit Plant Leaves 
The phytochemical analysis was 

conducted to determine the presence or 
absence of secondary metabolites in the 
Majapahit plant, particularly in their 
leaves. An alkaline reagent was 
implemented in the procedure to establish 
the presence of flavonoid compounds. 
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Samples containing flavonoids were 
identified by the appearance of a yellow 
color as shown in Figure 2. 

 
Figure 2. Phytochemical Test of Flavonoid 

Compounds 
 

3.3 Identification of Compounds with 
LCMS  

The extract of Majapahit plant leaves 
was discovered to contain 14 chemicals 
that were thought to be flavonoids based 
on the identification by LCMS. The 
compounds included quercetin, 
chlorogenic acid, kaempferol 3-O 
rhamnoside, acacetin 7-rutinoside, 
fortunelin, kaempferol 3-[6”-(3-hydroxy-3-
methyl glutaryl) glucoside], didymin, 
diosmin, hesperidin, rutin, citrusoside C, 
citrusoside D, narirutin 4’-glucoside, and 
kaempferol 3-[6”-(3-hydroxy-3-
methylglutaryl)glucoside]-7-glucoside 
(Table 1). 

As shown in Table 1, the mass 
spectrum of chlorogenic acid, kaempferol 
3-O rhamnoside, kaempferol 3-[6”-(3-
hydroxy-3-methyl glutaryl) glucoside], 
hesperidin, and rutin have the highest 
content with values of 3.06%, 3.90%, 
3.19%, 3.77%, and 3.43% respectively, 
compared to other flavonoid compounds. 

Therefore, the fragmentation patterns of 
these compounds were determined and the 
results are presented in Table 2. 

The mass spectrum of chlorogenic 
acid showed peaks at m/z 306, 305, and 
304. The molecular ion (M+) at m/z 306 
released an H radical, resulting in 2 
consecutive fragments at m/z 305 and 304. 
The molecular ion (M+), as well as the 
base peak, was observed at m/z 304, 
corresponding to the molecular weight of 
the target compound, Chlorogenic acid.  

Similarly, the mass spectrum of 
kaempferol 3-O rhamnoside exhibited 
peaks at m/z 433, 432, and 431. The 
molecular ion (M+) at m/z 433 released an 
H radical, culminating in the generation of 
2 consecutive fragments at m/z 432 and 
431. The molecular ion (M+), as well as 
the base peak, was observed at m/z 431, 
corresponding to the molecular weight of 
the target compound, kaempferol 3-O 
rhamnoside.  

In the case of kaempferol 3-[6”-(3-
hydroxy-3-methyl glutaryl) glucoside], the 
mass spectrum showed other peaks such as 
m/z 594, 593, and 592. The molecular ion 
(M+) at m/z 594 released an H radical, 
resulting in 2 consecutive fragments at m/z 
593 and 592. The molecular ion (M+), as 
well as the base peak, was observed at m/z 
592, representing the molecular weight of 
the target compound, kaempferol 3-[6”-(3-
hydroxy-3-methyl glutaryl) glucoside].   

The mass spectrum of hesperidin 
exhibited peaks at m/z 612, 611, and 610. 
The molecular ion (M+) at m/z 612 
released an H radical, leading to the 
generation of 2 consecutive fragments at 
m/z 611 and 610. The molecular ion (M+), 
as well as the base peak, was observed at 
m/z 610, corresponding to the molecular 
weight of the target compound, hesperidin.  
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For rutin, the mass spectrum showed 
peaks at m/z 612, 611, and 610. The 
molecular ion (M+) at m/z 612 released an 
H radical, resulting in 2 consecutive 
fragments at m/z 611 and 610. The 
molecular ion (M+), as well as the base 
peak, was observed at m/z 610, 
corresponding to the molecular weight of 
the target compound, rutin. 

The presence of flavonoid 
compounds in Majapahit plant leaves as 
shown in Table 1, confirmed its potential 
as an anti-cancer agent. Kaempferol 3-O 
rhamnoside was detected at a retention 
time of 21.429 minutes in the LCMS 
instrument. A previous study showed that 
kaempferol 3-O rhamnoside extracted from 
Schima wallichii Kort leaves can inhibit 
MCF-7 breast cancer cells [11]. 
 Acacetin 7-rutinoside has been found 
to induce apoptosis in cancer cells [12], 
while quercetin has chemopreventive 
effects on prostate cancer [13]. Quercetin 
can also act as an anti-metastatic agent in 
gastrointestinal cancer [14]. In a previous 
study, hesperidin induced apoptosis in 
MSTO-211H pleural mesothelioma cells 
[15]. Another study also showed that 
hesperidin can induce colon, breast, lung, 
and liver cancer [16].  
 In lung cancer cells, rutin has been 
shown to reduce cell migration and 
adhesion, leading to inhibited proliferation 
and decreased ROS production [17]. 

Acacetin 7-rutinoside, also known as 
linarin, has the ability to induce apoptosis 
in human prostate cancer cells, indicating 
its potential as an anti-cancer agent [12]. 
Meanwhile, narirutin 4'-glucoside can 
inhibit the proliferation of HL-60 leukemia 
cells [1]. 

Kaempferol 3-[6''-(3-hydroxy-3-
methylglutaryl) glucoside]-7-glucoside and 
kaempferol 3-[6'-(3-hydroxy-3-
methylglutaryl)glucoside] are known to be 
anti-cancer agents and are derivatives of 
kaempferol [18]. Kaempferol reportedly 
inhibited the growth of breast cancer cells 
[19]. Moreover, diosmin demonstrated 
great potential against prostate cancer cells 
and exhibited genotoxic effects, 
suppressing the proliferation and viability 
of HepG2 hepatocarcinoma cell cultures 
[20]. Didymin has potential against 
neuroblastoma cells as it can kill both p-53 
wild-type and drug-resistant p-53 mutant 
cells [21]. 

 
4. Conclusion  

In conclusion, LCMS analysis of 
Majapahit plant leaves revealed the 
presence of 14 different flavonoid 
chemicals. 12 of these were discovered to 
have remarkable anticancer potential. 
Kaempferol 3-O rhamnoside had the 
highest concentration compared to other 
flavonoid compounds. 
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Table 1. LCMS Results of Flavonoid Compounds from the Extract of Majapahit Plant Leaves 

No Compounds Retention Time (min) Composition 
(%) 

Analysis Structure 

1 Quercetin 11.427 1.96925 Chemical formula: 
C15H10O7 
Molecular weight: 
302.0427 
m/z : 302.0427 (100%)  

 

2 Chlorogenic acid 12.421 3.06210 Chemical formula: 
C16H18O9 
Molecular weight: 
354.0951 
m/z : 354.0951 (100%)  

3 Kaempferol 3-O rhamnoside 21.429 3.90389 Chemical formula: 
C21H20O10 

Molecular weight: 
431.0984 
m/z : 431.0984 (100%) 

 

4 Acacetin 7-rutinosid 33.702 2.69590 Chemical formula: 
C28H32O14 

Molecular weight: 
592.5500 
m/z : 592.1792 (100%)  
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No Compounds Retention Time (min) Composition 
(%) 

Analysis Structure 

5 Fortunelin 33.722 1.69004 Chemical formula: 
C28H32O14 

Molecular weight: 
592.1792 
m/z : 592.1792 (100%) 

 

6 Kaempferol 3-[6”-(3-hydroxy-3-methyl glutaryl) 
glucoside] 

33.729 3.19042 Chemical formula: 
C27H28O15 

Molecular weight: 
592.5060 
m/z : 592.1428(100%) 

 

7 Didymin 34.004 1.70507 Chemical formula: 
C28H34O14 

Molecular weight: 
594.5060 
m/z : 594.1428(100%)  

8 Diosmin 35.504 1.84236 Chemical formula: 
C28H32O15 

Molecular weight: 
608.5490 
m/z : 608.5490 (100%) 
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No Compounds Retention Time (min) Composition 
(%) 

Analysis Structure 

9 Hesperidin 35.507 3.77466 Chemical formula: 
C28H34O15 
Molecular weight: 
610.5650 
m/z : 610.1741 (100%)  

10 Rutin 35.517 3.43252 Chemical formula: 
C27H30O16 

Molecular weight: 
610.1534 
m/z : 610.1534 (100%) 

 

11 Citrusoside C 39.064 1.25323 Chemical formula: 
C31H40O15 

Molecular weight: 
652.2367 
m/z : 654.2367 (100%) 
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No Compounds Retention Time (min) Composition 
(%) 

Analysis Structure 

12 Citrusosid D 39.067 1.48975 Chemical formula: 
C31H40O15 

Molecular weight: 
652.6460 
m/z : 654.2434 (100%) 

 

13 Narirutin 4’-glucosid 46.301 2.21045 Chemical formula: 
C33H42O19 

Molecular weight: 
742.2320 
m/z : 742.2320 (100%)  

14 Kaempferol 3-[6"-(3-hydroxy-3-
methylglutaryl)glucosid] -7-glucoside 

46.564 2.60072 Chemical formula: 
C33H38O20 

Molecular weight: 
754.6470 
m/z : 754.1956 (100%) 
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Table 2. Mass Spectrum and Fragmentation of Compounds with the Highest Composition 
Name  Mass Spectrum Fragmentation 
Chlorogen
ic acid 
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Name  Mass Spectrum Fragmentation 
Kaempfer
ol 3-O 
rhamnosid 
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Name  Mass Spectrum Fragmentation 
Kaempfer
ol 3-[6”-
(3-
hydroxy-3-
methyl 
glutaryl) 
glucoside] 
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Name  Mass Spectrum Fragmentation 
Hesperidi
n  
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Name  Mass Spectrum Fragmentation 
Rutin 
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Abstrak 
Klobot jagung merupakan limbah pertanian yang bernilai ekonomis rendah dan akan menyebabkan pencemaran 
lingkungan jika tidak ditangani dengan tepat. Limbah kulit jagung dapat diolah sebagai bahan baku selulosa 
bakteri (nata) karena mengandung 44% selulosa. Penelitian ini bertujuan untuk mengoptimalkan produksi 
selulosa bakteri dari klobot jagung dan untuk mengetahui pengaruh massa klobot jagung dan lama fermentasi 
terhadap karakteristik nata yang dihasilkan. Proses utama dalam memproduksi selulosa bakteri dari klobot 
jagung adalah fermentasi dengan Acetobacter xylinum. Karakterisasi nata yang dilakukan pada penelitian ini 
meliputi ketebalan, rendemen, serat kasar, dan kadar air, serta analisis statistik untuk mengetahui ada tidaknya 
pengaruh variasi massa kelobot jagung dan lama fermentasi terhadap produksi selulosa bakteri atau nata. 
Berdasarkan hasil optimasi produksi nata dari klobot jagung diperoleh massa klobot jagung yang optimal 
adalah 25 gram dengan lama fermentasi 17 hari. Berdasarkan hasil karakterisasi dan analisis data, variasi 
massa klobot jagung dan lama fermentasi berpengaruh nyata terhadap kadar serat dan rendemen selulosa 
bakteri dari klobot jagung. Sedangkan variasi massa klobot jagung dan lama fermentasi tidak berpengaruh 
nyata terhadap kadar air dan ketebalan selulosa bakteri yang dihasilkan. 
Katakunci: kulit jagung; fermentasi; nata; pengoptimalan 
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Abstract 

Cornhusks are agricultural wastes with low economic value that will cause 
environmental pollution if not appropriately handled. Cornhusk waste can be 
processed as raw material for bacterial cellulose (nata) since it contains 44% 
cellulose. This study aims to optimize bacterial cellulose production from 
cornhusks and determine the effect of cornhusk mass and fermentation duration on 
the characteristics of the nata produced. The primary process for producing 
bacterial cellulose from cornhusks was fermentation by Acetobacter xylinum. The 
nata characterization carried out in this study includes thickness, yield, crude fiber, 
and moisture content, as well as statistical analysis to determine whether there was 
significant effect of variations in cornhusk mass and fermentation duration on 
bacterial cellulose production. Based on the results of optimizing the production of 
nata from cornhusks, the optimal mass of cornhusks was of 25 grams with 
fermentation duration of 17 days. Based on the characterization and data analysis 
results, variation on the cornhusks mass and duration of the fermentation had a 
significant effect on fiber content, yield, and tensile strength of bacterial cellulose 
from cornhusks. On the other hand, the variations on cornhusks mass and the 
duration of fermentation did not significantly affect the moisture content and 
thickness of bacterial cellulose from cornhusks. 

Keywords:  cornhusk; fermentation; nata; optimization 
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1. Introduction  
The most abundant natural polymer in the 

world is cellulose. Cellulose obtained from the 
synthetic process of acetic acid bacteria is 
commonly known as bacterial cellulose [1,2]. 
Bacterial cellulose is a nanomaterial produced 
by various strains of Acetobacter species 
including  Pseudomonas, Achrobacter, 
Alcaligene, Aerobacter, and Azotobacter [3]. 
Bacterial cellulose or natural hydrogels have 
better properties than hydrogels produced from 
synthetic polymers. For instance, bacterial 
cellulose shows high water content (98-99%), 
good liquid absorption, wet strength, high 
chemical purity and can be safely sterilized 
without changing its structure and properties in 
the slightest [4].  

Bacterial Cellulose (BC) has always 
attracted the interest of scientists because it has 
a high level of purity,  biodegradability, 
biocompatibility, and ease of polymerization 
[5,6]. BC can be applied to engineering skin 
tissue and bone, to barrier technology and 
electricity, to electrochemistry, and to sensing 
applications [7–11]. Although BC has excellent 
potential, its high production costs limit its 
industrial-scale applications. 

Kurniawan et al. [12] had created a new 
BC from chayote fruit and bamboo shoots. The 
BC has excellent mechanical properties such as 
tensile strength, elongation and water 
absorption capacity. Despite this fact, there 
have been efforts to evaluate the possibility of 
utilizing other agricultural wastes for carbon 
sources in BC production, including corn 
products, coffee cherry husk (CCH), date fruits, 
and banana peel. The findings were parallel 

with research evidence showing that corn steep 
liquor was rich in nutrients such as carbon and 
nitrogen, which supplied organic content 
during BC production [5,13]. 

Sulistiyana [14] also found that light 
yellow corn extract can be used as an 
ingredient for making nata de corn with the 

optimum condition for 14 days of 
fermentation. The characterization of nata 
de corn from light yellow corn substrate 
includes the yield of 46.82%, the water 
content of 93.13%, and fiber content of 
1.31%. This value had met the quality 
standards of nata according to SNI No. 
01-4317-1996. Among the substrates that 
have been widely used in previous 
studies, the use of agricultural waste 
biomass can be an alternative for the use 
of food ingredients that will disrupt food 
security.  

That is why, active research 
investigating the cost-effectiveness of BC 
synthesis from different waste products 
has been conducted and elaborated. Many 
agricultural wastes are rich in carbon and 
nitrogen content; therefore, utilizing them 
as substrates can produce high 
concentrations of microbial cellulose by 
optimizing the culture conditions [15]. 

One of the agricultural waste 
biomasses that can be used as a substrate 
is cornhusks. Cornhusk is an abundant 
agricultural waste and is widely used as a 
raw material for handicrafts, bio-ethanol 
production, pulp alternatives, etc. The 
cornhusk is the part of the plant that 
protects the corn kernels, is bright green 
when young, and dries on the trees as it 
ages. Communities commonly use 
cornhusk waste as animal feed, but the 
usage is still limited. Because of their 
limited use, cornhusks still have little 
economic value.   

Therefore in the present work, it is 
necessary to find out if cornhusks could 
be used as raw material to manufacture 
bacterial cellulose and to determine the 
optimal conditions required for the 
production of bacterial cellulose in terms 
of the results of the characterization of its 
physical and chemical properties. 
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2. Research Methods 
2.1 Materials  

Materials used in this research were 
cornhusk (obtained from the traditional market 
Landungsari-Malang), Acetobacter xylinum 
starter in liquid medium of coconut water (from 
Laboratory of Process Engineering, 
Agricultural Industry Technology Study 
Program, UNITRI), pro analysis urea, pro 
analysis glucose, glacial acetic acid (Merck 
100%), and aquadest. Characterization tests 
were done at Laboratory of Chemistry - 
UNITRI and at Laboratory of Animal 
Husbandry - UMM.  

 
 
 
 
 

 
 

 

Figure 1. Research Method Flowchart 
 
2.2 BC Production from Cornhusk Extract 

Raw materials (cornhusks) were weighed 
as much as 25, 50, and 75 grams and then was 
blended with 1 liter of distilled water. Hot 
maceration was done after the cornhusk was 
boiled and filtered to get the cornhusk extract. 
Then, 100 grams of glucose and 4 grams urea 
were added and stirred while brought to a boil. 
The mixture was then adjusted to pH 4 by 
adding glacial acetic acid. When pH 4 has been 
reached, the mixtures of 250-300 mL (each) 

were poured into a sterile plastic box 
containers and then for every 100 mL of 
the mixture was added 20 ml of nata 
starter. All of them were stored for 
fermentation at room temperature with 
variation of fermentation duration of 11, 
14, and 17 days. The same procedures 
were applied for each cornhusk mass 
variation. BC/nata were harvested and 
cleaned using running water and 
sterilized by soaking it in hot water.  

 
2.3 Characterization of BC from 
Cornhusk 

The next step was to characterize 
the physical properties (thickness and 
yield) and chemical properties (fiber and 
water content). The thickness of the 
cellulose produced by A. xylinum was 
measured using a vernier caliper at three 
different points. The yield of bacterial 
cellulose from cornhusks was determined 
based on the ratio between the weight of 
the nata and the weight of the medium. 
The determination of crude fiber content 
was based on SNI ISO 5498: 2015, while 
the determination of water content was 
done by using the thermogravimetric 
method according to SNI-01-2354.2-
2006. 
 
3. Result and Discussion 
3.1 Optimization of Cornhusk BC 
Production 

Figure 2 showed that the fiber 
content of nata was affected by the 
duration of fermentation and the mass of 
the cornhusk substrate. Among the three 
mass variations of cornhusks, the 
smallest mass of 25 grams actually had 
the highest nata fiber content compared to 
the others. Meanwhile, the duration of the 
17-day fermentation had resulted in high 
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fiber content for all three variations of cornhusk 
mass. 

When compared to each fermentation 
duration, all of them had the same curve 
patterns; especially on the fiber content was 
decrease for the cornhusk mass of 25 grams to 
75 grams. Therefore, the optimal condition in 
cornhusk bacterial cellulose production was 
one with the highest 25 grams fiber content and 
17 days fermentation duration. 

In the production of BC, fermentation 
duration had a determining effect on the 
formation of nata or BC. Too long fermentation 
would cause A. xylinum bacteria went to the 
death phase due to a lack of nutrients and 
depletion, causing cells to lose a lot of energy 
reserves. According to Putriana & Aminah 
[16], fermentation duration had caused bacteria 
growth slowing down due to reduced sugar 
levels and the emergence of acid as metabolite 
of the fermentation process. Types of 
incubation time in the production of nata were 
6-12 days, 14 days, 16 days, and 21 days. 

 
3.2 Characterization and Results of Statistical 
Analysis  

The data on the characterization of BC 
from cornhusks with the variable in the 
cornhusks mass and the fermentation duration, 
including fiber content, moisture content, yield, 
and thickness are summarized in Table 1.  

The factorial ANOVA test was carried 
out to test whether there were differences in the 

average for the mass of corn-husk, the 
duration of fermentation, and interactions 
between corn-husk mass and 
fermentation duration on the variables 
measured (fiber content, moisture 
content, yield, and thickness). 

If the ANOVA factorial analysis 
results showed a significant difference, 
then a further test (if the treatment being 
compared was more than 2), namely the 
Tukey test, then a different notation 
would be given if the two treatments 
were in different subsets, which means 
that the two were significantly different. 
Meanwhile, the same notation would be 
given if they were in the same subset, 
which was not significantly different.  

The highest average thickness score 
in treatment A2B2 (mass of cornhusks 50 
gr, fermentation duration 14 days) was 
0.8750, and the lowest average thickness 
score in treatment A3B1 (mass of 
cornhusks 75 gr, fermentation duration 
11 days) was 0.3400. To see whether the 
difference in the mean between the 
treatment groups was significant or not, a 
factorial ANOVA analysis was carried 
out. 

 
Figure 2. The correlation between cornhusk mass and fermentation duration to the fiber content 
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Table 1. BC Characterization Results Data 

No Cornhusk mass  
(gram) 

Fermentation 
Duration  

(days) 

Fiber Content  
(%) 

Moisture content  
(%) 

Yield  
(%) 

Average 
Thickness  

(cm) 

1 25 
11 52.39 98.62  30.05  0.50 
14 49.18 98.64  37.27  0.65 
17 13.69 94.29  38.36  0.63 

2 50 
11 47.75 98.44  40.59  0.67  
14 36.45 97.97  53.08  0.87 
17 14.26 93.97  54.25  0.85 

3 75 
11 58.60 98.89  19.83  0.34  
14 55.88 98.90  23.12  0.44 
17 15.69 95.93  23.69  0.41 

 
Table 2. The Anova Factorial Analysis Results of Average Thickness Parameter 

Treatment Average SD Notation Average A 
(Mass) 

Average B  
(Fermentation 

Duration) 
A1B1  0.5000 0.35355 a A1 (25 

gram) = 
0.5938 ab 

B1 (11 days of 
fermentation) = 0.5033 

a 
A1B2  0.6500 0.28284 a 
A1B3  0.6313 0.14142 a 
A2B1  0.6700 0.14142 a A2 (50 

gram) = 
0.8004 b 

B2 (14 days of 
fermentation) = 0.6542 

a 
A2B2  0.8750 0.07071 a 
A2B3  0.8563 0.05657 a 
A3B1  0.3400 0.28284 a A3 (75 

gram) = 
0.3967 a 

B3 (17 days of 
fermentation) = 0.6333 

a 
A3B2  0.4375 0.14142 a 
A3B3  0.4125 0.11314 a 
F (p-value)       
Nata 6.014 (0.022)*     
Fermentation duration  0.986 (0.410)     
Nata * Fermentation 
duration 

0.050 (0.994)       

 
From the results of the ANOVA factorial 

test in Table 2, it demonstated that: 
a) There was a significant average difference 

based on treatment factor A (mass of 
cornhusks) on the variable mean thickness 
number measured, it can be seen from the 
p-value which is smaller than 0.050 (0.022 
< 0.050). The highest average thickness of 
the 50 grams cornhusk mass was 
significantly different from the 75 grams 
cornhusk mass, but the 50 grams cornhusk 
mass was not significantly different from 
the 25 grams cornhusk mass. 

b) There was an insignificant average 
difference based on treatment factor B 
(fermentation duration) to the measured 

average thickness number variable, it 
can be seen from the p-value which 
is greater than 0.050 (0.410 > 0.050). 
The average thickness of the average 
number of fermentation duration was 
not significantly different from the 
average number is not too much 
different.  

c) There was an insignificant average 
difference based on the interaction of 
treatment factors A (mass of 
cornhusk) and B (fermentation 
duration) on the variable number of 
average thicknesses measured, it can 
be seen from the p-value which is 
greater than 0.050 (0.994 > 0.050). 
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The average thickness score on the 
interaction of cornhusk mass treatment and 
fermentation duration was not significantly 
different, as seen from the average number 
between treatments which was not much 
different. 

The conclusions from the results of the 
factorial ANOVA test for all characterization 
parameters were: 
a) The treatment of cornhusk mass and 

fermentation duration and their interactions 
had a significant effect on fiber content, 
with the significance value of the ANOVA 
test results being significant (p<0.05) 

b) Fermentation duration had a significant 
effect on water content with the 
significance value of the ANOVA test 
results being significant (p <0.05). While 
the treatment of cornhusk mass and its 
interaction with fermentation duration did 
not significantly affect the water content 
with the significance value of the ANOVA 
test results was not significant (p>0.05). 

c) Treatment of cornhusk mass and 
fermentation duration and their interactions 
had a significant effect on the yield, with 
the significance value of the ANOVA test 
results (p<0.05). 

d) The treatment of cornhusk mass had a 
significant effect on water content with the 
significance value of the ANOVA test 
results (p <0.05). While the fermentation 
duration treatment and its interaction with 
the mass of cornhusk did not significantly 
affect the water content, the significance 

value of the ANOVA test results was 
not significant (p> 0.05). 
 

4. Conclusion  
As found in this research, the 

optimal corn-husk mass was 25 grams 
with fermentation duration of 17 days. 
Both corn-husk mass and fermentation 
duration were significantly affected fiber 
content and yield, but did not show 
significant effect to the moisture content 
and thickness of bacterial cellulose. The 
results of this study were expected to 
provides an overview of the optimal 
conditions in the production of bacterial 
cellulose from cornhusks and this 
research can serve as a ground point for 
the development of the manufacture of 
bacterial cellulose, especially in terms of 
the application of bacterial cellulose from 
cornhusks as a natural source of 
cellulose. 
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Abstrak 
Ammonia Converter adalah reaktor berkatalis yang berfungsi sebagai tempat proses pembentukan NH3 
(amonia) dari hidrogen (H2) dan nitrogen (N2). Reaktor ammonia converter sangat berpengaruh terhadap 
produktivitas dan efisiensi di pabrik amonia sehingga diperlukan analisis kinerja reaktor. Tujuan penelitian ini 
untuk mengevaluasi kinerja ammonia converter berdasarkan kondisi operasi terhadap hasil konversi reaktan 
dan produk reaksi yang dihasilkan dengan ditinjau dari data desain dan data aktualnya. Penelitian ini 
menganalisis kondisi operasi suhu, tekanan dan rasio reaktan serta inert yang dihasilkan dari proses sintesis 
NH3 dengan membandingkan data aktual yang didapatkan dengan data desainnya. Hasil evaluasi menunjukkan 
kondisi operasi optimal yang dicapai oleh NH3 converter dengan suhu 154,32oC, tekanan 154,32 kg/cm2, rasio 
reaktan 3,58 dan mol inert 3,57% dengan konversi H2 32,82%, konversi N2 35,11% dan yield NH3 20,28%. 
Hasil evaluasi menujukkan efisiensi kinerja reaktor ammonia converter dapat ditinjau oleh suhu, rasio reaktan 
dan mol inert sedangkan faktor tekanan tidak dapat digunakan karena data aktualnya yang fluktuatif. 
Kata kunci : Ammonia converter; kondisi operasi; reaktor; yield 
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Abstract 

An ammonia converter is a catalyzed reactor that facilitates the synthesis of 
NH3 (ammonia) from hydrogen (H2) and nitrogen (N2). Several studies have 
shown that the performance of this reactor significantly influences the 
operational efficiency and productivity of ammonia plants. Therefore, this 
study aims to evaluate the performance of an ammonia converter by assessing 
the effect of operating conditions on the reactant conversion and reaction 
products using design and actual data. The operating conditions examined 
included temperature, pressure, ratio of reactants, and inert mole utilized 
during the NH3 synthesis process. The results showed that the highest NH3 
yield of 20.28% was achieved in actual data with 351.5oC temperature, 
154.32 kg/cm2 pressure, 3.58 raw material ratio, and 3.57% inert mole (sixth 
dataset). The performance efficiency of an ammonia converter can be 
assessed using temperature, reactant ratio, and inert moles, while the pressure 
factor was insignificant due to dataset fluctuations. Based on the evaluation 
results, the converter experienced a decrease in performance due to a 
discrepancy in the existing operating conditions between the design and 
actual data. 
 
Keywords: Ammonia converter; operating conditions; reactor; yield 
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1.   Introduction 
Ammonia synthesis is a process that 

is often carried out in an ammonia 
converter unit. Within this unit, synthesis 
gases (N2 and H2) obtained from the 
purification unit are reacted to obtain 
ammonia based products [1]. Furthermore, 
it is indigenously structured with three 
horizontal bed converters, which are 
designed using pressure wall materials at a 
cold temperature. The cold feed gas is 
passed through the annulus between the 
catalyst basket and the converter wall to 
maintain a low wall vessel temperature 
[2,3]. The converter unit also consists of a 
removable basket containing 4 fixed beds 
and 2 interchangers, with approximately 
77.1 m3 of promoted iron catalyst [3]. The 
volume of the catalyst within the beds 
varies, and it increases from the first to the 
third bed. This strategic volume 
augmentation helps to curtail the 
temperature elevation caused by the 
exothermic reaction occurring within the 
first bed (where the fastest reaction occurs). 
Consequently, the design preserves the 
converter’s temperature within the desired 
range [3,4]. The ammonia formation is an 
exothermic equilibrium reaction using the 
Haber-Bosch process method, which is 
illustrated below [1]: 

N2(g) + 3H2(g)  2NH3(g) ....................(1) 

The performance of an ammonia 
converter is significantly influenced by 
several factors, including temperature, 
pressure, H2/N2 ratio, and inert mole. 
Several studies have shown that 
temperature plays a dual role, impacting 
both the synthesis reaction rate and 
ammonia equilibrium. NH3 synthesis occurs 
through an exothermic reaction, leading to 
the limitation of the operating temperature 
by chemical equilibrium. However, higher 

levels concurrently enhance kinetic energy, 
leading to faster molecular collisions [5]. 

Pressure is a crucial factor that 
influences both the equilibrium of NH3 and 
reaction rate, where higher levels often lead 
to increased yield. Changing the H2/N2 ratio 
can lead to an increase or decrease in yield 
in an ammonia converter. Based on the 
plant design, an optimal H2/N2 ratio 
typically ranges from 2.8-3.2 [2–4]. The 
primary operational variable used to control 
the hydrogen and nitrogen ratio is the 
composition of the introduced make-up or 
fresh feed gas. 

Methane and argon are inert 
components commonly found within the 
syngas stream. These components are not 
harmful to the catalyst and do not undergo 
synthesis reactions. However, they have 
been reported to have a negative impact on 
reaction rates and equilibrium. A feasible 
approach that is often used to minimize 
inert concentration involves purging syngas 
in the loop [1,3,4]. Therefore, this study 
aims to analyze the performance of an 
ammonia converter in an NH3 plant by 
comparing the yield obtained under actual 
and standard operating conditions. The 
parameters observed included temperature, 
pressure, reactant ratio, and the inert mole 
produced by the reactor. 
 
2. Research Methods 

The methodology used in this study 
included a literature review, observation, as 
well as data collection and processing. The 
dataset used for the ammonia converter 
analysis consisted of both design and actual 
data. The design dataset included the 
predetermined parameters established 
during the development of the unit [2,4]. 
Furthermore, these parameters consisted of 
inlet temperature, pressure, inert mole, and 
H2/N2 reactant ratio. 
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3. Results and Discussion 
The actual data used for evaluating 

the performance of an ammonia converter 
were obtained from the operation 
conditions at the control room and 
laboratory of the PT PUSRI IIB unit in the 
form of log sheets. The conditions 
examined included the flow rate, %mol 
composition data for inlet and outlet, feed 
temperature, pressure, inter-bed 
temperature, inert mole, and H2/N2 reactant 
ratio. Furthermore, the analysis was 
performed with mass balance calculations 
using Microsoft Excel to determine the 
conversion of N2 and H2. It was also used to 
determine the yield of NH3 products 
produced by comparing the design and 
actual data. The actual data from 6th 
December 2021 to 31th January 2022, were 
used, totaling 9 dataset points. 

Table 1 shows the results of H2 and 
N2 reactant conversion as well as NH3 yield 
based on the operating conditions of 
temperature, pressure, reactant ratio, and 
inert mole. The data were then plotted as a 
graph in Figure 1 to observe the midpoint 
of the dataset points based on the conditions 

influencing the reactant conversion and 
product yield. Polynomial regression was 
performed on the data in Table 1 to 
determine the optimal relationship between 
temperature, pressure, reactant ratio, and an 
inert mole in the conversion of H2 and N2 
into NH3. 

In Figure 1, there was a convergence 
point of the four sets of operating 
conditions, which was indicated by the 6th 
dataset. This suggested that the optimal 
operating conditions affecting the NH3 
production process were achieved with the 
6th data, namely 351.25 oC temperature, 
154.32 kg/cm2 pressure, 3.58 reactant ratio, 
and 3.57% inert mole. 

Based on polynomial regression 
results, Figure 2 showed a similar 
intersection point to Figure 1, which was 
achieved at the 6th operating data point. 
This indicated the occurrence of 
synchronization between the factors 
affecting the NH3 process, namely 
temperature, pressure, reactant ratio, and 
inert mole. The conversion results obtained 
were 32.82% conversion of H2, 35.11% 
conversion of N2, and 20.28% yield of NH3.  

 

Table 1. Ammonia Converter Operating Conditions: Design and Actual Data 

Data  
Inlet Temp. 

(oC) 

Inlet 
Press. 

(kg/cm2) 

H2/N2 

Ratio  
Inert 

(%mol) 
Energy 
Gibbs 

(kJ/kmol) 

H2  

Conversion 
(%mol) 

N2  

Conversion 
(%mol) 

NH3 

Yield 
(%mol) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

349,50 
349,31 
349,34 
347,73 
347,56 
351,25 
348,42 
347,75 
349,25 

151,84 
152,57 
153,40 
153,61 
155,02 
154,32 
154,45 
154,80 
154,40 

3,20 
3,31 
3,37 
3,57 
3,34 
3,58 
3,55 
3,43 
3,26 

3,78 
3,68 
3,63 
3,61 
3,78 
3,57 
3,68 
3,57 
3,80 

-165,9 
-165,9 
-165,9 
-165,6 
-165,6 
-166,3 
-165,7 
-165,6 
-165,9 

30,00 
30,85 
28,41 
32,91 
29,04 
32,82 
30,57 
25,00 
31,13 

33,11 
34,30 
36,66 
34,15 
36,11 
35,11 
35,71 
38,66 
33,61 

19,56 
19,92 
20,10 
19,89 
20,11 
20,28 
20,05 
19,78 
20,03 

Design  380,00 157,90 3,00 3,50 -171,8 32,55 32,44 20,31 
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Figure 1. Comparison of temperature, pressure, reactant ratio, and inert mol toward operating data 1-9 

 
Figure 2. Comparison of H2 conversion, N2 conversion, and NH3 yield toward operating data 1-9 

 
The optimal temperature in this study 

was 351.25°C, leading to an NH3 yield of 
20.28% and an H2 reactant conversion of 
32.82%, which were the highest actual data. 
This study showed that the actual dataset 
results were similar to the design results, as 
shown in Table 1. Furthermore, high 
reaction temperatures could yield high 
reactant conversion and product yield [6]. 
Operations at high levels often accelerated 
the reaction process and increase the 
conversion of H2, N2, and mole NH3 [7]. 
However, processes at high temperatures 

could shorten the catalyst lifespan by 
causing faster saturation and decreasing the 
NH3 equilibrium degree in the reaction [8]. 

Inlet temperature affected the NH3 
yield through two factors, including 
chemical equilibrium and chemical kinetics. 
Based on chemical equilibrium, the effect 
of these factors was governed by Le 
Chatelier's principle. The principle stated 
that a system in equilibrium, when affected 
externally, shifted to form a new 
equilibrium to minimize the external effect 
[9]. This indicated that the operating 
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temperature in exothermic reactions was 
limited by chemical equilibrium. When the 
levels exceeded the threshold, productivity 
decreased, and product decomposition into 
reactants occurred to reach a balance [10]. 
Therefore, the operating temperature in the 
NH3 reaction must be maintained within the 
desired range. 

The decrease and increase in NH3 
yield with temperature could be attributed 
to the energy involved in the reaction 
process, specifically Gibbs energy [11]. 
Gibbs energy is a measure of the potential 
work of a reversible reaction or the 
maximum work possible for a system at a 
constant temperature or pressure [11, 12]. 
Furthermore, it was often used to assess the 
spontaneity of a reaction. Equilibrium 
occurred when its value was zero, and there 
was no reaction if the value was greater 
than zero. This indicated that the smaller 
the generated Gibbs energy, the higher the 
negativity, leading to increased spontaneity 
[13].  

Factors in chemical reaction kinetics 
were related to the rate of reaction. Higher 
temperatures often led to faster reactions, 
leading to an increase in product formation 
[14]. This was because higher temperatures 
led to more frequent particle movement, 
thereby increasing collision frequency and 
rate [15]. Therefore, increasing the levels 
within the equilibrium limit could enhance 
the NH3 product yield. For the Haber-Bosch 
synthesis of NH3, the chemical equilibrium 
limit occurred at a temperature of 495°C 
[13]. 

Decreases in yield were  also affected 
by catalyst performance in each bed and 
interchanger performance. A  lower inlet 
temperature for an ammonia converter 
increased the load on the interchanger to 
raise the level to the desired range. This 
was because an ammonia converter reaction 

was exothermic, indicating that increased 
the temperature enhanced raw material 
yield, but decreased the NH3 equilibrium 
degree in the reaction [16]. 

Optimal conditions were achieved at 
the 6th data point with a pressure of 154.32 
kg/cm2. This actual value was lower 
compared to the design data of 157.9 
kg/cm2. The results showed that pressure 
affected both NH3 equilibrium and reaction 
rate [16,17]. 

The increased pressure was caused by 
several factors, such as the flow rate of 
fresh makeup gas, a decrease in converter 
temperature below the desired range, and 
changes in the gas composition of the H2 
and N2 ratios. It could also be caused by an 
increase in NH3 content in the recycle gas, 
an increment in inert content, and catalyst 
deactivation [18], leading to a reduction in 
product yield. This aligned with the actual 
data obtained from the first data point with 
the lowest pressure of 151.84 kg/cm2, 
which yielded the smallest N2 conversion at 
33.11% and NH3 mol composition at 
19.56%. However, this could not be proven 
for H2 conversion data due to its greater 
fluctuation compared to others. 

The optimal reactant ratio of 3.58 was 
achieved at the 6th data point, which was 
higher compared to the design dataset of 3. 
Furthermore, the H2/N2 ratio referred to the 
ratio of H2 and N2 inlet for each reactant. In 
the 6th data point, with a value of 3.58, the 
H2 conversion was closest to the design 
data. This corresponded to the highest NH3 

yield obtained from the actual data at 
20.28%. 

The relationship between the H2/N2 
reactant ratio and NH3 yield was related to 
concentration. According to Le Chatelier's 
principle, when the equilibrium system 
experienced an increase in concentration on 
one side, the equilibrium shifted to the 
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opposite side [19]. Therefore, increasing the 
raw material H2/N2 ratio was expected to 
lead to an increase in NH3 product yield 
[20].   

During the synthesis process, 3 
molecules of H2 and 1 molecule of N2 were 
needed to form 2 molecules of NH3. When 
the H2/N2 ratio increased beyond the limit, 
an imbalance in the reactant ratio occurred 
[21]. Therefore, control of this parameter 
was necessary to achieve the desired 
product yield. 

In an ammonia converter, the H2/N2 
ratio was easier to maintain compared to 
controlling the temperature and pressure 
conditions. Furthermore, it could be 
maintained in the reforming unit, 
specifically in the secondary reformer, by 
adjusting the air supply to maintain a close-
to-3:1 H2/N2 ratio. 

H2/N2 ratio greater than 3 could be 
controlled by increasing the airflow into the 
secondary reformer to increase N2 as the 
feed for an ammonia converter. H2 and N2 
components were maintained since the 
reactants flowed into an ammonia converter 
or as fresh feed gas to be converted into 
NH3. 

Figures 1 and 2 showed the optimal 
conditions achieved at the 6th data point, 
with an actual inert mol of 3.57%, which 
was the closest to the design value of 3.5%. 
This inert mole gave the highest NH3 yield 
and was closest to the design data at 

20.28%. Furthermore, the results showed 
that an increase in the parameter reduced 
the total reactant conversion. Although the 
inert compounds present in an ammonia 
converter were not catalyst poisons, the 
percentage of inlet and outlet inert mol 
increased in actual conditions [21]. The 
increase in the parameter reduced the 
amount of raw materials entering an 
ammonia converter. Changes in the 
percentage value of inert mol in actual 
conditions were affected by the 
performance of the reforming section, 
which supplied reactants before entering the 
reactor. Methane carried into the converter 
was obtained from the reactants in the 
primary and secondary reformers that were 
not converted into H2 raw materials. 
 
4. Conclusion 

In conclusion, the evaluation of the 
NH3 reactor performance showed optimal 
operating conditions, namely 351.25°C 
temperature, 154.32 kg/cm2 pressure, 3.58 
reactant ratio, and 3.7% inert mol. These 
operating conditions gave the highest NH3 
yield at 20.28%, with 32.82% H2 
conversion and 35.11% N2 conversion. 
However, the pressure factor was difficult 
to evaluate due to the fluctuating and 
unstable data obtained.
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Abstrak 
Penelitian ini bertujuan untuk menentukan karakteristik adsorben AC/Mg(II) serta mengetahui kapasitas 
adsorpsi dan isoterm adsorpsi terhadap penurunan kadar bahan organik air gambut. Karbon aktif dipreparasi 
dari tandan kosong kelapa sawit (TKKS) yang merupakan limbah yang mengandung lignoselulosa tinggi 
sebagai sumber karbon. Karbon dibuat melalui proses karbonisasi kemudian diaktivasi dengan CH3COONa. 
Karbon aktif dikompositkan dengan magnesium nitrat heksahidrat melalui teknik in-situ dalam suasana basa 
menggunakan NaOH. Adsorben komposit AC/Mg(II) yang telah dibuat dikarakterisasi menggunakan FTIR 
menunjukkan adanya ikatan Mg-O muncul pada serapan bilangan gelombang 403,12 cm-1. Kadar air adsorben 
AC/Mg(II) lebih rendah dari karbon aktif yaitu 1,30%. Hasil penelitian menunjukkan massa adsorben terbaik 
adalah 2 g AC/Mg(II) dengan daya adsorpsi 2,26 mg/g dan persentase adsorpsi bahan organik sebesar 14,41%. 
Waktu kontak terbaik adalah 15 menit dengan daya adsorpsi 2,42 mg/g dan persentase adsorpsi bahan organik 
17,15%. Mekanisme adsorpsi yang terjadi pada komposit AC/Mg(II) dengan bahan organik air gambut 
mengikuti persamaan isoterm adsorpsi Langmuir yang membentuk lapisan monolayer dengan nilai R2 sebesar 
0,9994, nilai kapasitas (Qo) sebesar 0,2340 mg/g dan nilai konstanta adsorpsi (k) sebesar 0,0047. 
Kata Kunci: air gambut; bahan organic; karbon aktif;, Magnesium(II); tandan kosong kelapa sawit. 
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Abstract 

This study aimed to determine the characteristics, adsorption capacity, 
and isotherm of the adsorbent AC/Mg(II) composite in decreasing organic 
matter in peat water. Activated carbon was produced from empty fruit 
bunches of oil palm containing high levels of lignocellulose. Carbon was 
synthesized through the carbonization process and then activated with 
CH3COONa. The activated sample was composited with magnesium 
nitrate hexahydrate through an in-situ method under alkaline conditions 
using NaOH. The adsorbent AC/Mg(II) composite that had been prepared 
was characterized using FTIR, showing the presence of Mg-O bonds at 
the absorption wave number of 403.12 cm-1. The results showed that the 
moisture content of the adsorbent was lower compared to activated 
carbon, namely 1.30%. Furthermore, the best mass was 2 g AC/Mg(II) 
with an adsorption of 2.26 mg/g and an organic matter adsorption 
percentage of 14.41%. Furthermore, the optimum contact time was 15 
minutes with an adsorption of 2.42 mg/g and a percentage of 17.15%. The 
mechanism occurring in the AC/Mg(II) composite with peat water organic 
matter followed the Langmuir isotherm equation, which formed a 
monolayer. The equation gave R2, adsorption capacity (Qo), and 
adsorption constant (k) values of 0.9994, 0.2340 mg/g, and 0.0047, 
respectively. 
 
Keywords: Activated carbon; fruit bunches; Magnesium(II); organic 
matter; peat water 
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1. Introduction  
Peat water is a type of surface water 

found in peatland areas and is 
characterized by its acidic nature (low pH), 
yellow to brown color, and high organic 
matter content. Furthermore, its primary 
organic components are humic and fulvic 
acids, which are primarily responsible for 
its properties. This resource can be treated 
to obtain clean water by reducing organic 
matter to meet the standard quality criteria. 
Several methods have gained widespread 
usage for the treatment process, including 
adsorption [1], membrane separation, and 
coagulation-flocculation [2]. Among these 
methods, adsorption holds a distinct 
preference due to its economic feasibility, 
ease of use, high efficiency, and ability to 
remove undesired compounds [3]. An 
extensively studied adsorbent is activated 
carbon derived from oil palm empty fruit 
bunches (EFB). 

The high lignocellulose content 
within oil palm EFB offers a foundational 
resource for the production of activated 
carbon due to the presence of active 
functional groups, such as hydroxyl and 
carboxyl. These groups have been reported 
to serve as active sites for the binding of 
metals [4]. Despite this inherent potential, 
the adsorption capacity of the adsorbent is 
still suboptimal. This indicates that its 
combination with other nanoparticles is 
required to enhance the adsorption 
capability [5]. 

Several studies have reported the 
capacity of MgO nanoparticles to 
significantly decrease COD levels in 
tannery wastewater. In a previous study, 
the concentration dropped from an initial 
2725.9 mg/L to 126.5 mg/L [6]. 
Furthermore, MgO exhibits the capacity to 
reduce the concentration of humic acid 
within a solution, with a maximum 

efficiency of approximately 91% after a 
contact time of 20 minutes [7]. 

Ghalehkhondabi et al. [8] have 
composited MgO with activated carbon to 
adsorb methylene blue organic compounds. 
The composite showed an impressive 
maximum adsorption efficiency and 
capacity of 97.5% and 642 mg/g, 
respectively. Chemical modifications have 
also been widely used to enhance the 
quality of activated carbon as an adsorbent 
for broader applications [9]. 

Activated carbon has showcased its 
utility in the removal of Fe(II) from peat 
water [10] and the reduction of organic 
matter [11]. The positive results obtained 
from the use of this adsorbent in adsorbing 
Fe(II) and organic matter formed the 
foundation for this current study to 
employed the Activated Carbon/Magne-
sium(II) (AC/Mg(II)). Activated carbon 
was combined with magnesium(II), where 
the positive charge of Mg interacted with 
the negative charge on the surface of the 
adsorbent. This interaction hinged on the 
connection between the hydroxyl groups 
on the activated carbon surface and 
magnesium, aiming to enhance the 
capacity and efficiency of organic matter 
adsorption in peat water. 

The use of Mg offers the potential to 
greatly enhance the ability of the 
composite to adsorb organic matter due to 
the formation of complex compounds 
between organic molecules and the metal. 
Organic matter content reduction occurs 
through Mg complexation with organic 
substances within the pores of activated 
carbon. Organic compounds carrying a 
negative charge often bond with the 
positive charge of composites and vice 
versa [12]. Therefore, this study aimed to 
create activated carbon from EFB, which 
was activated using CH3COONa. The 
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matter was then composited with Mg(II) as 
an adsorbent for organic matter in peat 
water. CH3COONa exhibited the best 
performance in activa-ting EFB charcoal 
compared to ammonium chloride and 
ammonium sulfate [13]. The adsorbent 
produced was subjected to characterization 
using FTIR to identify functional groups or 
bonds formed within the AC/Mg(II) 
composite, with subsequent comparison to 
the results of activated carbon. This study 
examined the influence of adsorbent mass 
and contact time to determine the optimum 
capacity of carbon composite for organic 
matter in peat water using a batch system. 
Furthermore, the adsorption isotherm 
model occurring during the process was 
also determined. 

2. Research Methods 
2.1 Tools and Materials 

The instruments used in the study 
included Shimadzu 820 IPC Fourier 
Transform Infra Red (FTIR) and Shimadzu 
1280 UV-Vis (Ultra Violet-Visible) Spec-
trophotometer. Meanwhile, the matters 
were peat water, CH3COONa (Merck), 
H2C2O4, H2SO4 98% (8 N), KMnO4 (0,01 
N), Mg(NO3)2.6H2O (Merck), methylene 
blue (Merck), NaOH (Merck), and EFB. 
 
2.2 Carbonization of EFB for Activated 

Carbon 
The EFB samples were pulverized, 

washed with deionized water, and dried for 
six days under direct sunlight. Approxi-
mately 200 g of dried EFB were then 
placed in a crucible, transferred to a 
furnace at a temperature of 350 °C for 1 
hour, and placed in a closed container. 
Furthermore, the percentage of water loss 
after the carbonization process was 
calculated. The carbonized sample was 

then ground and sieved using a 100-mesh 
sieve to obtain a uniform particle size. 
 
2.3 Carbon Activation 

A total of 61.18 g of carbon was 
placed in a round-bottom flask equipped 
with a condenser and a magnetic stirrer. 
Subsequently, 250 mL of 1 N CH3COONa 
solution was added to the flask, and the 
mixture was refluxed for 1 hour using a 
hotplate at approximately 120 °C. After the 
reaction mixture was cooled to room 
temperature, the solid was filtered and 
washed with deionized water [13]. The 
solid was then dried in an oven at 110 °C 
for 6 hours, leading to the production of 
activated carbon. 

2.4 Preparation of AC/Mg(II) Composites 
Magnesium oxide was composited 

with activated carbon in a 1:1 ratio. A total 
of 42 g of Mg(NO3)2.6H2O was dissolved 
in 250 mL of deionized water and stirred. 
In the mixture, 15 mL of NaOH 2M and 42 
g of activated carbon (obtained from 
procedure 2.3) were slowly added while 
stirring gently for 60 minutes. The 
suspension obtained was allowed to stand 
for 60 minutes and slowly decanted. 
Subsequently, the residue was dried in an 
oven for 24 hours at a temperature of 80 
°C and calcined at 350 °C for 60 minutes. 

2.5 Characterization of the AC/Mg(II) 
Composites 

The characterization of activated 
carbon and composites was carried out by 
determining the moisture content, adsorp-
tion capacity, and functional groups using 
FTIR.  

 
2.5.1 Determination of Functional Groups 

Using FTIR 
Activated carbon and AC/Mg(II) 

composite samples were prepared, weigh-
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ing approximately 0.5 g, and then stored in 
containers. Furthermore, the samples were 
analyzed using an FTIR at Hasanuddin 
University, Makassar.  

2.5.2 Determination of Moisture Content 
A total of 1 g of activated carbon was 

weighed and placed in a porcelain crucible 
of known weight (sample weight was 
denoted as W1). The porcelain crucible 
was then placed in an oven at 105 °C for 2 
hours. After cooling in a desiccator, it was 
weighed until a constant weight was 
achieved (denoted as W2).  The calculation 
formula for determining the moisture 
content is presented in Equation 1. 

 

Moisture Content =  .........(1) 

W   = Weight of crucible (g)   
W1 = Initial sample weight before oven drying (g)   
W2 = Sample weight after oven drying (g) 

2.5.3 Methylene Blue Adsorption Test 
(SNI 06-3730-1995) 
A Methylene Blue (MB) solution 

was prepared with a concentration of 10 
ppm, and its absorbance was measured in a 
wavelength range of 500–700 nm using a 
UV-Vis spectrophotometer. A standard 
curve was then established based on the 
absorbance of standard MB solutions with 
concentrations of 0, 0.5, 1, 1.5, 2, 2.5, and 
3 ppm at the maximum wavelength. 
Furthermore, a graph relating the absorb-
ance to the concentration was plotted, and 
it was used to obtain the linear equation. 
Activated carbon and composites were 
tested for MB adsorption. The samples 
were combined with 25 mL of a 3 ppm MB 
solution and shaken using a shaker at 240 
rpm for 15 minutes. The mixture was then 
filtered using Whatman No. 42 filter paper, 
and the filtrate was measured using a UV-
Vis spectrophotometer at the maximum 

wavelength to determine the final 
concentration. The amount of MB 
adsorbed was calculated using Equation 2.   

MB=  

.............................................(2) 
 
MB = Amount of adsorbed MB (mg/g)     
Cmb initial= Initial MB concentration (ppm)     
Cmb residual = Residual MB concentration (ppm) 
 Vmb = Volume of MB solution used (mL) 
Wsample  = Sample weight (g) 
 

After calculating the adsorbed MB 
concentration, the surface area of activated 
carbon and AC/Mg(II) was determined 
using equation 3. 
 

S=  ...............................................(3) 

 
S  = Surface area of activated carbon and 
AC/Mg(II) (mg/g)  
Qt  = Weight of adsorbed substance (mg/g)  
N   = Avogadro's number (6,022 x 1023 mol1)  
A  = Area covered by 1 molecule of the 
sample (197 x 10-20 m2)  
Mr  = Relative molecular mass of MB (320,5 
g/mol)   
 

2.6 Determination of Organic Matter 
Content in Peat Water Using 
Permanganometry Method 

A total of 100 mL of the sample was 
placed into an Erlenmeyer flask, and three 
boiling stones were added. A few drops of 
0.01 N KMnO4 were added to the sample 
until a pink color appeared. Subsequently, 
5 mL of 8 N H2SO4 was added, and the 
mixture was heated on an electric heater at 
a temperature of 105 °C ± 2 °C. The 
process was continued with the addition of 
10 mL of 0.01 N KMnO4 standard 
solution, followed by boiling for 10 
minutes. A total of 10 mL of 0.01 H2C2O4 
solution was added and the mixture was 
titrated with 0.01 N KMnO4 0,01 N 
solution until a pink color appeared. The 
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volume of KMnO4 used was recorded and 
if the value exceeded 7 mL, the test was 
repeated by diluting the sample. The 
procedure was repeated twice (duplicate), 
and the equivalent value of permanganate 
could be determined using Equation 4. 

KMnO4 =  

...............................................(4) 

a = Volume of KMnO4 0,01 N required during 
titration   
b = Actual normality of KMnO4  
c = Normality of H2C2O4 
d = Volume of the sample 

2.7 Determination of the Relationship 
Between Peat Water Absorbance and 
Permanganate Number 

The relationship between peat water 
absorbance and the permanganate number 
was determined by creating a calibration 
curve between both parameters. The 
association was initially established by 
determining the permanganate number of 
peat water with dilution variations of 30-
fold, 40-fold, 50-fold, 60-fold, and 70-fold. 
Subsequently, the absorbance was mea-
sured with the same dilution variations at a 
wavelength of 254 nm using a UV-Vis 
spectrophotometer. A linear equation was 
derived based on the curve depicting the 
relationship between peat water absor-
bance and the permanganate number. This 
equation was then used to determine peat 
water's organic matter content before and 
after adsorption. 

2.8 Application of AC/Mg(II) Composites 
as an Adsorbent 

2.8.1 Determination of Optimal Adsorbent 
Mass for AC/Mg(II) Composites 
A total of 4 Erlenmeyer flasks were 

each filled with 100 mL of peat water. 
Furthermore, different variations of 
adsorbent mass, namely 0.5 g, 1.0 g, 2.0 g, 

and 3.0 g, were added to each flask. The 
mixtures were stirred using a shaker at a 
speed of 150 rpm for 60 minutes and left 
undisturbed for 1 hour [14]. The solutions 
were filtered, and the organic matter 
content of peat water was determined using 
a UV-Vis spectrophotometer at a wave-
length of 254 nm and measured for the 
permanganate number. 

 
2.8.2 Determination of Optimal Contact 

Time  
In this process, 5 Erlenmeyer flasks 

were each filled with 100 mL of peat 
water. The optimal adsorbent mass of 2 g 
was added to each flask, and stirring was 
carried out using a shaker at a speed of 150 
rpm with varying contact times of 10, 15, 
30, 45, and 60 minutes. The mixtures were 
then left undisturbed for 1 hour, followed 
by filtration. Subsequently, the organic 
matter content of peat water was deter-
mined using a UV-Vis spectrophotometer 
at a wavelength of 254 nm and measured 
for the permanganate number. 

2.9 Determination of Adsorption Isotherms 
The obtained data were analyzed 

using the Langmuir and Freundlich 
adsorption isotherm equations. The 
Langmuir isotherm determination used 
Equation 5, while the Freundlich isotherm 
used Equation 6. 

 = kQo – kQe ..............................(5) 

Ce = Equilibrium concentration of adsorbate 
(mg/L) 
Qe = Total of adsorbate on adsorbent at equilibrium 
(mg/g) 
Qo = Adsorption capacity (mg/g) 
k    = Langmuir isotherm constant 

 

log Ce ......(6) 

 
kF = Freundlich isotherm constant 
n   = Intensity of adsorption 
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Langmuir and Freundlich Isotherm 
Models explain the formation of 
monolayer and multilayer adsorption, 
respectively. The determination of the 
equilibrium model for Langmuir and 
Freundlich isotherms was based on the 
coefficient of determination (R2), with the 
highest value indicating the preferred 
model.  

 
3. Results and Discussion 
3.1 Oil Palm EFB Carbonization 

The carbonization process of EFB 
was carried out in several steps. The first 
phases involved preparation, including size 
reduction, retting, water soaking, and 
drying. Size reduction was performed 
manually, followed by a retting process to 
separate the fiber portions since EFB was a 
collection of intertwined fibers. Approxi-
mately 3.10 kg of EFB fibers were soaked 
in hot water to remove impurities and 
extract any remaining oil. This was to 
ensure that it did not hinder the heat during 
the carbonization process. The EFB fibers 
were then drained to separate water and 
oil. Sun-drying was performed to eliminate 
any remaining moisture in the samples and 
reduce the raw matter's volume [15]. 
Furthermore, the drying process aimed to 
facilitate carbonization and reduce the 
volume of the raw matter. 

The carbonization process was 
carried out using a furnace at 350 °C for 1 
hour. At temperatures between 300 °C and 
400 °C, the process was considered 
primary pyrolysis, which yielded charcoal, 
various gases, and H2O. This was due to 
the decomposition of wood components, 
such as hemicellulose, cellulose, and lignin 
present in EFB, leading to complete 
carbonization. 

The yield of carbonized EFB was 
204.69 g, but it was reduced to 62.21 g 

after grinding, and only 50.01 g passed 
through the 100-mesh sieve. The carbon 
yield obtained from EFB was 74.01% of 
the original sample, accounting for the loss 
of 25.99%. Carbon obtained from the 
furnace process was then ground and 
sieved using a 100-mesh sieve to produce 
particles of uniform size and increase the 
contact surface area, thereby enhancing the 
adsorbent's ability to absorb adsorbates. 

3.2 Activation of EFB Carbon 
This study employed chemical 

activation using CH3COONa as the 
activator. The aqueous CH3COOH species 
from CH3COONa salt interacted with the 
decomposition products generated during 
the carbonization process on the surface of 
the EFB charcoal. A 250 mL acetic acid 
solution was used to soak the carbon. 
Furthermore, the activation was aided by 
heating to accelerate penetration [16].  

The activation process gave a yield 
of 97.99% or 58.94 g of the product. The 
process led to both physical and chemical 
changes in carbon. Carbon's color became 
slightly darker, with a smoother texture, 
decreased mass, and opened pores. These 
changes increased the surface area and 
affected its adsorption properties. Based on 
the obtained yield results, the content of 
compounds or impurities lost was 2.01%. 
The low content of non-carbon compounds 
or impurities lost was because the 
compounds that reacted with the activator 
had been completely consumed and 
transformed into soluble minerals [17]. 

 
3.3 AC/Mg(II) Composites 

The production of AC/Mg(II) 
composite was carried out using a solution 
of Magnesium Nitrate Hexahydrate 
(Mg(NO3)2.6H2O) as a precursor along 
with the addition of  NaOH. The 
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Mg(NO3)2.6H2O solution mixture with 
NaOH base solution formed a Mg(OH)2 
sol. The Mg(OH)2 obtained was then 
composited within the structure of 
activated carbon. Furthermore, the calci-
nation process was conducted to transform 
Mg(OH)2 into MgO based on the reaction 
below [18]: 

 
Mg(NO3)2.6H2O + 2NaOH → Mg(OH)2 +   2NaNO3 + 6H2O 
Mg(OH)2 → Mg(II)+H2O 

 
The calcination process was carried 

out using a furnace at 500°C for 2 hours. 
However, the use of high temperatures and 
a sufficiently long duration led to the 
formation of ash by composite. Consequ-
ently, the temperature of the process was 
adjusted to 350°C. The formation of ash 
was because activated carbon used in 
composites was derived from EFB, which 
were soft matter and could not be calcined 
at high temperatures. 

The ideal condition for the formation 
of MgO was a temperature range of 500 – 
700 °C for 1–2 hours [19,20]. Based on 
these results, it could not be concluded that 
composite matter contained MgO. 
However, from the characterization results, 

it could be inferred that Mg(II) was 
composited within activated carbon. 
Magnesium was incorporated into 
activated carbon through the hydroxyl 
groups of Mg(OH)2 on the surface of 
activated carbon. 

 
3.4 Characterization of Activated Carbon 

and AC/Mg(II) Composites 
3.4.1 FTIR Characterization  

Activated Carbon and AC/Mg(II) 
composites were characterized using FTIR 
to identify functional groups and bonds 
present in the adsorbents. Figure 1 (red 
line) showed the FTIR results of EFB-
activated carbon. It was observed that in 
the process of producing activated carbon, 
absorptions occurred at wavenumbers 
3419.79 cm⁻¹, 2924.09 cm⁻¹, 1705.07 cm⁻¹, 

1604.77 cm⁻¹, 1379.10 cm⁻¹, and 1246.02 

cm⁻¹. Each of these wavenumbers 
represented vibrations, namely stretching 
of –OH, CH3, and CH2, C=O stretching, 
C=C vibration in the hexagonal carbon 
structure, bending vibration of C-H, and C-
O functional groups related to ethers and 
esters.
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Figure 1. FTIR spectra of EFB activated carbon and AC/Mg(II) composites 
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The black line indicated the FTIR 
results for the production of the AC/Mg(II) 
composite. Absorptions were observed at 
wavenumber 3415.93 cm⁻¹, indicating –

OH stretching vibrations. An absorption at 
wavenumber 1595.13 cm⁻¹ indicated the 
presence of aromatic C=C bonds in the 
activated carbon structure. According to 
Khaleel et al. [19], the wavenumber 1566 
cm⁻¹ signified the stretching vibration of 
the Mg-OH bond. The decrease in 
wavenumbers between activated carbon 
and composite in this study suggested the 
presence of formed Mg(II). The 
wavenumber 1388.75 cm⁻¹ indicated the 
bending vibration of C-H, while 1226.73 
cm⁻¹ and 1182.36 cm⁻¹ showed C-O 
vibrations. Another bond present in the 
AC/Mg(II) composites was seen at wave-
number 403.12 cm⁻¹, indicating Mg-O 
vibrations from MgO. Khaleel et al.[19] 
reported the presence of Mg-O vibrations 
in the wavenumber range of 400 cm⁻¹ to 

480 cm⁻¹. Moreover, Nga et al. [18] stated 
that this phenomenon was also found at 
wavenumber 409 cm⁻¹. The shift in 

wavenumbers from activated carbon to 
AC/Mg(II) composites towards smaller 
values is due to the interaction of 
magnesium with oxide, leading to the 
formation of magnesium bonds. The 
intensity of the Mg-O vibration absorption 
indicated the presence of Mg(II) on 
activated carbon surface. 
 
3.4.2 Moisture Content  

The results from Table 1 showed that 
activated carbon and AC/Mg(II) 
composites had a moisture content of 
8.29% and 1.30%, respectively. These 
values were consistent with the SNI 06-
3730-1995 standard, which is specify a 
maximum of < 15%. The composite 
process reduced the adsorbent's moisture 

content due to the release of water 
molecules or hydration during the heating 
process. The lower values indicated that 
less residual water covered the activated 
carbon pores. Consequently, the pores of 
activated carbon became larger, leading to 
an increase in the surface area. 

3.4.3 Methylene Blue Adsorption Test 
Figure 2 showed that the adsorption 

capacity of activated carbon for MB was 
383.657 mg/g with an adsorption 
efficiency of 52.70%. In comparison, the 
adsorption capacity of the AC/Mg(II) 
composites was 682.286 mg/g, with an 
adsorption efficiency of 92.80%. These 
results were consistent with 
Ghalehkhondabi et al. [8] who stated that 
the AC/MgO composite could adsorb MB 
with a maximum efficiency and adsorption 
capacity of 97.50% and 642 mg/g, 
respectively. Furthermore, the characteri-
zation results of the adsorption capacity of 
activated carbon and composite for 
methylene blue met the SNI 06-3730-1995 
standard, which required a minimum of 
120 mg/g [18]. 

Table 1. Moisture content results for activated 
carbon and AC/Mg(II) composites 

Sample Moisture content 
% 

Activated Carbon 8.29 % 
AC/Mg Composites 1.30 % 

 

 
 

Figure 2. Methylene blue adsorption test 

    AC/Mg(II)     AC 
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Another result obtained from the MB 
adsorption test was the specific surface 
area of activated carbon and AC/Mg(II). 
This parameter was determined based on 
the adsorption capacities of activated 
carbon and AC/Mg(II) for the MB 
compound, with values of 1420.38 m²/g 
and 2524.43 m²/g, respectively. The 
specific surface area of the adsorbent 
significantly affected its adsorption 
capacity. This indicated that the larger the 
specific surface area of the adsorbent, the 
greater its adsorption capability. 

 
3.5 Application of AC/Mg(II) Composites 

as Organic Matter Adsorbent  
3.5.1 Relationship between Absorbance 

and Permanganate Number 
Based on Figure 3, a relationship 

between the absorbance of peat water and 
its permanganate value was obtained with 
the linear equation y = 0.0132x - 0.2023 
with R² value of 0.9755. This equation 
could be used to determine the reduction in 
organic matter content in peat water after 
the adsorption process using AC/Mg(II) 
composite. Furthermore, the permanganate 
number indicated the amount of organic 
matter present in peat water. The higher 
the absorbance and permanganate number, 
the higher organic matter content in the 
sample. The relationship between absorb-
ance and permanganate number in peat 
water is presented in Figure 3. 

 

 

 

 

 
Figure 3. Relationship between permanganate 

number and adsorption 

3.5.2 Determination of Optimum Mass of 
AC/Mg(II) Composites 
The optimal mass was determined to 

ascertain the required quantity of adsorbent 
for adsorbing organic matter in peat water. 
Based on Figure 4, it was evident that the 
percentage of adsorption increased with the 
use of adsorbent masses ranging from 0.5 g 
to 2 g. However, at 3 g, the adsorption 
percentage decreased to 11.61%. This 
indicated that there had been a buildup of 
adsorbent particles, limiting the spread of 
organic substances, leading to reduced 
adsorption onto the adsorbent surface. The 
reduction in organic matters content in peat 
water after adsorption was determined 
based on the percentage decrease in 
permanganate number. The use of 
AC/Mg(II) composites could reduce the 
percentage of permanganate by 14.41%, 
from the initial value of 283.28 mg/L to 
242.45 mg/L. 

 

Figure 4. Relationship between adsorbent 
mass and % adsorption effectiveness 

 

 

       Figure 5. Relationship between mass and 
adsorption capacity 
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Figure 5 illustrated the effect of 
varying the mass of the AC/Mg(II) 
composites adsorbent on the adsorption 
capacity. Furthermore, adsorption capacity 
indicated the amount of adsorbate adsorbed 
per unit mass of adsorbent, and its 
magnitude was influenced by mass. This 
parameter decreased due to the addition of 
more adsorbent, which led to an increase in 
the active sites in the solution. The results 
showed that the adsorption time and 
solution concentration remained constant. 
This led to the need for a longer time to 
reach equilibrium due to the overlapping of 
adsorbent particles or stacking at the 
bottom of the container. This accumulation 
of particles limited the dispersion of 
organic matter, causing a decrease in the 
adsorption of organic substances onto the 
adsorbent surface. 

 
3.5.3 Determination of the Optimum 

Contact Time for Organic Matter 
Adsorption  
Various contact times were 

employed, including 10, 15, 30, 45, and 60 
minutes, using the optimum mass of 2 g for 
composite. The optimum contact time was 
determined to ascertain the duration 
required for composites to achieve 
maximum adsorption of organic matter. 

 

 

      
Figure 6. Relationship between contact time 

and % adsorption effectiveness 
 

Figure 6 illustrated the amount of 
organic matter adsorbed by AC/Mg(II) at 
various contact times. Based on these 
results, the optimum contact time for 
reducing organic matter in peat water was 
15 minutes. 

Figure 7 illustrated the effect of 
varying the time for AC/Mg(II) composite 
at 10, 15, 30, 45, and 60 minutes, which 
yielded adsorption capacity values of 
1.3712 mg/g, 2.42 mg/g, 2.30 mg/g, 2.14 
mg/g, and 1.92 mg/g, respectively. 
Rahmayani et al. [20] stated that the longer 
the contact time used, the more frequently 
the adsorbent particles collided with the 
adsorbate, leading to increased adsorption. 
However, this indicated that the linearity 
was lower compared to the results 
obtained. Contact times beyond 15 
minutes, such as 30, 45, and 60 minutes, 
showed a decrease in the percentage of 
organic matter absorbance in peat water, 
indicating the occurrence of desorption. 
This phenomenon often occurred when the 
adsorbent surface became saturated in the 
adsorption process. In the saturation state, 
the adsorption rate declined because the 
adsorbent had reached its maximum 
interaction capacity [21]. 

 

 

 

 
Figure 7. Relationship contact time and 

adsorption capacity 
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3.6 Determination of the Adsorption 
Isotherm Model 
The determination of adsorption 

isotherm models was conducted to 
understand the adsorption mechanism. The 
shape of the Langmuir and Freundlich 
isotherm curves is presented in Figures 8 
and 9, respectively.  

Based on Figures 8 and 9, the 
adsorption isotherm model in this study 
followed the Langmuir isotherm with a 
linear equation y = 0.0047x – 0.0011 and 
an R-squared value of 0.9994. The 
constant value (k) was the slope of the 
linear equation, which was 0.0047. 
Furthermore, the adsorption process of 
organic matter from peat water using 
AC/Mg(II) adsorbent derived from EFB 
followed the Langmuir isotherm equation. 
This indicated the presence of chemical 
adsorption that formed a single layer 
(monolayer). Based on the Langmuir 
isotherm equation y = 0.0047x – 0.0011, 
the adsorption capacity value was 0.2340 
mg/g. The results obtained in this study did 
not meet the standard for clean water 
quality, namely 10 mg/L. However, the 
adsorption results were good, as they 
effectively reduced the organic content 

from 283.28 mg/L to 234.29 mg/L. The 
high organic content also affected the 
adsorption capacity of the adsorbent. This 
indicated that the bonds between the 
groups present in the adsorbent and 
organic matter weakened, allowing some 
groups with stronger bonding to remain 
attached to the adsorbent. 

 
4. Conclusion 

In conclusion, the characteristics of 
the AC/Mg(II) adsorbent derived from 
EFB included a black color with a slight 
white appearance, and a lower moisture 
content of 1.298% compared to activated 
carbon. Moreover, the presence of Mg-O 
bonds was analyzed using FTIR 
instrumentation, leading to an absorption 
band at a wavenumber of 403.12 cm-1. 
The adsorption capacity of AC/Mg(II) for 
peat water was 2.42 mg/g, with an 
adsorption percentage of 17.15%. The 
results showed that the adsorption 
mechanism followed the Langmuir 
isotherm equation, forming a monolayer 
with R-squared, adsorption capacity (Qo), 
and adsorption constant (k) values of 
0.9994, 0.2340 mg/g, and 0.0047, 
respectively. 

 
 

 
Figure 8. Langmuir adsorption isotherm curve  
 

 
Figure 9. Freundlich adsorption isotherm curve 
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